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I' 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 whicb have been

attributed to radio frequency and microwave radiation is also part of

the report.

*Three supplementary listings bring the number of citations to morei than 2300.
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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 concern 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 dif"icult 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. INV] 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 authora 'xe 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 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-
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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T- .aut line of Reported Biological Phenomena ('Effects') and
Clinical eal1festations Attributed to Microwave and Radio-Frequency I
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CIHAPTER I

Peported Diolorical Phenomena (*Effects') and Some
Clinical Manifestations Attributed to !Iicrowave

and P.adlo-Frequency Padiation (See Note)

A. Heating of Organs* (Applications: Diathermy, rlectrosurrerv, Flectro-
coagulation, I.lecrrodesicoation, lectrotomy)

1. M.ole Body (temnerature repulation defect), !Hyperpyreyla
2. Skin
3. Bone and Bone . tarro:
4. (a) Lens of Lye (cataractous lesions - due to the avascular

nature of the lens vhich prevents adequate heat dissipat i,w.I
(M) Corneal damane also poosil le at extrei.ely 0It fro- u4-i. 'c.

5. e'enitalia (tubular dreg.?neration of testicleF)
C.. hrain
7. Sinuses
S. etal Inplants (burns near hip ?ins, erc.)
The effects are :tneralPy reversible except for 4a.

B. Chianes in liv, o.ogic .function

I. Striated :ttscte Contraction
2. Alteration of DWi-meter of Blood Vessels (increasec' va.tcr-lar

elasticity), Dilation
S. Changes in the Oxidative Processes in Tissues and ArranL
4. Liver Lnlargement
5. A.ltered Sensitivity to Drug Stitruli
6. Decreased Spernato.enesis (decreased fertility, to steril.)
7. Altered Sex Patio of Blrths (more girls!)
8. Altered ,!enstrual Activity
9. Altered Fetal Devwlopment

I. iAecreasee Lactation in :ursing ":others
'.l. Reduction in i'iuresis (',a+ excretio:,, via urine output)
!2. Altered !'era!! function (decreased filtratir," ::- tul alef)
13. U:hanf-es in (onditioned P:eflexes
14. iecreased .;lectrical .eristance of Skin
15. Changes in tbU Structure of Skin re.cptorn of tie (a) i.-ti~e,

and (b) i-loot'-Carryinr Systcr.-:
16. Alterrd mIood Fnow !:ate

* It is also reported that leov levels of irradiation produce a cooling
effect - "hypercor.pensation".

Note: Thece effects are listed without comment or endorse.:ent :Aince. t-e
literature abounds with conflicting reports. In sonte cases the !:asi. f~nr
reporting an "effect" was a single or a non-statistical observaticr, i'"ich
may have been drawn from a poorly conceived (and poorly executed)xpevri-
fnente
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17. Alterations In the Siocurrents (KW?) 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
21. Alterations In Sensitivity to Light, Sound, and Olfactory

StImuli
22. Functional (a) and Pathological (b) Changes in the Eyes:

(a) decrease in size of blind spot, altered color recogPltion,
changes In Intraocular pressure, lacriaation, trembling cf eye-
lids; (b) less opacity and coagulation, altered tissue respira-
tion, and altered reduction-oxidation processes23. Myocardial Necrosis

24. Hemorrhage in Lungs, Liver, Gut, and Brain J At Fatal Levels
25. Generalized Degeneration of all Body Tissue of Radiation
26. Loss of Anatomical Parts
27. Death
28. Dehydration
29. Altered Rate of Calcification of Certain Tissue

C. Central Nervous System Effects

1. Headaches
2. Inomnia
3. Restlessness (Awake and During Sleep)
4. Electroencephalographic (EW) Changes
5. Cranial Nerve Disorders
6. Pyramidal Tract Lesions
7. Condittoned Reflex Disorders
8. Vagominetic Action of the Heart; Sympaticouminetic Action
9. Seizures, Convulsions

D. Autonomic Nervous System Effects

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

and lnhbition of the Sympathetic Nervous System

E. Peripheral Nervous System Effects

Effects on Locowtor Nerves



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

I. Neurasthenia- (general "bad" feeling)
2. Depression
3. Impotence
4. Anxiety
5. Lack of Concentration
6. Hypochondria7. Dizziness
,S. Hal lucinations
9. Sleepiness

10. Insomnia
II. Increased Irritabiiity
12. ')ecreased Appetite
13. Loss of !:er-ory
14. Scalp SensarionsY 15. Tncreasee Fatirabilty 41r
16. Chest rainA
17. Tremor of the lianus

G. Behavioral (Cnanres (Aninal Studies)

Peflexive, Operant, tvoldance, and DIscrinination Belaviors

l. Mood Disorders
(V = in vivo)
(v = in vitrt.'

Changes in:
1. Bloo.' anC Bone *:arrcn%2. Pha~oryt.:r (polrVorphs) and Bactericidal "unctiornr f . ,v)
S3. llemol.-s.s .at* (increase), (a shortene,! lifeaz~: of , "
•. St-dir.enta-ion ;ate (increase), (due to ,-e. ;n sp, t " I

levels or ar:ount of fitrino-er. (?))
"5. ::uriber of L.rythroc'tes (Cecrease), also nneher of 1.yr- c, tt'.

Bl. ood CtluccFe foncentration (increase)
7. Llood 11istanine rontent
Z. Cholesterol and Lipids
9. Garma (also u and 0) Gl.obulin, and Total Protein Concentration

10. Number of Eosinophils A
11. Albumin/Globulin ratio (decrease)
12. PHemopoiesis (rate of formation of blood corpuscles)

13. Leul-openia (increase in number of x0.ito cells), ancl Leu1-oc-,orosis
14. * .et iculocytosis

1. Vascular Disorders

1. Thrombosis
2. Hypertension

9
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JS Enzyme and Other Biochemical Changes

h 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 iRate of Coll Division

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

11. Changes in Pyruvic Acid, Lactic Acid, and Creatinine LxereJionsS12. Change in Concentration of Glycogen in Liver (Hlyperglycevia)

13. Alteration in Concentration of 17- Ketosterolds in Urine

SK. Metabolic Disorders

Glycosuria (sugar in uriTe; related with blood sugar?)
2. Increase in Urinary Phenol (derivatives? DOPA?)
3. Alteration of rate of ietabolic Enzymatic Processes
S4. Altered Carbohydrate Metabolism

L. Gastro-Intestinal Disorders

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

It. Endocrine Gland Changes

1. Altered Pituitary runction
2. Ilyperthyroidism
3. Thyroid Enlargement
4. Increased Uptake of Radioactive Iodine by Thyroid Gland
5. Altered Adrenal Cortex Activity
6. Decreased Corticosteroids in Blood

S7. Decreased Glucocorticoidal Activity
8. 1lypogonadism (usually decreased testosterone production)

IN. Histological Changes

1. Changes in Tubular Epithelium of TesticlesS2. Gross Changes

10



0. Genetic and Chromoscrtal Changes A

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

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 part cles,
and orientation of cellular and other (non-biologlc) particles)

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

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 flair
6. Brittleness of flair
7. Sensations of Buzzing Vibrations, Pulsations, and Ticklinp 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 PMythms

4
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Army Natick Laboratories. Natick. Mass. Available r, Rept. AD 715-853. from XTIS. U. S. Department of Comerze, Springfi..,.
Va. 221E1)

2040. "Amy develeping radar for possible antl-riot %.eapon". Microwaves 10(4):18 only. (Apr. 1971)

2041. "Radar plane crews may have eye damage". Microwa•es 10(4):9 only. (Apr. 1971)
S•20,2. "Electrou.guetic radiation experts study heart paem--kers". Study by Soc. of Automotive Engineers,. Ref?

2043. "Radittlon leakage, ovens", Washington Poet. p. H2, (8 Aug. 1971)

2044. "Radiation rumor may be probed". Electronics 44(1'j:.7 only, (2 Aug. 1971) [Rare type of brain tumor (astrocytoma) alleged
to have been caused by microwave radiation]

2045. "Plans developing for national study of broadcasting 'hazards'", Washington Science Trenda XXVI(IJ):79-80. (12 July 197J)

2046. "Malfunction of heart pacemakers". U. S. Navy Medicine 36:25 only. (Nov. 1970)

2047. "Microwave cataract caset re-opens controversy". VWashingtcn Science Trends XXV(W):2S-27. (9 Nov. 1970)

2048. "Microwave conference", Proc. ef the European Microwave Conf. he!d in London Sept. 1969, 570 pages. (1969 European
Microwave Codf.. lEE Conf. Publication 58, Dept. S 100, Institute of Electrical Engineers. Savoy Place, London WC2R OBL. England) :4
2049. "Microwave tests kill monkeys". The Washington Post. p. 027. (Column by Jack Anderson), (31 July 1971)

2050. "(NF) Glow discharge lessens wool's shrinkage". Chem. & Engineering New :28 only, (3 May 1971)

2051. "A low field electron spin resonance study of the effect of radiation • n living animals", Final report on Project so.
05-1927-01. Contract No. DA-49-146-XZ-560. Defense Atomic Support Agevcyq Wash.* D. C., DASA-19529 (AD 81630). (June *%7)

2052. "Electromagnetic waves speed up potato growth rate", Clue Wybrzeza. (Rumania). _:4-, (29 May 1966)

2053. "Electronic device for treating nervous system diseases", Nedely7. (Bulgaria), (7):8-. (5 Feb. 1%716
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Radiation2054. Proceedings of the Department of Defense Electra-gapetic/Research Workshop, Sponsored by the Surea& of ediciine G Al
Surgery, Dept. of the "AWJ, Vashington, D. C., 27-28 Jan. 1971. Conten:s:

MITCHELL, J. C., & GASS, A. B., pp. 1-14, "Hieaatological And biochemical results iron IF exposures at 10.5, 19.3, and
16.6 IW*"
FRAZER, J. W., pp. 15-32, "Empirical data on energy transfer models and application to primates"

PReINCE, J. E., pp. 33-49. "A possible cytologic aspect on RF radiation in subhuman primates"

GREE:M, F. M., pp. 50-79, "Design and calibration of E and H field probes for HF band application"
IBISCHER, D. E., & L4O, V. R., pp. 80-96. "Naval Aerospace Medical Research Laborator.w microwave zacility"

BEISCHEIR, D. E., & GRISSEIT, J. 0., pp. 97-114, "Extremely low frequency radiation and man"
- FRAZER, J. V., pp. 115-132, "Use of temperature sesor implants and radiometric technique to monitor animal temperatures

in RF fields"

MITCHELL, J. ,.. pp. 133-13S, "Modified exposure system for UF band RF radiation studies"

CASS, A. E., J1., pp. 139-146. *Prelimlnary study of 26.6 Mli radiation on the growth rate of young mice" A

MICKEY, G. V., pp. 147-164, "Genetic damage to cells and organisms exposed to RP irradiation"

MCLEES. .. D., r FINCH, E. D., pp. 165-174. "The effect of radio frequency Irradiation on biologically important macro-
molecules"
KcLEES, B. V., 4 FINCH, E. D., pp. 175-206, -no effects of radio frequency radiation on regenerating hepatic tissue"

FINCH, E. D.. pp. 207-235, "-L.perimental protocol for the irradiation of biological system with radio frequency elec-
tromagnetic energy" and "An alternative to dielectric absorption: pulsed HMR determinations of the structure of 'bound'
water and its Interaction with radio frequency electromagnetic radiation"

FINCH. E. D., HAMVOM, J. F., 4 HULLER, 3. V., pp. 236-242, "Self-diffusion of water in tissue"

GLASER. Z. R.. pp. 243-254. "Biological studies at microvave frequencies"

SILVEiO•4, C., pp. 255-267, "Follovup study of ri3r.: workers"

SCHUAR, H. P., & XIT3WS, . I., pp. 268-287, "Current microwave studies"

STEAB, K. D., pp. 288`Y.".•rellimsary results of non-ionizing radiation effects research"
lilUT. E. L., & PHILLIPS, Rt. D., pp. 301-327, "Effects of microwave radiation on physiclogItal behavioral factors and
CUS excitability in laboratory anmlals"

SHAIP, J. C., pp. 328-334, "Thyaldlue as 3 uptake following low level microwave exposure"
.JUSTESEM. D. F., pp. 335-349, "Behavioral sensitivity to microwave irradiation"

BRIZZEE, K. I., JUSTESEN, D. R., KRIEGEL, It., & SHARP, J. C., pp. 350-352. "Cytokinetic effects of ulcrowave irradiation"

LIZZEE, r. R. JISTEN, D. 1t., & KIMG, 3. IW., pp. 353-364, "Microwaves and density of brain cells"

DuVALL, E., pp. 365-370, "Status of v2rld literature base"
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Frequency Radiation; :;avi; Medical Research Institute Research, Report No. 2 on Project 11F12.524.015-0004C, dated 4 October
1971. by Zorach R. Glaser. (AD 0734391)

2070. 1L'LI, E. 0., & PAY, T. L. (1970) In: fladi• i.:..*ffets Summary Report, Hlodge, 1). *..o (ed.), lan-ilec 1969, Div. of
Biological I ffeets, bur. Ead. health, D11031, (Rept. Z.?.....'•-1U, pp. 188-189. "Genetics of orosophila .elanopaster exposed to
2450 M.:z microw'ave radiation"

2055. CoUMLLY, L. C. (1969) In: Biological Effects of 'L.onetic I'ields, Vol. 2, pp. 29-51, Plenum Pres3. "Lffects of near-zero
magnetic fields upon biole..ical syster-s"

2J56. hr ~il .,. I.. A. (ed.) (1971) 'llcrowaves 10(:;):9-12, (Aur.)* ":iicrewave inif-irr" helps FAA foil hij.,cl.ers"

2064. hi!;!:rlhto s. (1969) Amer. .1. of Prhysiol. 217:403-410, "UMidto-frequency-curret. -nd direct-current lesions in the ventro-
t.edis1 hvpottilrai al"_

2065. IhL.::, 0. A., ',ClIIII'IR, L. I:. (1970) Exlperientia 26:992-994, "The effvctb of non-tlrermr•l r.adio frequency radiation
oi n"]tT'i| lytmphocyteb in vitro"

2066. JOLI.LS, :,., Z, &ARRISO:;, R:. (1970) StrahlentLerapie 139:716-723, "Studies of thz influence of wavelenuth rn aiolorical
effects. liut. and dose differentials nt radiation action sites in the skin"

2069. ::cLAUCC.LIN, J. R. (1962) t:estern .lcdicine 3:126-132, (April), "health hazards from microwave radiation"

2068. MCCIOLI, J. T. (1971) ?ioenvironmental 'afety :Newsktter, pp. 3-5, (4th Ouarter), "RF health nazards and monitoring
meters -- Recent :;otis"

2057. ,IIaIAELSO,':. S. M., I. DODGE. C. II. (1971) iiealth rhvsics 21:108-Ill, "Soviet views on the biological effects of micro-waves -- An analysis"
2072. 1AnRO, L., DELTOUR, G.. PFISTEP., A., & KAISrP-, P.. (1970) Revue de M.edecne Aeronautique et Spatiale, :.o. 33, pp. 7-i

(in French), "Difficulties involved in describinp the dangtro,'s zones for perionnel working near radar antenna-"

2053. ':271OM)i W. U:. (1971) Presentation at Mleeting of !!. V. Acad. of Sci., 6 Oct., "Radio-freauency radiation hazards"

2067. OLIVER, R. l1970) Phys. fed. 3iol. 15:217-, "health physics in relation to the use of non-ionizin" radiations"

2059. POULL, C. If., & ROSE, V. E. (1970) Amer. Industrial Ilyriene Assoc. J. 31:358-361 (Ilay-June), "lfealth surveillance of
nicrowave hazards"

2071. TIiHOAS, A., COUC.ET, P., & PAREILLEWX, A. (1970), Frernch Patent No. 2,036,49i, (fho. 69.07475), "Procedure and techniques
for destruction of ticro-organizns in aqueous medlum'" [using low frequency (45 to 5000 lIz) alternating electroasnetic currents)I

2060. h1:B1r, S. J., & BOOMI, A. D. (1971) Science 174(4004):72-74. (1 Oct.), "Microwave absorpt-on by normal and tumor cells"

2061. "And now, microwave pollution - An expose of the damage .rought to humans by radar, electronic ovens, and TV trans-
mission," In: Moneysworth .agazine (In: Issue to be published, Fall 1971), (110 West 40th Street, New York, N. Y. 10018)

2062. "Biolorical Effects of Electromagnetic radiation - A Bibliography," Behavioral Radiology Lab., Ualte Reed ArMy InStit"teof Research. h'ash., T. C., 250 pares, (1971) (by HI. II. Cro'de

2063. "Technical manual for radio-frequency radiation hazards," especiaily Appendix A. entitled, "Biolorical effects of rf
radiation;" First Revision of ,ZA'VSIIIPS 09(3-005-8000 Hanual (Ref 01939, this bibliography), Dept. of the .avv, Naval Ship
incinntring Center (July 1971)

AMotc: Items in this list have been alphabetized but the orig.inal numbering has been retained.
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JPRS- Joint Publications Research Service

LC-ATD- Libiary of Congress - Aerospace Technology Division

PB- National Technical Information Service (NTIS), U. S. Dept.
of Commerce •

RADC-TR- Rome Air Development Center, Griffiss Air Force Base, N. Y.

OTS- Office of Technical Services, U. S. Dept. of Commerce

DA- Department of the Army

SC- Sandia Laboratory, Albuquerque, New Mexico,

ACSI- Assistant Chief of Staff for Intelligence (Army, Washington,
D. C.)

CR- National Aeronautics and Space Administration

i- Scientific & Technical Aerospace Reports (STAR) of NASA

A- International Aerospace Abstracts of Amer. Inst. of Aerow
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Facility, P. 0. Box 33, College Park, lid., 20740)

NLL- Nationai Lending Library for Science & Technology, Boston
Spa, England
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2073. BARANSKI, S. (1971) Aerospace Mediciae 42(11):1196-1199, "Effect of chronic microwave irradiation on the blooa forming
sybtem of Cuinea pigs and rabbits"

2074. BOSISIO, R. C., 6 BJARIMAKUR, N. (1969) J3. of Microwave Power 4:190-, (Abbtr. In: Non-ionizinp Rau. )(4):193 only, (19700.
"Hicrowave protection of plants"

Z075. BOSISIO, R. G.. BARTHAXUR, N., & SPOGNER. 3. (1970) 3. of Ilicrowave Power 5:47-53. (Abstr. in: Non-ionizing Rad. 1(4):A
193 only. (1970)), "Microwave protection of a field crop against cold"

2076. BREYSSE, P. A. (1969) 3. Microwave Power 4:25-29, (Abstr. In: Non-ionizing Rad. 1(2):102. 103, (1969), Ab..tract 043).
"IMicrowave uses on the Campus; a study of environmental hazards"A

2077. CLEARY, S. F. (1970) Critical Reviewsin Enr.ironmental Control I (Chemical Rubber Co.):257-.104. (Abstr. In: Non-ionizing
Red. 1(4):194 only, (1970)), 'Biological effects of microwave and racio frequency radiation"

2078. DAVIS, F. S., WAYLANID, J. R.. & MERICLE, M. G. (1971) science 173:535-537, (6 Aug.), "Ultrahigh-frequency electromanneti..
fields for weed control: Pitytotoxicity and selectivity"

2079. IXIBREV, B., et &1. (196?) Works of the Scientific Research Institute of Labour Protection Aan Occupational hlisease, (Sofia,
Bulgaria). 17:31-40, (Abstr. In: Non-ionizing Red. 2(01:43 only. 1971)), "Hiph freqt-ency electrom~ignetic waves ano (r- ittion oft

2080. ILA'HIl, .4. A. K., BOENER, W. It., & TONG, S. C. (1970) 3. of Microwave Power 5:44-46, (Abstr. in: Non-ionizing Ksd. 14), 3
13 only. (1970)), "Microwave Irradiation of potato-waste water"A

2081. IIAIIID, M. A. K., &. BOULANGER, R. 3. (1969) J1. Microwave Power 4:11-18, (Abstr. in: Non-ionizing Red. 1(2):102 only, (1969).
Abstract 040), "New method for cont~rol of moisture and insect infeatationa of grain by vicrowave power"

2082. HEYDENRLIGII, A. (196?, beitsmeaizin - Sozialm-dizin - Arbeitshygiene, *;ttuupart),j.28O-2$4, (Abstr. in: ZNon-ionixinp
Rau .1(1):44 only, (1971)), "liaoiation-induced eye lesions,"

2083*. LIZUICA, IC. (196?) Report (AD 667729) Avail, from 006 Clearing House, "Photographing microwave fielus"3

E_ 2084. JANE.S, D. E., LEACH, W. M., HILLS, W. A., MOUOE, R. T., & SHORE, H. L. (1969) Non-ionizing Rad. 113):l25-130. "Effects.
of 2450 M~z microwaves on protein synthesis and on ciromobomss In Chinefe hamsters"
2C.85. JOLY, R.. et a1. (196?) Revue des corps de jante dea armees, (Paris), 10.235-259, (Abstr. in: Non-ionizing Ran. 2(11:43

only, ('971)), "Possible biological and physiopatholoxical effects of v.h.f. electromag~netic raoiationt, from radar serials"
2086. HcLEES, B. D., & FINCH1, E. D. (1972) In: Advances in Biological and Medical Physics, 14, Acacemic Pressý. N. Y., "Analyai.
of the reported physiologic effects of =icrowave radiatl'Jn"

2087. MAY, IC. N. (1969) J. Microwave Power 4:54-59. (Abstr. in: Nun-ionizing Rod. 1(3):151 only, (11969), Abstract F67), Appli-

cations of microwave energy it :-!~paration of poultry convenience foods" ~
2088. MICIIAELSON, S. It. (1970) Non-ionizing Red. 1(4):169-176, "Pathiophybiologica) asp4ects Of microwave irraciation, Patt I
Thermal effects."; Part 2, ibid. (1971) 2(l):27-3r. "Critical analysi*, of the literature"S12089. PAZDLROVA, J. (1968) Pracovni Lek. 20:10-, "Effects of electromsgnetic radiation of the ormer of centimeter ano meter
waves on human's l-ealth"

2090. PULAX, ll., SEIIVUS, V., & SCHUBERTOVA. J. (196?) Vojenske zdravotnicke listy (Prague), 380 ):7-9. (Abstr. in: N..n-ionizin;'
Pau. 1(4):194 only, (1070)). "IMazaroa associated witzh microwaves, and preventive examinations of ra~ar specialistt,"

2091. PLISUL.L, L. W., & WOLFF. W. F. (196?) 3. of t0o Arturican Soc. of Safety Enrineors 146(6):12-15, (Abair. loi: Non-Jonizine
Rau. 2(l):43 only, (1971)). "Tunea In or turnea on - r.f. raciation stuay"

2092. ROGLRS, S. J., i4 KI,.C, R. S. (1970) Non-ionizingR Red. 1(4):178-189. "Radio hazaros in tte m.f.Ih.f. hand"

2093. :_;OSL.. V. v., (tLLIN, G. A., PMMWLL, C. it., & IlomN, it. G. 0196q) Amer. Incustrial Hlyriens Assoc. 1. 13:037-. "L--;nluafltri
ann control of ckpobures In repairine microwave Oven,"'

2094. SixLL:;5l.Y. B., NEDBAL, J., & ZAKOVA, L. (19s?) Pra,.ovni lekarstwi 2n:363-36n. (Al'sbtr. in: Non-ionizin,. ran. l(3)152-i..,
(1969)), (Also CIS abstract 562-1969). "State of Ittaltl, of workerb erposed_, to raolofrecquency raujation In 11noubtrGIl saz't
-ontz, at i~mno"

2095. TAKAHAShtI, K.. VASISII2II, R. C., I. COT,. W. A. (1965) J. Zticrowave Power 4:64-F7, (bt.In: ~on-tonizinp Rad. 1(3):151
only, (1969), hbstract 069), "Uniform polymer distribution in paper saturated wiTth polymecr ,olution, -Ia microwave power"

2096. TERRILL, J. G. (1970) Archives of Environmental Health, 19:265-271, (Abstr. In: :Non-innf71ng ROO. 1(4):195 Unly, (l'k70J,.
"Microwaves, lasers and X-rays - adverse react Ions due to occuptional exiwosurtus"

7097. URS.AIN, W.. m. (1969) ... Microwave Power 4:5"l5, (Abatr. in- Non-lonizinr ROn. 1(3):151 only, (1969), Abstract t68).
' "Some thourhts an tne problems of microwrave hez.ting ann food Processing"
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2098. ".on-ionizing radiation - an introduction", Non-ionizlng Rad. 1(1):5-6, (1969)

2099. "Biological injuries and effects'!. Rept.. Bur. of Md. Health/DEP 70-3, Dept. of Health. Education and, Welfsre. (Abstro

in: %on-ionizing Rad. 2(1):41 only. (1971))

2100. "Con.,mer hazard": Why they happen and how they can be fixed, El-ctronics, 3 August 1970.,pp. 54-:7, (Abstr. In: %kn-

ionizing Rad. 2(l):44 only, (1971))

2101. "Microwave Oven Safety". in: Hobpitai Adminitration Notes. No. 41, Bureau of Medicine 6 Surgery, Depart•ent of the

N*avy. p. 7 only. Oct. 1971.Iia
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2102. ALLIS, J. W., & JJAMS, D. E. (1970) In: Radiation Dio-Effects Stvarv R , 1tolg.e, 9. M., (ed.), for Jan-Dec 1970#
Div. of kiologiral Effects, Bur. Rad. Health, 01'1. (Rept. No. BI'1!IDBE 70-7). pp. 131-136, "Ultraviolet spectral chances in
bovine serum albumin after irradiation with microwaves at 2.45 ClMe"

2103. BAMIALD, t-. R. (1970) tlehrredizinische .lonateschrift 14:249-257 (In Cerman), (Abstr. A.71-12845), "Effects, pre-

cautionary measures, and medico-military aspects involved in Ra.dlinp microwaves"

"2104. BA'IM., K. F.. & FULLER, Wi. H. (1965) unpub. data cited in: OLISE', C. NI.. DRA•r., C. L.. & •tNCH, S. L., J. of iivrowave
PoYel 1:45-56. "Nor-& biolorical effects of mierowave enerry"

2105. MUiLlNIUM, IM. T., & EDUAiLDS, W. P. (1970) In: Radiation Bio-Effects Staarr RepMort, llodee U. 1., (ed.). Jan-nec 1969,
Div. of Biological Effects, Bur. Rod. Health, MIn, (Rapt. 3.'io. D 70-1), pp. 83-94, - Cerebral effects of radio frequency enercN"

2106. r.-RTSL%'II:,. . U., ILIM, A. V., K.IVJ3.K V. V i., r.(I.sEII, S. S., i. LriTS.Il, I.. A. (I1)71) Voennao-Meditsinskil Zhurnal
:39-41 (In Puss.), (Abstr. 'A70-20489), "results of dynamic observation of persons workins In the rerion of influence of a

"-crovave field" fStudy of behavior and blond chenistry (including proteins))

2107. X~lz.111=. U. 11. (1969) r~eport (7 popgea), r.S. *)eat. Health. Education, ut llelfaret Pidilic Health Service, Cnnson~er Pro-
tection & Environ. Health Service, E-,iton. Control %dmt., rur. of r.ad. l'ealth, "Biolorical eifects of radio- and low-frequency
eicctronaxnetjc radiation" (Prelimlnary b.raft)

2108. BELOVA. S. E. (1962) In: The Effects of Radar on the loan Body (Results of Cussian 5tudies on the Subject), Turner. J. ..J
(ed.). pp. 43-48, (AfD 8278172), lfe" erffe-ts of microwave irradiation on the eye"

2109. BER1ZI'ESIZAJA, D. 1. (1940) Vesta. Oftal. 16:466-470 (In Phss.), (Abstr. in: Zentralbl. f.d. sea. Ophth. 47(1):21 (Sept
16, 1941)), "The effects of diatheray on the ant-ior part of the eye"

S 2110. BEUCIUAT, L. R., FOX. K. I., LrMEUMC , . V., & LTJSTEr, r. it. (1969), (Abstr. fA69-80726), "Procedure for evaluatlin the
effects of 2,450 .OIS ictrowaves upon Streptococcus faecalis and Saccharomyces cerevisiae"

2111. MEYri, F. C.., PAY, T. I.., & iUINw, P. T., Jr. (1970) In: Radiation Bio-Effects Somarv Report, liede, fl. M., (ed.),
for Jan-Dec 1970, Div. of Blological F~fects, Bur. Rad. Health, TIUM, (-wt. o. N1W/VBE 70-7), pp. 248-250, "Oevelopmental and 4
penetic testing of Dr %tila with 2,450 -ft microwave radiation"

2112. BIELICKtI, Z., SAR•NSKI, S. CZERS.I, P., & RIWDUCH, S. (1%4) Rev. Mled. Aero. (Paris) 2:106-107 (Feb-ftr). (In Fr.).
"mAalysis of difficulties of occupational activity in personnel exposed to aicrometric wave irradiation"

2113. 3IP.RAIJIM. L., KA"lAl, 1. T.. "LAY, V., W. IROSE AL, S. V., SCWIDT, U•*. ZAZET., M. .M. (1969) J. of Ilicrowave Power
4_:232-243, "Effect of microwaves on rabbit ey"

.2114. .LAWODATIN, Ta. A. (1960) Is: Sbornik Robot KI!ni1kiElian=ykh Role!nel, Gorkil, pp. 19-25, (In Russ.), (Abstr. in: Abstr.
'of Soviet .ed. 1(5):745-746 (Nay, 1961 effect of evclodisthoeru oay lation on the eye of rabbits"

* 2115. DW.GS6 i. Vt, " SHEPPARD, A. P. (1971) Ph.D. Dissertation, Georgia Inst. of Technology., Atlanta, nissertation Abstr.
:7663. (134 james), "Determination of the effects of electrocarnetic ecergies on the henatologlc Syst*" a

2116. !"CU, K. F., SH•EPARD, A. P., & CLARK, A. J. (1972) Health Physics 22(3):217-224, "Effects of 2450 .•z microwave
radiation on human blood coagulation processes"

2117. II0UCHAT, J.. & MARSOL, C. (1967) Arch. Ophthalsol. (Paris) 27(6):593-596 (In Fr.), "Bilateral capsular cataracts from
ra~ar"

Zi18. "w"'FE., S. (1970) In: Radiation Rio-Tffects r Report, Hodge, . '1., (ed.). Jan-Dec 1969, niv. of Beiological
Effects, Bur. Rad. Tiealth, PEVma (mt. so. DuE 70-f), pp. iN1-177, "The reversal of mitotic effects of Coleuld in cultures
of human peripheral lymphocytes"

2119. M•.Z. I-. 1 .iltv.I , E. (1970) In: Proc. of Hlntgarlis had. of Sei.. & Scd. Soc. for Telecommication, Collaq. on
nicrowave ConIcaiIon, 4th, bodapeSt (Apr. 21-24, 1970), "Effect of micrvwave fields on hinlotical structures" [:osbsauer
.'ektrut of submolecular chances of oxy-beantlobin in &niral blood exposed to microuave irradistion!
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A B S T R A C T

Non-thermal microwave/lower frequency electromagnetic fields (EMFs) act via voltage-gated calcium
channel (VGCC) activation. Calcium channel blockers block EMF effects and several types of additional
evidence confirm this mechanism. Low intensity microwave EMFs have been proposed to produce
neuropsychiatric effects, sometimes called microwave syndrome, and the focus of this review is whether
these are indeed well documented and consistent with the known mechanism(s) of action of such EMFs.
VGCCs occur in very high densities throughout the nervous system and have near universal roles in
release of neurotransmitters and neuroendocrine hormones. Soviet and Western literature shows that
much of the impact of non-thermal microwave exposures in experimental animals occurs in the brain
and peripheral nervous system, such that nervous system histology and function show diverse and
substantial changes. These may be generated through roles of VGCC activation, producing excessive
neurotransmitter/neuroendocrine release as well as oxidative/nitrosative stress and other responses.
Excessive VGCC activity has been shown from genetic polymorphism studies to have roles in producing
neuropsychiatric changes in humans. Two U.S. government reports from the 1970s to 1980s provide
evidence for many neuropsychiatric effects of non-thermal microwave EMFs, based on occupational
exposure studies. 18 more recent epidemiological studies, provide substantial evidence that microwave
EMFs from cell/mobile phone base stations, excessive cell/mobile phone usage and from wireless smart
meters can each produce similar patterns of neuropsychiatric effects, with several of these studies
showing clear dose–response relationships. Lesser evidence from 6 additional studies suggests that short
wave, radio station, occupational and digital TV antenna exposures may produce similar neuropsychi-
atric effects. Among the more commonly reported changes are sleep disturbance/insomnia, headache,
depression/depressive symptoms, fatigue/tiredness, dysesthesia, concentration/attention dysfunction,
memory changes, dizziness, irritability, loss of appetite/body weight, restlessness/anxiety, nausea, skin
burning/tingling/dermographism and EEG changes. In summary, then, the mechanism of action of
microwave EMFs, the role of the VGCCs in the brain, the impact of non-thermal EMFs on the brain,
extensive epidemiological studies performed over the past 50 years, and five criteria testing for causality,
all collectively show that various non-thermal microwave EMF exposures produce diverse
neuropsychiatric effects.
! 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Microwave syndrome (Hocking, 2001; Johnson Liakouris,
1998), a combination of various neuropsychiatric symptoms
originally described in persons with occupational exposures to
microwave frequency EMFs, has been disputed largely because of
the lack of an apparent mechanism for generating these symptoms.
It is reported to often include such symptoms as fatigue, headache,
insomnia, dysesthesia (impaired sensation), irritability, lack of
concentration and other symptoms (Hocking, 2001; Johnson
Liakouris, 1998). Similar but more extensive combinations of
symptoms have been reported following occupational exposures
in two U.S. government reports from the 1970s/1980s (Naval
Medical Research Institute Research Report, 1971; Raines, 1981)
and following environmental exposures as described in two more
recent reviews (Khurana et al., 2010; Levitt and Lai, 2010).

The goal here is not just to review the epidemiology, however,
but more importantly to consider the issue of possible physiologi-
cal mechanism(s). Hennekens and Buring (1989), on p. 40 in their
textbook Epidemiology in Medicine state ‘‘The belief in the
existence of a cause and effect relationship is enhanced if there
is a known or postulated biologic mechanism by which the
exposure might reasonably alter risk of developing disease.’’ It is of
critical importance therefore to assess possible biological mecha-
nism before considering the epidemiological evidence.

Accordingly, this paper considers the mechanism by which low
intensity microwave EMFs impact the cells of our bodies, how that
mechanism may be predicted to impact the nervous system,
evidence for such impact from experimental animal studies,
genetic polymorphism evidence for that mechanism acting in
humans to produce neuropsychiatric effects and finally, the
epidemiological evidence for such effects in human populations
with repeated low level microwave EMF exposure. Consideration
of each of these types of evidence influences the overall
interpretation presented in this paper.

2. Microwave/lower frequency EMFs act to activate voltage-
gated calcium channels

In 24 different studies reviewed earlier (Pall, 2013) and two
additional studies (Li et al., 2014; Lisi et al., 2006), microwave and
lower frequency low intensity EMF effects were blocked or greatly
lowered by calcium channel blockers, agents thought to be specific
for blocking voltage-gated calcium channels (VGCCs). In these
26 studies, a total of 5 distinct types of channel blockers were used,
with each type having a distinct structure and binding to a distinct
site, such that it is essentially certain that these must be acting by
blocking VGCCs, which is their only known common property. In
each of these 26 studies, each of the responses studied, were

blocked or greatly lowered by calcium channel blockers, showing
that VGCC activation has roles in producing a wide variety of EMF
effects. There is a large literature on changes in calcium fluxes and
in calcium signaling following microwave EMF exposure (partially
reviewed in Walleczek, 1992; Adey, 1993); each of these, including
calcium efflux changes, can be explained as being due to VGCC
activation, again suggesting a widespread role of VGCC activation
in producing biological responses to EMFs. Pilla (2012) showed
that pulsed microwave field exposure, produced an almost
instantaneous increase in calcium/calmodulin-dependent nitric
oxide (NO) signaling, providing strong evidence that these fields
can produce an almost instantaneous VGCC activation. It is likely,
that these EMFs act directly on the voltage sensor of the VGCCs to
produce VGCC activation (Pall, 2015) with the voltage sensor being
exquisitely sensitive to these EMFs because of its physical
properties and location in the plasma membrane.

EMFs have been proposed to act to produce a wide variety of
responses in the cell, via downstream effects of VGCC activation
(Pall, 2013, 2014, 2015), including elevated intracellular calcium
[Ca2+]i, excessive calcium and nitric oxide signaling and also
excessive peroxynitrite, free radicals and oxidative stress.

VGCC activation has been shown to have a universal or near-
universal role in the release of neurotransmitters in the brain and
also in the release of hormones by neuroendocrine cells (Berridge,
1998; Dunlap et al., 1995; Wheeler et al., 1994), with such release
being produced by calcium signaling. There are high densities of
diverse VGCCs occurring in neurons throughout the nervous
system. Both the high VGCC density and their function in
neurotransmitter and neuroendocrine release throughout the
nervous system suggests that the nervous system is likely to be
highly sensitive to low intensity EMFs.

3. Genetic polymorphism studies

Genetic polymorphism studies are powerful tools for looking at
the roles of specific proteins in human populations. In Table 1, a
series of genetic polymorphism studies have been performed that
show that an allele producing increased expression of the gene
encoding the channel of the main L-type VGCC in the brain,
produces diverse neuropsychiatric effects. These studies clearly
show that excess L-type VGCC activity can cause neuropsychiatric
effects. They also predict, therefore, that increased VGCC activity
produced by microwave EMFs may be able to also produce
widespread neuropsychiatric effects.

4. Histological and functional changes in central nervous
system (CNS) and peripheral nervous system (PNS) in animals
exposed to microwave EMFs

The most extensive literature on histological and functional
changes in animals is from the Soviet literature from the 1950s/
1960s with additional Western literature from the same time
period. Both Soviet and non-Soviet literature were reviewed in an
English language Publication by Tolgskaya and Gordon (1973). This
publication is, therefore, the main focus of this section. That
publication was divided into thermal and non-thermal exposure
studies, with the non-thermal studies which occupy the majority
of the text (pp. 53–137) being of sole interest here.
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These were all derived from the Tolgskaya and Gordon (1973)
review and page numbers listed are page numbers from that
document. All refer to changes produced by non-thermal
exposures in the nervous system of experimental animals, with
most being in rats.

This discussion scrolls down through Table 2.
The majority of the histological changes seen in these mostly

rodent studies, are seen in the nervous system, despite its being
less than 2% of the rodent cell mass. There are statements made
that the nervous system, both central and peripheral, is the most
highly sensitive tissue to these non-thermal microwave and lower
frequency EMFs. Following the nervous system in sensitivity are
the myocardium and the testis; myocardial cells are known to have
very high densities of VGCCs with especially high densities in the
pacemaker cells and the testis is known to have high densities
specifically of the T-type VGCCs. Pulsed EMFs are more active in
producing histological changes in the brain than are non-pulsed
fields, in two studies reviewed; there is a much larger literature
showing that in most cases pulsed fields are more biologically
active (Pall, 2015; Pangopoulos et al., 2013; Belyaev, 2015).

A wide variety of brain and peripheral nervous system tissues
show histological changes following non-thermal exposures.
Among the important tissues impacted are the hypothalamus
and pituitary gland, where both show similar patterns of changes
in neuroendocrine activities. There Is an initial increase in
neuroendocrine activity (this may be produced directly by VGCC
stimulation of secretion), followed over time by ‘‘exhaustion’’ of
neuroendocrine activity (this may be produced by tissue damage
produced from long term intracellular calcium [Ca2+]i elevation).

There are widespread histological changes produced in neuro-
nal and neuroendocrine tissues. These were repeatedly reported to
be largely reversible on cessation of EMF exposure. They become,
however, irreversible when exposure is extended in time. There are
changes in EEG activity, which may be an easily measurable
monitor of neurological damage.

In a summary statement, Tolgskaya and Gordon (1973) state,
‘‘This does not confirm the view, so widely held in the past among
Soviet investigators and still maintained to a large extent even at
the present time in the West, that the action of microwaves is
entirely thermal.’’

While there were many studies of brain impact of non-thermal
EMFs performed in the 1950s/60s that make the information
content of Tolgskaya and Gordon (1973) quite high, there is also a
substantial recent literature on brain effects of non-thermal
microwave EMF exposures (see, for example: Ammari et al.,
2008a,b; Bas et al., 2009; Brillaud et al., 2007; Carballo-Quintás
et al., 2011; Eberhardt et al., 2008; Dasdag et al., 2009, 2012;

Grafström et al., 2008; Kumlin et al., 2007; López-Martı́n et al.,
2006; Mausset-Bonnefont et al., 2004; Odaci et al., 2008; Rağbetli
et al., 2010; Salford et al., 2003; Sonmez et al., 2010).

5. Older epidemiological reviews and other related studies

Two U.S. Government reports each listed many apparent
neuropsychiatric effects of microwave/radiofrequency EMFs and
a third recognized the role of non-thermal effects on our bodies,
but had only a little consideration of neuropsychiatric effects.

The earliest to these was a Naval Medical Research Institute
(NMRI) Research Report (1971) which listed 40 apparent neuro-
psychiatric changes produced by non-thermal exposures includ-
ing: 5 central/peripheral nervous system (NS) changes, 9 CNS
effects, 4 autonomic system effects, 17 psychological disorders,
4 behavioral changes and 2 misc. effects. This NMRI report also
provided a supplementary document listing over 2300 citations
documenting these and other effects of microwave exposures in
humans and in animals.

The Raines (1981) NASA report reviewed extensive literature
based on occupational exposures to non-thermal microwave EMFs,
with that literature coming from U.S., Western European and
Eastern European studies. There are no obvious differences in the
literature coming from these different regions. Based on multiple
studies, Raines (1981) reports 19 neuropsychiatric effects to be
associated with occupational microwave/radiofrequency EMFs.

The Bolen (1994) report put out by the Rome Laboratory of the
U.S. Air Force, acknowledged the role of non-thermal effects of
microwave EMFs on humans. This report states in the Conclusion
section that ‘‘Experimental evidence has shown that exposure to
low intensity radiation can have a profound effect on biological
processes. The nonthermal effects of RF/MW radiation exposure
are becoming important measures of biological interaction of EM
fields.’’ Clearly Bolen (1994) rejects the claim that only thermal
effects occur. Bolen (1994) discusses a specific non-thermal
neuropsychiatric effect, where anesthetized animals are awakened
when the head is irradiated with microwave EMFs. This suggests a
similar mechanism to that acting in humans where such EMFs
produce insomnia (see below).

6. Specific epidemiological studies on neuropsychiatric effects
of microwave EMFs

There are 26 different epidemiological studies described in
Table 3. Although 4 of these only studied a single neuropsychiatric
effect, 22 of these each provide substantial evidence for the pattern
described in the earlier U.S. reports, that a wide range of

Table 1
Influence of genetic polymorphism of the CACNA1C in producing diverse neuropsychiatric effects.

Citation Genetic polymorphism Changes produced by allele of gene

Bhat et al. (2012) Polymorphism producing Increased expression of
CACNA1C L-type VGCC subunit

Review: The polymorphism Is associated with increased
susceptibility to bipolar disorder, ‘‘depression, schizophrenia, autism
spectrum disorders, as well as changes in brain function and structure
in control subjects who have no diagnosable psychiatric illness.’’

Bigos et al. (2010) Polymorphism producing Increased expression of
CACNA1C L-type VGCC subunit

Associated with increases in both bipolar disorder and schizophrenia

Krug et al. (2010) Polymorphism producing increased expression of CACNA1C
L-type VGCC subunit

Negatively influences language production on a semantic level

Krug et al. (2014) Polymorphism producing increased expression of CACNA1C
L-type VGCC subunit

Influences episodic memory and retrieval

Soeiro-de-Souza
et al. (2012)

Polymorphism producing increased expression of CACNA1C
L-type VGCC subunit

Produces impaired facial emotion recognition

Tesli et al. (2013) Polymorphism producing increased expression of CACNA1C
L-type VGCC subunit

Produces increased activation of the amygdala during emotional
processing

Thimm et al. (2011) Polymorphism producing increased expression of CACNA1C
L-type VGCC subunit

Associated with attention deficits including alerting, orienting and
executive control of attention
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neuropsychiatric effects are produced by exposure to various non-
thermal microwave frequency EMFs. Perhaps the most important
of these 26 is the Santini et al. (2003) study of people living near
cell phone base stations.

There are three recent studies on the generation of headache
during or shortly following long mobile phone calls (listed under
Chu et al., 2011 in Table 3). The timing of development of these
headaches and the finding that they occur on the ipsilateral side of
the head, the side receiving much higher EMF exposure during the
call, both argue strongly that these headaches are caused by the
long mobile phone calls. Such causality was concluded earlier by
Frey (1998) based on earlier studies and is now still more strongly
documented.

7. Criteria for assessing causality in epidemiological studies

It is important to consider the different criteria that allow one to
judge whether a cause and effect relationship is justified by the
studies listed in Table 3 and the individual studies cited in Raines
(1981). There are five such criteria that should be considered in

making that judgment (see pp. 39–43 in Hennekens and Buring,
1989):

Strength of Association: Is there a strong correlation between
exposure and the neuropsychiatric symptoms? There clearly is for
several studies cited in Raines (1981). One example is the Dwyer
and Leeper (1978) study (see Table 3) where there is a large
increase in symptoms and where that increase is greater with
longer occupational exposure. Another example is the Lerner
(1980) study of 1300 microwave workers, where workers with
relatively low exposure levels had an approximate doubling of
neurological complaints and where those with substantially higher
exposure levels had an approximate tripling of neurological
complaints over controls. Sadcikova (1974) found that 7 of
8 neuropsychiatric symptoms studied, showed a statistically
significant rise in prevalence with longer occupational exposure
(see Table 3). Sadcikova (1974), also found that microwave
workers had increases of 3 to over 10-fold in: feeling of heaviness
in the head; tiredness; irritability; sleepiness; partial loss of
memory; and skin sensitivity. There is also a strong association
where important new exposures occur – this is clearly the case
with all of the studies of people living near cell/mobile phone base

Table 2
Histological and functional changes in brain function in animals following exposure to non-thermal microwave EMFs.

Observations including page numbers Comment from Author

The majority of the histological changes seen following non-thermal exposures,
occurred in the nervous system, despite its being only about 2% of the tissue
mass in rodents; this suggests that the nervous system is highly sensitive to
such exposures. Elsewhere (pp. 129, 136), it is suggested that the nervous
system is the most sensitive tissue, followed by the heart and the testis, among
all of the tissues of the body. The most severe histological changes produced
by these non-thermal EMF exposures occur in the nervous system (pp. 136).

High CNS sensitivity to EMFs is predicted by the high density of
VGCCs that occur in neurons throughout the nervous system,
plus the VGCC role in neurotransmitter and neuroendocrine
release.

Pulsed fields were more active than non-pulsed fields in producing histological
changes (pp. 71, 97).

Pulsed fields have often been found to be more biologically
active than are non-pulsed fields in many different studies from
many countries (Pall, 2015; Pangopoulos et al., 2013;
Belyaev, 2015).

Nervous system regions impacted by non-thermal microwave and lower frequency
fields include: cortex, diencephalon including the hypothalamus and thalamus,
hippocampus, autonomic ganglia, sensory fibers, pituitary gland including
neurohypophysis.

Neuroendocrine changes seem to undergo change over increased time of exposure.
Neurosecretion in the hypothalamus and in the pituitary each go through a complex
sequence over time, where EMF exposure initially produces increased hormone
secretion but where over time, the neurosecretory cells become ‘‘exhausted’’, leading
to lowered secretion and in some cases cell death (pp. 77–96).

Elevated [Ca2+]i stimulates hormone secretion. However when
such elevated [Ca2+]i occurs over extended time periods it is
highly damaging to the cell, leading in some cases to apoptosis;
thus this time course of action should not be surprising.

Histological changes include boutons/argyrophilia, smaller neurons, vacuole formation
in neuroendocrine cells, bead-like thickening along dendrites (pp. 66, 70, 71, 73, 97, 98,
100, 111, 115–117, 121–125). Spines near the ends of dendrites become deformed and
with still more sessions of irradiation, disappeared entirely (p. 70). Sensory neurons,
following exposures, developed changes characteristic of irritation, with ‘‘marked
tortuosity of the nerve fibers.’’ Many histological changes are seen in the hypothalamic
cells (pp. 87–92) as their neuroendocrine function becomes impacted. Histological
changes were found even with exposures that produced no apparent functional changes.

Many histological and functional changes are reported to initially be reversible, following
cessation of exposure, but progressively become irreversible with longer exposure.
(pp. 64, 72, 74). Paralleling the development of irreversibility, it is found that ‘‘Repeated
exposure leads to gradual increase in severity of observed changes.’’ . . . including
‘‘increasingly severe disturbance of conditioned reflex activity in the animals, changes in
responses of animals particularly sensitive to acoustic stimulation. . ..’’ (p. 104).

If this is also true in humans, then claims that there cannot be
non-thermal effects, claims which act to prolong exposures,
may be causing irreversible damage to many humans.

EEG changes (pp. 55, 60, 102), including seizure activity following sensory provocation. Lai (1997) has an extensive review of EEG changes in animals
following non-thermal microwave EMF exposures

Neurodegeneration is reported in a number of places in this review (pp. 72, 83, 117).
Synaptic connections in regions of the brain are disrupted (pp. 65–74, 97, 113, 121, 136),

and at the extreme, some neurons are completely asynaptic (p. 73).
Synaptic connections are known to be disrupted in autism;
could this suggest that autism may be generated by EMF
exposure? No doubt, we need much more evidence on this.

‘‘after prolonged and repeated irradiation with low-intensity centimeter waves, with no
elevation of the body temperature and when the animal’s condition remained
satisfactory, changes were nevertheless found in the sensory fibers of the skin and viscera
in the form of irritation phenomena. These findings concur with the view in the literature
that the receptor system as a whole and, in particular its preterminal portions are highly
sensitive.’’ p. 76. This description is similar to what is reported to occur in electromagnetic
hypersensitivity (EHS). Other such studies are described and include cumulative changes
over time, that may also explain changes reported in EHS (pp. 75, 99, 100, 104).

One wonders whether almost 60 years ago, the Soviet
literature may have already described a possible animal model
for EHS. None is known to exist today, and because of that, EHS
studies are severely constrained. Clearly one needs to be
skeptical about this interpretation, but it is of great importance
that this be further studied.
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Table 3
Neuropsychiatric symptoms apparently produced by exposure to various electromagnetic fields.

Citation EMF exposure Apparent neuropsychiatric symptoms

Abdel-Rassoul et al. (2007) Living near mobile phone base
station

Significant increases in neuropsychiatric complaints included: headache, memory
changes, dizziness, tremors, depressive symptoms, sleep disturbance; attributed to
effects of EMFs on the human nervous system.

Al-Khlaiwi and Meo (2004) Mobile phone use Higher prevalence of fatigue, headache, dizziness, tension and sleep disturbance;
the authors conclude that mobile phone use is a risk factor for developing these
symptoms.

Altpeter et al. (2000) Short-wave broadcasting tower,
ranging from 6.1 to 21.8 MHz

Sleep disruption shown to occur, correlated with exposures and apparent increase
over time; short term suppression of melatonin shown, based on melatonin
increases during a 3 day period when the tower was turned off.

Bortkiewicz et al. (2004) Living near cell phone base station
EMFs

Sleep disturbance, irritability, depression, blurred vision, concentration difficulties,
nausea, lack of appetite, headache, vertigo.

Bortkiewicz et al. (2012) Living near mobile phone base
stations

Dose response relationships for sleep disturbance, irritability, depression, blurred
vision, concentration difficulties, nausea, lack of appetite.

Chu et al. (2011), also
Chia et al. (2000), Oftedal
et al. (2000)

Mobile phone use Headache during prolonged mobile phone use or within an hour following such use,
with pain occurring on the ipsilateral side of the head; similar observations
obtained in each of the 3 studies in column 1; see also Frey (1998).

Conrad (2013) Smart meter EMF exposure 14 common new symptoms (both severe and moderate) among those exposed and
symptomatic, 13 apparent neuropsychiatric: Insomnia, tinnitus, pressure in the
head, concentration difficulty, headaches, memory problems, agitation, dizziness,
fatigue, skin tingling/burning, involuntary muscle contractions, eye/vision
problems, numbness; These ranged in prevalence from 63% to 19% of those
experiencing symptoms, such that most symptomatic people experienced multiple
symptoms.

Dasdag et al. (1992) People working in MW
broadcasting or at a television
transmitter station

These groups suffered from headache, fatigue, irritability, stress, sleepiness, loss of
appetite, loss of hearing.

Dwyer and Leeper (1978) People working in radiofrequency
EMFs

Headache, eyestrain, dizziness, disturbed sleep, daytime sleepiness, moodiness,
mental depression, memory impairment, muscle and/or cardiac pain, breathing
difficulties, increased perspiration, difficulty with sex life.

Eger and Jahn (2010) Living near mobile phone base
station

Neuropsychiatric symptoms, with most showing dose–response relationships:
depression; headache; cerebral symptoms; dizziness; disorders of optical and
acoustic sensory systems; sleep disturbance; skin changes; with the exception of
dizziness, all of these had p < 0.001.

Johnson Liakouris (1998) Study of personnel in U.S. embassy
in Moscow exposed to microwave
EMFs

Statistically significant increases in neurological (peripheral nerves and ganglia),
dermographism (skin responses), irritability, depression, loss of appetite,
concentration difficulties, peripheral ganglia and nerve dysfunction.

Khan (2008) Excessive mobile phone use Complaints of headache, fatigue, impaired concentration, memory disturbance,
sleeplessness, hearing problems.

Kolodynskii and Kolodinska
(1996)

Children living near a Radio
Location Station, Latvia

Memory dysfunction, attention dysfunction, lowered motor function, slowed
reaction time, lowered neuromuscular endurance.

Lamech (2014) Exposure to wireless smart meter
radiation in Victoria, Australia

The most frequent symptoms to develop after smart meter radiation exposure were
insomnia, headache, tinnitus, fatigue, cognitive disturbances, dysesthesias
(abnormal sensation), dizziness.

Navarro et al. (2003) Living near cell phone base station Statistically significant dose response relationships for fatigue, irritability,
headache, nausea, loss of appetite, sleep disorder, depressive tendency, feeling of
discomfort, difficulty of concentration, loss of memory, visual disorder & dizziness.

Oberfeld et al. (2004) Living near cell phone base station Statistically significant dose–response relationships for headache, fatigue,
irritability, loss of appetite, visual disorder, nausea, sleeping disorders, dizziness,
poor concentration, memory loss.

Oto et al. (1994) Occupational exposure of
25 workers to either UHF television
broadcasting (10) or to 1062 kHz
medium wave broadcasting (15)

10 neuropsychiatric changes were assessed, all showing statistically significant
changes compared with controls: Somatization*, obsessive compulsivity*,
interpersonal sensitivity, depression, anxiety*, hostility*, phobic anxiety*, paranoid
ideation, psychoticism*, sleeping disturbance.
*p < 0.001.

Sadcikova (1974) Occupational exposure to
microwave radiation, including at
<.07 mW/cm2

Heaviness in head*, fatigue*, irritability*, sleepiness, memory loss*, cardiac pain*,
dermographism (skin sensitivity)*, hyperhidrosis*
* significant increase with time of exposure.

Salama and Abou El Naga
(2004)

High cell (mobile) phone use Most common effects were headache, ear ache, sense of fatigue, sleep disturbance,
concentration difficulty, face burning sensation. The first three of these had very
high statistical significance for correlation with extent of cell phone use.

Santini et al. (2003) Living near cell phone base stations Each of the following neuropsychiatric symptoms showed statistical significant
dose–response relationships: nausea, loss of appetite, visual disturbance,
irritability, depressive tendencies, lowered libido, headache, sleep disturbance,
feeling of discomfort, fatigue.

Schüz et al. (2009) Mobile phone use Found a small, statistically significant increase in migraine and vertigo. Also found
an apparent lowered occurrence of Alzheimer’s, other dementia, Parkinson’s and
epilepsy – these latter were interpreted as being due to perhaps early symptoms of
the developing diseases lowering probability of acquiring a mobile phone.

Söderqvist et al. (2008) Use of mobile phone among
adolescents

Increased mobile phone use was associated with increases in tiredness, stress,
headache, anxiety, concentration difficulties and sleep disturbances.

Thomée et al. (2011) High mobile phone use High mobile phone use was associated with statistically significant rises in stress
and sleep disturbance, with somewhat weaker association with depression.

Waldmann-Selsam et al.
(2009)

Digital TV signaling Constant headaches, pressure in head, drowsiness, sleep problems, tightness in
chest, shortness of breadth, depressive mood, total apathy, loss of empathy, burning
skin, inner burning, leg weakness, pain in limbs, stabbing pain in various organs,
weight increase.

M.L. Pall / Journal of Chemical Neuroanatomy xxx (2015) xxx–xxx 5

G Model

CHENEU-1334; No. of Pages 9

Please cite this article in press as: Pall, M.L., Microwave frequency electromagnetic fields (EMFs) produce widespread neuropsychiatric
effects including depression. J. Chem. Neuroanat. (2015), http://dx.doi.org/10.1016/j.jchemneu.2015.08.001

http://dx.doi.org/10.1016/j.jchemneu.2015.08.001


stations, listed in Table 3 and also with the two studies of people
who become exposed to radiation from smart meters. The studies
listed in Table 3 under Chu et al. (2011) (see also Chia et al., 2000;
Oftedal et al., 2000) are of a special type. Here people making very
long (over 1 h) cell/mobile phone calls develop headaches an hour
or more following the initiation of the long call. So these occur
within a specific time range following initiation of these long calls,
such that headache would only occur very infrequently in that time
frame by chance. So here again, there is a strong association. While
there is no question that many of these studies show high strength
of association, it is also clear that it is becoming progressively more
difficult to do these studies. As exposures become almost universal
in countries around the world, it is getting difficult if not
impossible to find good negative controls. There may be a similar
problem in doing animal studies, such that it may be necessary to
raise animals in Faraday cages in order to avoid exposures that
would otherwise occur as a consequence of our near ubiquitous
EMFs.

Biological credibility is extremely strong here, with three aspects
of the biology predicting that these low intensity fields cause
widespread neuropsychiatric effects. This was discussed above and
is reconsidered in the following section.

Consistency within the different epidemiological studies and
with other types of studies. The epidemiological studies listed in
Table 3 and also those showing neuropsychiatric effects that were
cited in Raines (1981) have been performed in many different
countries with different cultures. They have been performed in
multiple countries in Western Europe, Eastern Europe, the Middle
East and in East Asia, as well as in the U.S. and Australia. They are,
therefore, not limited to one or two cultural contexts. This is
deemed, therefore, an important indicator of causality. We also
have a surprising consistency of apparent neuropsychiatric effects
of different fields, including various occupational exposures and
exposures to cell/mobile phone base stations, exposure to the
phones themselves, exposure to smart meter pulses, and other
EMFs (see Table 3). Pulsation patterns, frequencies and exact
intensities may produce various biological responses (Pall, 2015;
Pangopoulos et al., 2013; Belyaev, 2015) so it is a bit surprising that
we have as much consistency as we do have across different types
of exposures. We also have consistency with the biology discussed
in the previous section. Because elevated VGCC activity produced
by genetic polymorphism (Table 1) produces diverse neuropsy-
chiatric effects, it is not surprising that elevation of VGCC activity
produced by microwave EMF exposure apparently also produces
diverse neuropsychiatric effects. Similarly because non-thermal
EMF exposures produce widespread changes in brain structure and
function in animals (Tolgskaya and Gordon, 1973), it is not
surprising that the neuropsychiatric symptoms, which are
produced as a consequence of brain dysfunction are produced
by such EMFs.

Time sequence: It is clear that the all of these effects follow
exposure in the various studies that have been published. In some
studies, it is also clear that longer occupational exposure times
produce increased symptom prevalence. These include Dwyer and
Leeper (1978) and Baranski and Edelwejn (1975). These observa-
tions all support a causal relationship between exposure to EMF
and the development of neuropsychiatric symptoms.

Dose–response relationship: It is assumed, here, that biological
effects have a positive correlation with the intensity of the
apparent causal stressor. This is not necessarily true of EMF effects,
because it has been shown that there are ‘‘window effects’’ where
specific intensities have larger biological effects, than do either
lower or higher intensities (Pall, 2015; Pangopoulos et al., 2013;
Belyaev, 2015). Nevertheless, where different intensities were
studied in these epidemiological studies, they do show the dose–
response relationship assumed here including Altpeter et al.

(2000), Dwyer and Leeper (1978), Eger and Jahn (2010), Lerner
(1980), Navarro et al. (2003), Oberfeld et al. (2004), Salama and
Abou El Naga (2004), Santini et al. (2003) and Thomée et al.
(2011). Thus these data do fit well to the assumed dose–response
relationship, found in most causal roles. The Altpeter et al. (2000)
study showed a special type of evidence for causality: during a 3-
day period when the broadcasting tower was turned off, the
melatonin levels recovered to near-normal levels. The studies of
headache occurrence on prolonged cell/mobile phone calls
(typically well over one hour) listed under Chu et al. (2011) in
Table 3 also suggest the assumed dose–response relationship (see
also Chia et al., 2000; Oftedal et al., 2000 and earlier citations listed
in Frey, 1998). Because such headaches only occur with prolonged
cell/mobile phone calls, these studies also provide evidence for a
dose–response relationship because low doses are ineffective.
Furthermore these same studies provide evidence for such a dose–
response relationship from another type of observation. Because
the headaches occur predominantly on the ipsilateral side of the
head which receives much higher EMF exposure intensity, rather
than on the contralateral side of the head, which receives much
lower intensities, this provides an additional type of evidence for
the predicted dose–response relationship.

While the evidence is convincing that the various neuropsychi-
atric apparent consequences of microwave EMF exposure are in fact
caused by such exposures, there may be somewhat more
controversy about another EMF-neuropsychiatric linkage. Havas
et al. (2010) have reported a similar list of neuropsychiatric
symptoms in electromagnetic hypersensitivity (EHS) patients. They
found that each of the following symptoms were common in EHS:
poor short term memory; difficulty of concentration; eye problems;
sleep disorder; feeling unwell; headache; dizziness; tinnitus;
chronic fatigue; tremors; body pain; difficulty speaking; tingling
sensation in feet or hands; difficulty writing; difficulty walking;
migraine. The similarity of these symptoms to the most commonly
found symptoms following non-thermal microwave EMF exposures
(Table 3), suggests that EHS is a genuine sensitivity to EMFs. In the
bottom row in Table 2, sensitivities were found in rodent studies
following non-thermal exposure that suggest a possible animal
model for the study of EHS. Each of these EHS-related issues needs to
be followed up experimentally.

8. Discussion and conclusions

In the previous section, each of the five criteria for assessing
whether an epidemiological association is causal, were considered.
Those five are (Hennekens and Buring, 1989): (1) strength of
association; (2) biological credibility; (3) consistency; (4) time
sequence; (5) dose–response relationship. Each of these five
provide strong support for causality such that the combination of
all five provides compelling evidence for causality. Low-intensity
microwave frequency EMFs do cause diverse neuropsychiatric
symptoms. While each of these five is important here, the one that
is most important is the criterion of biological credibility.

Three related sets of biological observations each predict that
low-intensity microwave EMFs produce widespread neuropsychi-
atric effects:

1. Such EMFs act via activation of VGCCs, acting through the VGCC
voltage sensor which is predicted to be exquisitely sensitive to
these EMFs (Pall, 2015). VGCCs occur in high densities
throughout the nervous system and have essential roles
throughout the nervous system in releasing neurotransmitters
and neuroendocrine hormones. These properties predict,
therefore, that these low intensity non-thermal microwave
EMFs cause widespread changes in the nervous system, causing,
in turn, diverse neuropsychiatric effects.
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2. Elevated VGCC activity, produced by an allele of the CACNA1C
gene which encodes the channel of the main L-type VGCC in the
brain, produces various neuropsychiatric effects (Table 1). This
predicts, that low intensity non-thermal microwave frequency
EMFs which also produce elevated L-type and other VGCC
activity, therefore produce widespread neuropsychiatric effects.

3. Studies reviewed in the Tolgskaya and Gordon, 1973 publication
(Table 2) have shown that the cells of the mammalian nervous
system show high sensitivity to various non-thermal microwave
and lower frequency EMFs, being apparently more sensitive
than any other organ in the body of rodents. These studies
predict that the human nervous system is likely to be similarly
sensitive to these EMFs, predicting, therefore, widespread
neuropsychiatric effects in humans.

We not only have biological credibility but also more
importantly, each of these distinct but interrelated biological
considerations predicts that low-intensity, non-thermal micro-
wave EMFs produce widespread neuropsychiatric effects. That
common prediction is verified by extensive data summarized in
citations provided by the Naval Medical Research Institute
Research Report (June 1971), data provided by The Raines
(1981) NASA report, and by 26 epidemiological studies summa-
rized in Table 3.

The most commonly reported neuropsychiatric symptoms from
these studies are summarized in Table 4.

A total of 22 different studies described in Table 3 were used for
data for this table, but not 4 others that only assessed a single
neuropsychiatric end point. The Altpeter study which only
assessed sleep disturbance/melatonin depletion and the three
studies listed under Chu et al. which only assessed headache
occurrence following long cell phone calls, listed in Table 3 were
not included. Because many of the studies only assessed from 3 to
7 specific symptoms, it is not surprising that the numbers of
studies reporting a specific symptom fall far below 22. Where
several symptom descriptions were included under one heading,
such as dysesthesia, if a study had more than one of these symptom
descriptions, it was only counted once.

All the symptoms listed in Table 4 should be considered
established parts of microwave syndrome (Hocking, 2001; Johnson
Liakouris, 1998). Even if the statistical significance in each study
was of the lowest statistical significance (p < .05) one would
expect only 1 positive study to occur at random out of the
22 studies included here. Because many individual symptoms were
not surveyed in many individual studies, the expectation is

substantially lower than that. Each of these, having shown positive
results in 5 or more studies are highly unlikely, therefore, to have
occurred by chance. Stong statistical significance is also seen for
individual neuropsychiatric effects reported to have p < 0.001 in
the Eger and Jahn (2010) and Oto et al. (1994) studies (see Table 3).

EEG changes may well be part of microwave syndrome, as well.
While none of the studies described in Table 3 measured EEGs, six
studies of human occupational exposure cited in the Raines (1981)
showed EEG changes (Baranski and Edelwejn, 1975; Bise, 1978;
Dumanskij and Shandala, 1974; Lerner, 1980; Sheppard and
Eisenbud, 1977). Murbach et al. (2014) cited 10 human studies in
support of their statement that ‘‘the most consistently reported
effects (of mobile phone use) in various studies conducted by
different laboratories are changes in the electroencephalogram
(EEG) power spectrum.’’ Three recent studies (Lustenberger et al.,
2013; Schmid et al., 2012a,b) and several earlier studies cited in
Wagner et al. (1998) have each shown EEG changes in sleeping
humans exposed to non-thermal pulsed microwave fields. Two
recent studies showed EEG changes in persons exposed to Wi-Fi
fields (Maganioti et al., 2010; Papageorgiou et al., 2011). Lai (1997)
described 8 animal studies showing changes in EEG patterns in
animals exposed to non-thermal EMFs and three additional animal
studies were described in Tolgskaya and Gordon (1973). With the
exception of the 6 studies cited in the second sentence in this
paragraph, all of these are direct experimental studies which are
not, therefore, susceptible to the questions of causality that can be
raised about epidemiological studies. It is the author’s view that
future studies should consider studying EEG changes as an
objectively measurable assessment of brain physiology and that
before and after increased exposure studies should be considered
when a new EMF source is to be introduced into human
populations. While such studies must be done carefully, given
the complexity of EEGs, even very small numbers of individuals
may produce highly statistically significant results in well
designed studies analyzed with paired t-tests.

One of the citations from the previous paragraph, Bise (1978)
reviewed earlier studies of low level microwave frequency
exposures in humans and concluded that such EMFs produced
the following neuropsychiatric effects: headache, fatigue, irrita-
bility, dizziness, loss of appetite, sleepiness, sweating, difficulty of
concentration, memory loss, depression, emotional instability,
dermographism, tremor, hallucinations and insomnia. The strong
similarity of this list from 37 years ago and the list in Table 4 should
be noted. The Bise (1978) list is based on occupational exposure
studies whereas the current list in Table 4 is based primarily on
EMF exposures from cell/mobile phone base stations, from heavy
cell phone usage and from smart meters, three types of exposures
that did not exist in 1978. The strong similarity between the Bise
(1978) list and the current one 37 years later alone produces a
compelling argument that the 11 neuropsychiatric effects found on
both lists are caused by exposure to multiple types of low-intensity
microwave EMFs.

The pattern of evidence is compelling in support of the earlier
statement of Levitt and Lai (2010) that ‘‘the primary questions now
involve specific exposure parameters, not the reality of complaints
or attempts to attribute such complaints to psychosomatic causes,
malingering or beliefs in paranormal phenomena.’’

We can barely imagine how the combinations of neuropsychi-
atric effects, including those in Table 4, will influence human
behavior and social interactions, now that the majority of the
human populations on earth are exposed to ever increasing
intensities and diversity of microwave frequency EMFs. You may
recall that three of the occupational exposure studies cited in
(Raines, 1981 showed increasing prevalence of neuropsychiatric
symptoms with years of exposure to consistent patterns of EMF
exposure intensities (Dwyer and Leeper, 1978; Sadcikova, 1974;

Table 4
Commonly reported neuropsychiatric symptoms following microwave EMF
exposure.

Symptom(s) Numbers of studies
reporting

Sleep disturbance/insomnia 17
Headache 14
Fatigue/tiredness 11
Depression/depressive symptoms 10
Dysesthesia (vision/hearing/olfactory

dysfunction)
10

Concentration/attention/cognitive
dysfunction

10

Dizziness/vertigo 9
Memory changes 8
Restlessness/tension/anxiety/stress/

agitation/feeling of discomfort
8

Irritability 7
Loss of appetite/body weight 6
Skin tingling/burning/inflammation/

dermographism
6

Nausea 5
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Baranski and Edelwejn, 1975). With ever increasing exposures in
human populations, we have no idea what the consequences of
these ever increasing exposures will be.
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Intro du ctio n 

A large region of the electromagnetic wave spectrum is oc-
cupied by electromagnetic waves (or fields) in the radiofrequency 
band: high frequency (HF), very high frequency (VHF), and super-
high frequency or microwave radiation. 

The electromagnetic field spreads as electromagnetic waves 
(radio waves). The wave is formed at a distance greater than its 
length (lI.) from the source, in the wave zone where the electric 
and magnetic components of the electromagnetic field vary in phase 
(E == 377H) and the emission of energy is measured in terms of 
the power flux density (PFD) in watts (W/cm2), milliwatts (mW / cm2) , 

or microwatts (/lW/cm2)0 At a distance less than the wave-
length from the source of radiation, i.e., in the zone of induction, 
the electric and magnetic components (E and H) do not vary in 
phase, and the emitted energy is evaluated either as the field in-
tensity in volts per meter (V/m) or in amperes per meter (A/m). 
The energy decreases rapidly with increasing distance from the 
source (inversely proportional to the square or cube of distance). 

Persons working with sources of HF and VHF radiation will 
eVidently be for the most part in the zone of induction, and the in-
tensity of their irradiation may reach thousands of volts and tens 
of amperes per meter in the HF band (Nikonova, 1963) and hun-
dreds of volts per meter in the VHF bands (Fukalova, 1964, 1968). 
So far as microwaves are concerned, persons working with micro-
wave generators are as a rule in the wave zone. The intensity of 
irradiation for them may vary from several microwatts to several 
milliwatts per square centimeter (Gordon, 1958, 1966). The pres-

1 
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2 INTRODUCTION 

ence of a wave zone or induction zone under industrial and exper-
imental conditions determines the physical values used to assess 
the intensity of irradiation (the power flux density or the field in-
tensity), the instruments used for measuring, and the experimental 
technique (irradiation from a distant source, in a cavity resonator, 
inductor, capacitor, and so on). 

The physical parameters eVidently also determine the biolog-
ical effects of the different frequency bands. 

In recent decades various bands of radio waves have been 
extensively used in many branches of industry. The microwave 
band has been widely applied in the field of radar, radionavigation, 
radioastronomy, radiometeorology, radiocommunication, nuclear 
physics, and physiotherapy. The short-wave and ultrashort-wave 
band are used for physiotherapy, radiocommunication, broadcast-
ing, television, and also for the heat treatment of dielectrics and 
for welding plasticized rubber. The long and medium waves are 
used for the heat treatment of metals in the vacuum-tube industry 
and in mechanical engineering. 

In view of the wide use of radio waves in many branches of 
industry the study of their biological action on persons working 
with sources of radiation requires investigation. A matter of par-
ticular importance is the action of radio waves of low intensity, 
which are most frequently encountered in industry. Another' inter-
esting topic for study is the dynamics of development of patho-
logical changes in the body as the result of prolonged exposure to 
low intensities of radiation in the various frequency bands, the 
pathogenesis of the lesions, and the mechanism of action of the 
radiation. Finally, it is essential to establish maximal allowable 
intensities of irradiation for workers exposed to the action of 
radiowaves. Earlier investigations have dealt mainly with the study 
of high intensities which cause overheating of the body, and it is only 
very recently that work has been published which showed that pro-
longed exposure to low intensities gives rise to certain functional 
and morphological changes. Clinical and physiological investigations 
have shown that radio waves of low intensity, acting on the human 
body, can produce functional changes in the nervous system and, 
in particular, in its autonomic division, as well as changes in the 
cardiovascular system and neurohumoral disturbances. These 
changes have a definite clinical form, and in the overt stages of 
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INTRODUCTION 

the disease it appears as an increasingly severe syndrome of 
autonomic asthenia, neurocirculatory dystonia, and features of 
diencephalic insufficiency (Drogichina and Sadchikova, 1968). 

Experimental investigations on animals (physiological, bio-
chemical, morphological, etc.) have demonstrated disturbances 

3 

of activity of the nervous and cardiovascular systems and of metab-
olism in experimental animals irradiated with radio waves, and the 
character of the biological effects depends on the intensity and 
duration of exposure and on the frequency of the waves. 

Until now there has been no monograph in either the Soviet 
or western literature to summarize the morphological and phys-
iological results obtained by experimental studies of the biological 
effect of radio waves of different intensities. 

In this book the authors survey the literature and describe 
the results of their own morphophysiological investigations, which 
have extended over many years and have been undertaken with the 
close collaboration of the Laboratories of Radiofrequency Elec-
tromagnetic Waves and of PatholOgical Anatomy. 

The object of these investigations was to discover the general 
principles governing the development of morphological changes in 
the organs and tissues of experimental animals exposed to radio 
waves, to compare them with the functional disturbances, to de- , 
termine the characteristic features of action of individual wave 
bands, and to compare the intensity and character of the mor-
phological changes resulting from the action of various frequencies. 
Besides the study of the biological action of high intensities of 
radio waves, causing overheating, particular attention has been paid 
to the action of low intensities of waves in the various frequency 
bands, not giving rise to a thermal effect, for the reason that the 
chronic effect of such low intensities is of great importance to 
persons working under conditions of exposure to radio waves. 

The Present State of the Problem 

When considering the published material on morphological 
changes caused by exposure to radio waves it is advisable to ex-
amine the available evidence from the standpoint of the general 
similarities and differences between the biolOgical effects char-
acteristic of the different wave bands. The follOwing two situations 
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4 INTRODUCTION 

can accordingly be distinguished: the action of high intensities of 
irradiation and the action of low intensities, not giving rise to an 
integral thermal effect. 

Most published work is devoted to the morphological study 
of the organs and tissues of animals exposed to the action of short 
and, in particular, ultrashort waves (3-300 MHz). The investiga-
tors themselves were mainly concerned with discovering whether 
such radiation could be used in physiotherapy as a method of deep 
heating. This naturally explains the high intensity of the irradia-
tion used in investigations of the biological action of short and 
ultrashort waves. In the last decades these frequencies have been 
widely used also for radiocommunication, broadcasting, and televi-
sion purposes, and also in branches of industry using heat treat-
ment of dielectrics, welding of plasticized rubber, and so on. Unde! 
these conditions, despite the high power ratings of the sources of 
radiation, the workers using this radiation were exposed to the ac-
tion as a rule of comparatively low intensities, not sufficient to 
raise the body temperature. The short and ultrashort wave bands 
are thus interesting as regards the action both of high and, in par-
ticular, of low intensities of irradiation. 

Microwaves in the 300-300,000 MHz wave band (millimeter, 
centimeter, and decimeter waves) have certain special properties 
from the physical and health aspects. They differ from radio waves 
in the longer part of the spectrum by the limited depth of their 
penetration into the body. For example, millimeter waves are ab-
sorbed in the surface layer of the skin, centimeter waves at a depth 
of 2-4 cm, while decimeter waves penetrate deeper still. From 
the health point of view another significant difference is that pos-
sibilities of exposure to microwave irradiation have increased, in 
particular with the mass production and exploitation of microwave 
generators for use in radar stations, for example. The potential 
health hazard of longer radio waves (medium, short, and ultrashort 
waves), by contrast with that of microwaves, occurs chiefly in con-
nection with the use of sources of these waves. Microwaves are 
important as regards the action of both high and low intensities of 
irradiation. Finally, the biological action of the longest radio waves 
(long and medium waves of frequencies between 100 kHz and 3 MHz), 
despite their extensive use for heat treatment of metals in the vacu-
um-tube and mechanical engineering industry, has only recently 
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begun to be investigated. The work of Tolgskaya and Nikonova 
(1964) demonstrated for the first time histological changes in the 
organs and tissues of irradiated animals exposed to the action of 
the electrical and magnetic components of a high-frequency elec-
tromagnetic field (medium wavelengths). However, the intensities 
of irradiation used experimentally (1800 Vim and 60 Aim) did not 
cause an increase in body temperature, and the effect produced was 
conventionally regarded as nonthermal. 

The morphological picture of changes in the organs and tis-
sues resulting from the action of short and ultrashort waves and 
microwaves of high intensity is largely similar in character. 

In acute experiments the animals (mice, rats, rabbits) die 
quickly with marked evidence of hyperthermia, and in the opinion 
of most investigators this is the cause of death, and is indistin-
guishable from the manifestations of ordinary hyperthermia. 

Slavskii and Burnaz (1933) and Oettinger (1931), for instance, 
observed definite vascular disorders after a single exposure to 
short and ultrashort waves: congestion of the brain and internal 
organs and multiple petechial hemorrhages in the pleura, pericar-
dium, and meninges. These degenerative changes eVidently had no 
chance to develop because of the rapid death of the animals and 
they were slight in degree. After repeated, brief exposures to , 
radiation of the same intensity, the vascular disorders and degen-
erative changes were more severe in character. 

Morphological changes accompanying the action of ultrashort 
and short waves of high intensities, as Zhukhin (1937), Shibkova 
(1937), and others have shown, are characterized not only by hyper-
emia and hemorrhages in all the viscera and brain, but also by 
severe rigor mortis and degenerative changes in the liver cells, 
the epithelium of the convoluted renal tubules and the muscle fibers 
of the myocardium; degenerative changes also were found in synap-
ses and in nerve cells in various parts of the central nervous sys-
tem and autonomic ganglia. Acute swelling of the cytoplasm of 
nerve cells with vacuolation was particularly marked in the hypo-
thalamic region (Shibkova, 1937; Liebesny, 1936). 

Considerable changes are also observed in the gonads, 
notably degeneration of the epithelium of the seminiferous tubules 
which may progress to their necrosis (Oettinger, 1931; Schliephake, 
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1932), and degenerative changes in the 00 cytes with atrophy of the 
follicles and cyst formation (Lotis, 1936; Gillerson and Voznaya, 1939). 

Morphological investigations of the effects of microwaves 
until recently consisted prinCipally of studies of the action of cen-
timeter waves, predominantly of high intensity and most frequently 
emitted continuously. No investigations in the millimeter band 
could be found in the accessible literature. 

Investigations in the 3- to 10-centimeter and decimeter bands 
(wavelength 21, 40, and 82 cm) undertaken by Milyutina (1938), 
Seguin and Castelain (1947), Boysen (1953), Pervushin and Trium-
fov (1957), Dolina (1959), Tolgskaya, Gordon, and Lobanova (1960), 
Gorodetskaya (1962), Pitenin (1962), and Minecki and Bilski (1961), 
in which acute experiments were conducted during exposure to 
high intensities of irradiation, frequently ending in death, revealed 
marked vascular disorders: congestion, perivascular edema, mul-
tiple hemorrhages and numerous infarcts in the lungs, hemorrhages 
in the spleen, liver, and kidneys. Degenerative changes, just as 
after irradiation with short and ultrashort waves, eVidently had no 
chance to develop because of the rapid lethal issue. 

During chronic exposure, mild congestion of the organs was 
accompanied by more marked degenerative changes, consisting 
of swelling of nerve cells in the brain, the appearance of vaquoles 
in the cytoplasm of individual cells of the hypothalamus, cloudy 
swelling of the epithelium of the convoluted renal tubules, fatty 
degeneration of the liver cells, and cloudy swelling and focal ho-
mogenization of individual myocardial fibers. 

A group of investigations was concerned with the action of 
high-intensity centimeter waves on the gonads (!mig et al., 1948; 
Gunn, Gould, Anderson, et al., 1961; Povzhitkov et al., 1961; Berez-
nitskaya,1968a,b; Gorodetskaya, 1962,1963, 1964; Minecki,1967). 
With very high intensities of irradiation (250-400 mW/cm2) third 
degree burns on the skin of the scrotum and extensive hemorrhages 
into the testicular tissues were observed. On microscopic exam-
ination, coagulative necrosis of the seminiferous tubules was ob-
served. The seminiferous tubules 4 weeks after a single irradia-
tion under these conditions contained no germinative epithelium, 
and the interstitial tissue contained numerous fibroblasts but few 
Leydig's cells (Gunn et al., 1961). Irradiation with radio waves can 
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cause irreversible morphological changes in the gonads not only 
in high intensities, but also in intensities too low to cause body 
heating. From this point of view the work of Imig et al., who de-
monstrated morphological changes in the testes which developed 
at a lower temperature than those caused by convection heating, 
is of considerable importance . 

7 

. Other interesting investigations were carried out by Um-
mersen (1961), who found delay of cell differentiation in the tissues 
of the developing chick embryo exposed to irradiation of high in-
tensity (400 mW/cm2). 

The results of experimental morphological investigations 
of the organs and tissues of animals after a single exposure to 
irradiation by radio waves (short and ultrashort waves, microwaves) 
of high intensity thus demonstrate the uniform character of the 
changes observed. These morphological changes are characterized 
by marked vascular disorders (congestion, perivascular edema, 
multiple hemorrhages), which are eVidently attributable to the 
thermal effect produced by radio waves of different frequencies. 
Repeated irradiation leads to more moderate vascular disorders, 
combined with severe degeneration changes (shrinking and dark 
staining of the cortical nerve cells, swelling and vacuolation of the 
cytoplasm of nerve cells, espeCially in the hypothalamus, cloudy 
swelling of the epithelium and granular degeneration of the epi- , 
thelium of the convoluted renal tubules, fatty degeneration of the 
liver cells, damage to the germinative epithelium, and so on). 

Morphological changes produced by the action of low-inten-
sity radio waves have received little attention in the literature. 

As has already been stated, Nikonova and Tolgskaya carried 
out the first investigations into the biological action of medium 
radio waves at intensities not sufficient to raise the body tempera-
ture. Prolonged and repeated (10 months) irradiation of animals 
(albino rats) in an electric field of intensity 1800 W/m and in a 
magnetic field of intensity 50 A/m caused moderate histological 
changes in the animals' organs and tissues. These changes include 
moderate vascular disorders, changes indicative of irritation of 
the nervous system in the receptors and synapses, a proliferative 
reaction of the microglial cells in the brain, and initial degener-
ative changes in nerve cells of the brain and the viscera. 
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Investigations into the action of short and ultrashort waves 
of lower intensities (Slavskii and Burnaz, 1933; Militsina and Voz-
naya, 1937; Rakhmanov, 1940) demonstrated morphological changes 
consisting of swelling of the vascular endothelium, especially in 
the capillaries of the liver, granular degeneration of the epithelium 
of the renal tubules, irritation phenomena in the spleen (mitoses 
and the appearance of plasma cells), stimulation of hematopoietic 
function, and so on. These findings suggest that the reticuloendo-
thelial system participates in the general response of the body to 
the action of short and ultrashort waves. In response to irradia-
tion with short and ultrashort waves of comparatively low inten-
sities, these workers observed proliferative changes in various 
organs of the irradiated animals, proliferation of the vascular en-
dothelium, and increase in the number of mitoses and of young cell 
forms in the bone marrow and spleen, and so on. Vorotilkin (1940) 
described proliferation of connective-tissue cells and lymphocytes 
in the liver, myocardium, and lungs of irradiated animals. 

There are only isolated reports in the literature of mor-
phological changes caused by microwave irradiation (decimeter, 
centimeter, and millimeter waves) of low intensity (Gordon, Loba-
nova, and Tolgskaya, 1955; Pervushin, 1957; Tolgskaya, Gordon, 
and Lobanova, 1960; Tolgskaya and Gordon, 1960, 1964, 1968). As 
well as degenerative changes of slight severity, these workers ob-
served a brisk proliferative reaction of the microglia in the brain 
and reticuloendothelial cells in the viscera. Low intensities of 
microwave irradiation were found to cause changes in the synapses 
of the brain and in the receptors of the skin and viscera. 

Experimental Material and Method 

Since the scope of the investigation covered a wide range of 
frequencies of radio waves, a number of different sources were 
used to irradiate the animals. 

In the medium wave band animals were irradiated by a gen-
erator with frequency 500 kHz to 1.5 MHz, giving an intensity of 
the electrical component of the field in the capacitor from 0 to 
8000 V 1m and of the magnetic field in the solenoid from 0 to 160 
Aim. 

The animals were irradiated with short (14.88 MHz) and 
ultrashort (69.7, 155, and 191 MHz) waves in cavity resonators 
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(Figs. 1 and 2). In its construction the cavity resonator consists 
of a metal box, the size of which is determined by the frequency 
characteristic of the generator. 

In the microwave (decimeter, centimeter, and millimeter 
waves) band the energy generated was transmitted by horn-type 
rectangular or conical antennas (Figs. 3 and 4). 

9 

Whereas the animals were irradiated with medium, short, 
and ultrashort waves in closed containers (capacitor, solenoid, 
cavity resonator), microwave irradiation was given principally 
from a distance, and the intensity of irradiation was regulated 
either by changing the distance from the generator or by changing 
its output power (by means of a power control). In individual cases 
a contact method was used, so that the microwave energy absorbed 
in the part of the body irradiated could be estimated. 

The animals were mainly irradiated in groups. 

Fig. 1. Loading animals in a cavity resonator for irradiation with ultrashort waves 
(70 MHz). 
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Fig. 2. Preparation of experimental animals for irradiation with short waves (15 MHz). 

For irradiation with medium, short, and ultrashort waves 
the animals were placed in special plastic cages which are virtual-
ly transparent to all wave bands and do not cause distortion of the 
field. For irradiation with microwaves and, in particular, with 
millimeter waves, the cages were made of polystyrene, with a di-
electric constant e = 2.4-2.9, and with a tangent of the dielectric 
loss angle of 0.0002-0.0003. By using material of this quality, 
there was negligible reflection of the waves from the front (ir-
radiated) wall of the cage and losses of energy in the walls were 
minimal. 

The cage with the animals was placed so that the axis of the 
horn antenna passed through the center of symmetry of the front 
wall of the cage, which was perpendicular to the axis of the an-
tenna. 

The cages for rats contained 6-9 compartments on 2 or 3 
levels, while those for mice had 10 compartments on several lev-
els. All cages had ventilating holes in their side walls. 
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Fig. 3. Irradiation of animals with decimeter waves. 

Morphological and physiological investigations were made 
on 646 animals (rabbits, rats, mice). Experiments under acute 
conditions ranged from a few minutes to 48 h in duration. The ex-
periments with chronic irradiation in low intensities lasted up to 
15 months. The animals were killed by decapitation. In the histo-
logical investigation, besides ordinary staining methods for the 
organs, elective stains were used for the nervous system (central 
and peripheral), some histochemical reactions were performed, 
and special tests were made of the neurosecretory function of the 
hypothalamus and neurohypophysis. 

The action of microwaves of the three principal frequency 
bands - centimeter, decimeter, and millimeter - was studied sepa-
rately. When a single exposure was used, the microwave intensity 
was 40-100 mW/cm2, and this caused death of the animals. Repeat-
ed exposure to high intensities of microwaves also was studied. 
The animals were sacrificed 5 months later. With low intensities 
of 1-10 mW/cm2 the duration of irradiation extended up to 10 months. 
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Fig. 4. Irradiation of animals with centimeter waves. 

All investigations were carried out in greatest detail using 
microwave radiation (especially in the 10-cm band) 0 For compari-
son, and to determine any special characteristics of their action, 
briefer studies under similar conditions using ultrashort-, short-, 
and medium-wave radiation are also reported. 

Irradiation with ultrashort waves (191, 155, and 69 MHz) was 
also studied at high (350-5000 Vim) and low (20-150 Vim) inten-
sities; short-wave radiation (14 MHz) was used in high (5000-9000 
Vim) and low (2250 Vim) intensities. Irradiation of the experiment-
al animals with medium waves was repeated over a period of 10 
months in intensities of 1800 Vim and 50 Aim. 
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PHYSIOLOGICAL AND MORPHOLOGICAL 
CHANGES IN ANIMALS EXPOSED TO 
RADIO WAVES OF HIGH INTENSITY 

kevinmottus2014@gmail.com



Introduction 

It was decided to describe the material relating to the action 
of high intensities of radio waves of all frequencies together. The 
reason for this decision was that the clinical picture of the hyper-
thermia caused by high-intensity irradiation and the morphological 
changes are uniform in character. 

The clinical picture of hyperthermia in animals irradiated 
by waves of high intensity is divided into five periods. The first 
period is that of the usual orienting reaction. In the second and 
third periods, even if the rat is anesthetized, it awakens. The 
slight erythema of the paws, tail, and ears in the second period 
changes into marked hyperemia; the arousal reaction is then fol-
lowed by depression. In the fourth period the animal is recumbent, 
clonic convulsions and pareses are occasionally observed, and 
there is marked hyperemia of the paws, tail, ears, and tip of the 
nose and edema of the head and genitalia. Finally, in the fifth pe-
riod the animals lie on their side and there is a copious discharge 
of blood-stained fluid from the nose and mouth. This period ends 
with death of the animals followed quickly by rigor mortis. 

The duration of each period is determined by the frequency 
of the waves and the intenSity of the irradiation. In the case of 
short and ultrashort waves and microwaves the first two periods 
last from 1 to 50 min, the third from 2 to 20 min, and the fourth 
and fifth from 2 to 30 min. 

During irradiation of animals, depending on the intensity of 
the radiation, changes in rectal temperature may occur in 3 phases 
(Michaelson et aI., 1961a,b; Howland et aI., 1961): a slight initial 
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rise of temperature, followed by a period of equilibrium, and final-
ly a rapid rise of temperature leading to irreversible disturbance 
of thermoregulation and death of the animal. However, if the ani-
mal is irradiated with microwaves of high intensity (> 100mW/cm2 

for instance), the maximal rise of temperature occurs sooner and 
the animal dies more rapidly. In the investigations described be-
low high intensities of irradiation were used and, as a rule, the 
rectal temperature of the animals was found to be increased by 
2_6°C (to 42-45°C). The greatest rise of temperature was observed 
in the case of irradiation by 10-cm waves. 

Comparison of the level of elevation of the body temperature 
during irradiation with waves of equal intensity, for instance with 
the shorter microwaves and infrared rays, i.e., in both cases by 
radiation which is largely absorbed in the skin, shows that the 
microwaves heat the skin more rapidly and to a high temperature, 
and death ensues much quicker (Deichman et al., 1959). It thus 
appears that the thermal effect is determined not only by the quan-
tity of acting energy, and that even in the case of microwaves of 
high intensity, their biological action is not determined entirely by 
their thermal effect. This conclusion is very important, becase 
later, when the biological action of low intensities of irradiation 
(not raising the body temperature) is described, the importance 
of low (nonheating) intensities of irradiation in the biological effects 
produced by them will also be demonstrated. C 

Intensities of irradiation giving rise to severe hyperthermia 
terminating in death differ for waves of different frequencies. 

The way in which the survival period of the animals depends 
on the wavelength and intensity of irradiation is shown in Table 1. 

Since the intensities of irradiation by waves of different fre-
quencies are expressed in different units, namely, field intensity 
or power flux density (volts per meter, milliwatts per square cen-
timeter), the results of the authors' investigations (Gordon and 
Lobanova, 1960; Nikonova, 1964; Fukalova, 1964) are given in ener-
gy density units (ergs per cubic centimeter). With identical inten-
sities of irradiation by microwaves (100 mW/cm2 or 33 '10- 6 

erg/cm3) animals die quickest from the action of 10-cm waves (15 
min). With equal intensities of irradiation by ultrashort and short 
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TABLE 1. Survival of Animals after Irradiation by 
Radio Waves of Different Frequencies 

Intensity of radiation Time (in min) and 
percent of animals 

Waveband 
dying 

Field inten-r Energy I sHy and pm density in 50% 100% 

ergs· cm3 

Medium (500 kHz) 8000V/m 2830 10-5 Nil 
Short. 5000 " 1 100· 10-0 100 
(14.88 MHz) 9000 " 3564 10-6 10 
Ultrashort . 5000 " 1100· 10-'; 5 
69.7 MHz. 2000 " 176,10-6 100-120 130-200 
155 " 700 " 21.5·IO-G 100-120 130-200 
191 " 350 .. .5.410-6 100-150 160-200 
Microwaves 
Decimeter. 100 mW/cm2 33.10-6 60 
Centimeter 
10 cm 100 .. 33,10-6 15 60 

3 " 100 " 33·IO-G 110 
Millimeter. 100 " 33.10-6 180 
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waves (5000 Vim or 1100.10-6 erg/cm3) animals exposed to ultra-
short waves die within 5 min and those exposed to short waves af-
ter 100 min. In the medium-wave bands irradiation at 8000 V /m 
did not cause death of the animals for many hours, whereas irradia-
tion in the short-wave band at 9000 Vim caused rapid death (10 min) 
of all the animals (100%). 

Hence, with a decrease in wavelength the energy density (ED) 
causing death of the animals decreases down to the microwave range 
and then rises slightly. Whereas medium waves with ED = 2830· 
10- 6 do not cause death of animals over a period of many hours, 
short and ultrashort waves with much lower ED values (176.10- 6 

to 5.4.10- 6 erg/cm3) lead to death of 50% of the irradiated animals 
at about the same times (after 100-120 min). 

In the case of microwaves with equal ED, 50% of the animals 
die after times varying from 15 to 180 min. The 10-cm waves have 
a particularly rapid action and the clinical picture of the hyper-
thermia is very severe. 

Let us consider the morphological changes in the organs of 
four groups of animals exposed to irradiation by waves of different 
frequencies (microwaves, ultrashort, short, and medium waves). 
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Morphological and Physiological Changes 
Following Exposure to 

High-Intensity Microwaves (Centimeter, 
Millimeter, and Decimeter Bands) 

Morphological Changes Following Exposure to 
High-Intensity Centimeter Waves 

Morphological changes were investigated after a single ex-
posure to 3-cm and 10-cm waves of high and medium intensities, 
causing phenomena of hyperthermia in animals. 

The results showed that exposure to 3- and 10-cm waves is 
accompanied by functional and morphological changes. 

The material can be divided into groups depending on the in-
tensity of irradiation and the period of exposure. Since the mor-
phological changes in the animals within each group were identical, 
the results will be described for groups as a whole. 

G r 0 u p 1. After a single (25-40 min) exposure of animals 
to 3-cm and 10-cm waves of high intensity (40-100 mW/cm2), 

severe clinical manifestations of hyperthermia terminating indeath 
were observed. 

Autopsy revealed severe vascular disorders, in the form of 
hyperemia and multiple hemorrhages in the brain and meninges, 
the peritoneum, the pleura, and the pericardiumo Rigor mortis 
was severe. Microscopic examination revealed vascular disorders 
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in the nervous system and viscera, in the form of hyperemia, peri-
vascular edema, and multiple small hemorrhages in the brain, 
myocardium (Fig. 5b,c), pleura, epicardium, and intestinal mucosa. 

The vascular disorders were accompanied in the brain by 
edema of the oligodendroglia, with the appearance of drainage forms 
(Fig. 6b,c), acute swelling of nerve cells in different parts of the 
brain with solitary vacuoles in the cytoplasm of individual neurons 
(Fig. 7b), by homogenization and sometimes by fatty degeneration 
of single fibers of the myocardium (Fig. Sb,c), and by changes in 
the testicles, in which albuminous masses were deposited in the 
lumen of individual tubules and, in some cases, necrosis of single 
seminiferous tubules was observed (Fig. 9b). In every case the 
content of ribonucleoproteins was reduced in the epidermis and in 
its derivatives in the upper layers of the skin. Cloudy swelling 
was observed in the epithelium of the convoluted renal tubules and 
there was fatty degeneration of the liver cells. There was a total 
absence of proliferative response of the microglia in the brain and 
of the reticuloendothelial elements in the liver. This protective, 
adaptive response is suppressed by irradiation with high-intensity 
radio waves of various frequencies. 

G r 0 u p 2. The animals were irradiated once (for 30 min) 
with pulsed IO-cm waves with an intensity of 20 mW/cm2• There 
were no deaths among the animals, which were sacrificed tmme-
diately after the end of irradiation showing slight signs of hyper-
thermia. Autopsy showed that the vascular disorders were not 
as severe as in the preceding group. Well-marked rigor mortis 
was found. 

Histological examination showed acute swelling of nerve cells 
in various parts of the brain, with solitary vacuoles in the cytoplasm, 
swelling and homogenization of the muscle fibers of the myocar-
dium, and initial degenerative changes in the form of cloudy swell-
ing of individual hepatocytes and epithelial cells of the convoluted 
renal tubules, against the background of vascular disorders. There 
was no proliferative reaction of the microglia in the brain and no 
proliferation of reticuloendothelial elements in the liver. 

After a single exposure of the animals to pulsed 3-cm waves 
for 30 min at an intensity of 20 mW/cm2, as a rule no evidence of 
hyperthermia was observed. None of the animals died. All were 
sacrificed immediately after the end of irradiation. 
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Fig. 5. Comparative characteristics of vascular disorders after single exposure to high-
intensity irradiation with waves of different frequencies. Hematoxylin-eosin: a) mul-
ti pIe hemorrhages in stroma of testis following exposure to millimeter wa ves, 400 x; 
b) multiple hemorrhages in myocardium after exposure to centimeter waves, 200 x; 
c) multiple hemorrhages in brain after exposure to decimeter waves, 200 x; d) multiple 
hemorrhages in lumen of alveoli following irradiation by short waves, 160 x. 
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Fig. 6. Comparative changes in oligodendroglia after irradiation 
by high-intensity waves of different frequencies. Stained by Miya-
gawa-Aleksandrovskaya method, 600X: b and c) edema of indi-
vidual ollgodendrogliocytes with formation of "drainage cells." 
Irradiation by centimeter waves: a and d) edema of individual 
oligodendrogliocytes with the formation of "drainage cells" Ca, ir-
radiation by millimeter waves; d, irradiation by decimeter waves). 
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Fig. 8. ComparatiVe changes in muscle fibers of the myocardium after 
irradiation by high-intensity radio waves of different frequencies: a) un-

evenness of staining of muscle fibers after irradiation with millimeter 
waves. Hematoxylin-eosin, 330x; b) well marked unevenness of stain-
ing and homogenization of myocardial muscle fibers after irradiation wi th 
centimeter waves. Hematoxylin-eosin, 330X; c) fatty degeneration of 
myocardial muscle fibers after irradiation with centimeter waves. Sudan 
III, 660 X; d) homogenization and unevenness of swelling of myocardial muscle 
fibers after irradiation with decimeter waves. Hematoxylin-eosin, 330 X. 
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Fig. 9. Comparison of changes in testes after irradiation of high-intensity radio 
waves of different frequencies. Hematoxylin-eosin: a) necrosis of a tubule beneath 
the capsule, 330x; b) deposition of albuminous masses in lumen of individual semi-
niferous tubules and necrosis of tubules in the testis after irradiation with centimeter 
waves, 280X; c) multiple hemorrhages in testis after exposure to decimeter waves, 
330X; d) edema of testicular stroma of animal irradiated with ultrashort waves, 450x. 
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Histological examination revealed slight hyperemia, perivas-
cular edema in the brain, and swelling of the cytoplasm of the nerve 
cells with single tiny vacuoles, congestion and swelling of individual 
muscle fibers of the myocardium, with unevenness of their staining, 
and also congestion and slight cloudy swelling of the cytoplasm of 
the hepatocytes and epithelial cells of the convoluted renal tubules. 
Hyperemia and edema were present in the intestine, spleen, lungs, 
and testes. Comparison of the effects of pulsed 3-cm and 10-cm 
waves demonstrates that the 10-cm waves produce the more marked 
changes. 

G r 0 u p 3. Morphological changes in the viscera and ner-
vous system were studied in 75 albino rats exposed repeatedly 
(75 sessions) to pulsed and continuous irradiation with 10-cm waves 
and pulsed 3-cm waves of high intensity (40 mW/cm2) but with a 
very short duration of irradiation (5-10 min). 

Severe clinical manifestations of hyperthermia were observed 
in the animals only in the first sessions of irradiation. Later they 
tolerated the irradiation satisfactorily, their body temperature re-
turned to normal, and the gain in weight of the young experimental 
animals was the same as in the controls. The animals were de-
capitated after 75 session::; of irradiation. At autopsy a varied 
degree of hyperemia was found. Rigor mortis was not so evident 
as in the preceding groups. The liver was flabby and yellow in 
color. The kidney tissue was dull, with a slightly swollen cortical 
layer. 

Histological examination of the organs and tissues of the 
animals sacrificed immediately after repeated irradiation revealed 
moderate vascular disorders in the brain and viscera. Degenerative 
changes, in the form of shrinking and dark staining of individual 
cortical neurons and swelling of the cytoplasm with lysis of the 
tigroid substance and the appearance of small vacuoles in individ-
ual cells of the hypothalamus, were observed in the brain cells. 
Swelling, unevenness of staining, and homogenization were found 
in individual groups of myocardial fibers, occasionally they showed 
fatty degeneration, and there was slight fatty degeneration also of 
individual hepatocytes. A brisk proliferative response of the mi-
croglia was present in the brain (Fig. l4a) and proliferation of the 
reticuloendothelial elements in the liver (Fig. l4b), i.e., a brisk 
proliferative reaction of the reticuloendothelial elements partic-
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ipating in both local and general protective and adaptive reactions 
of the body. In all irradiated animals the degenerative changes 
in the nervous system and viscera described above were focal in 
character and cells of normal configuration could always be seen 
side by side with pathologically changed cells. 

Although the irradiated animals had slight degenerative 
changes in the viscera and nervous system, together with ill-
defined vascular disorders, they remained apparently healthy dur-
ing their period of survival, reflecting the well-developed com-
pensatory powers of the body as a whole. 

The next step was to investigate morphological changes in 
particularly sensitive structures of the nervous system. For this 
purpose, changes were studied in the receptors of the skin and 
interoceptors in various receptive fields of the viscera in 25 ani-
mals (rabbits and rats) after irradiation with lO-cm waves of high 
intensity. 

Changes in the skin receptors were particularly interesting 
because during exposure of the living body to radio waves the skin 
is the first barrier which they meet. Because of its rich supply 
of afferent nerve endings the skin is a powderful receptive field, 
whose response to the action of radio waves largely determines 
the response of the body as a whole. It was no less interesting to 
determine changes in the interoceptors of the viscera for, accordi'ng 
to published observations, the interoceptors of the viscera are very 
sensitive to various harmful agents, even of minimal character. 

In recent years Lavrent'ev's school has amassed an extensive 
material on the morphology and pathology of the sensory innervation 
of the viscera. They have shown that sensory fibers participating 
in the innervation of the viscera arise from neUrons of the spinal 
and, sometimes, of the cranial ganglia. 

Interoceptors of the viscera help to maintain the relative 
constancy of the internal medium which is a condition of the nor-
mal existence of the organism. If, however, stimulation is exces-
sive, pathological changes may arise. Chernigovskii states that 
resonance arising in the nervous system due to stimulation of re-
ceptive fields embraces very many physiological processes. In 
other words, stimulation arising from interoceptive fields disturbs 
the activity of the somatic muscles, the smooth muscles, the res-
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piratory, circulatory, and hematopoietic systems, and the work of 
the kidneys and adrenals, and it upsets metabolism. 

According to Chernigovskii, this wide irradiation is a char-
acteristic feature of stimulation from interoceptors in general, 
and from vascular interoceptors in particular. 

Many different workers have studied changes in the interocep-
tor system of the viscera in diseases and during exposure to harm-
ful factors. They have studied changes in the interoceptor system 
of several reflexogenic zones: 1) the gastrointestinal tract, 2) the 
periendomyocardium, 3) the arch of the aorta, carotid sinus, and 
walls of large blood vessels. Investigations have been made in 
patients with cancer, peptic ulcer, intestinal obstruction, hyper-
tension, diphtheria, tuberculosis, and uremia, and subjects exposed 
to ultrahigh-frequency and x-ray irradiation and to experimental 
anoxia (Dolgo-Saburov; Kupriyanov; Lavrent'ev; Plechkova). Mor-
phological changes thus revealed in receptors of the various re-
ceptive fields were basically similar and consisted essentially of 
irritation phenomena and degenerative changes expressed to dif-
ferent degrees. 

Changes in the interoceptors resulting from exposure to 
superhigh-frequency radiation were studied by Pervushin (1957), 
who showed that reversible and irreversible changes take place 
in the interoceptors of the heart under these conditions. 

According to Pervushin, superhigh-frequency irradiation 
acts primarily on afferent fibers of the spinal ganglia, and changes 
in the peripheral components of the autonomic nervous system are 
slight in degree. 

In the present investigation no encapsulated or free nerve 
endings were found. Mainly thin afferent (sensory) nerve fibrils 
of the skin and viscera were studied. The fact that these fibrils 
belonged to sensory (afferent) fibers in every case was proved by 
their origin from myelinated nerve trunks (traced by the study of 
serial sections). The object of the investigation was to show changes 
in afferent nerve fibrils of the skin and viscera during irradiation, 
and whether these were "boutons terminaux," preterminals, or 
larger sensory nerve fibrils was of no fundamental importance. 

To begin with the receptor system of the viscera and skin 
was studied in 10 healthy control animals from which pieces of the 

kevinmottus2014@gmail.com



CHAPTER 1 29 

receptive (reflexogenic) zones were taken: from the skin of the 
ear and thigh, the urinary bladder, esophagus, stomach, intestine, 
atrium, and arch of the aorta. 

Examination of all the material showed, more so in some 
cases than in others, thin, delicate myelinated nerve fibers enter-
ing the smooth muscles or connective tissue of an internal organ 
or the epithelium of the skin, dividing into small twigs branching 
in different directions and having the appearance of delicate, thin 
fibrils. Sensory nerve fibrils were then investigated in the various 
receptive fields of the viscera and skin of animals irradiated with 
centimeter waves of different intensities. 

At the same time, nerve cells of the spinal sensory ganglia 
(cervical, thoracic, lumbar, and sacral), the autonomic ganglia 
(solar plexus, ganglia of the vagus nerve), and of the hypothalamic 
region were investigated in the same animals. 

Considerable changes were found in the sensory nerve fibers 
in the receptive fields of animals sacrificed immediately after a 
single exposure to irradiation with pulsed 10-cm waves of high 
intensity, ranging from 40 to 100 mW/cm2, for 15 min. Since the 
changes in the nerve fibers of the different receptive fields were 
more or less identical as a manifestation of the nonspecific re-
sponse of the body, and the only differences were in the degree of 
their intensity, they will be described collectively. First, in all c 

the viscera and skin investigated, nerve fibrils were more numer-
ous than in the control animals, a result which can evidently be 
explained by the increased argyrophilia of the nerve fibrils of these 
receptive fields and their better impregnation with silver. In-
creased argyrophilia of the afferent nerve fibrils is evidence of 
their irritation. Frequently strongly argyrophiliC, black, swollen 
fibrils with irregular swellings, pools of axoplasm, and even frag-
mentation were seen (Figs. 10c and lla). The thin sensory nerve 
fibrils were on the whole affected to an equal extent in all the re-
ceptive fields investigated, but comparison of the changes in the 
sensory nerve fibrils of the viscera and skin revealed that those 
in the skin were most severely affected, the lesion involving a 
larger number of nerve fibrils and the changes being more severe 
in character, sometimes involving fragmentation of the fibrils. 

Swelling of the cytoplasm and lysis of the tigroid substance 
in the center of the cell, with ectopia of the nucleus, were found 
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Fig. 10. Comparison of changes in sensory nerve fibers of receptive fields of the skin 
after irradiation by high-intensity waves of different frequencies. Bielschowsky-Gros. 
a) Thickened myelinated cutaneous nerve fibers, with increased argyrophilia, breaking 
up into fragments after irradiation with millimeter waves, 400 x; b) axons of myelinat-
ed cutaneous nerve fibers (large myelinated trunks) are strongly argyrophilic and have 
irregular swellings, with fragmentation in some places, after irradiation with millimeter 
waves, 350 X; c) very marked argyrophilia, irregular swellings, tortuosity of cutaneous 
nerve fibers after irradiation with centimeter waves, 400 x; d) delicate network of thin, 
unchanged cutaneous fibers after irradiation with decimeter waves, 400 x; e) increased 
argyrophilia and irregular swellings of cutaneous nerve fibers after irradiation by short 
waves, 400 x. 
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Fig. 11. Comparison of changes in sensory nerve fibers of viscera after irradiation 
by high -intensi ty waves of different frequencies. Bielschowsky-Gros. a) Very marked 
argyrophilia with irregular swellings of a myelinated nerve fiber of the atrial myo-
cardium after irradiation with centimeter waves, 440X; b) side by side with thin, 
delicate fibers, a strongly argyrophilic fiber, breaking up in some places into frag-
ments, is seen in the urinary bladder after irradiation by decimeter waves, 600X; 
c) very marked argyrophilia, irregular thickening of sensory nerve fibers in the 
myocardium after irradiation by ultrashort waves, 440X 

in the nerve cells of the spinal sensory ganglia. Some cells were 
seen with swollen cytoplasm containing tiny vacuoles. Signs of 
karyocytolysis and death of individual neurons were observed. The 
nerve cells of the autonomic ganglia were only slightly altered. 

With all intensities of irradiation the worst affected struc-
tures were the small sensory fibrils, i.e., the preterminal por-
tions of the receptor system, and the larger afferent fibrils, in 
agreement with the findings of Dolgo-Saburov, Kupriyanov, and 
Pervushin, who regard the preterminal portions of the afferent 
fibers as the most vulnerable. 

The changes discovered in the sensory nerve fibers of the 
receptive fields of the viscera and skin following exposure to cen-
timeter waves are not specific. Similar changes have been found 
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by other workers (Lavrent'ev, Plechkova, Falin, Vyropaev, Gusei-
nov, Rakhmatullin, Alekseev, etc.) in various diseases and after 
exposure to various harmful agents. 

As was mentioned above, after irradiation with centimeter 
waves of high intensity the damage of the sensory fibrils of the 
skin was particularly severe and the degenerative changes in those 
fibrils progressed as far as fragmentation of individual fibrils. 
The reason for this may be that the skin is the first barrier in the 
path of the radio waves, and part of the energy which falls on it is 
absorbed by it. 

Parallel with the changes in the sensory nerve fibers of the 
skin, after irradiation with centimeter waves histochemical changes 
were studied in the skin itself. The content of ribonucleoprotein 
(RNP) in the skin of the irradiated animals was determined by 
Brachet's reaction. The results showed a decrease in the RNP 
content in the epidermis and its derivatives and, in particular, in 
the surface layers of the skin (Fig. l3b). 

When the morphological changes observed in animals exposed 
to pulsed and continuous 10-cm waves were compared, they were 
found to be more severe after exposure to the pulsed waves. 

Comparison of the morphological changes observed after 
exposure to 10-cm and 3-cm waves of high intensity showed that 
they were more severe after exposure to the 10-cm waves. 

Morphological Changes Following Exposure to 
High-Intensity Millimeter Waves 

Half of the animals receiving a single exposure to millimeter 
waves with an intensity of 100 mW/cm2 for 180 min died 3 h after 
the end of irradiation with evidence of marked hyperthermia. The 
other half of the animals were sacrificed with a similar clinical 
picture. At autopsy severe congestion and small hemorrhages 
were found in the brain and viscera. Rigor mortis was very pro-
nounced. 

On histological investigation of the organs of these animals, 
marked vascular disturbances were present, eVidently associated 
with the hyperthermia. They consisted of severe hyperemia of 
the viscera and brain, perivascular edema, and multiple small 
hemorrhages in the brain, myocardium, liver, kidneys, mucous 
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membrane and submucosa of the intestine and pancreas, beneath 
the capsule and the stroma of the testes (Fig. 5a), and in the lumen 
of the alveoli. Acute swelling and a few vacuoles also were found 
in the hypothalamic nerve cells (Figs. 7a), together with edema 
of the oligodendroglia with the formation of "drainage" cells (Fig. 
6a), irregular staining and homogenization of myocardial muscle 
fibers (Figs. Sa), edema of the testicular stroma, necrosis and 
homogenization of solitary seminiferous tubules, particularly those 
located beneath the capsule (Fig. 9a), swelling of the epidermis 
of the skin, and edema and hyperemia of the dermis. 

Histochemical investigation showed a decrease in the RNP 
content in the cells of many visceral organs and ofthe nervous system. 
However, these changes were most conspicuous in those organs 
which normally have a high RNP content in the cytoplasm of their 
cells. These include: nerve cells, the glandular epithelium of the 
gastrOintestinal tract and pancreas, the epithelium of the bronchi 
and trachea, cells of the secondary follicles of the spleen, the 
endothelium of the capillaries, the ependyma of the ventricles of 
the brain, and the epidermis of the skin and its derivatives. The 
changes in RNP content varied from slight pallor of the cytoplasm 
to its complete transparency. Cells of the epidermis of the skin 
and its derivatives were particularly severely affected (Fig. 13a). 

The content of deoxyribonucleoproteins (DNP) in the viscera, 
was more stable. Only very slight changes were found in the DNP 
content in the cell nuclei of tissues affected by cloudy swelling 
(hepatocytes, epithelium of the convoluted renal tubules, sper-
matogenic epithelium of the testes) and in the hypothalamic nerve 
cells with signs of karyocytolysis. 

A special feature of the changes in RNP content in the cells 
of the epidermis and its derivatives in the skin should be em-
phasized. The changes in the derivatives of the epidermis dimin-
ished in intensity toward the deep layers of the skin. 

Changes in the sensory nerve fibers of the receptive fields 
of the skin were very severe. They took the form of argyrophilia 
and the appearance of beads and pools of axoplasm, or in some 
cases, fragmentation of the cutaneous nerve fibrils (Fig. lOa). In-
creased argyrophilia and irregular swellings were found even in 
fibers of the large myelinated trunks in the dermis (Fig. lOb). 
Nerve fibrils of the receptive fields of the viscera (myocardium, 
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aorta, esophagus, intestine, stomach) were much less severe and 
signs of irritation were found. If the animals survived for a long 
period after irradiation, cloudy swelling was observed in the epi-
thelium of some convoluted renal tubules and hepatocytes, and in 
a few cases there was fatty degeneration of the hepatocytes and the 
epithelium of a few convoluted renal tubules. 

Animals exposed to a single irradiation with millimeter 
waves in an intensity of 140 mW/cm2 for 15 min did not die. Signs 
of hyperthermia were observed, but they were less marked than 
in the preceding group. In all the Viscera, the skin, and the ner-
vous system, histological examination revealed vascular disorders 
less severe than in the preceding group, but still of considerable 
intensity. Acute swelling of the nerve cells was found in the 
brain, especially in the hypothalamus, with the appearance of soli-
tary vacuoles in their cytoplasm and occasionally with signs of 
karyocytolysis. Unevenness of staining and homogenization of the 
myocardial muscle fibers, edema of the stroma and homogeniza-
tion of individual seminiferous tubules (necrobiosis), subcapsular 
hemorrhages in these organs, cloudy swelling in the epithelium 
of the convoluted renal tubules and, to a lesser degree, in the 
hepatocytes, and slight thickening of the alveolar septa through 
hyperemia and edema were found. After irradiation in an inten-
sity of 40 mW/cm2, changes also were found in the sensory nerve 
fibers of the cutaneous receptive fields. The fibers were strongly 
argyrophilic and had irregular swellings and pools of axoplasm 
on them. The sensory fibrils of the viscera were relatively un-
changed. Nerve cells of the spinal sensory ganglia, just as after 
irradiation with 10-cm waves in an intensity of 100 mW/cm2, 

showed swelling of the cytoplasm in individual cases, with lysis ofthe 
tigroid substance in the center of the cell and ectopia of the nucleus. 
Phenomena of karyocytolysis with death of individual neurons (Fig. 
12) were evident. Since millimeter waves are absorbed by the skin, 
the changes in the nerve cells of the spinal ganglia can be attri-
buted only to reflex mechanisms. 

Histochemical tests showed a decrease in the RNP content, 
especially in the cells of the epidermis and its derivatives in the 
skin. The decrease in RNP content in the viscera was much less 
marked. 

The DNP content in the cell nuclei of the viscera was un-
changed, but in the nuclei of the epidermis it was considerably 
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Fig. 12. Swelling of cytoplasm with tigrolysis and ectopia of the 
nucleus in some cells, and with evidence of karyocytolysis and death 
of the neurons in other cells in a spinal ganglion after irradiation 
with millimeter waves in high intensity. Nissl's stain, 450x. 

reduced. A decrease in the DNP content was also observed in 
foci of cloudy swelling in the hepatocytes and epithelium of the 
convoluted renal tubules and also in the nerve cells of the hypo-
thalamic region showing signs of karyocytolysis. 

Morphological Changes Following Exposure to 
High-Intensity Decimeter Waves 

35 

The animals were irradiated with decimeter waves in an 
intensity of 100 mW/cm2 for 60 min; 50% of the animals died with 
manifestations of hyperthermia. 

Macroscopic examination revealed clearly defined features 
of hyperthermia in all the animals, in the form of vascular dis-
orders (very marked congestion of the viscera and brain) and 
rigor mortis. Microscopically, evidence of perivascular edema 
and multiple small hemorrhages were found in the brain (Fig. 5c) 
and also in the liver, lungs, myocardium, and stroma of the testes 
(Fig. 9c). 

Against the background of the vascular disorders, acute 
swelling of the brain neurons was observed, together with the ap-
pearance of solitary large vacuoles in the hypothalamic nerve cells 
(Fig. 7c), edema of the oligodendroglia (Fig. 6d), and swelling and 
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homogenization and unevenness of staining, and sometimes fatty 
degeneration of the myocardial muscle fibers (Fig. 8d). Slight 
cloudy swelling was seen in the hepatocytes and the epithelium of 
the convoluted renal tubules. 

Changes in the sensory nerve fibers in various receptive 
fields of the viscera (myocardium, aorta, esophagus, intestine, 
stomach, urinary bladder, etc.) were very marked. The changes 
consisted of argyrophilia of the nerve fibrils, tortuosity, the ap-
pearance of beads and pools of axoplasm, and sometimes fragmen-
tation of individual nerve fibers. However, no damage was found 
to the sensory nerve fibers of the skin. They were thin and delicate, 
and they had no swellings or pools of axoplasm (Fig. 10d). 

Histochemical tests showed a decrease in the RNP content 
in the cytoplasm of cells of the viscera and nervous system, more 
conspicuous in organs normally rich in RNP (nerve cells, glandular 
epithelium of the gastrointestinal tract and pancreas, bronchial 
epithelium). The RNP content in the skin was not reduced (Fig. 
13c). 

Considerable vascular disorders were found in the testes, in 
the form of edema of the stroma and small hemorrhages beneath 
the capsule and in the stroma of the organ. 

* * * 
Comparison of the morphological changes found in the ani-

mals after exposure to microwaves of all frequencies in high in-
tensity shows that these changes were uniform in character, i.e., 
they were due mainly to the thermal action of the radiation. 

High intensities of irradiation with microwaves of different 
frequencies caused death of the animals with clinical features of 
severe hyperthermia. The morphological changes in the tissues 
and organs of the irradiated animals consisted of severe vascular 
disorders, acute swelling and vacuolation of the cytoplasm of the 
nerve cells in various parts of the brain, and unevenness of stain-
ing, homogenization, and fatty degeneration of the myocardial fibers. 
However, despite the fact that the thermal effect masked all the 
finer changes, this does not mean that all the changes can be 
ascribed to the thermal effects alone. Exposure to microwaves gives 
rise to some phenomena of a special kind. For example, despite 
the high intensity of irradiation with decimeter waves, the sensory 
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Fig. 13. Comparison of histochemical changes in the skin (RNP content) after irradiation 
by waves of different frequencies in high intensity. Brachet's reaction: a) sharp decrease 
in RNP content in epidermis and its derivatives in top layers of skin with integrity of RNP 
in epidermal derivatives in deeper layers of the skin after irradiation with millimeter waves. 
120x; b) decrease in RNP content in epidermis and its derivatives in upper layers of skin 
with integrity of RNP in epidermal derivatives in deeper layers of the skin after irradiation 
with centimeter waves. 200X; c) normal content of RNP in epidermis of skin and its deriv-
atives after irradiation with decimeter waves. 160x. 

nerve fibrils of the skin were unchanged. Yet, at the same time, 
they were severely affected by exposure to centimeter and, in par-
ticular, to millimeter waves. This difference can be explained by 
the fact that millimeter waves are absorbed by the skin, and most 
of their effects are observed on the skin and its sensory nerve 
fibers (the other changes in the viscera are eVidently reflex in 
character). This was also confirmed by the clearly defined changes 
in the nerve cells of the spinal sensory ganglia, which showed evi-
dence of irritation (swelling, central tigrolysis of the cytoplasm, 
and ectopia of the nuclei). Although after exposure to microwaves 
of various frequencies and of high intensity the differences between 
the morphological pictures were thus apparently masked, it must 
be noted that the lO-cm waves gave rise to the severest effects, 
for death took place earlier, the picture of hyperthermia was more 
marked, and the vascular disorders were more extensive. Second 
place in order of severity of effects was occupied by the decimeter 
waves, and third place by millimeter waves. 

The intensity of the biological action of microwaves is deter· 
mined by the intensity and frequency of the waves and the duration 
of exposure to them. 
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Without dwelling in detail on the biological effects of high-
intensity irradiation (measured in hundreds of milliwatts per square 
centimeter), it will merely be noted that such intensities lead 
to severe hyperthermia and, if the exposure is long enough, to 
death. The morphological changes in the tissues and organs of 
the animals consisted of severe vascular disturbances, accompanied 
by less marked degenerative changes in the nervous system and 
viscera, presumably on account of the earlier death of the animals. 
No proliferative reaction of the microglia was observed in the brain 
or of the reticuloendothelial elements in the viscera. This protective 
and adaptive reaction was eVidently inhibited by the effects of the 
high-intensity microwaves. This pattern is characteristic of the 
whole band of microwaves and is due to their considerable heating 
effect. 

Millimeter waves, which are absorbed completely in the skin 
and act on its sensory nerve fibers, irritating them and sending 
an intensive flow of impulses along the afferent fibers to the spinal 
ganglia and on into the brain, have a lower thermal threshold. How-
ever, if the irradiation is of high intensity (40 mW/cm2) the dynam-
ics of the temperature response is such that the integral heating 
effect is more marked in the case of centimeter waves. These 
waves, which are absorbed only partially in the skin and which 
penetrate deeper, evoke a well-defined temperature response to 
irradiation of high intensity eVidently as a result of their direct 
action on the tissues and on the thermoregulatory centers. 

So far as decimeter waves are concerned, they are virtually 
unabsorbed in the skin and penetrate deeper into the body, where 
they evoke a thermal effect if the PFD levels are high. 
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Morphological Changes in Animals 
Following Exposure to Ultrashort Waves 
(69.7, ISS, and 191 MHz) of High Intensity 

After a single exposure to ultrashort waves (69.7 MHz, in-
tensities 5000 and 2000 Vim) the animals died with well marked 
features of hyperthermia. At autopsy severe hyperemia and small 
hemorrhages were found in the brain and viscera, with well-devel-
oped rigor mortis. Microscopic investigations shown marked vas-
cular disturbances in the brain and viscera, with hyperemia and 
perivascular edema in the lungs, brain, and liver, edema of the 
myocardial and testicular stroma, and multiple perivascular hem-
orrhages in the brain, lungs, liver, kidneys, myocardium, and testes. 
Because death occurred quickly (5 min after irradiation in an in-
tensity of 5000 Vim), degenerative changes had not had time to 
develop in the viscera and they were slight in degree. Acute swell-
ing of the cytoplasm was observed in the nerve cells in various 
parts of the brain. After irradiation with ultrashort waves in an 
intensity of 2000 Vim the animals survived rather longer (up to 
3 h), and the picture of vascular disturbances as described above 
was accompanied by degenerative changes in the nerve cells of 
the brain and viscera which were rather more clearly defined, and 
consisted of swelling and vacuolation of the cytoplasm of nerve 
cells in the thalamus and hypothalamus. Marked argyrophilia and 
irregular swellings and pools of axoplasm were found in the sen-
sory nerve fibers of the skin and sensory fibrils of the myocardium, 
intestine, urinary bladder, esophagus, and elsewhere (Fig. llc). 
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Homogenization and unevenness of staining of the myocardial 
muscle fibers, swelling of these fibers (with edema of the stroma), 
and cloudy swelling with, occasionally, fatty degeneration of the 
hepatocytes and epithelium of the convoluted tubules were found. 

Animals irradiated with ultrashort waves with a frequency 
of 155 MHz and intensity of 1000 Vim and with a frequency of 191 
MHz and intensities of 700 and 350 V 1m died 17-200 min later 
(depending on the intensity of the irradiation) with marked features 
of hyperthermia. Changes similar to those described above, but 
more severe, were found. 

Hence, after exposure to high intensities of ultrashort waves 
(5000, 2000, and 1000 Vim) with frequencies of 69.7, 155, and 191 
MHz, death quickly ensued; the animals showed marked evidence 
of hyperthermia and severe vascular disorders (hyperemia, peri-
vascular edema, and multiple hemorrhages). The vascular dis-
orders provided a background for ill-defined degenerative changes 
in the nerve cells of the brain, the muscle fibers of the myocardium, 
and other parenchymatous organs. 

If the animals survived longer (up to 3 h), vascular distur-
bances in the nervous system and internal organs were similar to 
those described above, and they were accompanied by more defi-
nite degenerative changes in the nerve cells, and marked signs 
of degeneration of sensory nerve endings in the skin and viscera. 
Degenerative changes were found in the muscle fibers of the myo-
cardium, the spermatogenic epithelium of the testes, the hepato-
cytes, and the epithelium of the convoluted renal tubules. 
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Morphological Changes in Animals Exposed 
to Short and Medium Radio Waves 

of High Intensity 

G r 0 u p 1. After a single exposure to irradiation with 
high-intensity (9000 and 5000 V 1m) short waves the animals died 
with signs of marked hyperthermia in 10-1000 min. At autopsy 
congestion of the brain and meninges and focal hemorrhages in the 
brain and meninges and in the serous membranes were found. 
Rigor mortis was severe. 

Microscopic investigation revealed considerable vascular 
disturbances in the brain and all the viscera: congestion, stasis, 
perivascular edema, and multiple small or larger perivascular c 

hemorrhages in the brain, kidneys, liver, and lungs. Hemorrhages 
into the lumen of the alveoli also were present in the lungs (Fig. 
5d). 

If death took place early, the degenerative changes in the 
nerve cells and viscera were slight in degree. If the animals sur-
vived longer, the vascular disturbances were marked and were ac-
companied by acute swelling of nerve cells in various parts of the 
brain, with vacuolation of the cytoplasm in the hypothalamic neu-
rons (Fig. 7d). 

The sensory nerve fibrils of the viscera and skin showed 
marked argyrophilia and irregular swelling in different receptive 
fields (Fig. 10e). Homogenization and unevenness of staining were 
found in the muscle fibers of the myocardium. Cloudy swelling 
and, sometimes, fatty degeneration affected individual groups of 
hepatocytes and epithelial cells of the convoluted renal tubules. 
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Consequently, after irradiation with short waves of high in-
tensity (9000 and 5000 Vim), leading to death in 10 to 100 min with 
well-marked evidence of hyperthermia, acute and severe vascular 
disturbances can be detected morphologically in the nervous sys-
tem and viscera and are accompanied by ill-defined degenerative 
changes in the nerve cells, the muscle fibers of the myocardium, 
and other internal organs. Evidence of irritation of cutaneous sen-
sory nerves and of sensory fibrils of the viscera is clearly visible. 

After irradiation with high intensities of short and ultrashort 
waves the differences between the morphological picture associated 
with the action of each particular frequency disappear. Everywhere 
vascular disturbances are predominant, with ill-defined degener-
ative changes and irritation of sensory nerve fibers of the various 
receptive fields of the skin and viscera. 

However, the impression is obtained that the changes are 
more severe and developed earlier in the case of irradiation with 
ultrashort waves. This correlates with the clinical evidence of 
earlier death after irradiation with ultrashort waves. 

G r 0 u p 2. Irradiation with medium waves with an inten-
sity of 8000 V 1m. With waves of this length it was impossible to 
obtain intensities sufficiently high (even in the case of long or re-
peated exposures) to cause fatal hyperthermia, because the field 
voltages of up to 8000 Vim which were used were only on the 
threshold for producing a thermal effect. The effects of waves of 
these frequencies will accordingly be discussed in the section on 
the chronic action of low intensities not inducing a thermal effect. 
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Comparison of Morphological Changes 
Following Exposure to Radio Waves of 

High Intensity and of Different Frequencies 

Morphological changes associated with exposure to micro-
waves and ultrashort, short, and medium radio waves can be use-
fully compared. 

In the first series a morphological study was made of the 
organs and tissues of animals (305) irradiated with radio waves of 
high intensity and of various frequencies: a) microwaves with in-
tensities of between 40 and 100 mW/cm

2

, b) ultrashort waves with' 
intensities of 5000 and 2000 Vim; c) short waves with intensities 
of 9000 and 5000 Vim. The animals of all groups died with marked 
signs of hyperthermia. At autopsy, rigor mortis was severe. The 
rectal temperature of the cadaver as a rule was very high, some-
times reaching 40-44°C. The nasal mucosa were cyanosed, and the 
skin of the paws, ears, and tail strongly hyperemic. Marked con-
gestion of the brain and meninges and petechial hemorrhages be-
neath the serous membrane of the intestine, the pleura, and the peri-
cardium, and in the gastric mucosa and the meninges and brain tis-
sues were found. The brain tissue was congested and edematous. 
The liver was severely hyperemic, and sometimes had an icteric 
tinge. The spleen was severely congested, and dark liquid blood 
exuded from its cut surface. The kidneys were congested and flab-
by and the capsule stripped easily. 
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Microscopic investigation showed considerable vascular 
changes in the nervous system and viscera: severe hyperemia, 
marked perivascular edema, and multiple small hemorrhages in 
the stroma of the testes, brain, myocardium, lungs, liver, kidney, 
and intestinal wall (Fig. 5a,b,c,d). Severe hyperemia and edema 
in the brain affected both the brain tissue and the meninges; stasis 
and perivascular and pericellular edema were evident. Changes 
in the oligodendroglia consisted of edema and the formation of 
drainage cells (as described by P. E. Snesarev), which are as-
sociated with the presence of acute vascular disturbances accom-
panied by cerebral edema and disturbances of water and mineral 
metabolism (Fig. 6a,b,c,d). 

Damage to the central nervous system was the most con-
spicuous feature. In sections stained by Nissl's method and by the 
histochemical reaction for ribonucleoproteins, changes were found 
in nerve cells in various parts of the brain, more especially in 
the hypothalamus. Acute swelling of the cytoplasm of the neurons 
was accompanied by tigrolysis and by a sharp decrease in the 
ribonucleoprotein content. In animals which survived longer, tiny 
vacuoles appeared in the cytoplasm of the swollen nerve cells, and 
their contest gave a negative reaction for lipids (Fig. 7a,b,c,d). 

Similar changes (vascular disorders and degenerative changes 
in nerve cells) took place in the spinal cord and spinal sensory 
ganglia, and were much less marked in the autonomic ganglia. 

After the central nervous system, the myocardium was next 
most severely affected. Microscopic examination of the heart 
muscle showed unevenness of staining of the myocardial muscle 
fibers: some fibers stained very intensely, homogeneously, and had 
lost their cross-striation, while others, on the other hand, were 
pale with a distinct cross-striation. Sometimes fatty degeneration 
of individual muscle fibrils was observed (Fig. 8a,b,c,d). Next in 
order of severity of damage were the testes. Congestion and edema 
of the interstitial tissue were clearly defined. Degeneration of the 
spermatogenic epithelium and, sometimes, necrosis of the tubules 
or the liberation of albuminous masses into the lumen were observed 
in individual seminiferous tubules, most frequently those situated 
beneath the capsule (Fig. 9a,b,c,d). 

Congestion and perivascular edema were very evident in the 
lung tissue, and here and there small perivascular hemorrhages 
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and hemorrhages into the lumen of the alveoli could be seen (Fig. 5d). 
Sometimes there was focal edema of the alveoli, associated with focal 
emphysema. The liver tissue was severely hyperemic and sometimes 
edematous; the structure of the hepatic columns was disturbed, and 
Desse's spaces were widened. The hepatocytes were swollen, with 
palely stained nuclei and granular cytoplasm. Side by side with 
these cells, others with darkly stained cytoplasm could be seen. 
In the kidneys severe hyperemia and perivascular edema were ac-
companied by tiny perivascular hemorrhages and well-marked evi-
dence of cloudy swelling in the epithelium of the convoluted tubules. 
Hyperemia in the spleen was severe, with obliteration of the pat-
tern of the follicles. 

It must be emphasized that after a single exposure to radio 
waves of high intensity no proliferative response of the microglia 
in the brain or of the reticuloendothelial elements in the liver was 
observed. This protective and adaptive response was evidently 
inhibited by the action of the high-intensity radio waves. 

The differences between the morphological picture associated 
with the action of radio waves of different frequencies tended to be 
obliterated in the case of high-intensity irradiation. Vascular dis-
turbances in the nervous system and viscera dominated the patho-
logical picture. 

Compared with the vascular disturbances, the degenerative C 

changes in the nervous system and viscera were not so clearly 
defined. This was probably because they had not had time to de-
velop because of the early death of the animals, and the usual mor-
phological methods were unable to reveal them clearly. However, 
some morphological differences between the effects of individual 
frequencies of radio waves could be identified. For example, af-
ter exposure to millimeter and centimeter waves necrosis of in-
dividual seminiferous tubules located beneath the capsule was most 
frequently observed (Fig. 9a,b), while after exposure to decimeter 
and ultrashort waves the testicular damage was more uniformly 
distributed and vascular disturbances in the tissues of the testes 
were predominant (Fig. 9c,d). 

More precise histological methods (elective staining of nerve 
tissue and investigation of receptors) and histochemical methods 
revealed more distinct changes in the nervous system and viscera. 
Sensory nerve fibers of various receptive fields (skin of the ear 
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and thigh, the myocardium, aorta, esophagus, intestine, stomach, 
and urinary bladder) showed definite signs of irritation as reflected 
by marked argyrophilia, irregular swellings and pools of axoplasm, 
or even fragmentation of the fibrils (Fig. 10a,b,c,d,e). 

Characteristic differences between effects of different 
wave bands were also clearly revealed by a study of the lesions of 
the sensory nerve fibers in the different receptive fields. After 
exposure to centimeter and, in particular, to millimeter waves the 
severest changes took place in the cutaneous sensory nerve fibers 
(Fig. 10a,b,c), whereas after exposure to decimeter waves the 
cutaneous sensory nerve fibers were unchanged (Fig. 10d), but by 
contrast the sensory nerve fibrils of the viscera were most severe-
ly damaged by the action of decimeter waves (Fig. llb). 

Simultaneously with the sensory nerve fibers in the various 
receptive fields of the skin and internal organs, changes were 
studied in the spinal sensory ganglia, where the nerve cells showed 
central tigrolysis of the cytoplasm and ectopia of the nuclei. Some-
times signs of karyocytolysis were present, with death of individual 
neurons (irradiation with centimeter, decimeter, and ultrashort 
waves). Changes were found in the neurons of the spinal sensory 
ganglia after irradiation with millimeter waves (Fig. 12). Since 
millimeter waves are absorbed in the skin, changes in the neurons 
of the spinal ganglia are evidently reflex in origin. 

Histochemical investigations revealed a decrease in the con-
tent of ribonucleoproteins in the cytoplasm of the cells of many 
internal organs and of the nervous system. The content of deoxy-
ribonucleoproteins was more stable. 

Histochemical changes were more severe in the skin (de-
crease in the ribonucleoprotein content in the epidermis and its 
derivatives), especially after exposure to millimeter and centi-
meter waves, but not after exposure to decimeter waves (Fig. 13a, 
b,c). 

Comparison of the morphological changes found in animals 
exposed to radio waves of all these frequencies and of high inten-
sity confirms, and this must be stressed repeatedly, that when 
high intensities of irradiation are given the morphological changes 
are virtually uniform in character and are associated primarily 
with the thermal effect. 
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However, some characteristic differences can be found as 
a result of exposure to the different wavelengths, and these can 
be attributed to the characteristic action of the waves rather than 
to hyperthermia. For example, after exposure to millimeter waves 
the sensory nerve fibers of the skin are particularly severely af-
fected, and they exhibit well-defined histochemical changes, where-
as after exposure to decimeter waves the skin is almost unaffected. 
The skin is also damaged by the action of ultrashort and short waves. 

Exposure to decimeter waves leads to the severest changes 
in the sensory nerve fibers of the viscera. 

A group of animals was also exposed for a short time (5 min) 
to irradiation by high-intensity (40 mW/cm2) radio waves in the 
IO-cm band, which was repeated altogether 75 times. 

The animals tolerated the first exposures to irradiation bad-
ly. Their body temperature rose sharply, they developed erythema 
of the limbs and ears, and they lay on their sides. All these phe-
nomena disappeared after 2-3 h. After the subsequent exposures 
the animals showed less marked effects. In animals sacrificed 
after 75 exposures (immediately after the last irradiation) vas-
cular disturbances were found but they were only slight by com-
parison with those in the groups of animals receiving lethal ir-
radiation. The rigor mortis also was not so severe. However, 
microscopic investigation showed hyperemia and edema of the 
brain, the lungs, the interstitial tissue of the myocardium, the kid-
neys, and liver. The vascular disturbances were accompanied by 
degenerative changes which were most marked in the nervous sys-
tem, myocardium, and testes. Shrinking of the cortical nerve cells 
was accompanied by acute swelling of the cytoplasm of nerve cells 
in the thalamus and hypothalamus, with tigrolysis and vacuolation. 
Sensory nerve fibers in the skin and viscera showed considerable 
changes consisting of marked argyrophilia, and irregular beading 
of the individual fibrils or their complete fragmentation. In this 
group of animals, by contrast with the group exposed to acute 
lethal irradiation, a proliferative response of the microglia in the 
brain and of the reticuloendothelial elements of the viscera was 
observed (Fig. I4a,b). This is evidence of a protective and adap-
tive response. 

Accompanying the vascular disturbances, there were changes 
in the muscle fibers of the myocardium, the staining of which was 
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Fig. 14. Proliferative changes in the microglia of the brain and reticuloendo-
thelial elements of the liver after irradiation by high-intensity waves: a) pro-
liferation of microglia around the cerebral vessels after repeated irradiation with 
centimeter waves. Miyagawa-Aleksandrovskaya's stain, 325x; b) proliferation 
of reticuloendothelial elements of the liver after repeated irradiation with centi-
meter waves of high intensity. Hematoxylin-eosin. 325x. 

visibly uneven. Some fibers were dark, homogeneous, swollen, 
and without their cross-striation while others were pale and thin. 
Cloudy swelling and fatty degeneration of individual fibers were 
present. 

Considerable changes were found in the testes. Individual 
tubules showed degenerative changes of the spermatogenic epi-
thelium with desquamation of the epithelium into the lumen, and 
occasionally with necrosis of individual tubules. However, side 
by side with these changes in individual tubules, in most tubules 
of the testes evidence of spermatogenesis was clearly visible. 
These observations regarding testicular damage following repeated 
irradiation by radio waves do not agree fully with those described 
by other workers (Imig, Gunn, et at), who report inhibition of 
spermatogenesis in irradiated animals. 
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Conclusion 

Comparison of the morphological changes arising after ex-
posure not only to microwaves of various frequencies, but also to 
longer radio waves (ultrashort, short, and medium), shows that in 
the case of the acute action of high intensities of radio waves of 
whatever length, because of the early death of the animals and the 
sharp predominance of vascular disturbances, differences between 
the morphological changes in the organs and tissues of the irradi-
ated animals are to a large extent obliterated. Nevertheless, it is 
possible to distinguish, when comparing the effects of high-inten-
sity radio waves of different frequencies, that centimeter waves 
give rise to the most marked effects: the hypothermic manifesta-
tions are particularly severe and death takes place sooner. Second 
place is occupied by decimeter waves, and third place by the short-
est bands of ultrashort and short waves. Next follows the band of 
millimeter waves. The last place is occupied by medium waves, 
which, even in comparatively high intensities, do not cause hyper-
thermia or death of the animals. The changes discovered in the 
animals are principally attributable to hyperthermia. However, 
although the thermal effect masks the finer changes, not all the 
changes discovered after exposure to high intensities of radio waves 
can be attributed entirely to the thermal effect. 

Individual changes (changes in the sensory nerve fibers of 
the skin and viscera, histochemical changes in the skin) indicate 
that radio waves of different frequenCies, but of high intensity, dif-
fer in their effects. For example, after exposure to decimeter 
waves the sensory nerve fibers of the skin are unchanged, and sen-
sory nerve fibers of the viscera are more severely damaged, where-
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as after exposure to millimeter waves the sensory nerve fibers of 
the skin suffer particular damage and the sensory nerve fibers of 
the viscera are only slightly affected. Sensory nerve fibers of the 
skin and viscera are about equally affected by irradiation with 
ultrashort, short, and centimeter waves. 
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Introduction 

In the preceding section it was shown that the effects of radio 
waves are predominantly thermal and that there are certain char-
acteristic differences between the effects of irradiation by high-
intensity radio waves of different frequencies. 

However, both in industry, during high-frequency heat treat-
ment of metals and dielectrics, and also in radio communic ation 
(broadcasting and television), radar, etc., despite the high output 
ratings of the transmitters used, persons working with them as a 
rule run the risk of exposure to irradiation at intensities too low 
to produce a thermal effect. 

To avoid differences of interpretation, the term "thermal 
effect" will be taken to imply the presence of an integral thermal 
effect, defined as the temperature response of a human or animal 
subject. 

As the authors showed in 1957 for centimeter waves, and later 
for other bands, intensities of irradiation not sufficient to induce 
a thermal effect are by no means inactive on the living organism. 

Chronic exposure to low intensities often gives rise to func-
tional changes which may vary in their severity. This conclusion 
has been reached after many years of experimental study of in-
tegral parameters such as the ability of animals to tolerate irradia-
tion, changes in the body weight, the temperature response, and so 
on, and reactions of systems which are sensitive to the energy of 
radio waves. These functional changes may affect the nervous and 
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cardiovascular system and metabolism, and they may be accom-
panied by morphological changes. 

The biological action of radio waves of different frequencies 
is on the whole consistent in direction. 

The functions investigated and the character of the changes 
observed during long-term experiments on animals by Bereznit-
skaya, Gordon, Zepina, Kitsovskaya, Lob anova , Nikogosyan, Tolg-
skaya, and Fukalova are given in Table 2. 

However, there are certain specific differences between the 
biological effects of different wave bands. These differences are 
due to differences in the severity, the time of appearance, and the 
character of the course of the animal's response to the various 
frequencies of waves. In the first place certain integral indices 
characterizing the response of the organism as a whole to radio 
waves of nonthermogenic intensities and of different frequencies 
will be described. 

Investigations (Gordon, Lobanova, Nikonova, Fukalova) have 
shown that radio waves of different frequencies have different thresh-
olds of their thermal effect. The highest intensities of irradia-
tion not giving rise to a thermal effect are given in Table 3. Since 
the units of measurement of intensity of irradiation differ for waves 
of different lengths, the results are also given in the table ,as com-
mon units of energy density (ergs/cm3). 

It will be clear from Table 3 that as the wavelength shortens, 
the energy density values for which there is no increase in body 
temperature fall steadily, except in the ultrashort wave band. No 
explanation for this phenomenon can yet be given. It can only be 
assumed that the special behavior of the ultrashort wave band is 
due to a resonance effect in heterogeneous structures and macro-
molecules (Bach et a!., 1961; Cook, 1952; Moskalenko, 1960; Franke, 
1960). 

Allowing for these maximal values associated with absence 
of an integral thermal effect, an experimental study was made of 
the chronic action of radio waves of different frequencies on ani-
mals. The dynamics of body weight was used as the integral index 
of biological action of the radio waves. 
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TABLE 2. Functions Investigated and Character of 
Changes Observed 

Function investigated 

Integral indices 
Tolerance 

Weight 

Central nervous system 
Condi tioned -reflex 
activity 

Character of changes 

Lowered 

Lowered 

Weakening of excitation and in-
crease in limiting inhibition 
in the CNS 

Strong acoustic stimulation of Lowering of excitability and weaken-
rats particularly sensitive to ing of fundamental nervous process-
ringing of a bell es 

E lectroence phalogra phy 

Cholinergic processes 
Cholinesterase 

Acetylcholine 

Nicotine-like cholinergic 
receptors 
SH-groups 

Biochemical changes 

Lowering of bioelectrical activity, 
and, in some cases, appearance 
of epileptoid responsiveness to sen-
sory provocation 

Lowering of activity of CNS 

Increased content in CNS 

Lowering of excitabi li ty 

Reduced content in brain stem 

Proteins and protein fractions Decrease in content of globulin 
fractions in blood serum 

Nonprotein nitrogen 

Amino acids 

RNA 

Ascorbic acid 

Histamine 

Vascular tone 

Circulating blood 

Reduced content in blood 

Reduced content in urine 

Reduced content in spleen, liver, 
and brain 

Reduced content in brain stem and 
increase in adrenals and spleen 

Increased content in blood, fluc-
tuating changes 

Hypotensive effect 

Tendency toward leukopenia, 
changes in myeloid series (decrease 
in number of polymorphs) 
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TABLE 2 (Continued) 

Function investigated I Character of changes 

Sexual function 

Ovarian function 

Fertility 

Progeny 

Eyes 

Disturbance of estrous cycle 

educed in irradiated females, ten-
dency toward postmaturity, stillbirth 

etardation in development, high 
postnatal mortality 

etinal angiopathy, cataract 

TABLE 3. Intensity of Irradiation Not Raising Body 
Temperature 

Wave band 

Medium (500 kHz) 
Short (14.7 MHz) 
Ultrashort ••.• 
6\J.7 MHz .. 
155 " 
191 
Microwaves: 

decimeter ..••.... 
centimeter (3 and 10 cm). 
millimeter • • • • • . . . 

I Threshold of non-I Energy.den-
SHY, III thermal effect 

Below 8 000 Vim 2 830· 10-6 

22.10 " 224.10-6 

150 " 
50 " 
20 " 

0.995.10-6 

0.11 .10-6 

0.018.10-6 

Above 40 mW/cm2 13.2 .10-6 -
10 3.3 .10-6 

7 2,31.10-6 

There is reason to suppose that the deviation in weight of the 
irradiated animals (mice) is largely determined by the intensity of 
irradiation and, to some extent, also by the frequency of the waves. 
Low intensities of irradiation in the ultrashort wave band, according 
to some investigators, stimulate the animals' gain in weight, but 
the majority consider that the gain in weight is retarded (Golysheva 
and Andriyasheva, 1937; Skipin and Baranov, 1934; Glezer, 1937; 
Voznaya and Zherdin, 1937; Derevyagin, 1939; Tikhonova, 1948). 
As regards the superhigh-frequency band, only a few isolated papers 
have been published (Denier, 1933; Kutting, 1955; Gordon, Lobanova, 
and Tolgskaya, 1955; Lobanova, 1960). They indicate that prolonged 
exposure to an SHF field stimulates gain in weight. Finally, radia-
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tion in the medium wave band, according to Nikonova, causes no 
changes in the pattern of gain in weight by irradiated animals. 
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Changes in weight of animals exposed to radiation in different 
wave bands (from data obtained by Gordon, Lobanova, Nikonova, and 
Fukalova) are shown in Table 4. In every case intensities of ir-
radiation not giving rise to an integral thermal effect (not causing 
an increase in the rectal temperature) were used. 

The results given in this table show conclusively that any de-
crease in the amount of weight gained by the experimental animals 
compared with controls and the degree of that difference are defi-
nitely connected with wavelength. 

Centimeter waves have the strongest action in depressing 
development of the animals (the increase in weight and the time 
when the increase begins to diminish compared with the control). 
With an increase in wavelength (decimeter, ultrashort, short waves) 
this inhibitory effect weakens. It is low at the extreme limits of 
the radio wave spectrum (millimeter and medium waves), but in 
the millimeter band the difference arises much later than in other 
bands (starting with the third month of irradiation) and the greatest 
decrease is observed after 6 months (when the weight is 45 g less 
than in the control series). 

TABLE 4. Changes in Weight of Animals Exposed 
to Radio Waves of Different Lengths 

....... Gain in weigh t of an-
Intensi ty of 

oOe imals, in 
Wave band if5.3 g (mean value) 

irradiation 'S a.> c:: b.( • ....t 
irradi -I control .,-j c"t:l 

if"'''' ated 
.at co ().,.-.I 

Millimeter. 10 mW/cm2 3 65 75 
Centimeter 

3cm 10 .. 1 42 70 
10 " 10 " 1.5 25 70 

Decimeter 10 
.. 

2 95 120 
Ultrashort 

191 MHz. 20V/m 2.5 125 145 
155 .. 50 .. 3.5 110 128 
69.7 .. 150 .. 4 182 210 

Short. 2250 .. 4 180 210 
Medium . 1800 .. 10 

\ 

50A/m 10 
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In the medium wave band the difference between the gain in 
weight of the irradiated and control animals was not statistically 
significant. 

Consequently, the dynamics of the body weight, as an index 
of development of the animals, is to some extent dependent on the 
wave band of the radiation, 

The effect of radio waves on vascular tone in man and ex-
perimental animals has frequently been demonstrated. 

Without discussing in detail the responses arising in man to 
radio waves of different frequencies, it will suffice to mention that 
in the high-, ultrahigh-, and superhigh-frequency bands a hypoten-
sive effect has been described in workers with radio frequency 
generators by investigators who have observed mainly vagotonic 
responses, with a tendency toward hypotension (Parin and Davydov, 
1940, 1959; Osipov, 1953; Abrikosov, 1958; Sadchikova and Orlova, 
1958; Orlova, 1960; Obrosov and Yasnogordoskii, 1961; Smurova, 
1962). 

Experimental investigations on animals, undertaken at the 
Institute of Work Hygiene and Occupational Diseases, Academy of 
Medical &:iences of the USSR, to study the action of radio waves of 
different frequencies (Gordon, 1960, 1964; Nikonova, 1964; Fukalova, 
1968) have shown that chronic exposure to radio waves of nonther-
mogenic intensity causes a persistently low blood pressure. This 
is often preceded by a phase of raised pressure (Table 5). 

Although a persistent decrease in blood pressure is a com-
mon feature after exposure to radio waves of all frequencies, each 
individual wave band is associated with its own characteristic 
changes: 

1. Absence of the first phase - elevation of the pressure -
in animals irradiated with medium, 3-cm, and millimeter 
waves; 

2. The rapid appearance of the first phase (first week of ir-
radiation) in the case of irradiation with decimeter and 
10-cm waves; 

3, Early appearance of the second phase of lowering of pres-
sure after irradiation in the ultrashort (69.7 MHz) and 
short wave bands in the 6th week of irradiation; 
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TABLE 5. Changes in Blood Pressure After Irra-
diation with Radio Waves 

Wave band 

Medium (50() kHz) 

Short (14.B MHz) • 
Ultrashort 

697 MHz . 
155 
191 

Microwaves: 
decimeter .. 
centimeter • • . 

10 cm .... 
3 .. 

millimeter " . 

Intensity of c:: phase- o.J 
Second 

. .. .3 o.J pressure '" 
madla tlOn 0..<;;;;:; 12 d o.J 

+...I > en cu re ue - J-I U 
o.J IG o.J tion 0.. o.J 
Gl i5.. (weeks) t.;'<. '0 

1 BODV/m Not significant 
5A/m - ;j{) 11.7 

2250V/m 2 6 12 

150 .. 2 6 17 
50 .. 2 12 33 
20 .. 4 12 29 

10 mW/cm2 10 17 

10 1-6 22 11 
6 25 

10 4 20 
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4. A considerable (20-33%) decrease in the blood pressure 
level, especially after irradiation by waves in the mil-
limeter, 3-cm, and ultrashort (155 and 191 MHz) wave 
bands. 

Great importance is attached to the hypothalamus in the 
mechanism of autonomic vascular disturbances. 

Results obtained in the writers' laboratory indicate that 
the diencephalon is concerned in the response of the body to 
irradiation with radio waves. Zenina investigated brain potentials 
and showed that the effects of cardiazol, which evokes paroxysmal 
responses of diencephalic origin, are inhibited or totally suppressed 
by microwave irradiation. In this case it can be assumed that the 
action of the microwaves was to block particular areas of the dien-
cephalon. 

Disturbance of hypothalamic activity after exposure to radio 
waves has also been observed when the effects of microwaves on 
specialized forms of appetite and electrolyte metabolism were 
studied in irradiated rats. Hypothalamic nuclei form the higher 
center for the control of water and mineral metabolism. Kulakova 
(1968) found no correlation between the intensity of certain types 
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of salt appetite and the electrolyte composition in the body. This 
could possibly have been due to a disturbance of the mechanism 
controlling the distribution of salts and water between the cell and 
the internal medium. 

Evidence of the important role of the hypothalamus is given 
by the clinical picture of the severe forms of disturbances arising 
after chronic exposure to radio waves, characterized by the dien-
cephalic syndrome (Drogichina and Sadchikova, 1964). This syn-
drome is manifested as paroxysmal states resulting from neuro-
circulatory disorders. Distinct disturbances of cortical electrical 
activity are present. 

As a vital part of the brain the hypothalamus plays an im-
portant role in the integration of nervous and humoral processes. 
The hypothalamus can regulate, in particular, the activity of the 
cardiovascular system, the content of mediators such as acetyl-
choline, cholinesterase, and histamine, and so on. 

Recent investigations undertaken at the Institute of Work 
Hygiene and Occupational Diseases have shown that radio waves, 
especially microwaves, can affect certain cholinergic processes. 
Clinical observations show that chronic exposure to microwaves 
leads to functional disturbances of the nervous system. The most 
characteristic disturbance affecting the autonomic nervous system 
is a tendency for parasympathetic control over the cardiovascular 
system to predominate. An investigation of neurohumoral regula-
tion (Nikogosyan) revealed an increase in the acetylcholine content 
in the CNS and a decrease in cholinesterase activity and in the 
content of SH-groups in the brain stem (Kitsovskaya). 

Kitsovskaya (1968) showed that exposure to microwaves low-
ers the excitability of nicotine-like cholinergic receptors, while 
the state of the muscarine-like cholinergiC receptors remains un-
changed. Changes in the state of the former may be to some extent 
responsible for the disturbance of transmission of excitation in the 
CNS. The absence of change in the muscarine-like receptors is 
presumptive evidence of the selective action of microwaves on 
cholinergiC structures. 

A very important aspect of the study of the mechanism of 
action of low-intenSity microwaves is the identification of those 
parts of the nervous system which are most intimately concerned. 

kevinmottus2014@gmail.com



INTRODUCTION 

Interesting results from this standpoint were obtained by Kitsov-
skaya (1968a), who used drugs which induce convulsions in rats 
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and which act on the eNS at different points (camphor, nikethamide, 
strychnine, nicotine, etc.). She showed that the 'motor cortex and 
the basal ganglia, certain structures of the mesencephalon and dien-
cephalon, and the segmental system which controls the transmis-
sion of impulses from efferent pathways to the motor units of the 
spinal cord are sensitive to irradiation. To this conclusion must 
be added the inhibitory action on nicotine-like cholinergic recep-
tors already mentioned above. 

It must be emphasized that the nervous system varies in its 
degree of sensitivity to microwave irradiation. Its response is 
most marked to millimeter radiation (as exemplified by the re-
sponse of higher nervous activity of animals). However, the periph-
eral nervous system and, in particular, the receptors of the skin, 
are highly sensitive to millimeter irradiation, even to a single dose, 

The functional disturbances develop and attain their definitive 
state gradually 0 

Depending on the physical parameters (wavelength and inten-
sity of irradiation), on the duration of exposure, and on the initial 
functional state of the body, the course of the process may vary, 
having one or two phases; usually there are two phases, with initial 
stimulation and subsequent depression of the functions. Investiga'-
tions have shown that morphological changes resulting from ex-
posure to radio waves of different frequencies and of nonthermo-
genic intensity also develop gradually. 

The morphological changes following exposure to radio waves 
of low intensity are examined in detail below. 
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Chapter 1 

Morphological Changes Following 
Prolonged and Repeated Low-Intensity 

Microwave Irradiation 

Morphological Changes Following Prolonged and 
Repeated Irradiation with Low-Intensity Centi-
meter Waves 

Morphological changes in the viscera and nervous system 
were studied in 74 albino rats exposed repeatedly for long periods 
to pulsed and continuous 10-cm waves and pulsed 3-cm waves of 
low intensity, depending on differences in the duration of irradia-: 
tion. 

G r 0 u p 1. To analyze the initial disturbances resulting from 
the action of centimeter waves, it is necessary to examine in rather 
more detail the chronic effects of 10-cm waves of very low inten-
sity on the animal organism. Such a study is rendered all the more 
important because these intensities may be encountered in industry. 

Repeated exposure (35-40 sessions, each lasting 30 min) of 
albino rats to low-intensity 10-cm pulsed or continuous waves was 
studied. No signs of hyperthermia were observed. There were 
no external manifestations of the action of the centimeter waves. 
The animals appeared normal and continued to gain weight equally 
with the controls; they were clinically healthy. 

The rats were sacrificed at various times after the end of ir-
radiation: one batch immediately after irradiation, a second batch one 
week later, and a third batch 3 weeks after the end of irradiation. 
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No vascular disorders were found in animals sacrificed im-
mediately after the last irradiation. Cloudy swelling of the cyto-
plasm was found in individual cortical and hypothalamic neurons, 
with occasionally the appearance of solitary vacuoles in the cyto-
plasm (especially of hypothalamic neurons), slight swelling, and 
uneven staining of single myocardial muscle fibers. Histochemical 
examination revealed a slight decrease in the ribonucleoprotein 
content in the skin and in several vi sceral organs normally rich in RNP 
(neurons, glandular epithelium of the gastrointestinal tract). The 
most marked decrease in RNP content was found in the epidermis 
and its derivatives in the surface layers of the skin. Individual 
animals showed swelling of the cytoplasm and slight cloudy swell-
ing of individual hepatocytes and the epithelium of single convoluted 
renal tubules. 

Not all these changes could be seen 3 weeks after the end of 
irradiation, i.e., some regression had taken place. 

After repeated daily irradiation (34 sessions) for 30 min with 
3-cm pulsed waves up to 10 mW/cm2 in intensity, no external mani-
festations of the action of the radiation could be found. * In animals 
sacrificed immediately after the last irradiation the changes were 
even less marked than after irradiation with 10-cm waves. In ani-
mals sacrificed 1 and 3 weeks after the end of irradiation no mor-
phological changes could be seen in the internal organs or brain. 
Consequently, all the morphological changes mentioned above are 
reversible. 

Hence, in animals irradiated repeatedly with 3- and 10-cm 
pulsed waves of low intensity (10 mW/cm2) and whose initial state 
was good, investigation with the usual morphological methods re-
vealed initial, reversible, and very insignificant degenerative changes, 
mainly in the nervous system. These changes, according to P. E. 
Snesarev, are an early response of the nervous system to stimula-
tion. They were very slight, reversible, and compensated, and the 
animal remained to all intents and purposes healthy. 

In animals irradiated repeatedly with 10- and 3-cm waves 
not exceeding 10 mW/cm2 in intensity for up to 10 months no ex-

'Changes connected wi th the method of sacrifice (decapi tation) were allowed for. 
All changes described in the experimental animals are relative to a control. 
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ternal manifestations of their action could be seen. At the same 
time, it was found that low intensities of 10-cm irradiation, although 
not giving a thermal effect, nevertheless give rise to certain physio-
logical changes. For example, changes in the CNS expressed as an 
imbalance between the fundamental nervous processes (Kitsovskaya, 
1960), disturbance of conditioned-reflex activity of the animals 
(Lobanova, 1960), and lowering of the blood pressure (Gordon, 1960, 
1964) were found in these animals. The usual morphological 
of investigation, capable of revealing morphological changes of slight 
severity, failed to reveal any changes accompanying these physio-
logical disorders. 

It was therefore necessary to use more precise, elective 
neurohistological methods to investigate the nervous system, for 
example, to study changes in synapses and receptors of the CNS, with 
their very delicate responses to stimulation. It was therefore de-
cided to investigate the higher nervous activity of irradiated ani-
mals and to accompany this by a parallel study of synaptic activity 
in the cerebral cortex after exposure to centimeter waves. 

Before describing the results of these investigations, the 
literature on interneuronal connections in the cerebral cortex must 
be briefly surveyed. 

The morphological organization of interneuronal connections 
in nerve tissue is very clearly defined. In the human brain, 
acterized by the high level of development of the association areas, 
cortical connections achieve an extremely high level of differen-
tiation and complexity (Sarkisov). 

Sarkisov (1948) and Polyakov (1955) studied the complex or-
ganization of cortical interneuronal connections. They found that 
three systems (efferent and afferent neurons and interneurons) in-
teract and distribute the flow of nervous impulses over the cerebral 
cortex and constitute the material basis of the reflex arc. Trans-
mission of the nervous impulse from one neuron to another can 
take place only through terminal branches of the axon of one neuron 
to the dendrites or bodies of the other neuron. 

Synapses joining neurons and specialized for the reception 
of impulses or their transmission to other neurons have been stud-
ied by Dolgo-Saburov (1956), Polyakov, Sarkisov, and Lavrent'ev. 
Other investigations (Snesarev, Lavrent'ev, Sarkisov, Polyakov) 
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have shown that there are two types of interneuronal synapses: 
axo-somatic, or direct, terminal connections in which the terminal 
branches of the axon of one neuron wind around the body of another 
neuron and form synaptic contacts, "boutons," knobs, and rings 
(Fig. 15) on it, and axo-dendritic synapses, "en passant," or col-
lateral synapses, in which very fine branches of the axon make 
contact with branches of the dendrites. Contact takes place through 
very small spines carried by the dendrites (Fig. 16). 

Fig. 15. Axo-somatic synapses consisting of terminal boutons 
on body of nerve cell (after Shabadash). 
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Fig. 16. Diagram ofaxo-dendritic synapses in the cerebral cortex 
(after Cajal). 
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The scheme of interneuronal connections in the cortex as 
described by Polyakov is as follows. Axons arriving in the cortex 
from lower levels of the nervous system branch in the deep layers 
and form direct connections between one neuron and another, or 
branches ofaxons in the phylogenetic ally young, association layers 
near the surface of the cortex come into contact with large numbers 
of neuronal dendrites in different layers of the cortex, for in what-
ever layer the efferent neuron lies, it most frequently sends its 
apical dendrite into the upper layers of the cortex for association 
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purposes (Fig. 17). Connections of this type constitute a delicate 
mechanism for controlling and modifying the functional state of 
many neurons depending on changes in the functional state of any 
one of them. 

In the human cortex, because of the high development of the 
association connections, axo-dendritic, indirect synapses are of 
the utmost importance. 

In the modern view (Sarkisov, Polyakov) spines on the den-
drites of nerve cells, as cortical receptor systems, undergo changes 
before the presynaptic axonal branches and their systems of syn-
apses and before the bodies of the nerve cells are correspondingly 
affected. 

An investigation was accordingly carried out in order to 
study the initial morphological changes in cortical interneuronal 
connections after prolonged exposure to 10-cm waves of low in-
tensity, to identify the stages of gradual development of changes 
in the cortical interneuronal connections depending on the inten-
sity of irradiation and to correlate these with changes in condi-
tioned reflexes, and also to study the reversibility of these changes. 

Pieces of cortex taken from the motor and sensory areas 
were impregnated with silver by Golgi's method (some sections 
were stained by the Golgi-Bubenet method). 

As the control, the structure of the interneuronal connections 
was studied in the cortex of 10 unirradiated healthy albino rats, 
killed by decapitation. 

Examination under high power clearly shows that the apical 
and basal dendrites of a pyramidal neuron are abundantly supplied 
with small spines (Fig. 18a). Spines are particularly clearly visi-
ble when examined with an immersion objective: they consist of 
pear-shaped projections of cytoplasm, lying perpendicularly to 
the long axis of the dendrite (Fig. 18b). Often they appear like 
small "boutons" on thin pedicles (Fig. 18c). 

The largest number of spines was found on the apical den-
drites of pyramidal and spindle cells, and on dendrites running 
from various layers of the cortex into the surface layers for as-
sociation purposes, and branching there. They were fewer in num-
ber on the basal dendrites, and totally absent on the bodies of the 
nerve cells. 
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Fig.lB. Comparative characteristics of abnormal and normal axo -dendritic interneuronal 
synapses (see also Fig. 19). a) Cortical etterent neurons of controlrat. Spines clearly visible on api-
cal dendrite and its branches. Golgi, 320x; b) Plexus of apical dendrites in upper layers of 
cortex. Spines on dendrites clearly visible; they appear as pear-sha ped projections of cytoplasm. 
Golgi, 4BOx; c) Apical dendrite of pyramidal (efferent) cortical neuron of control rat. Spines 
clearly visible on dendrite; they appear as "boutons' on very thin pedicles. Golgi-Bubenet, 
650x. 

Interneuronal rum-dendritic synapses in the cortex were then 
investigated in a second group of animals after exposure to 10-cm 
pulsed and continuous waves of between 4 and 10 mW/cm2 inten-
sity (35-40 sessions of irradiation, each 30 min in duration). The 
animals were sacrificed by decapitation immediately after the last 
irradiation. Conditioned reflexes were disturbed at this time. The 
animals (investigated by E. A. Lobanova) showed weakening of ex-
citation, disturbance of differentiation, and, later, a paradoxical 
response and limiting inhibition. Examination of sections through 
the cortex showed that the spines on the end of the dendrites were 
deformed (they were thicker and shorter) and, sometimes, frag-
mented; the number of spines was considerably reduced. 

When the number of sessions of irradiation was increased 
the spines disappeared completely and beading and spherical swell-
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ings appeared on the dendrite. The apical dendrites running into 
the upper association layers of the cortex were particularly severe-
ly affected. The process began at the end of the dendrites and 
diminished in severity toward the cell body (Fig. 19). Whereas 
bead-like swellings can be seen at the end of the apical dendrite, 
nearer to the cell body the dendrite has smooth outlines and is 
covered with spines. With a further increase in the number of 
sessions of irradiation (accompanied by total disappearance of 
conditioned reflexes) the deformation of the dendrites also spread 
into the deeper layers of the cortex toward the cell body (Fig. 27a). 

Comparison of the morphological changes in the nervous sys-
tem of animals exposed to pulsed and continuous 10-cm waves showed 
that the changes were more marked and more distinct after ex-
posure to pulsed waves. 

The changes were distinctly focal in character, and side by 
side with pathological neurons there were always others with a 

Fig. 19. Comparative character-
istics of abnormal and normal axo-
dendritic interneuronal synapses 
(see also Fig. 18) : beading defor-
mation of apical dendrite of cor-
tical efferent neurons of a rat after 
2 sessions of irradiation with cen-
timeter waves of low intensity. 
Golgi. 360x. 
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normal configuration of the dendrites. In brain tissue stained by 
Nissl's method the initial changes were found as cloudy swelling 
of the cytoplasm of individual neurons which, according to P. E. 
Snesarev, is an early, reversible response of nerve cells to various 
forms of irritation. 

No significant changes except swelling of the cytoplasm of 
individual fibers in the myocardium, solitary hepatocytes, and 
epithelial cells of the convoluted renal tubules were found in the 
viscera of these animals, 

All the morphological changes described above in the ner-
vous system corresponded completely with the physiological changes 
detected on clinical examination as disturbances of conditioned-
reflex activity. 

In animals sacrificed 3-4 weeks after the end of irradiation, 
after complete recovery of conditioned reflexes no changes were 
found in the nervous system. All dendrites had smooth outlines 
and were covered with numerous spines. 

The changes described are functional and reversible and dis-
appear immediately after the end of irradiation side by side with 
recovery of the animals' conditioned-reflex activity. 

The changes described above in axo-dendritic interneuronal 
synapses in the cortex are not specific for exposure to 10::"cm 
waves; similar changes in these synapses have also been described 
by Tolgskaya (1954) in animals exposed to various harmful chem-
icals (arsenic, lead, aniline). They are a manifestation of the fine 
response of the nerve cells, which may disappear after the action 
of the harmful agent is terminated, or, conversely, if its action is 
prolonged, they may be followed by irreversible degenerative patho-
logical changes. 

In some rats exposed to the chronic effects of 10-cm waves 
of low intensity (not exceeding 10 mW / cm2) axo-somatic as well as 
axo-dendritic synapses were investigated in the cortex. The for-
mer are less conspicuous and are more highly developed in the 
deep layers of the cortex. The stages of the changes in the axo-
somatic loops are illustrated in Gibbs' scheme (Fig. 20). 

In the control animals (sections stained by Caj aI's method) 
axo-somatic synapses are very clearly revealed on the motor neurons 
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Fig. 20. Scheme showing successive stages of degenerative changes in "boutons terminaux" 
of the pericellular synaptic system at various times (after Gibbs): a) normal boutons; b) after 
24 h; c) after 48 h; d) after 72 h; e) after 96 h; f, g, h) after 120 h; i) after 120 h (granular 
degeneration). 

of the anterior horns of the spinal cord and they consist of axon 
endings of the ring or "bouton" type on the body of the nerve cells 
(Fig. 21a). 

In the irradiated animals, on the motor neurons of the deep 
layers of the cortex or hypothalamic neurons these rings and bou-
tons are thickened, their argyrophilia is increased, and the interior 
of the rings is filled so that they are converted into large "clubs" 
which are displaced from the bodies of the nerve cells (Figs. 21 
and 28), i.e., asynapsia of the neurons occurs. 

Consequently, axo-somatic interneuronal synapses, like axo-
dendritic synapses, in the brain are extremely sensitive and soon 
begin to undergo changes during irradiation (before the neurons 
and cells of the viscera). 
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Fig. 21. Comparison of normal and pathological axo-somatic synapses in the an-
terior horns of the spinal cord. Cajal; 600x: a) numerous terminal loops on body 
and dendrites of a motor neuron in the anterior horns of the spinal cord of a control 
rabbit; b) club-like swellings and increased argyrophilia of synaptic vesicles and their 
detachment from body of the nerve cell in the hypothalamus after irradiation with 
low-intensity centimeter waves. 

The pathological process in the axo-somatic synapses is re-
versible, and I month after the end of irradiation no sign of these 
changes can be found. 

Evidently in response to stimulation by IO-cm waves of low 
intensity functional reversible changes develop in the synaptic struc-
tures of the brain. These changes in the nerve cells, if irradiation 
is prolonged, may be converted into irreversible, degenerative 
pathological changes. 

Besides changes in the brain synapses, morphological changes 
were also studied in other fine structures of the nervous system 
after exposure to IO-cm waves of low intensity (changes in the sen-
sory nerve fibers of the skin and viscera). 

As already mentioned, changes in the sensory nerve fibers 
of the cutaneous receptive fields are particularly interesting be-
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cause the skin is the first barrier in the way of these radio waves. 
Because of the very large number of afferent nerve endings which 
it contains the skin is a powerful receptive field. Waves of the 
centimeter band are partly absorbed by the skin and partly pene-
trate into deeper tissues. Changes in the sensory nerve fibers of 
receptive fields of the viscera are equally interesting. According 
to published observations, sensory fibers of the viscera respond 
briskly even to minimal harmful factors. 

It was therefore of the greatest importance to study afferent 
sensory nerve fibers which are so numerous in the tissues of the 
body and whose coordinated activity helps to maintain the constancy 
of the internal milieu of the organism. Investigation of sensory 
nerve fibers in the various receptive fields is an important part 
of the study of the mechanism of action of microwaves. 

Thirty animals were exposed to repeated irradiation by cen-
timeter waves of low intensity (not exceeding 10 mW/cm2) for 1 h 
daily and for 100-200 sessions. Changes characterized as irrita-
tion phenomena were found in the sensory nerve fibers of the vis-
cera and, in particular, of the skin. They consisted of increased 
argyrophilia, the appearance of swellings, thickenings, and pools 
of axoplasm, and marked tortuosity of the nerve fibers. In this 
group of animals, side by side with pathological nerve fibers there 
were always many which were unchanged, evidence of the 
able powers of compensation of the peripheral nervous system. 
The most severe changes were found in the sensory nerve fibers 
of the skin (Figs. 22 and 29c). Changes in sensory nerve fibrils 
in the receptive fields of the viscera were equally ill-defined and 
consisted of increased argyrophilia and the appearance of irregular 
bead-like thickenings along the course of the fiber (Fig. 30b). 

Changes in the nerve cells of the sensory spinal ganglia, 
nerve cells of the thalamus and hypothalamus, cortical cells, and 
neurons of the autonomic ganglia (solar plexus, ganglion nodosum 
of the vagus nerve) also were studied. Swelling of the cytoplasm 
and tigrolysis in the center of the cell, with ectopia of the nuclei, 
were observed in the nerve cells of the sensory spinal ganglia. 
Individual cells showed signs of karyocytolysis and death of the 
neurons (Fig. 31b). In the hypothalamus the cytoplasm ofthe neurons 
was swollen and contained single vacuoles. The neurons of the 
autonomic ganglia were almost unchanged. 
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Fig. 22. Skin. Severe argyrophilia of a sensory nerve fiber containing 
bead-like swellings and pools of axoplasm. Prolonged irradiation by cen-
timeter waves. Bielschowsky-Gros, 460X. 

Consequently, after prolonged and repeated irradiation with 
low-intensity centimeter waves, with no elevation of the body tem-
perature and when the animal's condition remained satisfactory, 
changes were nevertheless found in the sensory nerve fibers of 
the skin and viscera, in the form of irritation phenomena. These 
findings concur with the view in the literature that the receptor 
system as a whole and, in particular, its preterminal portJons are 
highly sensitive (Dolgo-Saburov, Pervushin). 

This description of the changes in the sensory nerves of the 
visceral and cutaneous receptive fields after exposure to low-
intensity lO-cm waves agrees with the writer's previous investiga-
tions, which demonstrated changes in the axo-dendritic and axo-
som atic synapses of the brain following exposure to centimeter 
waves of the same intensity, giving rise to no integral thermal 
effecL 

The changes developing in the body in response to irradia-
tion with centimeter waves thus not only depend on the direct ac-
tion of the centimeter waves themselves on the various tissues and 
organs, but also on irritation of the receptor structures of the var-
ious reflexogenic zones. 

The changes in the sensory nerve fibers of particular recep-
tive fields, giving rise to reflex influences on the central nervous 
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system and, consequently, on the functional state of the circulatory 
and respiratory systems, together with changes in the hypothalamic 
region, could help to explain the fall in blood pressure and brady-
cardia observed both clinically and experimentally during the ac-
tion of low-intensity microwaves in the absence of any direct ther-
mal effect. 

Since in these experiments with chronic exposure to irradia-
tion of low intensities early changes were found in the hypothalamic 
neurons it was decided to investigate the hypothalamic neuro-
secretory function, more especially because clinicians and physiol-
ogists have repeatedly found evidence of the important role played 
by the diencephalon and hypothalamus in responses to the action 
of low-intensity microwaves. 

A characteristic feature of the response of the body to elec-
tromagnetic radio waves is its predominantly vagotonic direction. 
Clinical and physiological investigations on man (Ginzburg and 
Sadchikova, 1964; Drogichina et aI., 1962) have shown that persons 
working with superhigh-frequency generators may develop autonomic 
or vascular disturbances in the mechanism of which an important 
role is played by the hypothalamus. 

There is also experimental evidence of the important role 
of the diencephalo-hypothalamic region in responses to microwave 
action. 

Evidence of changes in the regulating activity of the hypo-
thalamus during exposure to radio waves is also given by the changes 
observed in the blood pressure of the irradiated animals. These 
changes were in two directions: in the first period of irradiation 
by low intensities the blood pressure was raised, but during sub-
sequent irradiation it was persistently lowered. 

It has recently been shown that the cerebral cortex regulates 
the various functions of the body, including its endocrine functions, 
through the pituitary gland. 

The hypothalamus participates in: 1) activity of the cardiovas-
cular system; 2) thermoregulation; 3) regulation of water, mineral, 
protein, carbohydrate, and lipid metabolism; 4) regulation of per-
meability of blood vessels and membranes; 5) regulation of the 
functions of endocrine glands; 6) the autonomic basis for somatic 
functions; 7) regulation of the functions of the gastrointestinal 
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tract and leukopoiesis; 8) regulation of sleep and waking; 9) regula-
tion of the constancy of the internal milieu of the organism; and 10) 
adaptive behavior, based on connections between the cortex and 
hypothalamus (cortico-subcortical relationships). Through the 
hypothalamus the central nervous system thus exerts both nervous 
and neurohumoral control over functions maintaining the dynamic 
constancy of the internal milieu of the body and responsible for non-
specific internal and external adaptation of the organism to the 
environment. 

The neurohypophysis is formed by the posterior lobe of the 
pituitary gland and partly by its infundibulum, while functionally 
it is connected with the anterior hypothalamic (supraoptic and para-
ventricular) nuclei. 

Axons and dendrites of the nerve cells of these nuclei par-
ticipate in the structure of the posterior lobe of the pituitary gland. 
It has been shown in the last 2 decades that neurosecretion is 
formed in the neurons of the supraoptic and paraventricular nuclei 
and is transported via the axons of neurons (mainly the hypo-
thalamo-hypophyseal tract) into the posterior lobe of the pituitary, 
where it is stored. 

Movement of secretion along axons of nerve cells has been 
demonstrated histolOgically. Gomori-positive thickenings and 
swellings are clearly visible on axons, and at the ends of the axons 
these swellings assume the form of large club-shaped structures 
(Herring's bodies), which are particularly conspicuous in the pos-
terior pituitary (Polenov, 1964), where the secretion accumulates 
around the vessels. Most workers are inclined to believe that the 
neurohypophysis is merely a reservoir where neurosecretion from 
the hypothalamus accumulates. 

The opinion is held (Polenov, 1964; Voitkevich, 1969) that 
the secretions of the hypothalamic neurons, like any internal secre-
tion, can enter the blood stream directly (hemocrinia), and this is 
particularly likely because the anterior hypothalamus has an ex-
tremely rich blood supply. Many workers have described the special 
arrangement of the numerous capillaries in the anterior hypothal-
amus: the capillaries appear to surround every nerve cell; often 
the capillaries do not contain glial membranes. 

Neurosecretion can also enter the ventricles of the brain 
directly (hydrocephalocrinia). 
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Investigations by Soviet and other workers have demonstrated 
the secretory function of neurons of the anterior hypothalamus both 
histologically and histochemically. The structural features dis-
tinguishing cells of the anterior hypothalamic nuclei have been 
described: the characteristic arrangement of the tigroid sub-
stance (at the periphery of the cell), the eccentric situation of the 
cell nuclei, and the presence of special Gomori-positive granules 
and vacuoles in the cytoplasm around the nucleus. 

The vacuoles are optically empty or contain oxyphilic co1l6id. 
Vacuolation of the anterior hypothalamic neurons was observed by 
Tarakanov and Maiorova (1957) after injection of hypertonic sodium 
chloride solution and after x-ray irradiation. 

According to Gerber (1967) vacuolation of the hypothalamic 
neurons is evidence of their intensive activity. The vacuoles may 
be numerous; sometimes they merge into one large vacuole. The 
vacuoles burst and expel their secretion; drops of colloid lie ex-
tracellularly. In this case the cell has ragged, irregular outlines. 
This expulsion of large masses of colloid (lumps of cytoplasm) is 
regarded by some workers as holocrinia (Polenov, 1964). Mosinger 
(1950) considers that it may be physiological melting of the cell; 
this is followed by repair. Guillemin (1955, 1961) attributes vacuola-
tion to overproduction of colloid and its expulsion outside the cell. 
Maiorova describes the complete cycle of secretion of the hypo- ' 
thalamic neurons from the beginning of accumulation to discharge, 
followed by a process of cell repair. She considers (Maiorova, 
1964) that RNP of the cell cytoplasm has an important role in the 
production of colloid. 

Vacuolation of anterior hypothalamic neurons is thus evident-
ly, on the one hand, the highest stage of hypersecretion, while on 
the other hand it may indicate the onset of degenerative changes in 
the nerve cells, but in this case the cell nucleus must also be af-
fected (Andersson and Jewell, 1957). 

Electron-microscopic investigations (Scharrer and Bergmann, 
1949; Mosinger 1950; Voitkevich, 1964) have confirmed the presence 
of hormonal granules in the cytoplasm of the anterior hypothalamic 
neurons, along the course of nerve fibers of the hypothalamo-hypo-
physeal tract, and in the posterior pituitary. Other electron-micro-
scopic studies have shown that granules of neurosecretion increase 
in volume and size as they move along the hypothalamo- hypophyseal 
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tract, indicating that synthesis of neurosecretion takes place pro-
gressively as it moves toward the neurohypophysis. 

The posterior pituitary contains cells known as pituicytes. 
These liberate the secretion from the posterior lobe of the pituitary 
gland and deliver it into the blood stream. Pituicytes do not par-
ticipate in the synthesis of posterior pituitary hormones. Endings 
of neurosecretory fibers are in very close proximity to the pitui-
cytes, but there is no neurosecretion in the pituicytes. 

The nuclei of the anterior hypothalamus secrete a chemical 
substance which is very little different in principle from the hor-
mones secreted by the posterior lobe of the pituitary. 

Extract of the pituitary infundibulum contains substances 
with an antidiuretic action and with actions on the blood pressure 
and smooth muscle of the uterus. These substances are called 
antidiuretin, vasopressin, and oxytocin, respectively. 

Guillemin and Rosenberg (1957) have shown that, besides 
these three hormones, the anterior hypothalamic nuclei also secrete 
a substance stimulating the release of ACTH. This factor is called 
corticotropin releasing factor (CRF). 

Although in the opinion of some investigators the anterior 
pituitary (adenohypophysis), which produces gonadotropic, cor-
ticotropic, thyrotropic, and adrenotropic hormones, has no direct 
nerve supply, it is nevertheless under hypothalamic control through 
the innervation of the portal blood vessels and the penetration of 
chemical mediators (hormonal products of the hypothalamus) into 
the portal vessels of the adenohypophysis. 

The direction of the blood flow along the portal vessels has 
now been shown (Zhdanov, 1964) to be definitely from the hypo-
thalamus to the pituitary. This direction explains why the chem-
ical mediators of the hypothalamus can exert a stimulant action 
on the anterior pituitary (adenohypophysis), and can exert neuro-
hormonal control over the production of the hormone ACTH (Por-
ter, 1953, 1956; Bogdanovich, 1964). The hormone ACTH liber-
ated by the adenohypophysis induces the secretion of hormones 
of the adrenal cortex. The most important of these are the ster-
oid hormones, including the 17-hydroxycorticosteroids and aldo-
sterone. 
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Zubkova-Mikhailova (1964) found a marked decrease in the 
production of neurosecretory granules in the nuclei of the anterior 
hypothalamus and in the posterior lobe of the pituitary after in-
jection of ACTH into the blood stream. Consequently, the neuro-
secretion has a stimulating action on the production of adeno-
hypophyseal hormones. All these facts suggest that a number of 
biologically important active substances are produced in the nuclei 
of the anterior hypothalamus and in the neurohypophysis, and that 
these substances regulate the activity of the adenohypophysis, and 
the other endocrine glands by the neurohumoral route (Polenov, 
1964; Akmaev, 1960). 

As a result of many investigations it has thus been shown that 
the chemical mediators which reach the adenohypophysis via the 
blood in the portal vessels can induce its secretory activity. This 
results in the liberation into the blood stream of ACTH, the prin-
cipal hormone concerned in the general adaptation response of the 
organism to endogenous and exogenous demands. 

It is now established beyond all doubt that the hypothalamus 
participates in every physiological and neurochemical process, 
plays a highly important role in maintaining the constancy of the 
internal milieu of the body, and is an important brain center con-
trolling adaptation and nutrition (Orbeli). 

Polenov (1964) considers that hypothalamic neurosecretory 
activity is of great importance in adaptation to changing environ-
mental conditions, i.e., that the hypothalamic neurosecretion is im-
portant primarily in connection with protective and compensatory 
responses of the body to constantly changing environmental con-
ditions and to various harmful factors. 

According to Polenov (1964) under conditions of stress the 
neurosecretion is the principal trigger mechanism with a gener-
alized action on the various organs and endocrine glands. 

Following the work of Selye on stress and the adaptation syn-
drome and the investigations of Scharrer and Scharrer (1954b), 
Bergmann (1954), Mosinger (1950), Aleshin (1964), Voitkevich (1964), 
Maiorova (1962), and Polenov, Tarakanov, and Maiorova (1957), 
the importance of the neurosecretory system and the role of the 
hypothalamus as the trigger mechanism for the hormonal com-
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ponent of adaptive responses aimed at the maintenance of homeo-
stasis in the body were realized. 

The work of Selye (1950) demonstrated the role of the pitu-
itary-adrenal system in adaptive and defensive responses of the 
body to harmful factors. 

In Selye's opinion adrenocortical steroid hormones, whose 
formation is activated by the ACTH of the adenohypophysis, play 
a decisive role in the adaptation syndrome. ACTH formation is 
itself regulated by the anterior hypothalamic nuclei. Consequently 
the anterior hypothalamus (the supraoptic and paraventricular 
nuclei) and neurohypophysis, along with the adenohypophysis and 
adrenals, participate in the adaptive mechanisms concerned in the 
body's response to harmful factors. Davydovskii (1961, 1962) points 
out that the secretory act of the adenohypophysis in response to 
stress (to alarm) is probably secondary to the act of neurosecretion 
in the hypothalamus. Kurtsin (1963) considers that the pituitary-
adrenal adaptation system can be triggered from the cerebral cor-
tex by a reflex of the following character: the stressor acts on 
receptors which send impulses along afferent fibers into the sub-
cortical structures and then into the cortex; from the cortex im-
pulses pass along efferent fibers to the hypothalamus, and from 
there by the neurohumoral route to the pituitary gland. The adeno-
hypophysis secretes ACTH which reaches the adrenal by tpe hu-
moral route, and induces the secretion of corticosteroid hormones 
which play the principal role in the adaptation reaction. Since the 
same stressors induce active neurosecretion of the hypothalamo-
hypophyseal system and activity of the hypophyseo-adrenal system, 
Aleshin (1964), Voitkevich (1964), Polenov (1964), Maiorova (1962), 
Tarakanov (1957), and others consider that the production of Gomori-
positive secretion in the hypothalamus (antidiuretic hormone, vaso-
pressin, oxytocin, and CRF) regulates the secretion of ACTH during 
stress. Whatever the mechanism of their action, the role of the 
neurosecretory system and of the hypothalamus as the trigger mech-
anism activating the hormonal component of adaptation responses 
aimed at maintaining homeostasis in the body have thus been 
conclusively proved by numerous authoritative investigations. 
The study of the intimate mechanisms whereby hypothalamic neu-
rons exert their regulatory influence is of great general biological 
importance. It explains the pathogenesis of many neuroendocrine, 
autonomic, and other diseases (Galoyan, 1965). 
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Many investigators have studied changes in the neurosecre-
tory function during exposure to harmful factors. 

Vladimirov (1964) found exhaustion of the neurosecretory 
system after strong nociceptive stimulation for 10 min. Zhukova 
(1964) extirpated the superior cervical sympathetic ganglion and 
observed an increase in the content of secretion in the nerve cells 
of the anterior hypothalamic nuclei (through blocking of the libera-
tion of the neurosecretion); under these circumstances the blood 
pressure fell. Consequently, in response to reduced secretion of 
vasopressin the blood pressure fell. Conversely, in rabbits re-
ceiving antithyroid preparations, desympathization was followed 
by elevation of the blood pressure and a decrease in neurosecre-
tion in the hypothalamus as a result of its discharge into the blood 
stream in large quantities. Voitkevich (1964) observed a decrease 
in the content of secretion in the anterior hypothalamic nuclei dur-
ing dehydration, which he regarded as the result of increased uti-
lization of stored neurosecretory substance in connection with 
antidiuretic activity. Maiorova found an increase in the content of 
secretion in the anterior hypothalamic nuclei 2 h after hypophysec-
tomy. Zubkova-Mikhailova (1964) found an increase in the content 
of secretion in the anterior hypothalamic nuclei and neurohypoph-
ysis 3 h after x-ray irradiation. The content of neurosecretion was 
reduced 24 h after irradiation, and degeneration of the nerve cells 
began after 6-7 days. 

Guillemin (1957) showed that the content of neurosecretion 
in the anterior hypothalamic nuclei is sharply reduced after in-
jection of histamine into the blood stream. Meanwhile histamine 
stimulates ACTH formation, and at the same time changes take 
place in the ascorbic acid content in the adrenals (Galoyan, 1965). 

Galoyan (1965) states that after injection of cadmium into 
the blood stream of animals the formation of neurosecretion is 
reduced in the cells of the anterior hypothalamus, and this is fol-
lowed by emptying of the contents of the nerve cells, which then 
undergo degenerative changes. 

According to Aleshin (1965) chlorpromazine lowers the blood 
pressure while neurosecretion is retained in the hypothalamic 
neurons, indicating the blocking of its liberation. These findings 
agree with the observations of Voitkevich (1964), who also ob-
served blocking of the liberation of neurosecretion from the neuro-
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hypophysis by large doses of chlorpromazine. Stasis of Gomori-
positive secretion is observed under these circumstances in the 
hypothalamic nuclei. 

Hence, the accumulation of granules and droplets of secre-
tion in the hypothalamic neurons may be an indication of its in-
creased synthesis and accumulation, and may also be the result 
of its deficient outpouring into the blood stream (blocking). No 
change or a decrease in the content of secretion in the hypothal-
amic neurons and posterior pituitary indicate increased mobiliza-
tion of secretion and its discharge into the blood stream, and also 
the cessation or inadequacy of its synthesis in the hypothalamus. 
In the latter case degenerative changes affect the neurons of the 
hypothalamic nuclei. 

The results reviewed above can be summarized by saying 
that in response to acoustic, photic, and electrical stimulation 
and to whole-body x-ray irradiation in the first stage of stress the 
content of secretion in the hypothalamus and neurohypophysis is 
reduced (i.e., the neurohypophysis is emptied); under these condi-
tions the ACTH concentration in the blood rises sharply. 

During long-term experiments and on removal of the stimulus 
in an acute experiment, secretion gradually accumulates. In re-
sponse to the action of an extremely strong stimulus (stressor) 
under acute experimental conditions or to inadequacy of the adap-
tation mechanisms under chronic experimental conditions the 
neurosecretory neurons undergo exhaustion, vacuolation, and death. 
Dilated blood vessels and the network of pituicytes can be seen in 
the posterior lobe of the pituitary gland when deprived of its secre-
tion. 

In connection with the facts described above it is of great 
practical and theoretical interest to study processes taking place 
in the adaptation system during exposure of the body to toxic sub-
stances in low concentrations. 

The Soviet literature on industrial toxicology includes many 
papers on the important role of the nervous and endocrine systems 
in the mechanism of nonspecific responses (Lazarev, 1963; Spynu, 
(1959). 

Kurlyandskii (1966) showed that in every case of prolonged 
action of toxic substances in low concentrations on experimental 
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animals, without exception increased neurosecretion of the anterior 
hypothalamic nuclei, the formation of large quantities of neuro-
secretion in the tissues of the hypothalamus and neurohypophysis, 
and the active liberation of this secretion into the blood stream 
are observed. These processes coincide in time with increased 
activity of hormone secretion in the adenohypophysis, i.e., with 
elevation of the blood ACTH level. These changes all indicate a 
state of stimulation of the hypothalamo-hypophyseo-adrenal sys-
tem. 

According to Kurlyandskii (1966), besides the disturbances 
listed above, changes also take place in other indices: the state 
of the descending activating system, arterial pressures, gas ex-
change, and certain aspects of protein metabolism (espeCially 
'Y -globulin metabolism). 

With all these facts in mind it was decided to investigate 
the changes taking place in hypothalamic neurosecretory activity 
during prolonged (from 4 to 14 weeks) irradiation of animals (40 
albino rats) with 10-cm waves of low intensity (not exceeding 10 
mW/cm2). 

As described above, in animals irradiated with such low in-
tensities of radio waves the body temperature did not increase, 
the animals' condition remained good, and they increased in weight. 
However, 4 weeks after the start of irradiation the blood pressure 
began to rise, and after 8 weeks of irradiation it was 13% higher 
than the control. This increase was maintained unti112-14 weeks 
after irradiation. At the same time the ascorbic acid concen-
tration in the adrenal tissues and spleen was increased. Recalling 
that Nikogosyan (1964) and Sangaevskaya (1962) had found an increase 
in the 17-ketosteroids in the urine and also of amino acids and non-
protein nitrogen in the blood of animals irradiated for long periods 
with 10-cm waves of the same intensity, it could be considered that 
the ACTH concentration in the blood of the animals in the present 
series of experiments also was increased. All the functional changes 
described indicate the onset of compensatory and adaptive responses 
in the irradiated animals. 

During continued irradiation the blood pressure started to 
fall and reached normal figures (corresponding to those in the 
control animals) 19-20 weeks after the beginning of irradiation. 
If irradiation was continued, the blood pressure fell sharply after 

kevinmottus2014@gmail.com



86 SECTION II 

20-26 weeks, and by the 26th week this decrease had become per-
manent in character. The decrease in pressure amounted to 14-
15% of the control value. 

Parallel with these functional changes in the animals, the 
neurosecretion in the anterior hypothalamic nuclei and in the pos-
terior pituitary was investigated histologically and histochemically. 
The animals were killed by decapitation at different times after 
irradiation: the first group during the first 8 weeks of irradiation, 
the second group between 8 and 14 weeks, the third between 14 and 
20 weeks, and the fourth between 2 0 and 26 weeks; the animals of the 
fifth group (unirradiated) were killed at the same times and acted 
as the control. Pieces of tissue containing the diencephalon (hypo-
thalamus with the infundibulum) and pituitary were fixed in mer-
curic chloride with formalin (9:1) and embedded in paraffin wax. 
Frontal serial sections were stained with aldehyde-fuchsin and meth-
ylene blue by Gomori's method in Maiorova's modification. Sec-
tions from this same piece of tissue were also stained by Nissl's 
method. 

A study of sections through the paraventricular and supraop-
tic nuclei in the hypothalamus of the control group showed 
that the anterior hypothalamic neurons were in different phases of 
the neurosecretory cycle. A large quantity of Gomori-positive 
granules could be seen in the cytoplasm of individual neur:ons. They 
were most frequently seen very close to the nucleus; the tigroid 
substance of the cell was displaced toward the periphery. In other 
cells a phase of discharge of secretion along the axons could be 
seen. Gomori-positive granules of secretion were clustered to-
gether at the periphery of the cell, most frequently near the axon. 
In individual neurons nearly the whole of the cytoplasm was filled 
with small Gomori-positive granules of secretion. Sometimes 
larger Gomori-positive granules and droplets of secretion could 
be seen in the tissues around the cells and among the fibers of the 
supraoptic or paraventricular nucleus. Cells of a third group 
were in a resting state with perinuclear accumulation of small 
quantities of secretion, and cells of this type in the resting phase 
were more numerous. When stained by Nissl's method some cells 
contained tiny vacuoles with granules of secretion. Along the course 
of the nerve fibers of the hypothalamo-hypophyseal tract, here and 
there solitary Gomori-positive granules were visible among them. 
Similar granules were found in small numbers among the pituicyte 
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fibers in the posterior lobe of the pituitary. Sometimes small 
granules in the posterior lobe of the pituitary merged into large 
collections (Herring's bodies). 

87 

In the animals of the first group, irradiated for under 8 weeks, 
a marked increase (compared with control) in secretory activity 
of neurons of the paraventricular and supraoptic nuclei of the an-
terior hypothalamus was observed. Most cells were in the phase 
of accumulation or liberation of secretion, and every stage of in-
creased accumulation of secretion in the hypothalamic neurons and 
its discharge into the pituitary could be observed in succession, 
An accumulation of large numbers of Gomori-positive granules 
could be seen in the perinuclear cytoplasm of many nerve cells, 
and sometimes the cytoplasm was entirely filled with these gran-
ules and the nucleus was displaced toward the periphery (Fig. 
23a), In sections stained by Nissl's method, a decrease in the 
quantity of tigroid substance and displacement of the nucleus could 
be seen clearly in these cells. The nucleus and nucleolus were 
swollen and active, with a clearly defined membrane, and many 
small vacuoles were clearly visible in the cytoplasm of the cell. 
These findings indicated activation of the neurosecretory activity 
of the hypothalamic neurons, Neither karyolysis nor death of the 
nerve cells was observed. 

Sometimes many Gomori-positive secretory granules were ' 
collected near the axon of the nerve cell. Many Gomori-positive 
granules were located in the tissues among the nerve fibers of 
the paraventricular and supraoptic nuclei along the course of the 
axons. Sometimes a subependymal accumulation of Gomori-pos-
itive granules could be seen (Fig. 23a), In sections stained by 
Nissl's method many neurons contained small vacuoles, as a rule 
located peripherally, Some vacuoles were optically empty while 
others contained Gomori-positive secretion at the periphery, 

An extremely localized accumulation of granules and larger 
deposits of secretion could be seen in individual nerve cells inside 
the lumen of the large vacuoles, These vacuoles in some cells 
were ruptured and the secretion was distributed as large spherical 
drops in the tissues surrounding the cell and among the fibers 
(Fig. 23b), When stained by Nissl's method these cells had small 
vacuoles around the periphery of their body (Fig. 24), and some 
when stained with aldehyde-fuchsin and methylene blue gave a 
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weakly positive Gomori reaction. The nuclei and nucleoli were 
swollen, with a clearly defined membrane, indicating active func-
tioning of the cells 0 

The formation of vacuoles in this way is described by Polenov 
(1964), Levinson (1952), and Bergmann and Hild (1949) as a manifes-
tation of extremely intensive secretory activity of the hypothalamic 
neurons. 

Guillemin (1961) attributes this vacuolation to overproduction 
of colloid and expulsion of secretion outside the cell (an apocrine 
type of secretion, with its discharge into the blood and cerebro-

Fig. 23. Neurosecretory activity of hypothalamic neurons during chronic irradia-
tion with centimeter waves. Stained by Maiorova's modification of Gomori's meth-
od. a) Rat 3 weeks after irradiation. Accumulation of neurosecretion in nerve cell 
in paraventricular nucleus of hypothalamus and accumulation of small and larger 
granules of neurosecretion among the tissues and fibers of the hypothalamus along 
the course of the axons, 350X; b) Rat 4 weeks after irradiation. Cells of supraoptic 
nucleus. Cytoplasm of cell and vacuoles at periphery contain granules of secretion. 
Liberation of secretion into tissues surrounding cell, 830x. 
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Fig. 24. Swelling of cytoplasm and appear-
ance of single vacuoles at periphery of nerve 
cell of supraoptic nucleus of hypothalamus in 
a rat 8 weeks after irradiation. Nissl's stain, 
675X. 
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spinal fluid}. In individual cells the vacuoles disappeared after ex-
pulsion of the secretion and the normal quantity of tigroid substance 
was restored. Meanwhile, alongside the cell the expelled secretion 
could still be seen as large extracellular spherical droplets of 
colloid. The secretory cycle in the cell was beginning to repeat 
itself. Very occasionally death of single neurons and evidence of 
karyocytolysis with conversion of the neurons into cell ghosts could 
be seen. This was the result of excessive secretory activity of the 
nerve cell. Much secretion was found inside the neurons also. The 
cytoplasm of some neurons was literally packed with granules of 
secretion. These cells had lost all their tigroid substance. Many 
Gomori-positive granules were found between the fibers of the 
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hypothalamo-hypophyseal tract, where the granules of secretion 
appeared like Gomori-positive beads along the axons or as large 
masses and drops between the fibers of the tract (Fig. 25). As 
the granules and droplets of secretion moved along the hypo-
thalamo-hypophyseal tract their number increased steadily, in-
dicating increased synthesis of secretion along its course toward 
the neurohypophysis. 

Many Gomori-positive granules and larger deposits were 
seen in the posterior pituitary along the course of the pituicyte 
fibers, indicating that the secretion is stored in the pituitary gland. 
The collections of secretion in the pituitary formed Herring's 
bodies. It was very obvious that some of the larger masses of 
secretion in the neurohypophysis had broken up into small gran-
ules and these lay close to the blood vessels in the perivascular 
tissue. Sometimes drops of secretion were visible in the vessels. 

Fig. 25. Neurosecretory activity of hypotha-
lamic neurons during prolonged irradiation with 
centimeter waves of low intensity. Maiorova's 
modification of Gomori's stain. Rat 8 weeks 
after irradiation. Numerous granules of secre-
tion forming large masses and drops along the 
course of fibers of the hypothalamo -hypophys-
eal tract, 300 x. 
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This indicated an increase in the absorption of secretion and its 
entry into the blood stream. 

Consequently, in this group of animals increased formation 
and accumulation of neurosecretion and the beginning of its in-
creased liberation into the blood stream were observed. 
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In the second group of animals, which were sacrificed be-
tween the 8th and 14th weeks of irradiation, a completely different 
picture was seen in the anterior hypothalamic nuclei and pituitary 
gland. 

The nerve cells of the anterior hypothalamus contained a 
small quantity of Gomori-positive secretion, especially toward the 
end of the period, i.e., the quantity of secretion in the anterior 
hypothalamic nerve cells was definitely reduced by comparison 
with the preceding period. Most neurons were in a resting state. 
In individual neurons there was no resynthesis of secretion, in-
dicating exhaustion of the nerve cells as a result of their exces-
sive activity in the preceding period. Few Gomori-positive gran-
ules and deposits also were found in the neurohypophysis, i.e., 
there was increased absorption of neurosecretion into the blood. 
In fact, Gomori-positive granules and drops could actually be seen 
in the lumen of many vessels in the pituitary gland, and also in 
the perivascular tissue. Much Gomori-positive secretion was found 
in the axons of nerve cells in the form of Gomori-positive poolsj 
drops, and granules along the course of the hypothalamo-hypophyseal 
tract. Granules and drops of Gomori-positive secretion were pres-
ent around and inside the vessels of the neurohypophysis and even 
of the hypothalamus, indicating increased absorption of secretion 
into the blood and cerebrospinal fluid. This coincided with eleva-
tion of the blood pressure in the animals of this group and an in-
crease in the ascorbic acid content of their adrenals. Consequently, 
the reduced content of neurosecretion in the cells of the anterior 
hypothalamic nuclei and neurohypophysis, together with its in-
creased liberation into the blood stream, accompanied by elevation 
of the blood pressure and an increase in the ascorbic acid content 
in the adrenals of animals irradiated with 10-cm waves of low in-
tensity, maybe manifestations of an adaptive response to irradia-
tion of this type. 

In the animals of the third group, irradiated for 14-20 weeks, 
marked accumulation of granules of neurosecretion was observed 
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in the cells of the anterior hypothalamic nuclei, with swelling of 
the nuclei and nucleoli, in which the membrane was clearly defined. 
Many neurons were in a resting state. The pattern of the neuro-
secretory cycle was highly reminiscent of that in the control ani-
mals. In individual cells of the anterior hypothalamic nuclei 
Gomori-positive granules of secretion were observed. Similar 
granules were found among the fibers of the hypothalamo-hypo-
physeal tract, but they were far less numerous than in the first 
group. No large deposits or drops could be found among the fibers 
of the hypothalamo-hypophyseal tract. Only small Gomori-positive 
granules were seen (Fig. 26a). Gomori-positive granules and large 
deposits were visible in the posterior pituitary (the neurohypophysis), 

, 
b 

Fig. 26. Neurosecretory activity of hypothalamic neurons after prolonged irradiation 
by centimeter waves of low intensity. a) Rat after irradiation for 20 weeks. Small 
Gomori-positive granules among hypothalamic nerve fibers. Maiorova's modification 
of Gomori's stain, 340X; b) Rat after irradiation for 26 weeks. Marked vacuolation of 
some hypothalamic neurons. Loss of nuclear membrane, evidence of karyocytolysis in 
individual neurons. Nissl's stain, 680x. 
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but in smaller quantities than in the previous group. At the same 
time, small granules of Gomori-positive secretion could be seen 
in the perivascular tissue of the neurohypophysis. These findings 
indicated intensive production of secretion and its absorption into 
the blood stream. Consequently, this group of animals is char-
acterized by the formation (resynthesis) of neurosecretion. Its 
content in the cells of the hypothalamus and in the neurohypophysis 
was the same as in the control (unirradiated) animals. Absorption 
of secretion into the blood stream was observed, because Gomori-
positive granules of secretion were found in the tissues around the 
vessels and in their lumen. The normal content of neurosecretion 
in the hypothalamus and neurohypophysis correspond to restoration 
of the normal blood pressure as observed in this group of animals. 
Here and there cells with tiny vacuoles were observed. There was 
hardly ever any considerable degree of vacuolation of the nerve 
cells or evidence of karyocytolysis (with the formation of cell 
ghosts and death of the nerve cells). 

In the animals of the fourth group, sacrificed after irradiation 
for 20-26 weeks, a completely different picture was observed in 
the neurohypophysis and in the anterior hypothalamic nuclei. A 
sharp decrease in the content of neurosecretion was observed in 
the nerve cells and tracts (axons), and this was accompanied by 
a sharp decrease in the secretory function of the neurons of the 
anterior hypothalamic nuclei. Compared with the control group, ' 
in this case there was a very marked decrease in the intensity 
of secretion by the nerve cells. Only occasionally were tiny in-
dividual Gomori-positive granules found in the cytoplasm of single 
cells. Very few Gomori-positive granules were visible in the 
hypothalamo-hypophyseal tract among the fibers. Many neurons 
had uneven, or notched, outlines (Fig. 26b). Because of the large 
number of vacuoles, the nuclei and nucleoli of the neurons were 
shrunken. Evidence of karyocytolysis was observed. Hardly any 
secretion was found in the tissues of the posterior lobe of the 
pituitary (in the neurohypophysis). Only here and there were single 
tiny Gomori-positive granules found in the tissue around the blood 
vessels. Neurosecretion was much less abundant than in the control 
(unirradiated animals). The sharp decrease in neurosecretory ac-
tivity of the hypothalamo-hypophyseal system was accompanied by 
a decrease in size of some of the nerve cells, by marked vacuola-
tion of most of the neurons, and by evidence of karyocytolysis of 
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the cells and total chromatolysis of individual neurons with the 
formation of cell ghosts. The nuclei and nucleoli were swollen and 
their outlines were indistinct or contracted, indicating death of the 
cells, In individual neurons marked vacuolation of the cells and 
notching of their outlines were accompanied by shrinking or lysis 
of the nucleus and nucleolus (with loss of the nuclear membrane), 
indicating degenerative changes in the hypothalamus, In this group 
of animals the blood pressure was consistently low. 

The morphological findings in the animals of the fourth group, 
exposed to prolonged (up to 26 weeks) irradiation with low-inten-
sity 10-cm waves can be summarized by saying that everything 
suggests exhaustion of the neurosecretory system as a whole, 
with little evidence of the formation and liberation of secretion 
and with no secretion present in the depots because it had all been 
absorbed previously into the blood stream. No fresh secretion 
was being supplied to the neurohypophysis, Clinically in these 
animals a conSistently low blood pressure was observed. 

This description still does not mean that the process in the 
hypothalamus is irreversible. Only solitary neurons showed de-
generative changes and most of them when stained by Nissl's 
method were little affected. Only a sharp decrease in secretory 
activity of the anterior hypothalamic neurons was observed, i.e., 
functional changes of a reversible character were present, c Some 
4-8 weeks after the end of irradiation the neurosecretory activity 
was completely restored and corresponded to that observed in the 
control animals; the normal blood pressure also was restored, 

It can be concluded from the results of this experiment that 
three phases depending on the duration of irradiation were observed 
in the animals' condition: a phase accompanied by elevation of the 
blood pressure, a phase of return to normal blood pressure, and a 
phase of conSistently lowered blood pressure. 

Corresponding to these three phases, three phases of changes 
in hypothalamic neurosecretory function could be distinguished. 
The first, initial phase is subdivided into two periods: to begin 
with increased accumulation of neurosecretion in the cells of the 
supraoptic and paraventricular nuclei, followed by its increased 
liberation into the blood stream. In the second phase the formation 
and liberation of secretion return to normal and its content cor-
respond to that in the control animals. In the third phase the for-
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mation of neurosecretion and its liberation into the blood stream 
are sharply reduced and neurosecretory activity is exhausted, 
with death of individual neurons; this corresponds to the phase of 
lowered blood pressure. These findings, together with others 
described in the literature and cited above, suggest that in the first 
period of the first phase the increase in accumulation of secretion 
in response to the action of low intensities of irradiation may be 
regarded as a phase of mild irritation with increased formation of 
secretion. During more prolonged exposure to the harmful factor, 
in the second period of the first phase there is an increased libera-
tion of secretion into the blood stream - the alarm response in-
duced by irradiation (Selye's alarm reaction or stress reaction is 
the term applied to mobilization of the organism to adapt it to the 
action of the pathogenic factor). This stage of mobilization shows 
that the hypothalamus and neurohypophysis, together with the adeno-
hypophysis and adrenals, play an active part in adaptive mechanisms 
activated in the response to prolonged irradiation by radio waves. 

A s a result of the action of these adaptive mechanisms, nor-
mal processes are restored in the body (the normal blood pressure 
is restored and the content of neurosecretion corresponds to that 
in the control animals, but this return to normal is not lasting). 

If exposure to irradiation continues still longer, a point is 
reached when these compensatory and adaptive mechanisms are 
insufficient and break down. 

The possibility cannot be ruled out that secretory function 
of the hypothalamus is inhibited by the action of the harmful factor 
on the cerebral cortex, where inhibition arises and spreads to the 
hypothalamus. This can be postulated on the basis of results ob-
tained by Romasenko (1967) and Gerber (1967), who found exhaustion of 
the hypothalamic secretory function in patients with schizophrenia 
with well-marked cortical inhibition and clinical manifestations of 
stupor. 

In this period exhaustion of secretory activity of the hypo-
thalamus and neurohypophysis was observed, and activity of the 
adenohypophysis and adrenals was reduced. However, this process 
is reversible and soon after the end of irradiation all the changes 
described above can be reversed and the normal state restored. 

The question of changes in the neurosecretory function of 
the hypothalamus during prolonged irradiation with low-intensity 
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radio waves is of considerable interest and calls for further phys-
iological and histochemical investigation of the sys tem as a whole 
(including the hypothalamus, the posterior neurohypophysis, the 
adenohypophysis, and the adrenals). The investigation now being 
described is both functional and morphological in character and 
it demonstrates the role of the functional state of the anterior 
hypothalamic secretory nuclei, in conjunction with the hypophyseo-
adrenal system, in the adaptive mechanisms arising in response 
to prolonged irradiation with low-intensity microwaves in order to 
maintain homeostasis in the body. 

The results obtained agree with those of investigations by 
Gorizontov (1969), who showed that under the influence of stress 
factors (electrical stimulation, fixation of animals, irradiation) 
reactivity changes in the various periods of the extremal state. 
In the initial period, there is what can be called a stage of mobiliza-
tion (as Selye showed), adapting the organism to the action of the 
pathogenic factor. Next follows a stage of increased nonspecific 
resistance, and finally there is the stage of exhaustion (Gorizontov). 

In animals exposed to even more prolonged irradiation (10-
12 months) by 10-cm waves, in addition to the changes described 
above in the fine structures of the hypothalamus and neurohypoph-
ysis, slight degenerative changes also are found in the brain, in 
the form of swelling of individual cortical cells, and shrinktng and 
dark staining of other neurons (Fig. 32a). Numerous vacuoles also 
were observed in the hypothalamic neurons with evidence of karyo-
cytolysis and the formation of cell ghosts (Fig. 33b). Histochemical 
investigation of the skin revealed a decrease in the RNP content 
in its surface layers, in the epidermis, and in its derivatives (Fig. 
34b). In addition, unevenness of staining was found, and sometimes 
homogenization of the myocardial muscle fibers (Fig. 35b). 

In individual animals exposed to still longer irradiation (12-
15 months) with 10-cm waves with an intensity of 10 mW/cm2, in 
addition to the reversible degenerative changes in the nervous system 
and changes in the myocardium described above there were ill-
defined degenerative changes also in the testes: degeneration of 
the spermatogenic epithelium in certain tubules with desquamation 
of the spermatogenic epithelium into the lumen of the tubules and 
the formation of plugs (Fig. 36b). 
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In some tubules, besides desquamation of the spermatogenic 
epithelium, giant cells indicating distorted regeneration were found. 
However, in the overwhelming majority of tubules in the testis 
spermatogenesis was normal and the animals were capable of fer-
tilization (as tested by experiments on fertilization of females by 
irradiated males). Very slight degenerative changes also were 
found after irradiation for 12-15 months in the hepatocytes and the 
epithelial cells of the convoluted renal tubules: cloudy swelling of 
the cytoplasm with the appearance of single vacuoles. Regenerative 
changes were found in the hepatocytes (the appearance of mitoses 
and of polynuclear cells), and a proliferative response of the micro-
glia in the brain (Fig. 37b) and of the reticuloendothelial elements 
in the liver (Fig. 38b) also was present, reflecting adaptive and 
defensive responses of the body. Despite the prolonged irradiation, 
clinically the animal remains healthy. 

Comparison of the morphological changes found in animals 
after exposure to pulsed and continuous irradiation with 10-cm 
waves shows that the changes were more marked in the case of 
pulsed waves. 

Morphological Changes Following Repeated Ir-
radiation with Low-Intensity Millimeter Waves 

Animals were exposed frequently (for 10 months) to irradia-
tion with intensities up to 10 mW/cm2 for 1 h daily. ' 

The animal showed no clinical signs of hyperthermia, but 
the rectal temperature (as mentioned above) was raised by 0.3°C. 
The animals tolerated irradiation well. The irradiated animals 
gained in weight somewhat more slowly than the control animals 
and showed a slight hypotensive effect. 

Morphological examination of this group of animals by the 
usual methods revealed virtually no degenerative changes in the 
viscera or nervous system. 

However, by the use of delicate elective methods of inves-
tigation changes were found in the cortical interneuronal synapses: 
disappearance of the spines on the apical dendrites of individual 
cortical neurons with the appearance of beads and irregular thick-
enings on the dendrites. 
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Marked changes in the sensory nerve fibrils of the skin, 
consisting of increased argyrophilia and the appearance of bead-
like thickenings and swellings, also were observed. Frequently 
the fibril was fragmented (Fig. 29a). Axons of larger myelinated 
cutaneous nerve trunks were affected by the process (Fig. 29b). 
Changes in the sensory nerve fibrils of the visceral receptive 
fields were almost completely absent (Fig. 30a). Meanwhile changes 
were found in the neurons of the spinal sensory ganglia, in the 
form of swelling of the cytoplasm with tigrolysis in the center and 
ectopia of the nuclei (Fig. 31a), indicating reversible changes in 
the ganglionic neurons as a result of reflex stimulation of the cuta-
neous sensory nerve fibers. This can be postulated because, ac-
cording to information in the literature, millimeter waves are 
absorbed in the skin and do not spread deeper into the body tissues. 

During continued irradiation changes appeared in the cortical 
neurons: shrinking of individual groups of neurons with dark stain-
ing of their cytoplasm. Swelling of the cytoplasm and the appear-
ance of solitary vacuoles also were observed in certain hypo-
thalamic neurons (Fig. 33a) with an accompanying decrease in the 
RNP content. Histochemical changes in the skin consisted of a 
decrease in the RNP content in the surface layers of the skin, the 
cells of the epidermis, and its derivatives (Fig. 34a). 

Consequently, during exposure to low-intensity radio 
changes in the cortical interneuronal synapses, histochemical 
changes in the skin, and changes in the sensory nerve fibrils of 
the skin appeared sooner than the usual morphological changes, 
i.e., they appeared before any changes in the body were detectable 
by the usual histological methods. Swelling and unevenness of 
staining of the myocardial muscle fibers were discovered later 
(Fig. 35a). 

The RNP content in the spermatogenic epithelium was slight-
ly reduced. Vacuolation of the cytoplasm of the spermatogenic 
epithelial cells with pycnosis of their nuclei was found in some 
of the tubules, most frequently under the capsule of the testis. Oc-
casionally necrosis of the tubules developed, particularly beneath 
the capsule (Fig. 36a). During prolonged irradiation, tubules with 
desquamation of the spermatogenic epithelium into the lumen of 
the tubules and the formation of albuminous deposits were found 
under the capsule. 
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Slight cloudy swelling of individual hepatocytes and epithelial 
cells of the convoluted renal tubules was found later. 

Hence, despite the ill-defined degenerative changes in the 
viscera and nervous system detectable by the usual morphological 
methods, more delicate methods of investigation revealed more 
definite changes in the nervous system of the animals of this group 
(especially in the sensory nerve fibers of the skin and the inter-
neuronal synapses of the cerebral cortex). The changes were most 
marked in the skin, where histochemical disturbances, namely, a 
decrease in the RNP content, also were found. 

Characteristic morphological changes for the animals of 
this group are slight proliferation of the microglia in the brain 
(mainly around the blood vessels; Fig. 37a) and of the reticulo-
endothelial elements of the liver (Fig. 38a). 

Consequently, the slight degenerative changes developing 
in the nervous system, viscera, and skin in response to prolonged 
stimulation by low-intensity millimeter waves are accompanied 
by proliferation of the microglia in the brain and reticuloendo-
thelial elements of the liver. The proliferative changes reflect 
defensive and adaptive processes in the body. 

Comparison of the morphological changes after prolonged 
exposure to repeated sessions of irradiation with lO-cm and mil-
limeter waves indicates that the degenerative changes in the vis-
cera are more severe in response to the action of the lO-cm waves 
while the histochemical changes in the skin and changes in the 
sensory nerve fibrils of the skin are more severe as a result of 
the action of millimeter waves. 

The selective changes in the sensory nerve fibrils of the 
skin and the histochemical changes in the skin described above 
are eVidently due to the action of waves of this particular wave-
length, for millimeter waves are absorbed in the surface layers of 
the skin and do not penetrate into deeper tissues. It can be pos-
tulated that the degenerative and proliferative changes in the vis-
cera and central nervous system during exposure to millimeter 
waves are brought about by nervous reflex mechanisms. This 
hypothesis is also confirmed by the irritation phenomena in the 
neurons of the spinal sensory ganglia. 

kevinmottus2014@gmail.com



100 SECTION II 

Morphological Changes Following Repeated Ir-
radiation with Low-Intensity Decimeter Waves 

Animals were exposed to prolonged and repeated irradiation 
with decimeter waves up to 10 mW/cm2 in intensity for 60 min 
daily for 10 months (220 sessions). The animals tolerated the ir-
radiation well and there were no signs of hyperthermia. However, 
changes were observed in their higher nervous activity, and these 
were particularly marked and appeared early in rats, which are 
sensitive to acoustic stimulation. The animals also showed a 
hypotensive effect and their gain in weight was less than that of 
the control animals. 

Investigation of the animals of this group by ordinary mor-
phological methods revealed practically no vascular disorders 
or degenerative changes in the viscera and nervous system. By 
the use of delicate elective neurohistological methods changes 
were found in the complex structures of the nervous system: the 
cortical interneuronal synapses and sensory nerve fibers of the 
visceral receptive fields. The changes consisted of disappearance 
of spines from the dendrites of individual cortical neurons and 
the appearance of beading and irregular thickenings on the dendrites 
(Fig. 27b). No changes were found in the sensory nerve fibers of 
the skin (Fig. 29d), but marked signs of irritation and degenerative 
changes were observed in the sensory nerve fibers of the receptive 
(reflexogenic) zones or the viscera (myocardium, aorta, esophagus, 
intestine, stomach, bladder; Fig. 30c). The nerve fibers showed 
increased argyrophilia and tortuosity, bead-like thickenings and 
pools of axoplasm appeared on them, and sometimes the fibers 
were broken up into fragments. Consequently, the sensory nerve 
fibers of the skin were not predominantly affected in this case. 

During continued irradiation swelling of the cytoplasm of 
individual cells (with the appearance of vacuoles) of the nervous 
system was observed in the basal ganglia, and the changes were 
most severe in the hypothalamus (Fig. 33c). 

Histochemical investigation revealed a decrease in the RNP 
content in the cytoplasm of cells in organs normally rich in RNP 
(bronchial epithelium, glandular epithelium of the gastrointestinal 
tract). The RNP content in the skin was not reduced (Fig. 34c). 
Swelling, irregularity of staining, and homogenization of individual 
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Fig. 27. Com parison of changes in axo-dendritic interneuronal synapses 
in the cerebral cortex during prolonged irradiation with waves of different 
lengths and of low intensity. Stained by Golgi's method: a) severe bead-
ing deformation of apical dendrites. Pr'olonged irradiation by centimeter 
waves, llOx; b) beading deformation of apical dendrites of cortical pyr-
amidal neurons after prolonged irradiation by low-intensity decimeter 
waves 400x. 
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muscle fibers were observed in the myocardium (Fig. 35c). After 
longer irradiation some animals developed degenerative changes 
in the spermatogenic epithelium of individual tubules of the testes, 
with desquamation of the epithelium into the lumen of the tubules 
and the formation of casts (Fig. 36c). Giant cells, a manifestation 
of distorted regeneration, were found in other tubules. However, 
only individual tubules were affected and the great majority con-
tinued to exhibit normal spermatogenesis. The animals remained 
capable of fertilization (as tested by fertilization of females by 
the irradiated males). 

kevinmottus2014@gmail.com



102 SECTION II 

A slight degree of cloudy swelling was found in individual 
hepatocytes and epithelial cells of certain convoluted renal tubules. 
In the liver there was fatty degeneration of individual hepatocytes 
with the appearance of minute droplets of fat. 

Against the background of the very slight degenerative changes 
in the brain described above focal and diffuse proliferation of micro-
glial cells was observed, mainly around the blood vessels (Fig. 
37c). Microglial processes showed the initial signs of degeneration. 
Slight hyperplasia of reticuloendothelial elements was observed in 
the liver, sometimes with the formation of submiliary histocytic 
nodules (Fig. 38c). The number of perivascular round cells in the 
lungs was greater than normal. It must be emphasized that besides 
the evidence of irritation in the fine structures of the nervous sys-
tem (synapses, sensory nerve fibrils in the various visceral recep-
tive fields) and the gradually increasing degenerative changes in 
the viscera and testes, there was also a gradual increase in the in-
tensity of proliferation of the microglia in the brain and of the 
reticuloendothelial cells in the liver. 

Comparison of the morphological changes found in animals 
exposed to the action of low-intensity microwaves of all frequencies 
clearly shows that irradiation whose intensity is too low to induce 
a thermogenic effect is nevertheless harmful in its action. 

This does not confirm the view, so widely held in the past 
among Soviet investigators and still maintained to a large extent 
even at the preset time in the West, that the action of microwaves 
is entirely thermal. 

In the present experiment the attention was concentrated 
chiefly on the chronic effect of low-intensity microwaves, on the 
detection of the earliest responses of the body, and the character 
and severity of these responses in relation to the wave band. 

The central nervous system and, in particular, its higher 
levels are highly sensitive to the action of microwaves, which 
cause disturbances of conditioned-reflex activity (weakening of 
excitation and the development of limiting inhibition) accompanied 
by changes in the structure ofaxo-dendritic and axo-somatic 
synapses in the brain. Changes are also found in the sensory nerve 
fibrils of the skin and viscera. 
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A decrease in excitability and weakening of inhibition were 
observed in irradiated rats, animals which are sensitive to acoustic 
stimulation. 

Early responses of the eNS to microwave irradiation were 
detected by recording brain potentials, and by analysis of the rela-
tionship between intensity of irradiation and latent period a curve 
reflecting the sensitivity of the rabbit eNS to the action of micro-
waves of different frequencies could be plotted. This curve was 
found to resemble in its character the Hoorweg- Weiss curve of 
sensitivity for an electric current and the curve of Tsypin and 
Grigor'ev (1960) for ionizing radiation. 

Lowering of the blood pressure is to a certain extent a 
specific response to microwave action. The intensity, the time 
of appearance, and the character of the vascular response depend 
on the wave band and intensity of irradiation. 

Functional changes due to the action of microwaves of dif-
ferent bands are similar in character but differ in intensity, in 
the time of their appearance, and sometimes in their course, 
notably in the initial period of long-term exposure. In this period 
(first phase) increased excitability of the nervous system, hyper-
tension, and increased cholinesterase activity in the blood and or-
gans are often observed. The second phase is characterized by , 
depression of the functional state of the eNS, especially of its 
higher levels, by a hypotensive effect, by reduced enzyme activity, 
and by marked morpholOgical changes in the eNS. 

The intensity of the response varies with the frequency of 
the microwaves. 

As the authors have shown, the intensity of the response 
of the eNS to low-intensity microwave irradiation is most fre-
quently reduced with shortening of the wavelength, but at the same 
time the intensity of the vagotonic reactions is increased. 

This general pattern can be connected with the depth of 
penetration and absorption of different types of microwaves in the 
tissues. The hypotensive effect, which is most marked in response 
to irradiation with millimeter waves, can be attributed mainly to 
the action of the radiation on cutaneous sensory nerve fibers and 
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reflex effects on vascular tone. Meanwhile the response of the 
nervous system, which is more severely affected by the action of 
centimeter and decimeter waves, can be attributed mainly to the 
direct effect of the radiation on the brain structures. 

There is no question that the effects of low-intensity micro-
wave irradiation are cumulative. Repeated exposure leads to a 
gradual increase in severity of the observed changes. 

This conclusion is confirmed by the gradual development 
of increasingly severe disturbances of conditioned-reflex activity 
of the animals, changes in the responses of animals particularly 
sensitive to acoustic stimulation, and hemodynamic changes (hypo-
tension, reduced cholinesterase activity in the blood and organs). 

Functional changes observed after chronic exposure to low-
intensity microwaves are reversible. 

The character of generation of the microwave energy, whether 
it is pulsed or continuous, is not reflected in the ultimate effect 
of low-intensity microwave irradiation. 

Parallel with the functional changes in the nervous system 
after prolonged exposure to low-intensity microwave irradiation 
reversible morphological changes in the axo-dendritic and axo-
somatic synapses of the brain and changes in sensory nerve fibrils 
in various cutaneous and visceral receptive fields are found. Co-
ordinated activity of the sensory nerve fibrils and their receptor 
endings in the receptive fields is a factor maintaining the constancy 
of the internal milieu of the organism. Later reversible changes 
are found in the neurosecretory activity of the hypothalamo-hypo-
physeal system, which is responsible for adaptive reactions of the 
body to the harmful action of radio waves. The morphological evi-
dence of functional changes in neurosecretory activity of the hypo-
thalamus coincide with clinical manifestations of an initial rise 
and subsequent fall in the animals' blood pressure. During more 
prolonged irradiation degenerative changes arise in the myocardium: 
unevenness of staining and homogenization of individual muscle fi-
bers. 

During prolonged irradiation degenerative changes are found 
in the spermatogenic epithelium of individual tubules in the testes. 
However, spermatogenesis in most tubules is well marked and the 
animals are still capable of fertilizing females. 
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Later, ill-defined degenerative changes develop in the liver 
and kidneys, where they are accompanied by regenerative changes, 
and proliferation of the microglia in the brain and of the reticulo-
endothelial cells of the liver are manifestations of the animals' 
defensive and adaptive responses. 
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Morphological Changes in Animals Following 
Repeated Low-Intensity Irradiation 

with Ultrashort Waves 

After prolonged (1.5 and 5 months) irradiation with ultra-
short waves (USW) with a frequency of 69.7 MHz and of low inten-
sity (150 Vim) the animals appeared well and showed no evidence 
of hyperthermia. 

Microscopic investigation revealed ill-defined changes in 
the nervous system: increased argyrophilia, and irregular swell-
ings and tortuosity of the sensory nerve fibrils of the skin and vis..': 
cera (Figs. 2ge and 30d). The lesions were not noticeably pre-
dominant in the sensory nerve fibrils of the skin or viscera. 

Cortical nerve cells were reduced in size and darkly stained 
(Fig. 32b), and hypothalamic neurons showed vacuolation and, 
frequently, evidence of karyocytolysis (Fig. 33d), while individual 
muscle fibers in the myocardium were unevenly stained and ho-
mogenized. Some rats showed degenerative changes in the sper-
matogenic epithelium of individual tubules of the testes, sometimes 
with the formation of giant cells indicating distorted regeneration 
(Fig. 36d). 

Degenerative changes in the viscera were ill-defined: cloudy 
swelling and sometimes fatty degeneration of individual groups of 
hepatocytes and cloudy swelling of the epithelium of some con-
voluted renal tubules. Together with slight degenerative changes 
in the viscera, there were proliferative changes in the form of 
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hyperplasia of the microglia in the brain and reticuloendothelial 
cells in the liver, sometimes with the formation of histiocytic 
nodules (Fig. 38d), and hyperplasia of perivascular round cells in 
the lungs, to form cuffs, 

If the duration of irradiation was shorter, these changes were 
less severe, 

During prolonged (5 months) and repeated irradiation of 
animals with pulsed or continuous radio waves with a frequency of 
155 MHz and intensity 25-50 Vim and 191 MHz with intensity 10-
20 Vim the animals' body temperature was not raised, Clinically, 
functional disturbances consisting of lowering of the blood pres-
sure and changes in the electrical activity of the brain and con-
ditioned-reflex activity were found, 

Morphological investigation revealed shrinking of individual 
cerebral cortical neurons (Fig, 32c), slight vacuolation of the 
cytoplasm of cells in the hypothalamus, increased argyrophilia and 
irregular thickenings of the sensory nerve fibrils of the cutaneous 
and visceral receptive fields, and very slight degenerative changes 
in the myocardial muscle fibers. 

Degener.ation of the spermatogenic epithelium of individual 
tubules of the testes, with the formation of giant cells by distorted 
regeneration, was slight in intensity (Fig, 36e), but 
was intact in most tubules and the animal retained its fertilizing 
ability, Slight degenerative changes in the nervous system and vis-
cera (cloudy swelling of the hepatocytes and epithelial cells of the 
convoluted renal tubules) was accompanied by proliferation of 
microglia in the brain and of the reticuloendothelial cells in the 
liver. 

All the degenerative and proliferative changes were more 
marked in animals irradiated with waves in the 191 MHz band and 
with an intensity of 20 Vim than in those irradiated with waves of 
155 MHz and an intensity of 50 Vim, 

The morphological changes following irradiation by USW in 
the 191 and 155 MHz bands were more marked than those observed 
after irradiation in the 69,7 MHz band, All the changes described 
above became more severe as the duration of irradiation was in-
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creased. However, after irradiation with USW ended, the mor-
phological changes were largely reversed. 

109 

After prolonged irradiation of animals with USW in the 191, 
155, and 69.7 MHz bands, with intensities not evoking a thermal 
effect (10-20 and 150 Vim), ill-defined degenerative changes were 
thus found in the nervous system (mainly in cells of the cortex and 
hypothalamus, sensory nerve fibrils of the skin and viscera), the 
muscle fibers of the myocardium, and parenchymatous cells of 
the testes, liver, and kidneys. 

The degenerative changes increase in severity with an in-
crease in the period of irradiation, and after irradiation ends they 
gradually undergo regression. This corresponds to the clinical 
evidence of restoration of disturbed functions. 

Degenerative changes in the nervous system and viscera are 
accompanied by proliferation of the microglia in the brain and the 
reticuloendothelial cells in the liver, manifestations of defensive 
and adaptive responses. 

The morphological changes are most severe after irradia-
tion in the 191 MHz band, less severe after irrradiation in the 155 
MHz band, and least severe of all after irradiation in the 69.7 MHz 
band. 
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Morphological Changes in Animals Following 
Repeated Irradiation with 

Low-Intensity Short Waves 

During prolonged (5 months) and repeated irradiation 
with short waves of low intensity (2250 Vim) the animals showed 
no effects of hyperthermia. Their condition was good at the time 
of sacrifice. Microscopic investigation revealed ill-defined de-
generative changes in the nervous system. Increased argyrophilia 
and irregular thickenings and pools of axoplasm were found in the 
sensory nerve fibrils of the skin and viscera (Fig. 30e). No evi-
dence of fragmentation of the nerve fibrils was observed. Damage' 
to the nerve fibrils was not noticeably more severe in the skin or 
viscera. Shrinking and dark staining of individual groups of neurons 
(Fig. 32d) was found in the cortex, and the cytoplasm of hypothalamic 
neurons showed vacuolation, frequently with evidence of karyocy-
tolysis (Fig. 33e). Slight degeneration of the myocardial muscle 
fibers was expressed as unevenness of staining. After more pro-
longed irradiation, mild degenerative changes occurred in the sper-
matogenic epithelium of individual tubules of the testes, sometimes 
with deposition of albuminous masses in their lumen. However, 
spermatogenesis was intact in most tubules. After a shorter pe-
riod of irradiation (1.5 months) all these changes were less severe. 
Fatty degeneration of individual groups of hepatocytes and cloudy 
swelling of the epithelium of individual convoluted renal tubules 
were observed in the viscera and were accompanied by prolifera-
tion of reticuloendothelial cells in the liver, sometimes with the 
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formation of histiocytic nodules (Fig. 38e), and by proliferation of 
perivascular round cells in the lungs. 

Consequently, during prolonged and repeated irradiation with 
short waves of low intensities for periods of up to 5 months the 
changes observed included shrinking of the cortical cells, vacuola-
tion of the cytoplasm of hypothalamic cells, and irritation phenom-
ena and degenerative changes in the sensory nerve fibers of the 
cutaneous and visceral receptive fields. Pathological changes in 
the nervous system corresponded to clinical features observed in 
the animals (lowering of the blood pressure, reduced sensitivity 
of the rats to acoustic stimulation, and depression of the brain 
potentials). 

Initial degenerative changes were found in the spermatogenic 
epithelium of individual tubules of the testes with preservation of 
spermatogenesis in the great majority of tubules, so that the ani-
mals still remained capable of fertilization. 

ill-defined degenerative changes were found in the viscera 
and were accompanied by proliferation of reticuloendothelial cells 
in the liver. 

Comparison of the action of ultrashort and short waves 
showed that the pathological changes arising in response to both 
were similar in direction, although the intensity of all the <?hanges 
was greater after irradiation with ultrashort waves. 
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Morphological Changes in Animals Following 
Repeated Irradiation with 

Low-Intensity Medium Waves 

Morphological changes were studied in animals exposed for 
10 months to irradiation by radio waves in the medium wave band 
(electrical component 180 Vim, magnetic component 50 Aim). 

Microscopic investigation revealed a background of very 
slight vascular disturbances against which moderately severe 
degenerative changes in the form of disruption of the axo-somatic 
synapses could be seen in the brain (Fig. 28b). Meanwhile, irrita-
tion phenomena were found in the sensory nerve fibrils of the skin 
and viscera. Sensory fibers of the viscera were predominantly 
affected, and showed increased argyrophilia and irregular thicken-
ing (Fig. 30f). The changes were much less marked in the sen-
sory nerve fibrils of the skin (Fig. 29f). Shrinking of cortical nerve 
cells (Fig. 32e) and tortuosity of their apical dendrites were found, 
while in the hypothalamus the cytoplasm of the nerve cells was 
vacuolated and evidence of karyocytolysis could be seen in individual 
neurons (Fig. 33f). 

Initial degenerative changes, in the form of unevenness of 
staining and homogenization, occurred in the myocardial muscle 
fibers. 

Some animals showed ill-defined degenerative changes in 
the spermatogenic epithelium of individual tubules of the testes, 
with the appearance of giant cells indicating distorted regeneration 
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Fig. 28. Comparison of changes in interneuronal synapses in the hypothala-
mus after prolonged irradiation by low-intensity waves of different frequen-
cies. Cajal's stain, 600x: a) club-shaped thickenings and increased argyro-
philia of synaptic boutons and their separation from bodies of nerve cells in 
the hypothalamus after prolonged irradiation by centimeter waves of low in-
tensity; b) increased argyrophilia of boutons terminaux and thickening of 
synaptic loops with their partial separation from the body of a neuron after 
prolonged irradiation by medium waves (magnetic field). 

(Fig. 36f). However, spermatogenesis in most tubules was well 
marked. The animals remained capable of fertilization during 
life as shown by tests involving fertilization of females. 

Changes in the viscera consisted of ill-defined cloudy swell-
ing or fatty degeneration of individual hepatocytes and cloudy swell-
ing of the epithelium of individual renal convoluted tubules. 

Together with mild degenerative changes in the nervous sys-
tem and viscera, proliferation of the microglia in the brain and of 
the reticuloendothelial cells in the liver, with the formation of 
histiocytic nodules in the liver of some animals, was observed. 
Comparison of the morphological changes following irradiation by 
high-frequency magnetic and electric fields Rhowed more marked 
vascular disturbances and degenerative changes in the viscera fol-
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Fig. 29. Comparison of changes in sensory fibers of cutaneous receptive fields after ir-
radiation by low-intensity radio waves of different frequencies. Bielschowsky-Gross 
stain: a) intense argyrophilia and fragmentat ion of a cutaneous sensory nerve fiber af-
ter prolonged irradiation by low-intensity millimeter waves, 440 x; b) axons of my-
elinated nerve fibers in the skin have irregular swellings and thickenings and are 
strongly argyrophilic. Prolonged irradiation by millimeter waves of low intensity, 
330 x; c) increased argyrophilia, irregUlar swellings, and tortuosity of a cutaneous 
nerve fiber after prolonged irradiation with centimeter waves of low intensity, 440 x; 
d) unchanged thin and delicate cutaneous sensory fibers after prolonged irradiation by 
decimeter waves of low intensity, 440 x; e) increased argyrophilia, irregular thick-
enings and swellings of a cutaneous nerve fibers after prolonged irradiation by ultra-
short waves of low intensity, 440 x; f) thin cutaneous nerve fibers with slight thick-
enings in certain places after prolonged irradiation by medium waves (magnetic field), 
440 x. 
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Fig. 30. Comparison of changes in sensory fibers of visceral receptive fields after 
prolonged irradiation by low-intensity radio waves of different frequencies. Bielschow-
sky -Gross stain, 400 x; a) almost unchanged sensory fibers of the aorta after prolonged 
irradia tion by millimeter waves of low intensity; b) increased argyrophilia and irregu-
lar thickenings of sensory fibers in the esophagus after prolonged irradiation by low-
intensity centimeter waves; c) increased argyrophilia, irregular thickenings of sensory 
fibers in the myocardium after prolonged irradiation by low-intensity decimeter waves; 
d) intense argyrophilia and irregular thickenings of a myocardial sensory fiber after 
prolonged irradiation by low-intensity ultrashort waves; e) intense argyrophilia and ir-
regular thickenings of a myocardial nerve fiber after prolonged irradiation by low-in-
tensity short waves; f) intense argyrophilia and irregular thickenings of a myocardial 
nerve fiber (near the aorta) after prolonged irradiation by low-intensity medium waves. 
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lowing irradiation in a high-frequency magnetic field. To sum up, 
after irradiation of albino rats for 10 months in a high-frequency 
electric field (1800 Vim) and a high-frequency magnetic field (50 
Aim) moderately severe degenerative changes took place in the 
nervous system (especially in the cells of the cortex and hypo-
thalamus and in the sensory nerve fibrils of the viscera). Degen-
erative changes were found in the spermatogenic epithelium of the 
testes and moderately severe vascular disturbances and slight 
initial degenerative changes were found in the parenchymatous 
organs. 

The degenerative changes in the nervous system and viscera 
were accompanied by proliferation of reticuloendothelial elements, 
reflecting defensive and adaptive processes. 

Comparison of the morphological changes found after ir-
radiation by low-intensity high-frequency electric and magnetic 
fields with the changes observed after irradiation by short and ultra-
short waves and by microwaves reveals a common direction of the 
pathological changes after exposure to low intensities of these 
wave bands, but medium waves give rise to more severe morpho-
logical changes than irradiation by short and ultrashort waves and 
microwaves. 
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Comparison of Morphological Changes 
Following Repeated Exposure to 

Low-Intensity Radio Waves of Different 
Frequencies (Microwaves; Ultrashort, 

Short, and Medium Waves) 

Investigations of the morphological changes after prolonged 
exposure to low-intensity radio waves (not inducing a thermal ef-
fect) are particularly interesting because it is to these intensities 
of irradiation that industrial workers are exposed. 

To study the action of microwaves, the animals were irradiat-
ed repeatedly with microwaves of low intensity (10 mW/cm

2

) for 
60 min daily for 5-15 months. 

Experiments were also carried out in which animals were 
irradiated daily for 5 months with ultrashort waves with inten-
sities of 150 Vim (69.7 MHz), 50-25 Vim (155 MHz), and 20-10 
Vim (191 MHz). When the effects of daily exposure to short waves 
for 5 months were studied irradiation was given in an intensity of 
2250 Vim, while in experiments lasting 10 months the animals were 
exposed to electrical and magnetic high-frequency fields with in-
tensities of 1800 Vim and 50 Aim. Altogether 243 animals took 
part in the experiments. It is interesting to compare the physio-
logical and morphological changes in the various organs and sys-
tems following exposure to low intensities of radio waves. 
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The animals tolerated irradiation well and no evidence of 
hyperthermia was observed. However, the irradiated animals gained 
in weight more slowly than the controls, and certain functional 
changes were observed. 

These were mainly uniform in pattern despite exposure to 
different frequencies of radio waves, although their severity was 
identical. 

Functional changes can be observed at different levels of 
activity: subcellular or at the cells, organ, or system level. 

Without going into details, it can be said that because of dif-
ferences in the sensitivity of the various systems to radio waves it 
is impossible to speak of a single threshold of the biological response 
to irradiation. 

However, it is clear that indices of responses of excitable 
systems, i.e., neurophysiological data, must be used as the basis 
for the definition of threshold responses. 

Investigations in this direction have begun and will be de-
scribed in subsequent publications. At this stage, however, it can 
be provisionally stated that threshold intensities of irradiation for 
the nervous system in the microwave range are of the order of 
several microwatts per square centimeter, while in the ultrashort-
wave band they are of the order of several volts per meter. 

Future investigations are required to obtain more accurate 
values of the thresholds in two situations: 

(1) differential assessment of physiological (especially adap-
tive) responses; 

(2) a differential approach to thresholds of single and pro-
longed exposure to radio waves. 

Morphological examination of groups of animals irradiated 
with microwaves below 10 mW/cm2 in intensity and sacrificed after 
4-10 months by decapitation, using the ordinary morphological 
methods, revealed no vascular disturbances or degenerative changes. 
However, more delicate histological and histochemical investiga-
tions using elective methods of staining the nervous system showed 
initial functional changes affecting primarily the nervous system, cor-
responding to phYSiological changes in the nervous system detect-
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able clinically, in animals exposed for long periods to low inten-
sities not sufficient to induce a thermal effect. After prolonged ir-
radiation with low intensities changes occurred principally in axo-
dendritic synapses, the delicate receptor structures of the cortex. 
The changes consisted of coarsening and sometimes disappearance 
of spines of the apical dendrites and the appearance of bead-like 
swellings on the dendrites (Fig. 27a,b). These changes coincided 
with a disturbance of the animals' conditioned-reflex activity and 
were a manifestation of an early, reversible cortical response 
which disappeared, accompanied by recovery of the conditioned re-
flexes, after irradiation had been discontinued. 

The bead-like swellings on the apical dendrites of the cortical 
pyramidal neurons were equally prominent whatever the wavelength 
of the radio waves used. 

After more prolonged irradiation disturbances also were 
found in the synapses at lower levels of the nervous system (in the 
basal ganglia, thalamus, and hypothalamus, where the changes were 
found in the axo-somatic synapses) as thickenings and coarsening 
of the boutons terminaux and their detachment from the bodies of 
the nerve cells (Fig. 28a,b). When irradiation was discontinued 
these changes disappeared and the synapses reverted to their nor-
mal structure. Marked signs of irritation also were found very 
early in the sensory nerve fibrils of the skin (Fig. 29a,b,c,d,e,f) and 
Viscera, in the form of tortuosity, increased argyrophilia, and ir-
regular swellings of the nerve fibrils (Fig. 30a,b,c,d,e,f). A defi-
nite difference was seen in the action of waves of different frequen-
Cies, i.e., after exposure to low intensities of irradiation, just as 
to high intensities, each wave band gives rise to its own character-
istic pathological changes. 

After exposure to centimeter and, in particular, to millimeter 
waves the most marked changes occurred in the sensory nerve 
fibrils of the skin, and changes in the corresponding structures of 
the viscera were less marked. After irradiation with decimeter 
waves, the sensory nerve fibrils of the skin remained intact but 
changes were particularly marked in the sensory nerve fibrils of 
the viscera. The action of a high-frequency field was similar. Af-
ter exposure to ultrashort and short waves, the sensory nerve 
fibrils of the skin and viscera were equally affected (compare Figs. 
29a,b,c,d,e,f and 30a,b,c,d,e,f). 
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The sensory nerve fibrils of the viscera were thus affected 
by waves of nearly all bands except millimeter waves. Sensory 
nerve fibrils of the skin were affected by all wave bands except 
decimeter and medium waves. 

The disturbances in the sensory nerve fibrils of the skin and 
viscera were accompanied by reversible morphological changes 
in neurons of the spinal sensory ganglia, which are the first struc-
tures to receive stimuli from the nerve fibrils of the skin and vis-
cera (Fig. 3la,b). The discovery of these changes in neurons of the 
spinal ganglia after irradiation with millimeter waves confirms 
the view that the action of these waves is reflex in character, be-
cause they are absorbed in the skin. However, by stimulating the 
sensory nerve fibrils of the skin they give rise to reflex stimula-
tion of neurons in the spinal ganglia. 

Fig . 31. Comparison of changes in nerve cells of spinal ganglion after irradiation of 
animals by low-intensity radio waves of different frequencies. Nissl's stain, 530X: a) 
central tigrolysis and swelling of cytoplasm with ectopia of nucleus after irradiation 
with millimeter waves; b) swelling and tigrolysis of cytoplasm, evidence of karyocytol-
ysis, and death of individual neurons after irradiation with centimeter waves. 
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After more prolonged irradiation definite changes were de-
tected in the bodies of the cortical neurons, namely, shrinking and 
dark staining of individual neurons (Fig. 32a,b,c,d,e). Neurons 
with swollen cytoplasm containing tiny vacuoles were seen at lower 
levels in the brain, particularly in the thalamus, hypothalamus, 
and medulla. Neurons in a state of karyocytolysis also were found 
(Fig. 33a,b,c,d,e,f). This corresponds to the decrease in ribo-
nucleoprotein content in the swollen nerve cells and, in particular, 
in neurons containing vacuoles. Changes in the hypothalamic neu-
rons occurred simultaneously with disturbance of the neurose-
cretory activity of the hypothalamo-hypophyseal system (compare 
Figs.23a,b; 25; 26). This shows that the hypothalamus and neuro-
hypophysis, together with the adenohypophysis and adrenals, play 
an active part in the adaptive and compensatory mechanisms. The 
changes in the hypothalamic neurosecretory function described 
above were reflected clinically in raised blood pressure. Ex-
haustion of the neurosecretory activity and a fall of blood pressure 
then occurred. These phenomena also disappeared after the end 
of irradiation. After prolonged irradiation at low intensities, his-
tochemical tests revealed a decrease in the RNP content of the 
skin (Fig. 34a,b,c). Here again, differences were noted following 
the action of waves of different bands: after irradiation with mil-
limeter waves the decrease in RNP content in the skin was par-
ticularly marked, while after irradiation with centimeter waves , 
it was less marked, and after irradiation with decimeter waves the 
R NP content in the skin was unchanged. 

All these findings indicate that the initial functional changes 
in the fine structures of the nervous system and in the protein 
metabolism of the cells can be detected by histochemical methods 
and by elective methods of investigation of the nervous system, 
whereas no changes are revealed by the ordinary morphological 
methods. 

After even more prolonged irradiation by low-intensity waves 
of different frequencies changes appeared in the individual muscle 
fibers of the myocardium (Fig. 35a,b, c) which showed unevenness 
of staining: some fibers were pale while others were dark and 
homogenized, but their cross-striation was everywhere intact. 
These changes were reversible in character. Only occasionally 
could intensely stained fibrils which had lost their cross-striation 
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Fig. 32. Comparison of changes in cortical neurons in animals exposed 

to prolonged low-intensity irradiation with radio waves of different fre-

quencies. Shrinkage and dark staining of cortical neurons. Nissl's stain: 

a) irradiation with centimeter waves, 230x; b) with ultrashort waves 

(69.7 MHz), 410X; c) with ultrashort waves (155 MHz), 460x; d) with 

short waves, 460x; e) with medium waves (magnetic field), 280x. 
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Fig. 33. Comparison of changes in neurons of the thalamus and 
thalamus after prolonged irradiation by low-intensity waves of different 
frequenc ies. Vacuolation of thalamic and hypothalamic neurons with 
evidence of karyocytolysis of individual neurons. Nissl's stain : a) ir-
radiation with millimeter waves, 690X; b) with centimeter waves, 690x; 
c) with decimeter waves, 620X; d) with ultrashort waves (69.7 MHz), 
620x; e) with short waves, 460x; f) with medium waves (electric field) , 
690X. 
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Fig. -34. Comparison of histochemical changes in the skin after prolonged irradia-
tion with low-intensity waves of different frequencies. Brachet's reaction: a) de-
crease in RNP content in epidermis and its derivatives in the skin after prolonged 
irradiation with low-intensity millimeter waves 330x; b) decrease in RNP content 
in epidermis and its derivatives in the skin after prolonged irradiation with low-in-
tensity centimeter waves, 330X; c) normal RNP content in epidermis and its deriv-
atives after prolonged irradiation by low-intensity decimeter waves, 220x. 
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Fig. 35. Comparison of changes in myocardial muscle fibers after prolonged irradia-
tion by low-intensity waves of different frequencies. Hematoxylin-eosin, 330x: a) 
uneven staining of myocardial muscle fibers after irradiation of animals with low-in-
tensity millimeter waves; b) uneven staining and homogenization of individual myo-
cardial muscle fibers after irradiation of animals with low-intensity centimeter waves; 
c) uneven staining and homogenization of individual myocardial muscle fibers after 
irradiation of the animals with low-intensity decimeter waves. 
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Fig. 36. Comparison of changes in the testes after prolonged irradiation of an-
imals by low-intensity waves of different frequencies. Hematoxylin-eosin. a) 
Necrosis of two tubules of the testis located beneath the capsule after prolonged 
irradiation by millimeter waves, 300 X. b) Degenerative changes in the sper-
matogenic epithelium of a tubule of the testis. Desquamation of spermatogenic 
epithelium into lumen of tubules with the formation of a cast after irradiation 
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with centimeter waves, 350 X. c) DegeneratIve changes in the spermatogenic 
epithelium with desquamation into lumen of a tubule after irradiation with deci-
meter waves, 350 x. d) Degenerative changes in spermatogenic epithelium with 
desquamation into lumen of a tubule. Formation of a giant cell reflecting dis-
torted regeneration after irradiation with ultrashort waves, 600 x. e) Degenerative 
changes in spermatogenic epithelium with its desquamation into lumen of a 
Ulbule. Appearance of giant cells reflecting distorted regeneration after irradia-
tion with ultrashort waves, 500X. f) Edema of stroma of a testis and desquama-
tion of degenerated epithelium into lumen of a tubule. Formation of giant cells 
reflecting distorted regeneration after irradiation with medium waves (magnetic 
field), 400 x. 

be found. Consequently, the severest changes were found in the 
nervous system, including neurons, synapses, and sensory nerve 
endings of the various receptive (reflexogenic) fields. 

The structures in second place as regards the severity of 
the lesions are the myocardial muscle fibt;.rs, followed in third 
place by the testis, in which after very prolonged low-intensity ir-
radiation with waves of all frequencies degenerative changes were 
found: swelling and degeneration of the spermatogenic epithelium 
in individual tubules with death of some cells and their desquama-
tion into the lumen of the tubules, sometimes with devastation of 
the spermatogenic layers and the development of giant, multinuclear 
cells, indicating distorted regeneration (Fig. 36a,b,c,d,e,f). Waves 
of all frequencies have roughly the same action on the testis. The 
changes are slightly more severe after irradiation with decimeter 
and centimeter waves (in the microwave group), followed, in order 
of diminishing severity, by ultrashort, short, and medium waves 
and high-frequency fields. However, only some of the tubules of 
the testes were affected. In the great majority of tubules sper-
matogenesis remained intact and the animal was still capable of 
fertilizing the female, as tests with the irradiated males showed. 

After very prolonged irradiation, slight cloudy swelling and 
vacuolation of the cytoplasm were found in individual hepatocytes 
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Fig. 37. Comparison of microglial reaction in the brain after prolonged exposure 
to low-intensity irradiation by waves of different frequencies. Miyagawa-Alek-
sandrovskaya stain, 330 X: a) hyperplasia of microglia in the brain after prolonged 
exposure to low-intensity irradiation by millimeter waves; b) hyperplasia of mi-
croglia in the brain after prolonged exposure to low-intensity irradiation with cen-
timeter waves; c) hyperplasia of microglia in the brain, commencing degeneration 
of microgliocytes after prolonged irradiation with low-intensity decimeter waves. 
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Fig. 38. Comparison of proliferative reaction of reticuloendothelial cells 
in the liver of animals after prolonged irradiation by low-intensity waves 
of different frequency. Hematoxylin-eosin: a) irradiation with millimeter 
waves, 340X; b) irradiation with centimeter waves, 340x; c) irradiation 
with decimeter waves, 225X; d) irradiation with ultrashort waves, 275X; 
e) irradiation with short waves, 340 x. 
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and epithelial cells of certain convoluted renal tubules, In some 
animals (most frequently after exposure to decimeter waves) fatty 
degeneration of individual groups of hepatocytes, with deposition 
of fine droplets of fat in the cells, was observed, After prolonged 
irradiation at low intensities no vascular changes were found. 
Degenerative changes in the parenchymatous organs were minimal 
and were accompanied by regeneration (by the appearance of multi-
nuclear cells and mitoses in the liver), and also by a well-marked 
proliferative reaction of the microglia in the brain, with slight 
degenerative changes in individual microgliocytes, in the case of 
exposure to decimeter waves (Fig, 37a,b,c), and by proliferation 
of the reticuloendothelial cells in the liver, sometimes with the 
formation of histiocytic nodules (Fig. 38a,b,c,d,e). 

Consequently, in response to irradiation at low intensities, 
besides trivial and mainly reversible changes in the nervous sys-
tem and parenchymatous organs, a definite proliferative reaction 
of the reticuloendothelial elements arises. This reaction reflects 
defensive and adaptive processes in the body in response to low-
intensity irradiation. 
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Conclusion 

It can be concluded from the foregoing facts that after ir-
radiation with millimeter waves the most seriously affected struc-
tures are the sensory nerve fibrils of the skin, the action being accom-
panied by histochemical changes in the skin. Irradiation with cen-
timeter waves gives rise to considerable histochemical changes 
and also to structural changes in the sensory nerve fibrils of the 
skin and viscera and in the interneuronal synapses of the cerebral 
cortex. Exposure to decimeter waves and to high-frequency radia-
tion causes damage primarily to the sensory nerve fibrils of the 
viscera, unaccompanied by corresponding changes in the sensory 
nerve fibrils of the skin; these changes correspond to the more 
marked morphological changes in the viscera (in material examined 
by the usual morphological methods). After irradiation with ultra-
short and short waves of low intensity the sensory nerve fibrils 
are equally affected in the skin and Viscera. 

A likely hypothesis is that millimeter waves are absorbed 
in the surface layers of the skin, and that all the degenerative 
changes in the brain and viscera are reflex in origin, whereas 
decimeter waves, which can penetrate deeper, can affect the vis-
cera and brain directly while leaving the skin intact. Centimeter 
waves, which are partly absorbed by the skin, can give rise to 
changes in it and also in the deeper tissues. 

In response to the action of low- intensity radio waves of dif-
ferent frequencies two phenomena can eVidently arise: (a) the wave 
can penetrate deeply and exert a direct action on the organs and 
tissues (this is particularly marked in the case of decimeter waves), 
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and (b) irritation of peripheral receptor structures giving rise to 
reflex effects on the viscera and nervous system (millimeter waves). 

During the action of microwaves the animals are in a formed 
field and they are therefore exposed to a definite flux of electromag-
netic energy, while during exposure to ultrashort and short waves 
and to high-frequency fields the animal is in an unformed electro-
magnetic field, the intensity of which was indicated above. 

The dynamics of evolution of the pathological process during 
exposure to low-intensity radio waves of different frequencies can 
be pictured as follows. Although low intensities do not raise the 
body temperature and produce hyperthermia, in the case of very 
prolonged exposure they can exert definite effects on the living or-
ganism. Electromagnetic waves of different frequencies initially 
stimulate the sensory nerve fibrils of the cutaneous receptive fields 
(this applies in particular to millimeter and centimeter waves) or, 
as they penetrate more deeply, they stimulate the sensory nerve 
fibrils of visceral receptive fields. It is predominantly the neurons 
of the corresponding sensory spinal ganglia which respond to this 
stimulation. The stimulation next passes to the fine structures of 
the brain (interneuronal synapses of the cerebral cortex, constituting 
the cortical receptor apparatus), the stimulation in this case being 
either reflex (irradiation with millimeter waves) or direct, through 
penetration of the electromagnetic waves into the deeper structures 
of the body (decimeter and longer waves). Synapses at lower levels 
of the central nervous system and sensory nerve fibrils of the vis-
cera then become involved in the process. These visceral fibrils 
constitute an adaptive apparatus which maintains the equilibrium 
between the internal medium of the body and the external environ-
ment (the equilibrium on which the normal existence of the or-
ganism is based). 

As a result of excessive stimulation of the sensory nerve 
fibrils of the various visceral receptive fields pathological im-
pulses are sent to the brain, where they induce considerable changes 
in its nerve cells: shrinking of the cortical cells, swelling and 
vacuolation of the cytoplasm of the hypothalamic neurons. The 
neurosecretory function of the hypothalamo-hypophyseal system 
is disturbed, and this, in turn, disturbs neuroendocrine correlation. 
This is undoubtedly an important factor in the development of still 
more marked changes in the nervous system and viscera. 
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The changes in the fine structure of the cerebral cortex ob-
served in the course of this investigation correspond to clinical 
manifestations in the form of depression of the conditioned reflexes 
of the irradiated animals and a decrease in their sensitivity to 
acoustic stimulation. Changes in the neuroendocrine function of 
the hypothalamo-hypophyseal system correspond to clinical mani-
festations reflected by a decrease in the blood pressure. 

However, all the changes described above, whether struc-
tural or functional, are reversible and disappear soon after the 
end of irradiation. 

All the fine changes described above in the nervous system 
are found before changes detectable by the usual morphological 
methods, and they constitute the early response of the nervous sys-
tem to the action of low-intensity radio waves of different frequen-
cies. 

Later in the course of irradiation more marked changes arise 
in the central nervous system and in the sensory nerve fibrils of 
the viscera, especially of the myocardium (from this point of view 
the results agree with those obtained by V. Yu. Pervushin), and 
they are accompanied by corresponding changes in the myocardial 
muscle fibers. 

During more prolonged irradiation degenerative changes 
arise in the spermatogenic epithelium of individual tubules of the 
testes, although spermatogenesis in the great majority of tubules 
remains intact and the animals are still capable of carrying out 
fertilization (as tests with the irradiated males showed). Degen-
erative changes in individual groups of cells in the liver and epi-
thelium of the convoluted renal tubules appear later still. 

All the degenerative changes in the parenchymatous organs 
are slight in degree and are accompanied by a proliferative reac-
tion of the reticuloendothelial cells of the liver and of the microglia 
in the brain; this reaction is a reflection of protective and adaptive 
processes. 

After prolonged irradiation with low-intensity radio waves, 
although the animal remains clinically healthy and no detectable 
thermogenic effect is observed, nevertheless certain reversible 
and irreversible morphological and physiological changes 
arise in the body. 
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For instance, if the effects of radio waves of low intensity 
but of different frequencies are compared it will be noted that after 
prolonged and repeated irradiation (lasting up to 10 months) with 
low-intensity radio waves of the ultrashort, short, and medium 
bands no significant differences could be found in the severityof 
the changes in the sensory nerve fibrils of the skin and viscera. 
However, after irradiation with decimeter and high-frequency waves, 
the sensory nerve fibers of the cutaneous receptive fields are un-
affected although the sensory nerve fibrils of the viscera show 
pathological changes. After irradiation with millimeter waves, on 
the other hand, the sensory nerve fibrils of the skin are particularly 
severely affected, while those of the visceral receptive fields are 
intact. 

After exposure to ultrashort, short, and centimeter waves 
the sensory nerve fibrils of the viscera are affected equally. 

The most severe changes are found in the nervous system and, 
in particular, in its fine structures: the cortical synapses, axo-
somatic synapses of the thalamus and hypothalamus, and the sensory 
nerve fibrils of the cutaneous and visceral receptive fields. Cor-
tical and hypothalamic neurons are particularly severely affected. 
Neurosecretory function in the hypothalamus is disturbed, and 
degenerative changes then develop in the hypothalamus, giving rise 
to vacuolation of its nerve cells; this coincides with a lowering of 
the animals' blood pressure. 

In second place after the nervous system in order of severity 
of the lesions is the heart muscle. 

The third place after exposure to radio waves of all bands 
(microwaves, ultrashort, short, and medium waves) is occupied 
by the changes in the testes. After very prolonged irradiation 
degenerative changes arise in the spermatogenic epithelium of 
individual tubules although in the great majority of tubules sper-
matogenesis is unimpaired. This is reflected clinically in the 
ability of the animals to fertilize the female. 

Degenerative changes in the remaining viscera are minimal. 
They are accompanied by regenerative and proliferative processes, 
namely, proliferation of microglia in the brain and of reticuloendo-
thelial cells in the liver, and by the formation of perivascular cuffs 
of round cells in the lungs. 
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The morphological changes following exposure to radio waves 
of the whole range of frequencies are basically in the same direc-
tion although the intensity of the changes diminishes as the wave-
length increases. 

In the microwave band the centimeter waves give rise to the 
most severe changes. Consequently, the most marked changes are 
found as a result of exposure to superhigh frequencies, followed 
by ultrashort and short waves, while the least severe effects are 
observed after exposure to electrical and magnetic high-frequency 
fields. 

kevinmottus2014@gmail.com



Bibliography 

Akmaev, I. G., 1960 "The Adenohypophysis, Its Secretory Activity 
and Nervous Regulation," Author's Abstract of Candidate's 
Dissertation, Moscow. 

Aleshin, B. V., 1964, in: Neurosecretory Elements and Their Role 
in the Organism [in Russian], Izd. AN SSSR. 

Andersson, B. and Jewell, P., 1957, J. Endrocrinol., 15(3}:332. 
Andersson, B. and Jewell, P. 1958, Acta Anat. (Basel), Vol. 35. 
Bach, S., Luzzio, A., and Brownell, A., 1961, in: Biological Effects 

of Microwave Radiation, Plenum Press, New York, p. 117. 
Bergmann, W., 1954, Das Zwischenhirn-Hypophysensystem, Berlin. 
Bergmann, W., and Hild, W., 1949, Acta Anat. (Basel), 8:264. 
Bereznitskaya, A. N., 1968, in: Work Hygiene and Biological Ac-

tion of Radio Waves. Proceedings of the 3rd All-Union 
Symposium on June 24-28 [in Russian], Moscow, pp. 11 and 13. 

Bogdanovich, N. K., 1964a, Arkh. Pat., 26:3. 
Bogdanovich, N. K., 1964b, Arkh. Pat., 26:8. 
Bovsen, 1. E., 1953, Arch. Indust. Hyg. Occup. Med., 7(6}:516. 
Bykov, K. M., and Kurtsin, I. T., Cortico- Visceral Pathology [in 

Russian], Leningrad (1960). 
Chernigovskii, V. N., 1941, "Investigations of the Receptors of 

Certain Internal Organs," Dissertation, Leningrad. 
Chernigovskii, V. N., 1959, Vestn. Akad. Med. Nauk SSSR, 4:3. 
Cook, H. F., 1952, Brit. J. App!. Phys., 3:249. 
Davydovskii, I. V., 1961, General Human Pathology [in Russian], 

Moscow. 
Davydovskii, I. V., 1962, The Problem of Causality (Etiology) in 

Medicine [in Russian], Moscow. 

139 

kevinmottus2014@gmail.com



140 BIBLIOGRAPHY 

Deichmann, W., et al., 1959, J. Occup. Med., 1:369. 
Denier, A., 1933, Arch. d'Electr. Med., 41:273. 
Derevyagin, M. P., 1939, Fizioterapiya, 6;55. 
Dolgo-Saburov, B. A., 1956, The Neuron Theory-The Basis of 

Modern Views on the Structure and Function of the Nervous 
System [in Russian], Leningrad. 

Dolina, L. A., 1959, in; Work Hygiene and the Biological Action of 
Radio Waves [in Russian], Moscow, p. 44. 

Drogichina, E. A., et al., 1962, Gig. Truda i Prof. Zabol., 1;28. 
Drogichina, E. A., and Sadchikova, M. N., 1964, "The Biological 

Action of Radio Waves," Transactions of the Institute of Work 
Hygiene and Occupational Diseases, Academy of Medical 
Sciences of the USSR [in Russian], No.2, Moscow, p. 105. 

Drogichina, E. A., and Sadchikova, M. N., 1968, in; Work Hygiene 
and the Biological Action of Radio Waves. Proceedings of 
the 3rd All- Union Symposium on June 24-28 [in Russian], 
Moscow, p. 42. 

Falin, L. I., 1948, in; Morphology of the Sensory Innervation of the 
Viscera [in Russian], Izd. AMN SSSR, p. 126. 

Franke, V. A., 1960, Collected Scientific Transactions of the In-
stitute of Work Safety of the All- Union Central Committee 
of Trade Unions [in Russian], No.3, p. 36. 

Fukalova, P. P., 1964, in; The Biological Action of Radio Waves. 
Transactions of the Institute of Work Hygiene and Ocpupation-
al Diseases, Academy of Medical Sciences of the USSR [in 
Russian], Moscow, No.2, p. 78. 

Fukalova, P. P., 1968, in: The Biological Action of Radio Waves. 
Transactions of the Institute of Work Hygiene and Occupation-
al Diseases, Academy of Medical Sciences of the USSR [in 
Russian], No.3, Moscow, p. 101. 

Galoyan, A. A., 1965, Some Problems in the Biochemistry of 
Hypothalamic Regulation [in Russian], Erevan. 

Gerber, E. L., 1967, "Neurosecretory Activit yin Various Mental 
Diseases," Author's Abstract of Doctoral Dissertation. 

Gillerson, A. V., and Voznaya, A. N., 1939, in; Problems in Ex-
perimental Physiotherapy [in Russian], Moscow, p. 149. 

Ginzburg, D. A., and Sadchikova, M. N., 1964, in; The Biological 
Action of Radio Waves. Transactions of the Institute of 
Work Hygiene and Occupational Diseases, Academy of Medical 
Sciences of the USSR, No.2, Moscow, p. 126. 

kevinmottus2014@gmail.com



BIBLIOGRAPHY 141 

Glezer, A. Ya., 1937, Proceedings of the Leningrad Conference 
on Ultrahigh Frequency Radiation [in Russian], Leningrad, p. 5. 

Golysheva, K. P., and Andriyasheva, M. N., 1937, in: Biological 
Action of Ultrahigh-Frequency Radiation [in Russian], Mos-
cow, p. 309. 

Gordon, Z. V., 1960, in: The Biological Action of Superhigh Fre-
quencies. Proceedings of the Institute of Work Hygiene and 
Occupational Diseases, Academy of Medical Sciences of the 
USSR, No.1, Moscow, pp. 5-8, 22-25, 65-69. 

Gordon, Z. V., 1964, in: Biological Action of Radio Waves. Tran-
sactions of the Institute of Work Hygiene and Occupational 
Diseases, Academy of Medical Sciences of the USSR, No.2, 
Moscow, pp. 3-9, 57-60. 

Gordon, Z. V., 1966, in: Problems in Work Hygiene and the Bio-
logical Action of Electromagnetic Fi.elds of Superhigh Fre-
quencies [in Russian], Meditsina. 

Gordon, Z. V., Lobanova, E. A., and Tolgskaya, M. S., 1955, Gig. 
i San., 12:16. 

Gorizontov, P. D., 1969, Abstracts of Proceedings of the 27th Ses-
sion of the General Assembly of the Academy of Medical 
Sciences of the USSR on the Problem of "Current Endocri-
nologyand Hormone Biochemistry" [in Russian], Moscow. 

Gorodetskaya, S. F., 1962, Fiziol. Zh. (Ukr.), 8(3}:390. 
Gorodetskaya, S. F., 1963, Fiziol. Zh. (Ukr.), 9:394. 
Gorodetskaya, S. F., 1964, in: The Biological Action of Ultra-

sound and Superhigh-Frequency Electromagnetic Waves 
[in Russian], Kiev, Naukova Dumka, p. 80. 

Grashchenkov, N. I. (Editor), 1963, The Physiology and Pathology 
of the Diencephalic Region of the Brain [in Russian], Moscow, 
p. 5. 

Grashchenkov, N. I., 1964, in: The Hypothalamus, Its Role in 
Physiology and Pathology [in Russian], Moscow. 

Guillemin, R., 1961, Acta Neurovegetativa (Vienna), 23. 
Guillemin, R., and Rosenberg, B., 1955, Endocrinology, Vol. 57. 
Gunn, S., Gould, T., and Anderson, W., 1961, in: Biological Effects 

of Microwave Radiation, Plenum Press, New York, p. 99. 
Gunn, S., et al., 1961, Lab. Invest., 10:301. 
Guseinov, D. Yu., 1963, Arkh. Pat., No.2, 45. 
Howland, I., et al., 1961, in: Biological Effects of Microwave 

Radiation, Plenum Press, New York, p. 261. 

kevinmottus2014@gmail.com



142 BIBLIOGRA PHY 

Imig, C. L., Thomson, J. D., and Hines, H. M., 1948, Proc. Soc. 
Exp. BioI. (New York}, 69(2}:382. 

Kitsovskaya, 1. A., 1960, The Biological Effects of Super high Fre-
quencies. Transactions of the Institute of Work Hygiene and 
Occupational Diseases, Academy of Medical Sciences of the 
USSR, No.1, Moscow, p. 75. 

Kitsovskaya, 1. A., 1968a, in: Work Hygiene and the Biological 
Action of Radio Waves. Proceedings of the 3rd A 11-Union 
Symposium on June 24-28, Moscow, p. 71. 

Kitsovskaya, 1. A., 1968b, in: The Biological Action of Radio Waves. 
Transactions of the Institute of Work Hygiene and Occupation-
al Diseases, Academy of Medical Sciences of the USSR [in 
Russian], No.3, Moscow, po 81. 

Kulakova, Vo Yo, 1968, in: The Biological Action of Radio Waves. 
Transactions of the Institute of Work Hygiene and Occupation-
al Diseases, Academy of Medical Sciences of the USSR lin 
Russian], No.3, Moscow, p. 112. 

Kupriyanov, V. V., 1955, Material on the Experimental Morphology 
of Vascular Receptors [in Russian], Leningrad. 

Kurlyandskii, B. A., 1966, Abstracts of Papers Read at a Toxico-
logical Laboratory [in Russian]. 

Kurtsin, I. R. 1963, in: Cortico- Visceral Relationships and Hor-
monal Regulation [in Russian], Khar'kov. 

Kutting, H., 1955, Med. Klin., 30:1262. 
Lavrent'ev, B. I., 1934, Proceedings of the 1st Histological Con-

ference [in Russian], Moscow. 
Lavrent'ev, B. I. 1936, Fiziol. Zh. SSSR, 21(5-6}:858. 
Lavrent'ev, B. I., 1948, in: Morphology of the Sensory Innervation 

of the Internal Organs [in Russian], Izd. Akad. Med. Nauk 
SSSR. 

Lazarev, N. V., 1963, Harmful Substances in Industry, Chapters I, 
II. 

Levinson, A. B., 1952, Dokl. Akad. Nauk SSSR, 83(5}:745. 
Liebesny, P., 1936, Short and Ultrashort Waves. Biological Action 

[Russian translation], Moscow-Leningrad, po 221. 
Lobanova, E. A., 1960, in: The Biological Action of Radio Waves. 

Transactions of the Institute of Work Hygiene and Occupation-
al Diseases, Academy of Medical Sciences of the USSR [in 
Russian], No.1, Moscow, p. 61. 

Lotis, V. M., 1936, Akush. i Gin., 10:1240. 

kevinmottus2014@gmail.com



BIBLI OGRA PHY 143 

Maiorova, V. F., 1962, Probl. Endokrinol., Vol. 5. 
Maiorova, V. F., and Tarakanov, E. I., 1964, Neurosecretory Ele-

ments and Their Role in the Organism [in Russian], Izd. AN 
SSSR. 

Michaelson, S. M., et aI., 1961a, Indust. Med. Surg., 30:298. 
Michaelson, S. M., et a!., 1961b, Digest Internat. Congr. Med. 

Electronics, 26:4. 
Militsin, V. A., and Voznaya, A. I., 1937, Fizioterapiya, 2:33. 
Milyutina, E. V., 1933, in: Data on the Biological Character of 

Ultrahigh-Frequency Radiation [in Russian], Gor'kii, p. 45. 
Minecki, L., 1967, Promieniowanie Elektromagnetyczne wielkiey 

Czestotliwosci, Warsaw. 
Minecki, L., and Bilski, P., 1961, Med. Pracy, 12(4):337. 
Mosinger, M., 1950, Schweiz. Arch. Neurol. Psych., Vol. 65, Nos. 1/20 
Moskalenko, Yu. E., 1960, in: Electronics in Medicine [in Russian], 

Moscow- Leningrad, p. 207. 
Mumford, W., 1961, Proc. IRE, 49:427. 
Nikogosyan, S. V., 1964, in: The Biological Action of Radio Waves. 

Transactions of the Institute of Work Hygiene and Occupation-
al Diseases, Academy of Medical Sciences of the USSR [in 
Russian], No.2, Moscow, p. 43. 

Nikonova, K. V., 1964, in: Biological Action of Radio Waves. Trans-
actions of the Institute of Work Hygiene and Occupational 
Diseases, Academy of Medical Sciences of the USSR [in 
Russian], No.2, Moscow, pp. 49 and 61. 

Obrosov, A. N., and Yasnogorodskii, V. G., 1961, Abstracts of 
Proceedings of the 4th International Congress of Radioelec-
tronics in Medicine, New York, p. 155. 

Oettinger, 1931, Strahlentherapie, 41:251. 
Orlova, A. A., 1960, in:. Biological Action of Superhigh-Frequency 

Radiation. Transactions of the Institute of Work Hygiene and 
Occupational Diseases, Academy of Medical Sciences of the 
USSR [in Russian], No.1, Moscow, p. 36. 

Osipov, Yu. A., 1953, Sov. Zdravookhr., 2:44. 
Parin, V. V., and Davydov, I. Ya., 1940, in: Problems in Phys-

iotherapy and Balneology [in Russian], Sverdlovsk, p. 178. 
Pervushin, V. Yu., 1957, Byull. Eksperim. BioI. i Med., No.6, p. 870 
Pervushin, V. Yu., and Triumfov, A. V., 1957, in: The Biological 

Action of the Superhigh- Frequency Electromagnetic Field 
[in Russian], Leningrad, p. 141. 

kevinmottus2014@gmail.com



144 BIBLIOGRAPHY 

Pitenin, 1. V., 1962, in: Problems in the Biological Action of a 
Superhigh-Frequency Electromagnetic Field [in Russianl, 
Leningrad, p. 36. 

Plechkova, E. K., 1948, in: The Morphology of the Sensory In-
nervation of the Internal Organs [in Russianl, Izd. Akad. Med. 
Nauk SSSR, pp. 163-179. 

Polenov, A. L., 1964, Neurosecretory Elements and Their Role in 
the Organism [in Russian], Izd. AN SSSR. 

Polyakov, G. I., 1955, Arkh. Anat. Gistol. i Embriol., 32:2. 
Polyakov, G. I., 1956, Zh. Vyssh. Nervn. Deyat., 6:3. 
Porter, R. W., 1953, Am. J. Physiol., Vol. 172. 
Porter, R. W., 1956, Endocrinology, Vol. 58. 
Povzhitkov, V. A., et aI., 1961, Byull. Eksperim. BioI. i Med., 51(5) :103. 
Presman, A. S., 1968, Electromagnetic Fields and Living Nature 

(in Russian], Nauka, Moscow. 
Rakhmanov, A. V., 1940, Problems in the Use of Short and Ultra-

short Waves in Medicine [in Russian], Moscow, p. 131. 
Romasenko, V. A., 1967, Bypertoxic Schizophrenia [in Russian]. 
Sadchikova, M. N., and Orlova, A. A., 1958, Gig. Truda i Prof. 

Zabol., 1:16. 
Sarkisov, S. A., 1948, Some Distinctive Structural Features of 

Interneuronal Connections in the Cerebral Cortex [in Russian], 
Moscow, Izd. Akad. Med. Nauk SSSR. 

Scharrer, B., and Scharrer, E., 1954a, in: Handbuch der l]1ikrosko-
pischen Anatomie des Menschens, p. 13. 

Scharrer, E., and Scharrer, B., 1954b,RecentProg. Hormon. Res., 
Vol. 10. 

Schliephake, E., 1932, Kurzwellentherapie, Jena. 
Selye, B., 1960, Essays on the Adaptation Syndrome [Russian trans-

lation], Moscow. 
Sequin, L., and Castelain, G., 1947, C. R. Acad. Sci., 224:1662 and 

1850. 
Shibkova, S. A., 1937, Arkh. Anat. Gistol. i Embriol., 17(1):72. 
Skipin, G. V., and Baranov, N. P., 1934, Bulletin of the All-Union 

Institute of Experimental Medicine [in Russian], Leningrad, 
Vol. 3-4, p. 12. 

Slavskii, G. M., and Burnaz, L. S., 1933, Transactions of the 
Sechenov Central Research Institute of Physiology [in Rus-
sian], Sevastopol', Vol. 6-7, p. 294. 

Smurova, E. I., 1962, Gig. Truda i Prof. Zab01., 5:22. 

kevinmottus2014@gmail.com



BI BLI OGRA PHY 145 

Spynu, E. I., 1959, Gig. i San., 11:26. 
Syngaevskaya, V. A., Ignat'eva, O. S., Pliskina, T. P., and Sinenko, 

G. F., 1962, Abstracts of Proceedings of a Conference on the 
Biological Action of Superhigh-Frequency Radiation [in Rus-
sian], Leningrad, p. 52. 

Tarakanov, E. 1., Maiorova, V. F., et al., 1960, Probl. Eudokrinol. 
i Gormonoter., 6:3. 

Tikhonova, M. A., 1948, in: Problems in Experimental Physio-
therapy. Transactions of the N. A. Semashko Uzbek Research 
Institute of Physiotherapy and Balneology fin Russian], 
Tashkent, No. 10, p. 113. 

Tolgskaya, M. S., and Gordon, Z. V., 1960, Biological Action of 
Superhigh Frequencies. Transactions of the Institute of Work 
Hygiene and Occupational Diseases, Academy of Medical 
Sciences of the USSR [in Russian], Leningrad, No.1, p. 99. 

Tolgskaya, M. S., and Gordon, Z. V., 1964, Biological Action of 
Radio Waves. Transactions of the Institute of Work Hygiene 
and Occupational Diseases, Academy of Medical Sciences 
of the USSR [in Russian], Moscow, No.2, p. 80. 

Tolgskaya, M. S., and Gordon, Z. V., 1968, Biological Action of 
Radio Waves. Transactions of the Institute of Work Hygiene 
and Occupational Diseases, Academy of Medical Sciences of 
the USSR [in Russian], Moscow, No.3, p. 87. 

Tolgskaya, M. S., Gordon, Z. V., and Lobanova, E. A., 1960a, in: 
Physical Factors of the External Environment [in Russian], 
Moscow, p. 183. 

Tolgskaya, M. S., Gordon, Z. V., and Lobanova, E. A., 1960b, in: 
Biological Action of Super high Frequencies. Transactions 
of the Institute of Work Hygiene and Occupational Diseases, 
Academy of Medical Sciences of the USSR [in Russian], 
Moscow, No.1, p. 90. 

Tolgskaya, M. S., and Nikonova, K. V., 1964, in: The Biological 
Action of Radio Waves. Transactions of the Institute of 
Work Hygiene and Occupational Diseases, Academy of Medical 
Sciences of the USSR [in Russian], Moscow, No.2, p. 89. 

Ummersen, C., 1961, Proceedings of the 4th Annual Tri-Service 
Conference on the Biological Effects of Microwave Radiation, 
pp. 201-204. 

Vladimirov, S. V., 1964, Neurosecretory Elements and Their Role 
in the Organism [in Russian], Izd. AN SSSR. 

kevinmottus2014@gmail.com



146 BIBLIOGRAPHY 

Voitkevich, A. A., 1964, Neurosecretory Elements and Their Role 
in the Organism [in Russian], Izd. AN SSSR. 

Voitkevich, A. A., 1969, Abstracts of Proceedings of the 27th Ses-
sion of the General Assembly of the Academy of Medical 
Sciences of the USSR on Problems in Modern Endocrinology 
and Hormone Biochemistry [in Russian], Moscow. 

Vorotilkin, A. I., 1940, Problems in Physiotherapy and Balneology 
[in Russian], Sverdlovsk, p. 217. 

Voznaya, A., and Sherdin, I., 1937, Transactions of the Institute 
of Physiotherapy and Physical Culture [in Russian], 
Moscow, No.1, p. 48. 

Zhdanov, D. A., Akmaev, I. G., and Sanin, M. R., 1964, Arkh. Anat., 
No.4. 

Zhukhin, V. A., 1937, Transactions of the Turkmenian Research 
Institute of Neurology and Physiotherapy [in Russian], Ash-
khabad, Vol. 2, p. 159. 

Zhukova, S. V., 1964, Neurosecretory Elements and Their Role in 
the Organism [in Russian], Izd. AN SSSR. 

Zubkova-Mikhailova, E. I., 1964, Neurosecretory Elements and 
Their Role in the Organism [in Russian], Izd. AN SSSR. 

kevinmottus2014@gmail.com



!
!
!

Attachment!4!



II III 111111 1111 111111111111 1111 1111 11111111 111111111111 111111111 ; 
3 1176 00161 6706 I 

NASA CR 166661 

ELECTROMAGNETIC FIELD 
INTERACTIONS WITH THE 
HUMAN BODY: OBSERVED 
EFFECTS AND THEORIES 

NASA Purchase Order No. S-75151B 

APRIL 1981 

Prepared For 
GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 20771 

NASA-CR-166661 

I ct?; I Q 0 I II 3 1_ 

1111111111111 1111 1111111111111111111111111111 
NF02174 

pi.' .. 



,', 

ELECTROMAGNETIC FIELD INTERACTIONS 
WITH THE HUMAN BODY: OBSERVED 

EFFECTS AND THEORIES 

Jeremy K. Raines, Ph.D. 

April 9, 1981 

DR. JEREMY K. RAINES, P.E. 
Eledromaperie & Communieario ... Enpneer 

13420 Cleveland Drive 
Rockville, Maryland 20850 

Report Prepared for: 

National Aeronautics and Space Administration 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 

NA8A Purchase Order 8-75151B 



Contents 

List of Figures ii. 
List of Tables v. 
Introduction 1. 
Adverse, Benign, and Curious Effects 23. 
Beneficial Effects 50. 
Physical and Physiological Foundations 59. 
Some Speculation and Areas for Further Research 95. 
Acknowledgments 104. 
References 105. 
Bibliography 108. 
Appendix 112. 

i. 



List of Figures 

FIGURE PAGE 

1. Electric Field Occurring Naturally at the Surface of 
the Earth 7. 

2. Some Naturally Occurring Low Frequency Electric Fields 
with Electroencephalograms for Comparison B. 

3. Some Natural and Manmade Sources of Electromagnetic 
Radiation 9. 

4. Incident Electromagnetic Radiation from the Proposed 
Solar Power Satellite 10. 

5. Incident Electromagnetic Radiation from the Proposed 
Solar Power Satellite, at Distances Far from the 
Receiver 11. 

6. Exposure Standards for Electromagnetic Radiation, 
with Emphasis on Duration of Exposure 17. 

7. Exposure Standards for Electromagnetic Radiation, 
with Emphasis on Frequency and Duration of Exposure lB. 

B. American National Standards Institute Proposed 
Exposure Standard for Electromagnetic Radiation 19. 

9. The Electromagnetic Spectrum, Showing Ionizing and 
Nonionizing Regions 20. 

10. Relation Between Naturally Occurring Magnetic Fields 
and Death Rate 3B. 

11. Effect of a 3-Hertz, Vertically Polarized, Electric 
Field on the Reaction Time of a Single Test Subject in 
a Single-Blind Experiment 39. 

12. Effect of a 3-Hertz Electric Field on Galvanic Skin 
Response 40. 

13. Effects of 2.5 Volt/Meter, 10-Hertz and 300 Volts/Meter, 
Static Electric Fields on Circadian Rhythm 41. 

14. Changes in the Nervous and Cardiovascular Systems 
Among Workers Exposed to Microwaves and Control Sub-
jects 46. 

15. Occurrence of Headaches in "t1icrowave Workers" 47. 

16. Occurrence of Excessive Perspiration in "t,1icrowave 
Workers II 4B. 

ii. 



FIGURE PAGE 

17. Substantially Flat Electroencephalograms of "Microwave 
Workers II 49. 

18. Bean Bag Type Applicator for Hyperthermia 57. 

19. Coaxial Type Applicator for Hyperthermia 58. 

20. Electric Current Densities Produced When the Longitu-
nal Axis of the Human Body Is Parallel to Electric (E) 
and Magnetic (H) Fields 69. 

21. Power Absorbed By a Human Body in the Far Field of an 
Electromagnetic Radiator, for Three Different Polariza-
tions 70. 

22. Multiple Cube Model Used for Detailed SAR Computations 72. 

23. Calculated Nonuniform Distribution of Dissipated Power 73. 

24. Calculated Nonuniform Distribution of Dissipated Power 
in Response to Unifrom Incident Electromagnetic Field 74. 

25. Dissipated Power As a Function of Frequency in Various 
Parts of the Human Body 75. 

26. Calculated Current Densities in a Grounded Man in Re-
sponse to a 60-Hertz, 10,000 Volt/Meter Electric Field 76. 

27. Dielectric Properties of Human Brains in the Microwave 
S-Band, at 37 Degrees Centigrade 79. 

28. Frequency Dependence of Muscle Tissue Dielectric Con-
stant 80. 

29. Pearl Chain Formation 81. 

30. Steps in the Process of Pearl Chain Formation 82. 

31. Electronic Circuit Model of an Individual Cell 83. 

32. Voltage Across the Membrane of a Heart Muscle Cell 84. 

33. Hodgkin-Huxley Circuit Model for a Cell Membrane 85. 

34. Time-Dependent Conductances in the Circuit Model of a 
Cell Membrane 86. 

35. Similarity of Cell Membrane to Space Charge Layer in an 
Electronic Semiconducting Device 87. 

36. Space Charge Layer in a Semiconductor 88. 

37. Lipids and Proteins in a Cell Membrane 89. 

iii. 



FIGURE PAGE 

38. Chemical Composition of a Lipid Molecule 90. 

39. Chemical Composition of an Amino Acid from Which Pro-
teins Are Constructed 91. 

40. Wide Range of Molecular Weights for Various Proteins 92. 

41. Some Molecular Responses to Electromagnetic Radiation 93. 

42. Electromagnetic Spectrum, with Emphasis on Energy Per 
Photon 100. 

43. Digestive Tract Diagram Including Typical Slow-Wave 
Frequencies 101. 

44. Limit Cycle Type Waveforms Observed in Human Digestive 
Tract 102. 

45. Two-Dimensional Coupled Oscillator Structure for Di-
gestive Tract Modelling 103. 

iv. 



List of 

TABLE PAGE 

1. Exposure Standards for Electromagnetic Radiation 12. 

2. Exposure Standards in the United States, Canada, and 
Western Europe 13. 

3. Exposure Standards in the USSR, Poland, and Czecho-
slovakia 14. 

4. Exposure Standards for Electromagnetic Radiation 15. 

5. Exposure Standards for Electromagnetic Radiation 16. 

6. The Electromagnetic Spectrum, with Emphasis on the Non-
ionizing Region 21. 

7. Ionization Potentials of Some Elements and Compounds 22. 

8. Effects of Various Electric Currents and Current 
Densities 27. 

9. Effects of Electric Currents at Power Line Frequencies 28. 

10. Effects of Electromagnetic Radiation at Some Microwave 
and Higher Frequencies 29. 

11. Subjective Effects on Persons Working in Radio Frequency 
Electromagnetic Fields 30. 

12. Clinical Manifestations of Chronic Occupational Exposure 
of 525 Workers to Electromagnetic Radiation at Microwave 
Frequencies 31. 

13. Clinical and Subjective Effects of Electromagnetic Fields 
at Power Line Frequencies 32. 

14. Effects Cited in PAVE PAWS Report 33. 

15. Effects Cited by McCree and Shandala, 1980 34. 

16. Effects Cited by Glaser, in Johnson & Shore, Vol. 1, 1976 35. 

17. Cardiovascular Distrubances in Persons Chronically Ex-
posed to Electromagnetic Radiation at Various Frequencies 36. 

18. Effects Cited by Kleinstein & Dyner, 1980 37. 

19. Relation Between Childhood Cancer and Proximity of Resi-
dence to Certain 60-Hz Transmission Lines 42. 

v. 



TABLE 

20. Occurrence of Some Symptoms in Humans Exposed Occupa-
tionally to Electromagnetic Radiation in the Frequency 

PAGE 

Range 750 kHz-200 MHz 43. 

21. Some Characteristics Associated with Microwave Hearing 44. 

22. Survey of 1300 Chinese "Microwave Workers II 45. 

23. Beneficial Effects Cited by Kleinstein & Dyner, 1980 53. 

24. Profiles of Cases and Modalities of Hyperthermia 54. 

25. Reported Hyperthermia Modalities 55. 

26. Selected Cancer Statistics and Hyperthermia Considera-
tions 56. 

27. Ratio of SAR (Specific Absorption Ratio) to BMR (Basal 
Metabolic Rate) for an Average Man Exposed to a Plane 
Wave with a Power Density of 1 mW/cm 2 and 5 mW/cm 2 71. 

28. Dielectric Constant and Conductivity in mmho/cm of Various 
Body Tissue at 37 Degrees Centigrade 77. 

29. Electromagnetic Constants and Related Parameters for 
Various Tissues 78. 

30. Molecular Changes Cited by Taylor, 1979 94. 

31. Activation Energy of Molecular Effects in Biological 
Systems 99. 

vi. 



Introduction 

This is a report of what is known today concerning nonionizing 
electromagnetic field interactions with the human body. Emphasis 
her e iss i m u 1 tan e 0 u sly 0 nth e two a d j e c t i v e s II non ion i z i n g II and II h u -
manll, and in that respect the report is probably unique. In the 
past, while much was being written about certain electromagnetic waves 
(e.g. gamma, X, and cosmic rays) called ionizing radiation, it was 
generally assumed that others, called NIR (nonionizing radiation), 
had no effects besides rather obvious ones, which were either avoid-
able or controllable, such as heating and electric shock. More re-
cently, this assumption has been reconsidered, but the resulting 
studies are overwhelmingly concerned with the effects of NIR not on 
humans but on plants, lower animals, and isolated organic substances. 
A small fraction do concern humans, however. If these human-related 
studies were collected together, and supplemented by interviews and 
other sources of information, what new and greater degree of under-
standing would result? This is the chief question which the report 
attempts to address. 

As part of the answer, many interesting and significant effects 
and theories were identified. Some relate to the vital issue of 
health and well being. For example, both theories and observations 
link nonionizing electromagnetic fields to cancer in humans, in at 
least three different ways: as a cause, as a means of detection, and 
as an effective treatment. Other effects are simply curious at this 
time: audible sounds produced by microwaves (i.e. IImicrowave hear-
ingll); and visible flashes produced by magnetic fields (limagneto-
phosphenes ll ) at power line frequencies. These are just a small sample 
of the interactions which will be described in the next two sections 
of this report and Curious Effects and Beneficial 
Effects). 

Perhaps as important as the interactions mentioned above are the 
theories and effects which are not yet known but probably could be 
with modest additional effort. Though the human body is complicated, 
much is known about it, from the macroscopic level to at least the 
microscopic level of individual protein molecules in cell membranes, 
and to some extent beyond that. This physiological knowledge, which 
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is the subject of the fourth section (Physical and Physiological 
combined carefully with existing electromagnetic theory 

could vastly improve the present state of knowledge. This conclu-
sion will be discussed further in the last section (Borne Speculation 
and Areas for Further Research). 

It is important to further develop the present state of knowl-
edge for at least two very broad reasons. First, as technology im-
proves man's capability for travel and manufacturing, his inter-
actions with electromagnetic fields will increase in both intensity 
and frequency. In particular: 

• Man is encountering new electromagnetic environments as 
he explores and utilizes regions beyond and beneath the 
earth's surface where he evolved. He may desire to take 
some sort of adaptive measures. Figs. 1 and 2 illustrate 
some features of the terrestrial electromagnetic environ-
ment. Fig. 1 shows that there is a quasi-static electric 
field varying slowly in intensity from 100-250 Vim (volts/ 
meter) over a 12-month period. Fig. 2 shows ELF (extremely 
low frequency) electric fields. Also shown for comparison 
are human electroencephalograms. The intent of the com-
parison is to imply that human functions and the electro-
magnetic environment are related . 

• Man is changing his terrestrial electromagnetic environ-
ment. Much of the change is a byproduct of industrial 
processes (e.g. welding and heating), communication (radio, 
television, and other forms of broadcasting), and energy 
transmission (e.g. power lines and the proposed solar power 
satellite). If he knew the consequences of these changes, 
he might wish to compensate for or enhance them. Fig. 3 
shows the contribution to the environment of some existing 
manmade sources of electromagnetic fields. Figs. 4 and 5 
show the expected contribution from the proposed solar power 
satellite. 
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• If he were certain that some interactions are medicinal or 
otherwise beneficial, man would desire to deliberately alter 
his electromagnetic environment. 

The second broad reason to further develop the present state 
of knowledge is to eliminate world-wide confusion. This is evi-
denced by the great disparity among exposure standards promulgated 
and/or legislated in different nations. Some of these are compared 
in various ways by Tables 1 through 5 and by Figs. 6 through 8. 
It is seen that standards differ by as much as three orders of mag-
nitude. The different tables and figures emphasize different param-
eters of the electromagnetic field as the basis for comparison. Some 
of them are: 

• frequency 
• duration of exposure 
• field intensity, regardless of power density 
• power density, regardless of field intensity 
• modulation, electrical (due to waveform) or mechanical 

( due to rotating antennas) 

None of the tables or figures seem to emphasize one essential charac-
teristic of the field, namely, polarization. 

As noted at the very beginning of this section, two major re-
strictions apply to this report. First, interactions are limited to 
those directly involving humans, in contrast to experimental animals 
and 0 the r 0 r g ani s m s . Sec o.n d, 0 n 1 y non ion i z i n gel e c t rom a g net i era d i a -
tion is of interest. These restrictions are not as straight forward 
as they may seem and merit further discussion. 

The first avoids a controversial issue concerning scaling. That 
is, how can results of animal experiments be extrapolated to humans? 
Extrapolation is not possible at this time. As an example, researcher 
Dr. Mary Ellen O'Connor (Dept. of Psychology, University of Tulsa) 
observed that the drug thalidomide was proven clinically safe using 
laboratory rats, although the effect on humans was tragic. As 
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another example, physician Sally Faith Dorfman (Center for Disease 
Control, Atlanta) noted that aspirin is lethal to laboratory rats. 
So, extrapolation can fail either way. Apparently beneficial ef-
fects can, in fact, turn out to be harmful, and viae versa. 

The second restriction requires a clear distinction between 
ionizing radiation and NIR, and actually there is none. Both forms 
of radiation are electromagnetic waves, and they seem to differ only 
in terms of frequency. Generally, ionizing radiation is at the high 
(in frequency) end of the spectrum, while NIR occupies the lower part. 
What frequency marks the dividing line between ionizing and nonionizing 
radiation? A standard definition for ionizing radiation was found; 
however, it is arbitrary and does not identify an abrupt physical 
threshold. According to that definition, all electromagnetic radiation 
with energy of 12.4 eV (electron volts) or greater per photon is 
ionizing. All with lesser energy per photon is not. The formula 
for the energy per photon of an electromagnetic wave is: 

E: hv ( 1 ) 

where h = 6.626 x 10- 34 joules-sec and v is frequency. So, 12.4 
eV is equivalent to about 2,998,000 GHz or a wave length of about 
3,000 A (angstroms), which is in the ultraviolet band. (One ang-
strom is 10- 10 meters.) Table 6 and Fig. 9 show how this wave length 
and frequency relate to the rest of the electromagnetic spectrum. 

As already noted, the 12.4 eV definition is arbitrary. Readily 
available data, such as that listed in Table 7, show that many ele-
ments can be ionized with lower energy photons. Further, some can 
be ionized twice with photon energies still less than 12. eV. The 
table also shows that some compounds can be ionized with photon 
energies below those required to ionize any of their constituent ele-
ments. One familiar example is photo-ionization, which is the basis 
for photography, and occurs in the visible light band. So, the dis-
tinction between ionizing and nonionizing radiation is not precise, 
at least in terms of frequency and wave length. Based on the data 
available, however, it seems unlikely, though not impossible, that 

waves well below about 1,000,000 GHz are ionizing. So, 
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this report is concerned chiefly with those lower frequencies. 
Note that ionization should not be confused with other single 

photon interactions. The latter are of interest here, and, in 
principle, they can occur at much lower photon energies, at fre-
quencies below 1,000,000 GHz. These will be discussed briefly in 
the last section. 

One more preliminary technical note will help to clarify the 
discussions in later sections. This concerns the relationships among 
electric fields, magnetic fields, power densities, and electric cur-
rents. Some effects and theories will be described in terms of one 
or the other, as though fields, power, and currents are completely 
independent stimuli. In the human body, however, they are all inter-
dependent. Electric currents and electric fields are related ac-
cording to the formula, 

( 2 ) 

...a 
where: J = total current density 

j = r-I 
w = 21T x frequency 
E: = electrical permittivity 
cr = electrical conductivity .... E = electric field. 

Magnetic fields are related to electric fields according to Faraday's 
Law: 

( 3 ) 

.... 
where is the magnetic permeability and H is the magnetic field . .... Finally, the power density S is related to the electric and magnetic 
fields by the formula, 

s :::; I --- E>< H 2. 
(4 ) 

So, the effects of one cannot be discussed without implicitly includ-
ing all of the others. The only possible exception'is a static, uni-
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form (i.e. constant in both time and space) magnetic field, which 
can exist independently of both an electric field and a current 
density. This is a highly idealized situation because a human mov-
ing about in such a field effectively disrupts the uniformity. 

Information for this report was collected from a variety of 
sources. Written sources (over 1,000 in number) included journals, 
conference proceedings, technical reports, books, abstracts, and 
news items. Reportedly, over 5,000 pertinent written documents 
exist, and it is hoped that the ones examined are a representative 
sample. Additional sources included in-person meetings, telephone 
interviews, and lecture tapes. These provided information too recent 
for distribution in print, and guidance through the extensive litera-
ture. 
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Various types of signals (electric fields) of 
natural origin in the ELF region. 
I) Electromagnetic waves, Schumann-Resonance; 
II) Local field fluctuations of about 3 Hz; 
III) Local field fluctuations of about 0.7 Hz; 
IV) Field fluctuation as a result of thunder-

storm activity: 
a) Thunderstorm not yet visible 

on the horizon; 
b) Thunderstorm on the horizon; 

V) Sunrise appearance of signals. 
Compare Type I with EEG rhythms 
and Type II with 0 rhythms. 

FIG. 2. SOME NATURALLY OCCURRING LOW FREQUENCY ELECTRIC FIELDS, 
WITH ELECTROENCEPHALOGRAMS FOR COMPARISON (FROM KONIG, 
IN PERSINGER, 1974). 
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FIG. 4. INCIDENT ELECTROMAGNETIC RADIATION FROM THE PROPOSED 
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10. 



Power Density Distribution (mW/cm2) for a 
Single Hypothetical Rectenna Site 

FIG. 5. INCIDENT ELECTROMAGNETIC RADIATION FROM THE PROPOSED 
SOLAR POWER SATELLITE, AT DISTANCES FAR FROM THE 
RECEIVER (FROM VALENTINO, 1980). 
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TABLE 1. 

Exposure 
Occupational Frequency Duration Public 

---------

Canada 1 5 rnW/crn2 (I - 300 GHz) No Iirnit I rnW/crn 2 

(Proposed) 

Czechoslovakia 0.01 rnW/cm2 (0.3 - 300 GHz) 8 hours 0.00 I rnW /crn 2 

Poland 0.2 rnW/cm 2 (0.3 - 300 GHz) 10 hours 0.0 I rnW /crn 2 

Sweden I rnW/crn2 (0.3 - 300 GHz) 8 hours None 

U.S. 2 10 mW/crn2 (0.0 I - 100 GHz) No limit None 

U.S.S.R. 0.01 mW/cm2 (0.3 - 300 GHz) Entire 0.00 I rnW /crn2 

workshift 

I. Canada is also proposing a I mW/cm2 exposure Iirnit at 10 MHz - I GHz Frequency. 

2. Also with slight modification is the United Kingdom, German Federal Republic, Netherlands, 
and France. A new RFEM exposure guideline is being proposed by the American National 
Standards Institute (ANSI) that would cover the general population in the United States. 

EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION (FROM DAVID , 1980). 



...-----------;-----,-------,-------.-.---------.----.---.-.-... -.---r--·--·--·---------i--------·--·-·· 

Standard Type Frequency CW/ Antenna Stationary/ Exposure limit Exposure duration pulsed Rotating Remarks 

-------+-----f.-- --.----.--- .. - .--- ... -.... 
u.s. 
ANSI 
1974 (305) 

Occupa- 10 MHz - 10 mW/cm2 no limit CW both 
tional 100 GHz 200 VIm 

0.5 A/m 1-------+---_.----+------+--_.-----+-----.-----.--- . 
1 mWhr/cm2 0.1 hour pulsed both 

-.----.. ---f-.---. -- -- -.. -

u.S. Army 
and Air Force 
1965 
(292) 

Occupa- 10 MHz -
tional 300 GHz 

10 mW/cm2 no limit both both 
1--------11------------1-----+----------+-----·--- .-------- ...... - . 
10-100 mW/cm2 6000/X2 both 

(min.) 
both X-power density 

in mW/cm2 
1---------1----+-------+-------_ .. - -----.-.--.---... -- .. ---- .-.-

u.s. Indust. 
Hygienist 
1971 (306) 

Occupa- 100 MHz -
tional 100 GHz 

10 mW/cm2 8 hours both both 
- ._ ... _-- --._----'---------_._-_ .. _ .. _- -------- -------_._+-----------
25 mW/cm2 10 min. both both 

I 
I Canada 

Can. Stan-
dards Assoc. 
1966 (307) 

Occupa- 10 MHz -
tional 100 GHz 

10 mW/cm2 no limit 
1--.- --.-.... - ------ ----... ---- .. ---...... --

1 mWhr/cm2 0.1 hour 

both -_. .. ·'-1 both 

CW 

pulsed 
1 '----.-- ..... _. __ .. - .. _ .... --. -- ..... -- ---- ._. _._. __ ._._-_. -

Canada Occupa- 10 MHz - 1 mW/cm2 no limit both both 
tional 1 GHz H&:W proposed 

(301, 313) 1--_.- .. -.-. - .. - ... -. ..- .. - ... -. --- .. -.. I 
I .... ---...... -. ------II----------t-------------! 

1-300 GHz 5 mW/cm2 i no limit both both 

f- - 25 mW/cm2 both both 

.-..... - ..... - -'.' ······-··---··---·----···--·-··---1--·--·--·····- .. 
General 10 MHz - 1 mW/cm2 I no limit both both 
public 300 GH?: I 

.. -- ... ---.. -.-.- -- .-.-.---- --------+-------4--_.------_._._--------_ .. -
Sweden Worker 
Prot. 
Authority 
1976 (308) 

Occupa- 0.3-300 GHz 1 mW/cm2 ! 8 hours both both 

tional I -.-.. .. X-powe, den,it 

I in mW/m2 
... --

!any 
I 10 MHz -

300 GHz 
25 mW/cm2 CW, pulsed both 

averaged 
_. J over 1 se_c_.-<-____________________ ._ 

TABLE 2. EXPOSURE STANDARDS IN THE UNITED STATES, CANADA, AND WESTERN EUROPE (FROM 
STUCHLY, 1978). 
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t 

Standard 

USSR 
Government 
1977 
(299) 

USSR 
Government 
1970 (42) 

Antenna 
Type Frequency Exposure limit Exposure duration cwl pulsed Stationaryl Remarks 

Rotating 
------f------.--- - . 

MHz I! 20 VIm i working day ____ 
I 30-50 MHz ,--, _lO_V_I_m ____ ... : w_or_k_i_ng_d_a_y ___ +-b_o_th ___ -+--: _bo_t_h ___ establish-

r ments of the 
! ! 0.3 AIm : working day I both I Ministry of 
j 15 VIm ----- DexeefleUndceed 
I 50-300 MHz ! working day both 
I I 

; 0.3-300 GHz 10 JJW/cm 2 working day i both I stationary 
! 

100 }JW/cm2 . working day both : rotating : 
100 }JW/cm2 2 I both I 

-\ 
hours ! stationary 

1 mW/cm2 2 hours both I rotating 
-.- ---r-- --'1 
1 mW/cm2 20 min. both . stationary 

--. -_._----+---- _._, 
General 
public 0.3-300 GHz 1 JJW/cm 2 24 hours fboth 

I 

I i both 
I --j--

Czechoslovakia 
Government 
1970 
(42) 

Poland 
Government 
1972 
(42,300) 

Poland 
Government 
1975 
proposed 
(42, 300) 

TABLE 3. 

Oecupa- . 10-30 MHz 50 VIm working day i both I both 
tional 

General 
public 

30- 300 MHz 10 V 1m working day I both ! both , -_._.......j 

t 0.3-300 GMz 25 )JW/cm2 working day i both ------------------ -_. ----.. _-------.,.-------
10 }JW/cm2 working day 

1.6 mW/em2 1 hour 

0.64 mW/cm2 1 hour 
---------

MHz 1 VIm 24 hours 

, pulsed : both 
I 

lew 
! 

: pulsed 

I both 
! 
! both 

i max peak 
i 1 kW/cm 2 

both i both ! : 30-300 
r---------------------------tl------ i 

! both i . 0.3-300 GMz 2.5 JJW/cm 2 24 

1 lJW/cm2 24 

! 30-300 MHz 1 VIm 24 
I 
I ; 10-30 MHz 2.5 VIm 24 
i 

hours 'cw 

hours , pulsed 

hours . both 

hours both 

; i 
1 both I 

: both 
I 
I both 

'-1 
I 

. Occupa- i 0.3-300 GHz 0.2 mW/cm2 10 hours both I stationary 
tional I 

I , 
I 
I 
! 
I 
I 
I 

; I 
! General 0.3-300 GHz 
. pulic 

; occupa-II0-300 MHz 
tional 

General 10-300 MHz 
public 

.---- _-------i 
32/p2 (hours) 0.2-10 mW/cm2 

1 mW/cm2 10 hours 

1-10 mW/cm2 BOO/P2 (hours) 

10 lJW/cm2 24 hours 

0.1 mW/cm2 24 hours 

20 VIm working day 

20-300 VIm 3200/E2 (hours) 

7 VIm 24 hours 

both 

: both 

: both 
I 

I both 
, 
: both 

I both 

I both 

I rotating 

I rotating 

! . ! stationary 

i rotating 

I both 
I 
I both 

I 
I 

iboth ! both 

i ' : P - power derz- I 
! sity in W/m : 
I 1 
! ! 
I . 
P-power derz-: 

! sity in W/m : 

, E-electric 
: field 
: intensity 
: in VIm 

EXPOSURE STANDARDS IN THE USSR, POLAND, AND CZECHOSLOVAKIA 
(FROM STUCHLY, 1978). 
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Country, author Frequency 
(MHz) 

USA: Ely, T.S., 3000 
Goldman,D. (1957) 

USA: U.S. Army 
l1958) All 
USA: Schwan,Il.P. 1000 
and Li, K. (1956) 1000-3000 

3000 
USA: General 
Electric 700 
USA: Bell Tele-
phone Labs. (1956) 750-30 000 
USA: Mumford, 
W.W. (1956) -
NATO (1956) -
Sweden 87 

87 
Britain 300 
West Germany 
(1962) -
USSR (1965) 0.1-1.5 

Poland (1961) 

Czechoslovakia 
(1965) 

USA (1966) 
Canada (1966) 

1. 5-30 
30-300 
> 300 

> 300 

> 300 

0.01-300 
10-100 000 
10-100 000 

Maximum 
permissible 
intensity 

100 mW/cm'" 
150 mW/cm2 

5 mW/cm2 

10 mW/cmL 

30 mW/ cmL 

10 mW/cmL 

20 mW/cm2 

1 mW/cmL 

1 mW/cm2 

0.1 mW/cm2 
0.5 mW/cm2 
222 Vim 

25 Vim 
0.01 mW/cm2 

10 mW/cm2 
20 Vim 

5 Aim 
20 Vim 

5 Vim 
0.01 mW/cmL 

0.1 mW/cm2 
1 mW/cm2 

0.01 mW/cm2 
0.1 mW/cm2 

1 mW/cm2 
0.025 mW/cm2 

0.01 mW/cm2 
10 Vim 

1 (mW/cm2)hr 
1 (mW/cm2)hr 

Remarks 

Whole body 
Eyes 
Testes 

Whole body 
Whole body 
Whole body 

6 hr daily 
2 hr daily 
15 min daily 
Entire workday 
2-3 hr daily 
15-20 min daily 
Cw operation}8*hr 
Pulsed op'n daily 

Every 6 min 
Every 6 min 

*For shorter exposure, see Figs. 39 and 40. (See also 
Appendix.) 

TABLE 4. EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION (FROM 
MARHA & TUHA, 1971). 
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Country. and 
Type of Standard 

USA (ANSI) 
Exposure Standard 

U.S.Army/ 
Air Force 

USSR 
1976 Industrial 
Safety Exposure 
Standard-

Czech. Soc. Rep. 
Exposure Standard 

USA: Product 
Emission Standard 

Canada: Product 
Emission Standard 

Canada: 
Recommended 
Exposure Limit 

Radiation Frequency 
and Waveform 

10 MHz - 100 GHz 
(all waveforms) 

50 MHz - 300 MHz 
(all waveforms) 

30 - 50 MHz 

3 - 30 MHz 
60 kHz - 3 MHz 
300 MHz - 300 GHz 

0.01 - 300 MHz 
890 - 6000 MHz 

(ISM Bands in 
this range) 

0.01 - 300 GHz 

0.01 - 300 GHz 

Maximum Levels 

10 mW/cml 

1 mW.h/cm1 

10 mW/cml 

100 mW/cml 
0.1 - 1 mW/cml 

10 - 100 /cml 

5 Vim 

10 Vim (or 
0.3A/m) 
20V/m 
50V/m 
25 

10 Vim 
1 - 5 mW/cml 

1 mW/cml 

5 mW/cml 

1 mW/cml 

Comments and Conditions 

For periods of 0.1 hr or more. Whole and par-
tial body. Reduction in high temperature en-
vironments, or for health reasons recom-
mended. 
Averaged over any 0.1 hr period. 
Continuous exposure. When power density (S) 
is in the 10-100 in W / cm 1 range, max allowed 
exposure time is 6OOO/Wl minutes, where S is 
expressed in mW /cml. 
No occupancy or protective clothing required. 
For a 20 min maximum exposure duration. 
Standard states: "Protective goggles manda-
tory. Power density must not then exceed 0.1 
mW /cml for balance of work day". Radiation 
from adjustable or scanning antennae is al-
lowed at this level for 2 hrs. 
For a 2 hrs maximum duration (then 10 

/cml for balance of work day). 
Required limit for a 'work day', all sources, ex-
cept adjustable or scanning antennae (100 

Levels in "work areas and other areas where 
personnel are permitted and occupationally ex-
posed" ... shall not, in the course of the work 
day, exceed this value. 
Whichever is the greater. 

(or 5 A/m in the range 60 kHz to 1.5 MHz) 
8 hrs/day, for CW waveforms; reduced to 10 
p.W /cml for pulsed waveforms. 
8 hrs/day 
Emitted by the product at full power operation; 
lower level when manufactured ("prior to ac-
quisition "). 
5 mW /cml max in use. Measured with specified 
load (275 ± 15 ml H 10 at 20 ± S "C), at full 
power, 5 cm or more from any external surfaces 
by an approved instrument with effective aper-
ture «2S em 1, no dimension > 10 cm. 
Emitted by product at maximum output, at 
points "at least S em from the external surface 
of the oven", when the oven is loaded with a 
load equal to the water equivalent of the 
minimum operating load, as specified by the 
manufacturer, at 20 ± 5 "C. Instrument 
specified in standard. 
Emission at no load, if total microwave output 
is < 3 kW. 
A verage power density limit in any 1 hr period 
(max 2S mW /cm1 averaged over 1 min). 

-The reader is referred to the actual standards for more detail. Great caution is required in interpreting and 
translating standards. 

TABLE 5. EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION. 
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EXPOSURE TIME 

FIG. 6. EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION, WITH 
EMPHASIS ON DURATION OF EXPOSURE (FROM JOHNSON & SHORE, 
1975). 
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5.---------""'\1 610 
Proposed machine 
NIOSH standard workers -----, 

\, Present ANSI standard 
104 
194 , 

\ 
\ 
\ 

103 
\ / 

F: :';:'i 61 Soviet workers standard 

U.S. mllitaryF' IGt'1' ....: .. c;, 
c: 

iii 

a> .... u::> 

A 

10 
61 

1 

Chinese standard 

Soviet population 
standard 

personnel \:>; ':';i>;-·'.,J .. >., \)' 
workers 

:3 Heavy users 
I::::] of mobile 

radio 

Population 
near FM 
transmitter 

1.9l--:-____ + ____ 
0.1 100 

Frequency, MHz 
Note: Standards 
apply up to a 
frequency of 
3 x 105 MHz 

104 
194 

B 

103 Proposed ANSI standard 
E ;;; 61 

c;, 
c: 

iii 
'C 
Q; Soviet standard u:: 102 

19.4 

"",,,, "'ffi 
'" CB radios 
E u 

::l 

2!' 10 'in 6.1 c 
OJ 
'0 
Q; 

0 
Cl. 

1 
Persons near leaky 
microwave ovens 

1.9 
0.1 

Exposure, hours 

FIG. 7. EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION, WITH 
EMPHASIS ON FREQUENCY AND DURATION OF EXPOSURE (FROM 
LERNER, 1980). 
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FIG. 9. 

Frequency Wayelength 
(Hertz) (Meters) 

3 x 108 1 Hz 

3 x 105 1 KHz 

Rodio 

1 MHz w ..... 3 x 102 

t 1 GHz 3 x 10.1 

'" Miero ••• " 

i ·c 
3 x 10.4 .g 

1012 Hz t \5 
Z I"fr.rod 1 ! Visibl, ! 3 x 10· 7 1015 Hz 

I 1018 Hz + 3 x 10.10 

'" X-Rays c 

I .;; 
3 x 10.13 ·c 

1021 Hz "l' -Rays 2 

l 
1024 Hz 

1 
3 x 10.16 

3 x 10.19 
1027 Hz Cosmic Rays 

THE ELECTROMAGNETIC SPECTRUM, SHOWING IONIZING AND NON-
IONIZING REGIONS (FROM DAVID, 1980). 
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Type of Radiation Energy Range Frequency Range Wavelength Range 

Ionizing above 12.4 eV above 3,000 THz below 100 run 

Ultraviolet 6.15-3.08 eV 1,500-750 THz 200-400 run 

Visible 3.08-1. 76 eV 750-428 THz 400-700 nm 

Infrared 1. 76 eV-1. 24 meV 428 THz-300 GHz 700 nm-l mm 

Microwaves 1. 2 meV-I. 2 lleV 300 GHz-300 MHz 1 mm - 1 m 
EHF 1.2 meV-I00 lleV 300-30 GHz 1 mm - 10 nun 
SHF 100 lleV-12 lleV 30-3 GHz 10 rom - 100 mm 
UHF 12 lleV-l.2 lleV 3 GHz-300 MHz 100 mm - 1 m 

Radar 200 lleV-900 neV 56 GHz-220 MHz 5.4 mm - 103m 
Radiofrequency 1.2 lleV-l. 2 neV 300 MHz-300 KHz 1 m-llan 

TABLE 6. THE ELECTROMAGNETIC SPECTRUM, WITH EMPHASIS ON THE 
NONIONIZING REGION (FROM DWYER, 1978). 
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IONIZATION POTENTIALS 
OF THE ELE:\IENTS 

Different methods ha.ve been employed to measure ionization potentials. Abbrevia-
tions 01 the methods usod lor data listed in the lollowing table are: 

S; '"&tuum ultra\'iolet spectroscopy 
SI: Surface ionization. mass spectrometric 
EI; Electron impact with mass &nalysi! 

Ionization potential in volts 
At. 

EI. II III IV V VI 

18 15.755 27.62 40.9 59.79 75 91.3 
Ac 89 6.9 12.1 20 . " .... 

47 7.574 2l.48 34.82 
ii99i; is:i: 77' ilio 42' Al 13 5 984 18 28.44 

33 9.81 18 63 28.34 50.1 62.6 127.5 
.U 85 9.5 ....... ....... 

79 9.22 20.5 
':i792 2S9 :298 40:i27 

....... 
B 5 8.296 25.149 
Ba 56 5.21 10.001 35.5 
Be 4 932 18.206 153.85 217.657 ....... 
Bi 83 7.287 16.68 25.56 45.3 56 88.3 
Br 35 11.84 21.6 35.9 47.3 59.7 88.6 
C 6 11.256 24.376 47 .871 64.476 91. 986 489.84 
C. 20 6.lll 11.868 51. 21 67 84.39 109 
Cb(Nb 41 6.88 14 .32 25 04 38.3 50 103 
Cd 48 8 991 16.90t 37.47 

':i:iX' 
....... 

C. 58 5.6 12.3 20 
CI 17 13 01 23 8 399 53 5 67.8 96.7 
Co 27 7.86 17.05 33 49 83.1 ..... 
Cr 24 6.764 16.49 30.95 50 73 91 
C. 55 3.893 25.1 35 
Cu 29 7.724 0.29 36.83 ....... 
Dr 66 6 8 ....... 
F.r 68 6.08 ....... 
Eu 63 5.67 11.24 

62 li4il 87 :i4 iS7:ii7 F 9 17 418 4 98 114.214 
Fe 26 7.87 16.18 30.643 56.8 
Fr 87 4 '54:2' . Go 31 6 0.57 30.7 
Gd 64 6.16 12 '44:7 .. '9:i:4"' Ge 32 7.88 15.93 34.21 
H 1 13.595 ...... ...... 
He 2 24.481 4.403 

2:i:2 . HI 72 7 14.9 33.3 '67··' . HI 80 10.43 18.751 34.2 49.5·· 
I 53 10.454 19.13 

'28:0:i' In 49 5.785 18 86 54.4 
Ir 77 9 's09 . ·S2S·· K 19 4339 1.81 46 99.7 
Kr 36 13.996 l2u6 36.9 43.5·· 63" 94·· 
La 57 5.61 11.43 19.17 ....... ....... 
Li 3 5.39 75.619 122.4U 
Lu 71 ....... 14.7 

ici9:29' iSS:49· Mg 12 7.6H 15.031 80.14 141. 23 
Mn 25 7.432 15.636 33.69 52 76 ....... 
Mo 42 7.10 16.15 27.13 46.4 61.2 68 
N 7 14 .53 29.593 47 426 77.45 97.863 551. 92 
S. 11 5.138 7.29 71. 98.88 138 37 172.09 
)lb(Cb 41 6.88 14 .32 25.04 38.3 50 103 
Sd 60 5.51 

4i :07' '6:iX 'li7 :02' i26X' iS79i' S. 10 21. 559 
l:i 28 7.633 18.15 

77j94 ii:i873 i3i1:08' 0 8 13 614 35.108 
Os 76 8.5 17 

':iO:iS6 '5i :3S4 65007 220 4i P 15 10.484 19.72 
Pb 82 i .415 15.028 31. 93 42.31 68.8 
Pd 46 8.33 19.42 32.92 
Po 84 8.43 
Pr 59 5.46 

iil:5iJ . Pt i8 9.0 
Pu 94 5.1 
Ra 88 5.277 10.144 
Rb 37 4.176 7.5 40 
Re 75 7.87 16.6 

':ii:05 Rh 45 7.46 18.07 ....... ..... 
Rn 86 10.746 ..... 

'2846 
. ... 

Ru 44 7.364 16.76 .. 
'ss:ozi s 16 10.357 23.4 35 47 29 72.5 

Sb 51 8.639 16 5 25.3 44.1 56 108 
Be 21 6.54 12.8 24.75 73.9 92 111 
50 34 9.75 21.5 32 43 68 82 
Si 14 8.149 16.34 33.488 45.13 166.73 205.11 
Sm 62 5.6 11.2 

'30:4g '40:72' Sn 50 7.342 14.628 72.3 
Sr 38 5.692 11. 027 ...... 57 
T. 73 7.88 16.2 
Tb 65 5.98 

i5:2iJ' '21i:5t T. 43 7.28 ':is''' . '60'" . T. 52 9.01 18.6 31 72 
Th 90 6 95 '27:47 29.38 
Ti 22 6.82 13.57 43.24 '99:8" . 120 
TI 81 6.106 20.42 29.8 50.7 ....... ....... 
Tm 69 5.81 ...... ....... . ...... 
U 92 6.08 

i.:65 . '21i::ii 
. ... 

V 23 6.74 48 65 129 
W 74 7.98 17. j ':ii:i' 

....... 
X. 54 12 127· 21.2 42 53 58 
Y 39 6.38 12.23 20.5 77 ....... 
Yb 70 6.2 12 10 '39j' Z. 30 9.391 17 96 ....... ....... 
Zr 40 6.84 13.13 22.98 ....... 99 

VII 

I2t ....... 
24(38' 

103 
izs'" . 
125 ....... 
114.27 
iei'" . 

....... ....... ....... 
iss:i:i9 

....... 

....... 
iiil···· 

....... ....... 
224:9' . 
119 
126 
666.83 
208.444 
125 ....... ....... 
i39:ii. 

26:iji' 
....... 

....... 
280:99' 
ijg'" . 
155 
246.41 

'i:i:7"" 

i4i'" . 
....... ....... 
isi'" . 

i:is" . ....... ....... .... , .. ....... 
"These ,tepo by S method. -rh ... stepo by EI method. 

VIII Meth. 

143.46 S 
S 

2S.j:5:i . 
s 
S 
S 
S 
S 
S 
S 
S 
S 

193 S 
i.j:i:i· . s 

S 
S ....... S 

348.3 
SI 
S 

iss 
s 
S 
S ....... S 

.. S .. .... Sl 
. 

s 
S 

151 S s 
S s 
S 
S s 
S 

i70" . s s ....... S 

i55 
s 
S 
S . ...... S ....... S 
S 

265.957 S 
196 S 
153 S 

264 iss S 
S 
S 

....... SI ....... S 

sii:i2 . 
s 
S 

:i09.26· 
s 
S ....... S 
S 
S 
SI 
S 
S 
S 
S s 
S 
S 

:j2i1S" 
s 
S 

iS9 
s 
S 
S 

30:i:07 s s 
S 
S 
S 
SI s 
S 
SI 

172 S ... ... S ....... S 
i70'" . SI 

S s 
EI ....... S ....... S 

. ...... S ....... S 

IONIZATION POTENTIALS 

The first ionization potential 01 the molecule. indicated i. given in volts. 

Compound 
Ionization 
potential I 

volts 1 
Compound 

------I---!y, ............... . 
B" ......... _ ........ 12.8 , H, ......... . 
BrCI 12. 9(calc.): HBr.... . . .. . .. 
C, .................. 12 HC:-< ............ . 
CH,O. formaldehyde .. 11.3 HCI. ............ . 
CH,Br. methyl bromide 10.0 HF ..•..•......... 
CH,CI. methyl chloride 10.7 HI .............. . 
CH,I. methyl iodid •.•.. 9.1 , H 20 ............•. 

.. :' .. :::: :,::.5 
CO •.•••.............. 14.1 lBr .............. . 
CO................ 14.4 ICI. ............. . 

..... ::::::::::: 
C,H,. acetylene.... 11.6 NO .............. . 
C.H •• ethyleM..... 12.2 . :-<0, ...........•.. 
C.H,. ethan.... .... 12.8 N,O ............. . 
C,H,. benzene .... 9.6 0, ..............•. 
e,H,. toluene...... 8.5 S •..............•. 
Cit... . . . . . . . . . . • . . 13.2 SQ •............••• 

Ionization 
potential I 

volts 

17.8 (calc.) 
15.5 
13.2 
14.8 
13.8 
17.7 (calc.) 
12.8 
12.58 
10.42 
9.7 

11.6 (calc.) 
11.9 (calc.) 
15.51 
11.2 
9.5 

11.0 
12.9 
12.5 
10.7 
13.1 

TABLE 7 • IONIZATION POTENTIALS OF SOME 
THE CRC HANDBOOK OF CHEMISTRY 

ELEMENTS AND COMPOUNDS 
AND PHYSICS). 

(FROM 

22. 



Adverse, Benign, and Curious Effects 

The effects listed and/or discussed in this section relate to 
at least three of the five senses (touch, hearing, and sight) and 
nearly every system of the human body (including circulatory, di-
gestive, nervous, and muscular). Many of them are temporary; how-
ever, some result in death and persistent disease. Some are better 
understood and more widely accepted than others. 

Despite an exhaustive search of the literature and information 
from other sources, this section may appear to be sketchy and loosely 
organized. Some effects have been explored only qualitatively, and 
such seemingly essential information as frequency, polarization, in-
tensity, and duration of exposure may not be precisely described, as 
well as the effect itself. This state of affairs seems typical of a 
new area of investigation for which neither the electromagnetic vari-
ables nor biological endpoints are yet clear. This uncertainty has 
resulted in nonuniform reporting, variable rigor, and inadequately 
planned research. Still, it does not necessarily mean the effects 
reported are not real. It most surely means that a stronger theoret-
ical foundation is required to positively identify, quantify, and 
otherwise understand them. 

Nonetheless, some effort has been made to organize the informa-
tion in this section. The presentation proceeds roughly from the 
general to the specific. Described first are overall results in-
ferred from many different experimental, epidemiological, clinical, 
and other type studies. Next, the results from individual reports 
are tabulated. Then, at the most specific level, original illustra-
tions and charts from individual reports are reproduced. Finally, 
at the end of the section is a recapitulation of results. 

Overall Results 

Tables 8 through 10 show some of the widely acknowledged effects 
and the electromagnetic fields and currents required to produce them. 
Only a few frequency ranges are represented in these tables; however, 
the most extreme adverse effect, death (by ventricular fibrillation) 
is included. 
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Tables 11 and 12 list some of the more controversial effects. 
The frequency ranges and exposure levels are not described exactly, 
though some individual reports mentioned later in this section are 
more precise about those parameters. This lack of precision, and 
the subsp.quent controversy surrounding the results, are chief dis-
advantages of restricting attention to humans. After an adverse 
effect is diagnosed, perhaps after years of growing discomfort, it 
may be difficult to isolate the conditions exclusively responsible 
from the general complexity of the subject's occupational and living 
routines. For example, a "microwave worker" might service a great 
variety of radars and radio transmitters, each with different fre-
quencies, exposure levels, etc. Without a solid theoretical founda-
tion to use as a guide, the most suspect source of electromagnetic 
radiation cannot be identified. 

Of these controversial effects, the ones associated with the 
central nervous system are collectively termed "neurasthenia". 
Some of these are reportedly reversible. That is, when the electro-
magnetic field vanishes, so do the effects. 

Results From Individual Reports 

, 

Tables 13 through 18 summarize various individual reports and 
studies, and in some cases provide more specific information concern-
ing frequency, exposure level, and other essential parameters. Table 
13 concerns power line frequencies (50-60 Hz) exclusively. Tables 14 
through 17 concern the frequency bands most often associated with 
communication and radar. The researchers listed in these tables are 
exclusively Eastern European. Table 18 covers many frequency bands 
from ELF (0-300 Hz) through SHF (3-30 GHz), and includes reports from 
outside Eastern Europe. 

Table f8 contains some especially unusual entries. First, there 
is a report by Eckert of the most extreme adverse effect, death (by 
sudden infant death syndrome). Second, there is a report from the 
United States by Bise concerning neurasthenic effects previously re-
ported exclusively from Eastern Europe. Also, an Italian report by 
Alberti concerns neurasthenic effects. Third, an extreme adverse ef-
fect, promotion of cancer, is reported from Australia by Holt. 
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Original Data Displays From Individual Reports 

The remaining tables and figures are taken from individual 
studies. They are included not only for their informational content, 
but also as examples of how original data are encountered during the 
preparation of a report such as this one. 

Figs. 10 through 13 concern effects in the ELF band. Fig. 10 
attempts to correlate quasi-static magnetic fields with the most 
extreme adverse effect, death. Figs. 11 and 12, due to Konig, are 
unusual because they result from controlled experiments. They show 
that 3 Hz electric fields increase reaction time and galvanic skin 
response. Similarly, Fig. 13, due to Wever, results from controlled 
experiments. They show that removal of the earth's natural electric 
field and/or the application of a manmade field can disrupt circa-
dian rhythm. 

Table 19, taken from Wertheimer and Leeper, is unusual for at 
least two reasons. First, it is an epidemiological study. Second, 
it concerns an extreme adverse effect (childhood cancer). 

Tables 20 through 22 and Figs. 14 through 17 concern effects 
in the frequency bands most often associated with communication and 
radar. Of these, Table 22 concerns an especially curious effect, 
microwave hearing. Evidently, pulsed microwaves produce click like 
audio sensations. 

Recapitulation 

From all of the tables and figures in this section, it is seen 
that electromagnetic fields may cause death in at least two ways, 
ventricular fibrillation and sudden infant death syndrome. Both of 
these occur at power line frequencies; however, one technical news-
letter (BioeZectromagnetic Society NewsZetter, December, 1980) re-
ported one fatality associated with much higher frequencies. Death 
followed accelerated aging, and a New York State court was convinced 
that protracted exposure to microwaves was the cause. 

It is also seen from the tables and figures that electromagnetic 
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fields may promote cancer. Holt (Table 18) reported the stimulation 
of human cancers at VHF (30-300 MHz) frequencies and exposure levels 
less than 10 mW/cm 2 (milliwatts per square centimeter). Wertheimer 
and Leeper (Table 19) performed a formal epidemiological study re-
lating childhood cancer to fields at 60 Hz. 

At least one adverse effect is not included in the tables and 
figures, and that is cataracts. Over fifty have been attributed 
to exposure at microwave frequencies (roughly 3-300 GHz). One 
opthamologist claims these cataracts can be uniquely identified by 
clouding of the posterior part of the lens, in contrast to clouding 
of the anterior part in other cases. 

With respect to curious effects, at least two have been included 
in this section, microwave hearing and visual effects. 
has already been discussed in connection with Table 22. 

The former 
Visual 

effects include the distortion of thresholds for various colors 
(Table 15) and magnetophosphenes (Table 18). The latter effect is 
the perception of light flashes in response to a magnetic field. 
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Cardiology 

Electrosleep and Electrical Anaesthesia 

Electro-Hazards: 
Sensation 
"Let Go" 
Fibrillation 

Biophysics and Axonology 

0.03 - 10 mA/cm2 

10 - 100 rnA ( o. J - / ",A /c'lPf1.) 

1 rnA 
10 rnA 
100 rnA 

1 rnA/cm2 

TABLE 8. EFFECTS OF VARIOUS ELECTRIC CURRENTS AND CURRENT 
DENSITIES (FROM SCHWAN, IN TAYLOR & CHEUNG, 1977). 
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Current in MilliamEeres 
Direct 60 Hertz 
Current RMS 

Effect Men Women Men Women 
No sensation on hand 1 0.6 0.4 0.3 
Slight tingling. Per-
ception threshold 5.2 3.5 1.1 0.7 
Shock--not painful 
and muscular control 
not lost 9 6 1.8 1.2 
Painful shock--
painful but muscular 
control not lost 62 41 9 6 
Painful shock--
let-go threshold 76 51 16.0 10.5 
Painful and severe 
shock muscular con-
tractions, breathing 
difficult 90 60 23 15 
Possible ventricular 
fibrillation from 
short shocks: 
a) Shock duration 

0.03 second 1300 1300 1000 1000 
b) Shock duration 

3.0 seconds 500 500 100 100 
c) Certain Ventricular 

fibrillation (if 
shock duration is 
over one heart 
beat interval) 1375 1375 275 275 

TABLE 9. EFFECTS OF ELECTRIC CURRENTS AT POWER LINE FREQUENCIES 
(FROM FRAZIER, 1978). 
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Threshold for pain at 3 GHz 

--.----

'Power Density (W /cm2) 3.1 I 2.5 1.8 1.0 0.83 

Exposure Time (sec.) 20 30 60 120 180 

Power density and exposure time 
to produce sensation of warmth 

, 

Exposure Time Power Density at Power Density at Power Density at far 
( sec.) 3 GHz (mW/cm2) 10 GHz (mW/cm2) infrared CmW/cm2) 

1 i 58.6 21.0 I 4.2 - 8.4 
2 I 46.0 16.7 I 4.2 
4 i 33.5 12.6 I 4.2 

I j 

TABLE 10. EFFECTS OF ELECTROMAGNETIC RADIATION AT SOME MICROWAVE 
AND HIGHER FREQUENCIES (FROM 1978). 
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Headaches 
Eyestrain 
Fatigue 
Dizziness 
Disturbed sleep at night 
Sleepiness in daytime 
Moodiness 
Irritability 
Unso ciab ili ty 
Hypochondriac reactions 
Feelings of fear 
Nervous tension 
Mental depression 
Memory impairment 
Pulling sensation in the 

scalp and brow 
Loss of hair 
Pain in muscles and heart 

region 
Breathing difficulties 
Increased perspiration of 

extremities 
Difficulty with sex life 

TABLE 11. SUBJECTIVE EFFECTS ON PERSONS WORKING IN RADIO FREQUENCY 
ELECTROMAGNETIC FIELDS (FROM DWYER, 1978). 
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Symptomatology 

Bradycardia 
Disruption of the endocrine-humoral process 
Hypotension 
Intensification of the activity of thyroid gland 
Exhausting influences on the central nervous system 
Decrease in sensitivity to smell 
Increase in histamine content of the blood 

Subjective Complaints 

Increased fatigability 
Periodic or constant headaches 
Extreme irritability 
Sleepiness during work 

TABLE 12. CLINICAL MANIFESTATIONS OF CHRONIC OCCUPATIONAL EXPOSURE 
OF 525 WORKERS TO ELECTROMAGNETIC RADIATION AT MICROWAVE 
FREQUENCIES (FROM DWYER, 1978). 
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W 
N 

T lIS t Subject 
( Investigator) 

Substation workers in U.S.S.R. 
(Asanova and Rakov, 1966) 
Humans in laboratory 
(Hauf, R., 1974) 

Hl.man 
(Johansson. et al., 1973) 
Human 
(Johansson. et .• 1972) 

Human Linemen 
(Kouwenhoven. 1966) 

Human. lice, yeast. bacteria. 
wheat germ 
(Konig, 1962) 

Humans--Compari son of "Opera-
tions" to "Maintenance" per-
sonnel U.S.S.R. (Sazanova, 1967) 
Human, Lineman 
(Singewald, et !l., 1973) 

of those 
near and far from 200-400 kV 
lires (Strumza. 1970) 

Electric Field 
(VIm) 

8-14.S X 103 

1-20 X 103 

20 X 103 at head 

Fields encountered 
in normal line and 
barehand work 

1-2 

open swi tchyard 
environment 

Fields encountered 
in normal line and 
barehand work 

< 7 x 103 

tlOT£5: (a) 147 x 106 modulated by ELF signal. 

so 

50 

50 

b 

60 

c 

50 

60 

50 

Reviewed by 

(+) nervous system disorders Shepard & Eisenbud, 

blood values. blood pressure 
pulse. [CG. EEG. reaction time 

psychological tests 

subjective feeling and psycho-
loti cal functioning 

(+ ) 

(- ) 
(- ) 

(+ ) 

(- ) 

physical examination CV. thyroid. (-) 
kidney. urine. ECG. EEG. visual. 
auditory. X-ray. emotional stress 
human reaction time, growth of (+) 
other test specimens 

temperature, pulse, blood pressure. (+) 
reaction time, flicker frequency. 
adductor muscle reaction 
same as Kouwenhoven, 1966; 
this is a follow-up report 

(- ) 

leukocytes, neutrophila, 
reticulocytes increase but 
within normal range 
other factors 

a few subjects showed re-
duced ability and tension 
for pulse test 
for sine wave test 

NAS 
Shepard & Eisenbud, 
EIS (Bridges & NAS 
review equivalent 
1973 paper) 
Bridges. Shepard & 
Eisenbud. EIS 

Bridges. !'lAS 

reaction time increased or 
decreased depending on signal 
characteri s tics. Growth changes 
in other specimens 

NAS 

average blood pressure of 
maintenance personnel lower 

NAS. EIS 

Shepard & Eisenbud, 

visits to and from physicians, (-) no statistically significant Bridges, Sheppard & 
use of medicine, medical histories difference Eisenbud, EIS 

(b) Pulse simulating lightning, 3-14 Hz 
swept sine wave. 

(c) 2-100. Natural and man-made simulations 
of geomagnetic signals. 

TABLE 13. CLINICAL AND SUBJECTIVE EFFECTS OF ELECTROMAGNETIC FIELDS AT POWER LINE FRE-
QUENCIES (FROM FRAZIER, 1978). 
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RESEARCHER NUMBER OF FREQUENCY OR FIELD STRENGTH/ 
SUBJECTS BAND POWER DENSITY 

Pazderova 58 48.5-230 MHz 0-22 )1w/cm2 

Sadicikova 1180 30-3,000 )1\'1/ cm2 

Kalyada 40-200 MHz "nonthermal" 

Klimova- 530 1-150 MHz 0.1-3.3 mVI/cm2 
Deutschova 300-800 MHz 

3-30 GHz 

TABLE EFFECTS CITED IN PAVE PAWS REPORT. 

') 

EFFECTS 

Increased plasma protein levels 

Fatigue, irritability, sleepiness, 
. memory loss, bradycardia, hypertension, 
hypotension, cardiac pain, systolic 
murmur, "microwave sickness" 

Vegetative dysfunction of central 
nervous system; thermoregulatory 
pathology; cardiovascular changes; 
elevation of plasma cholesterol; 
gastritis; ulcers. 

Electroencephalographic disorders; 
elevation of fasting blood glucose; 
elevation of serum beta-lipoproteins; 
elevation of cholesterol. 



RESEARCHER NUMBER OF FREQUENCY OR FIELD STRENGTH/ EFFECTS 
SUBJECTS BAND POWER DENS ITY 

Gabovich & 66 centimeter waves to 370 Increase in threshold of red, green, 
Zhukovskiy and blue light. 

Zalyubovskaya 102 to 1 mW/cm2 Fatigue, drowsiness, headaches, loss & Kiselev of memory, decrease in hemoglobin, 
decrease in erythrocytes, hypercoagula-
tion) decrease in leukocytes, increase 
in lymphocytes, decrease in segmento-
nuclear neutrophils, increase in 
reticulocytes, increase in thrombocytes, 
drecrease in osmotic and acid re-
sistance of erythrocyes, decrease in 
bactericidal action of skin and oral 
cavity, decrease in blood serum lyso-
zyme, decrease in phagocytic activity 
of neutrophil s. 

TABLE 15. EFFECTS CITED BY MCCREE AND SHANDALA, 1980. 
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RESEARCHER NUMBER OF FREQUENCY OR FIELD STRENGTH/ EFFECTS 
SUBJECTS BAND pm.fER DENS ITY 

Sadchikova "microwaves" O. 03-3 cm2 Reversible changes in nervous and 
(USSR) cardiovascular systems and blood; 

"radio sickness". 

Baranski & "microwaves" Decrease in EEG alpha rhythm; decreased 
Edelwejn tolerance of neurotropic drugs. 
(Poland) 

Lancranjan 31 "mi c rowa ves II 10-100 mW/cm2 Decrease in sex function; decrease in 
(Romania) spermatogenesis. 

Pazderova 
(Czechoslovakia Change in blood protein chemistry. 

Slotolnik- Chromosome changes in human leukocytes. 
Baranska 

TABLE 16. EFFECTS CITED BY GLASER, IN JOHNSON & SHORE, VOL. 1, 1976. 



TABLE 17. 

Ratio of percentage of cases with particular defect 
EmF parameters due to EmF to percentage of cases in control (not 

exposed to EmF) 

QRS interval in 
reduced blood ECG increased to 

range intensity pressure (ar- slow heart beat 0.1 sec (reduced 
terial hypotonia) (bradycardia) 

ventricular con-
ductivity) 

From one to 
SHF (centimeter several 1. 85 24 11.5 

waves) mW/cm 2 

< 1 mW/cm 2 2.0 16 12.5 

Low, not 8 21 UHF thermal 1.2 

Tens to 
Short-wave HF hundreds 0.21 12 -

of Vim 

Medium -wave Hundreds to 
5 -

HF 1000 V,'m 1.2 

Percentage of cases in control 14"/0 3"/0 2"/0 

CARDIOVASCULAR DISTURBANCES IN PERSONS CHRONICALLY 
EXPOSED TO ELECTROMAGNETIC RADIATION AT VARIOUS 
FREQUENCIES (FROM PRESMAN, 1970). 
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RESEARCHER NUMBER OF FREQUENCY OR FIELD STRENGTH/ EFFECTS 
SUBJECTS BAND POWER DENS ITY 

Eckert 494 60 Hz Crib death (Sudden Infant Death 
(Germany) Syndrome) . 

Bogucka 72 "radio and Functional disorders of central 
(Poland) television" nervous system, hyperacidity, epi-

gastric pain, disorders of cardio-
vascular system, leukopenia of blood, 
esinophobia of blood. 

Bise 10 0.1-960 MHz 10-16_10- 13 Changes in electroencephalogram, loss 
(United States) W/cm2 of memory, inability to concentrate, 

irritability, apprehension. 

Dumanskii 34 50 Hz 5-12 kV/m Local changes in skin temperature, 
(USSR) reduced heart rate, reduced blood 

pressure, change in electrocardiogram, 
change in blood composition. 

Katorgi na, 230 2-1000 kHz 3-5 Vim Eye pain, headache, vascular changes 
Semenova, et al in eye. 

Alberti 31 5-50 MHz Decreased male fertil ity, insomnia, 
(Italy) headache. 

Holt VHF Below 10 mW/cm2 Cancer growth stimulated. 

Lovsund, Obey, 10-50 Hz 0-40 mi 11 i- Excitation of magnetophosphenes. 
Nilsson (Sweden) Teslas 

TABLE 18. EFFECTS CITED BY KLEINSTEIN & DYNER, 1980. 



FIG. 10. 
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'0 13 Magnetic storms (I) and mor-
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RELATION BETWEEN NATURALLY OCCURRING MAGNETIC FIELDS 
AND DEATH RATE (FROM BERG I 1960 1 IN PRESMAN I 1970). 

38. 



-40 Jr 

" -':j ., ., 

w" E 9 

·20 'Ld 2V.20min a:: 
<l H 

.40 H 
7V,Smin H 

r:I 
.60 H 

FIG. 11. EFFECT OF A 3-HERTZ, VERTICALLY POLARIZED, ELECTRIC FIELD 
ON THE REACTION TIME OF A SINGLE TEST SUBJECT IN A SINGLE-
BLIND EXPERIMENT (FROM IN 1974). THE 
DURATION AND INTENSITY OF EXPOSURE ARE INDICATED BY THE 
SHADED AREAS. THE VOLTAGES WERE APPLIED BETWEEN PLATES 
2.5 METERS APART. THE TIME-DEPENDENCE OF THE FIELD WAS 
INTENDED TO RESEMBLE THE TYPE II SIGNAL SHOWN PREVIOUSLY 
IN FIG. 2. 

39. 



40 I 

36 

32 

28 

24 

20 

16 
12 

8 

4 

0 
REST ---+0- RADI ATiON --+--- REST - , 
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FIG. 12. EFFECT OF A 3-HERTZ ELECTRIC FIELD ON GALVANIC SKIN 
RESPONSE (FROM KONIG .. IN PERSINGER .. 1974). THE TIME-
DEPENDENCE OF THE FIELD WAS INTENDED TO RESEMBLE THE TYPE 
II SIGNAL SHOWN PREVIOUSLY IN FIG. 2. FOR AN APPLIED 
FIELD INTENSITY OF 1 VIM, POSITIVE REACTION WAS OBSERVED 
IN 1 OF 12 TEST SUBJECTS. FOR 5 VIM, POSITIVE REACTION 
WAS OBSERVED IN 5 OUT OF 10 TEST SUBJECTS. 
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FIG. 13. 
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Free-running circadian rhythm of a subject 
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Free-running circadian rhythm of a subject 
living under strict isolation from environ-
mental time cues, during the first section 
protected from natural and artificial 
electromagnetic fields, during the sec.ond 
section under the influence of a con-
tinuously operating artificial electric 
DC-field. 

EFFECTS OF 2.5 VOLT/METER, 10-HERTZ AND 300 VOLTS/METER, 
STATIC ELECTRIC FIELDS ON CIRCADIAN RHYTHM (FROM WEVER, 
IN PERSINGER, 1974). 
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Ltukem.a L)'lnpho .... Nrrvoua syatem tumon Other 
I!ftldo_ Typo o(..,nne 

e ... Control e_ Control e ... ContrOl c:onfirur·'10n- ea .. Control 

Birth address HCC 52 29 10 22 12 17 9 
LeC S4 107 21 26 35 45 31 39 

1\\ HCCI (38.21 (21.31 (32.3) 116.11 (38.61 (21.11 (35.41 (18. 71 

Death .ddr ... HCC 63 29 18 11 30 17 18 17 
LeC 92 126 26 33 36 49 45 46 

('l HCC) 140.6) 1187) 140.91 (2501 145.5) (25.81 (28.61 (27.01 

- HCC - hi&h-CUrTent Lee - I09l'-<::'UJ'I"ent configw-ahon. 

TABLE 19. RELATION BETWEEN CHILDHOOD CANCER AND PROXIMITY OF 
RESIDENCE TO CERTAIN 60-HZ TRANSMISSION LINES (FROM 
WERTHEIMER & LEEPER, 1979). 
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Lensth of 
1-6 years 7-16 years 

(average 4.3) (average 9.6) 
Symptoms (73 Eersons) (73 Eersons) 

percent number percent number 
of cases of cases of cases of cases 

Headache 20.5 15 32.9 24 
Disturbance of sleep 13.7 10 23.3 17 
Fatigue 12.3 9 17.8 13 
General weakness 7.0 5 12.3 9 
Disturbance of memory 5.5 4 8.2 6 
Lowering of sexual potency 5.5 4 8.2 6 
Drop in body weight 2.7 2 12.3 9 
Disturbance of equilibration 5.5 4 11.0 8 
Neurological symptoms 0.0 0 15.1 11 
Changes in ECG 17.8 13 28.8 21 

TABLE 20. OCCURRENCE OF SOME SYMPTOMS IN HUMANS EXPOSED OCCUPATIONAL-
LY TO ELECTROMAGNETIC RADIATION IN THE FREQUENCY RANGE 
750 KHZ-200 MHZ (FROM DWYER J 1978). 
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TABLE 21. 

I ClH MWHIJ\\',\vl.-hlll:n.D 1\11.oIIIJI<' :': , " A , I"IIH'T 11'> HUMA" 

Pulsl!widlh 
(/oIs) 

1 
2 
4 
5 
5 

10 
10 
15 
15 
20 
32 

SI'IIII(IS (45 dB B,\(,Kc;HOI'''i> l'\oISE. 24S0 Mil,) 

40 16 120 
20 8 120 
10 4 120 
8 3.2 120 

2,5 1.0 25 
4 \.6 120 

1.3 0.5 26 
2.33 0.93 lOS 

5 2,0 150 
2.15 0.86 129 
I. 25 0.5 120 

·Peak SAR (specil"ic absorption rate) is based on absorption in eql. 
alent sphericail1lodel of the head 

SOME CHARACTERISTICS ASSOCIATED WITH MICROWAVE 
HEARING (FROM LIN, 1980). 
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TABLE 22. 

Exposure level 
High 
(over 200 mW/cm') 

Low 
(10-200 mW/cm') 

None 
(control group) 

Frequency of complaint, percentage 
- Abnormal 

cardiac 
Neurological Brachycardia ST waves 

32 

24 

11 

1.63 

3.93 

0.42 

11.8 

11.2 

5.6 

SURVEY OF 1300 CHINESE "MICROWAVE WORKERS" (FROM 
LERNER, 1980). 
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Ordinate - frequency of changes in percentages; abscissa - main indicators: A - neurological, B - autonomic vascular and C - cardiac. 
White columns - control; oblique shading - persons of the first group, exposed previously to periodic action of microwaves of substantial 
intensities; dotted shading - persons of the second group working under conditions of exposure to microwaves of lower intensities. All 
indicators are presented with confidence limits. 1 - feeling of heaviness in the head, 2 - tiredness, 3 - irritability, 4 - sleepiness, 
5 - partial loss of memory, 6 - inhibited dermographism, 7 - expressed dermographism, B - hyperhidrosis, 9 - bradycardia (upon 
counting), 10 - arterial hypotension, 11 - arterial hypertension, 12 - cardiac pain, 13 - dullness of the heart sounds, 14 - systolic 
murmur, 15 - bradycardia (according to ECG), 16 - lowering of deflections T I and T II. 

FIG. 14. CHANGES IN THE NERVOUS AND CARDIOVASCULAR SYSTEMS AMONG WORKERS EXPOSED TO 
MICROWAVES AND CONTROL SUBJECTS (FROM STUCHLY, 1978). 



Years of work 
Percentages or headaches vs years or work. •• Exploatation; D. special 

exploatation; D. repair. 

FIG. 15. OCCURRENCE OF HEADACHES IN "MICROWAVE WORKERS" (FROM 
BARANSKI & EDELWEJN, IN TYLER, 1975). 
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3 
Years of work 

Percentages of oversweating vs years of work. 

FIG. 16. OCCURRENCE OF EXCESSIVE PERSPIRATION IN "MICROWAVE 
WORKERS" (FROM BARANSKI & EDELWEJN, IN TYLER, 1975). 
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FIG. 17. 
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EEG tracings in an individual occupationally exposed for 5 years to microwaves 
(group R) while working in a repair shop. 

SUBSTANTIALLY FLAT ELECTROENCEPHALOGRAMS OF "MICROWAVE 
WORKERS" (FROM BARANSKI & EDELWEJN, IN TYLER, 1975). 
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Beneficial Effects 

Electromagnetic field effects have both established and develop-
ing uses in medicine. In addition, some alleged benefits have not 
been acknowledged in medical circles. 

Table 23 is a summary of various beneficial effects, at fre-
quencies ranging from 0-434 MHz. Most of these are included in the 
broad category of electromagnetic diathermy. That is, electromag-
netic fields are used to heat various parts of the body. It is 
generally believed that heat stimulates the natural healing and/or 
defense mechanisms to relieve or cure the ailment. Of all known 
effects, relief by diathermy is probably the oldest, beginning in 
1892 when D'Arsonval observed tissue heating due to low frequency 
electric currents. Comprehensive text books on the technique ap-
peared by the early part of this century (e.g. Danzer et al, 1938). 

The table also includes two techniques, however, which have 
been used only recently compared to diathermy. They are: bone 
healing and hyperthermia. The table shows that Brighton and Frieden-
berg have used microampere currents to mend stubborn bone fractures. 
Not shown is similar work by Bassett, who reportedly used 75 Hz 
pulsed currents of only a few nanoamperes to produce bone healing. 
Note that in either case, the currents are so small that heating 
probably is not part of this effect. With respect to hyperthermia, 
the table shows that Holt and Nelson reported positive results in the 
treatment of a great variety of cancers. Briefly, the objective of 
hyperthermia is to raise the temperature of cancerous tissue to 42-
45 degrees Centigrade. In that range, the cancer cells tend to die, 
but healthy cells manage to survive as they would during a high 
fever. The reason for the preferential survival is generally at-
tributed to the relatively poor circulatory system of cancerous 
tissue. That is, lack of blood prevents the cancer cells from dis-
sipating lethal amounts of heat energy. 

Electromagnetic hyperthermia is increasingly used as part of 
cancer treatment, as indicated by Tables 24 through 26 and Figures 
18 and 19. Table 24 shows that three different frequencies (27, 
915, and 2450 MHz) are used. The chief reason is that the electro-
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magnetic spectrum is regulated, and only certain frequencies have 
been reserved for such use. These constitute the ISM (Industrial, 
Scientific, and Medical) band and include the frequencies 13, 27, 
40, 915, 2450, and 6000 MHz. Note that Holt and Nelson (Table 23) 
used 434 MHz in Australia, but that frequency is not available in 
the United States. Of the ISM band, 915 MHz is closest to a physi-

optimum, in the sense that absorbed power is maximum for much 
bulk tissue. 

Table 25 shows how hyperthermia is used in conjunction with 
more traditional forms of cancer therapy, such as chemotherapy and 
ionizing radiation. The latter seem to be so much more effective 
when used simultaneously with that only very small doses 
(about 10% of the usual amount) are required. Therefore, the toxic 
side effects are largely avoided and prolonged treatment is feasible. 

Table 26 shows how hyperthermia is realized at a variety of 
local sites on or in the body, and some of the associated· problems. 
Electromagnetic fields are applied using specialized antennas. In 
medicine, these have been given a special name, lIapplicators ll

• 

Typically, they couple 1-100 watts into various parts of the body. 
Figs. 18 and 19 show two different applicators. The bean bag 

type is suitable for the surface of the body. The coaxial type is 
designed for use inside the body. 

The tables and figures do not include a number of both tradi-
tional and experimental electromagnetic field effects. The former 
include: defibrillation; various types of shock treatment; and 
diagnosis using the body's own electromagnetic signals, such as the 
electrocardio- and electroencephalogram. The novel ones include 
at least two diagnostic techniques, microwave thermography and micro-
wave scanning. 

Microwave thermography is a passive technique similar to radiom-
etry. The electromagnetic signature of cancerous breast tissue 
seems to be unique. The advantage over conventional X-rays is the 
apparent lack of toxic effects. Two different frequencies are 
presently being used, 3.3 and 1.3 GHz (Barret and Myers, 1979). 

Microwave scanning is a bistatic radar system. That is, the 
transmitting and receiving antennas are at different (in this case, 
opposite) sites. Evidently, microwaves passing through an organ 
can be used to construct a high resolution image of it, rivaling 
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those obtained using conventional X-rays. This is possible in 
part due to the high bulk dielectric constant of tissue, so that, 
at a fixed frequency, a wave length in the organ is about one-
n i nth w hat it \10 u 1 d be ina i r . For e x amp 1 e, at 3 G H z a wa vel eng t h 
is only 1.1 centimeter. For purposes of radar imaging, the smaller 
the wave length, the greater the resolution. The advantage over 
X-rays is apparent lack of toxic effects. 

Finally, one controversial beneficial effect concerns negative 
airborne ions. Reportedly, these can impart a feeling of exuberance 
and general well being. Positive ions reportedly have the opposite 
effect. This belief supports a world wide ion generator industry. 
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RESEARCHER NUMBER OF FREQUENCY OR FIELD STRENGTH/ EFFECTS 
SUBJECTS BAND POWER DENS lTV 

20 3-70 Hz Relief of arthritis pain. 
(SVJeden) 

Dikova 87 II ra dar ll 30 watts Cured sterility i n vwmen. 
(Bulgaria) 

Ben ta 11 (U K) 50 500 Hz Accelerated bruise healing. 

Nikoruikina 152 IImicro\'1ave ll 40 watts Relief of chronic colitis and 
(USSR) pancreatic disorders. 

Brighton & 57 
Friedenberg 

o Hz 10-20 microamps Healed bone fractures. 
(United States) 

Deeell e, 27.12 MHz 1.5 watts Cured arterial ulcer; relief from 
Lorthiour, et varicose veings, eczema, arthritis; 
al (Belgium) healed bone fractures. 

Novak 141 o Hz 40-480 garrunas Relief/cures relating to bronchial 
(Czechoslovakia asthma, neuralgia, epilepsy, steno-

cardia, photodermatoses. 

Holt & Nelson 1300 434 MHz Improvement in patients with cancers 
(Australia) of the: head, neck, breast, bone, 

liver, brain, lung, abdomen, rectum, 
bladder, sarcomata, lymphomata. 

TABLE 23. BENEFICIAL EFFECTS CITED BY KLEINSTEIN & DYNER, 1980. 



TABLE 24. 

Tumor Location 
Breast 
Breast 
Skin 

Lung 
Leg 
Leg 
Leg 
Foot 
Eye 
Head and neck 

Prostate 

Cheek 
Axilla 

Abdomen 
Abdomen 

Scalp 
Vagina 

Pathology 
Adenocarcinoma-local recurrence 
Adenocarcinoma-local recurrence 
Metastasis from cancer of breast, 

post-mastectomy 
Carcinoma 
Liposarcoma-recurrence-post surgery 
Disseminated metastatic melanoma 
Squamous carcinoma 
Primary melanoma 
Primary melanoma 
Primary melanoma, carcinoma of tonsils, 

sarcoma of tongue, squamous carcinoma 
Carcinoma 

Carcinoma 
Metastatic skin lesion from breast 

carcinoma 
Skin metastasis from sarcoma of colon 
Pelvic metastasis from colorectal adeno-

carcinoma 
Metastasis from lung carcinoma 
Melanoma 

Treatment Method 
2450-MHz cross-fire conformal applicators 
2450-MHz ceramic waveguide applicator 
915- and 2450-MHz air-filled waveguide applicators 

27-MHz water-filled ridged waveguide applicator 
27-MHz water-filled ridged waveguide applicator 
2450-MHz ceramic waveguide applicator 
2450-MHz conformal applicator 
2450-MHz ceramic waveguide and conformal applicators 
2450-MHz ceramic waveguide applicator 
915- and 2450-MHz ceramic waveguide applicators 

915- and 2450-MHz coaxial applicators and 27-MHz water-filled 
ridged waveguide applicator 

2450-MHz cross-fire conformal and coaxial applicators 
2450-MHz conformal applicator 

2450-MHz conformal applicator 
27-MHz water-filled ridged wave applicator 

2450-MHz ceramic waveguide and conformal applicators 
2450-MHz ceramic waveguide applicator 

PROFILES OF CASES AND MODALITIES OF HYPERTHERMIA (FROM STERZER ET AL, 1980). 



Anatumic Adjuvant Cumments and 
Extent Method Temperature Time Therapy Considerations Rtfcrences 

Whole lIot air and/or radiant 41-41.5 5-21 h X-ray Cumbersomc-limited ac- Warren 
Body heat cess to patient 

1I0t water by immersion 40 2Y1 h • Slow temperature control Von Ardenne 
Hot water by space suit 39.5-42 90 min- Systemic • Larkin, Bull 

5 h chemotherapy 
Melted paraffin by 41-41.8 90 min- Cytotoxic drugs Limi ted access to pa tien t Pettigrew 

immersion 4h 
Perfusion -cx tracorpureal 41.5-42 5h Cytutoxic drugs Surgical procedure Parks 

heat exchange 
Microwave and hot ilir 43-43.6 40 min- • • Morieca 

cabinet (Siemens) 1 h 
Regional 1I0t water by immersion 46-47 67 min X·ray, cytotoxic Limited to Crill: 

drugs 
Radiant heat -visible and 43-45 20 min • * Lehmann 

infrart·d 
Perfusion 38-45 30 min- X-ray, chemotherapy, Surgical procedure Cavaliere, Stehlin, 

c.n 8h cytotoxic drugs Shingleton, Woodhall 
c.n Capacitive Rr- 42-50 30 min- • Skin and rat burns have LeVeen, Storm 

3h been a problem. 
Inductive RF 41-63 35 min • Storm 

Localil.cd Irrigation 41-45 1-3 h • Bladder tumors, peritoneal lIall et a/. 
cavity Ludgatc 

Capacitive RF 48.4 30 min- • • LeVcen, G. Hahn 
3h 

Inductive RF 42.8-45 30 min- X-ray • Kim and lIahn, 
I h V()n Ardenne 

Ultrasuund 43.5 30min • Best f",using. Relle,tions, G.llahn 
caviatiun, and hone heat-
ing arc prohlems. 

Microwave 42-44 12-20 min • Deep heating (lO CfII) diffj· Sandhu, Dick",n. 
cult with noninvasive Mendecki, Sal1laris, 
(NI) applicators. c:/ a/. 

TABLE 25. REPORTED HYPERTHERMIA MODALITIES (FROM SHORT & TURNER, 1980). 



Site 

Buccal cavity 
and pharynx 

Esophagus 

S4JJnach 

Colon 

Rectum 

Liver and 
biliary 

Pancreas 

Larynx 

Lung 

Bone and con-
nectivc tissue 

Breast 

Uterus 

Ovary 

Prostate 

Brain 

Thyroid 
Leukemia 

Lymphoma 

Bladder 

Kidney 

All sitcs 

Estimated 
Ncw Cases 

24400 

8400 

23 000 

77 000 

35 000 

11600 

23 000 

10400 

112 000 

6400 

106900 

13600 
53 000 

17 000 

64 000 

11600 

9000 
21 500 

38500 

35 000 

16200 

765 000 

Estimatcd 
Deaths 

8650 

7500 

14100 

42800 

9100 

9200 

20200 

3500 

97500 

3350 

34500 

4300 
10700 

II 100 

21 000 

9500 

1000 
IS 400 

20300 

10000 

7500 

395 000 

Po."iblc Regional ur Lucal 
lIyperthermic Apprnaches 
ULT CAP IND MIC 

NI NI NI NI 

OR NI OR 

NI NI OR 
OR 
NI NI NI 

OR 
OP 

OR NI OR 
IN 

NI NI NI NI 
IN 

NI NI Nl NI 
OR 
or 

NI NI 
OR 

NI NI NI 
OP 

NI NI NI 

Nl Nl Nl NI 
IN 

NI NI 
OR NI OR 
IN IN 

or 
NI NI 

or 
NI OR NI 

OR 
IN NI IN 

OP 

NI Nl NI 

NI NI Nl NI 

Nl OR 

Nl Nl Nl NI 
IN 

Problems and Considerations 

Proximity to eyes, complex geometry-reflections, uneven heat depo-
sition. Specialized applicators. Hig.h vascular perfusion. 

Local metastases at first diagnosis. Large blood vessels adjacent. Dif-
ficult thermometry (danger of mediastinitis). 

Local mctastases at first diagnosis. Difticult geometry and placement 
of applicators. Some success with WBII and hyperthermic irrigation. 

Right colon not acct!ssiblc by orificial applicator (too deep). Adjacent 
loops of bowel containing liquids and gases. Thermometry difficult. 

Metastases in regional lymph nodes may be diffh;ult to heat. 

Most sensitive tissue to heat. Largc organ. Usually good differential 
heating of tumors. Gall bladder contents may overheat. 

Deep, inaccessiblc. Intestinal mucosa arc heat sensitive. Thermometry 
difficult. May require surgical implantation-active and passive radi-
ators and temperaturc probes. 

Good candidate for hyperthermia-accessible. early symptoms, second 
chancc laryngectomy if hyperthermia fails. 

Often far advanced at first diagnosis. metastasis common. Geometry 
dirficult-air. bone. major vessels. Thermometry tricky. 

Commonly mctastasize to lung. Problems relate to size and location, 
etc. 

Deep surface against musde may be harder to heat. Metastases to ax-
illary lymph nodes often small (1 mm). Synchronous phased array? 

Metastasize widely. 
Nonsurgical candidates have Io<:al e,,"tension which is deep for external 

applicators, distant from intrauterine cavity. 

Many tumors cysti.:. c",ily ruptured-tht:rmolllt:try difficult. 
Tumors deep in pelvis. Disseminate through peritoneal cavity. 

Metastasize to lower spine. 

Refle.:tions, resonance, fluid-filled vcntridcs, proxlIlllty to eyes. 
Surgical pro.:edure for invasive applicators and temperature probes. 
lIypt:rthcrmic chemotherapeutic perfusion? 

Adjacent tissue many large blood vessels and important nerves. 
Diffuse disease. Whole body hyperthermia with C"lwmothcrapy and/or 

X-irradiation? i':xtracorporeal hyperthermia of blood? 
Orten diffuse. May be diflieult to heat pn:ferentially. Dosimetry 

may be difficult. 
Temperature probe placement tricky in invasive tumors. Some suc-

cess with hyperthermic irrigation. 
May require X-ray placement of temperature probcs and IN applicators. 

Abbreviations: ULT-Ultrasound. CAP-Capacitive Rf-, IND-Inductivc Rf-. MIC-Radiative UHf-, microwave, Nl-Noninvasive, IN-Invasive, OR-
Natural orificc (orificial), OP-Operativc (surgical exposure), WBII-Whole body hyperthermia. 

TABLE 26. SELECTED CANCER STATISTICS AND HYPERTHERMIA CONSIDERA-
TIONS (FROM SHORT & TURNER, 1980). 
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Bean·bag applicator 
designed for operation at 
2450 MHz uses multiple 
printed·circuit dipole anten· 
nas. The base conforms to 
the contours of the body. The 
mesh around the applicator 
minimizes the extraneous ra· 
dlation. This type of applica· 
tor is used for treating one or 
more shallow tumors in a 
large area. 

RF input Printed circuit 
antenna 

Meta! 
cavity 

FIG. 18. BEAN BAG TYPE APPLICATOR FOR HYPERTHERMIA (FROM STERZER 
ET AL, 1980). 
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FIG. 19. 

ANTENNA _ 
SURROUNDED 
BY TEFLON 
BULB 

1 liNCH 

COAXIAL 
_ TRANSMISSION 

UNE 

t--MICROWAVE 
INPUT 

Coaxial applicator designed for oper· 
ation at 2450 MHz. 

CENTER 
CONDU CTOR-

OIELECTRIC 
SLEEVE . ---',' 

OUTER 
CONDUCTOR -

DIELECTRI 
SLEEVE 

C 

'" I' 

'" " '" '" 

AVE oJ MlCROW 
INPUT 

i DIPO LE 

Cross section of the dipole antenna 
of a coaxial applicator. 

COAXIAL TYPE APPLICATOR FOR HYPERTHERMIA (FROM STERZER 
ET AL, 1980). 
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Physical and Physiological Foundations 

A great variety of theories have been developed to help under-
stand the effects described in the preceding sections. In this sec-
tion, the theories are presented roughly in order of how homogeneous 
the human body is assumed to be. At one extreme, it may be regarded 
as a simple shape (e.g. a prolate spheroid) with a single set of 
electromagnetic constants (permittivity, permeability, and 
tivity). In that sense, the body is a simple antenna or probe capable 
of intercepting a certain amount of electromagnetic energy, which is 
converted entirely into heat. At the other extreme, the body may be 
regarded as a collection of countless electronic microcircuits, each 
one corresponding to an individual cell or part thereof. Electro-
magnetic energy somehow finds its way to individual microcircuits 
and influences the electronic functions there. These functions in-
clude various communication and control processes essential to 
life and its activities. Probably neither extreme is a totally correct 
or incorrect viewpoint, and each provides useful physical insights. 

Theories Based on Power Dissipation 

Figs. 20 and 21 follow from adopting the simplest point of 
view (i.e. modeling the human body as a homogeneous, prolate sphe-
roid). Fig. 20 shows qualitatively the electric current densities 
that result from electric and magnetic fields. These can be calcu-
lated exactly by solving Maxwell's Equations for a prolate spheroid, 
a task that is straight forward but tedious. Because the body is 
resistive, the currents result in the dissipation of power. If 
the longitudinal axis of the body is parallel to the electric field, 
then the total dissipated power is given by the formula, 
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If it is parallel to the magnetic field, the appropriate formula is: 

1ft/a' z. 
3 (6 ) 

Finally, if it is parallel to the wave vector (which, for plane waves, 
is mutually orthogonal to both the electric and magnetic fields), 
the appropriate formula is: 

'ItTa.l/ 
3 

In eqs. 5 through 7: s = incident power density in mW/cm 2 
cr = conductivity of body 
k = wave number = 2rr/(wave length) 
n = impedance of free space = 376.73035 ohms 
a,b = major and minor semi-axes of prolate 

spheroid. 

The coefficients Be and Bh are: 

I 

-- - ('/,0+ l .... )] 
2 1.1.-1 10 

where: 

Note that eqs. 5 through 7 show how results depend on the po-
larization of the electromagnetic field. 
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Fig. 21 shows how the dissipated power varies as a function of 
frequency for each of the three possible polarizations. Actually, 
the dependent variable in the figure is not exactly power but a 
quantity called the average IIspecific absorption ratioll or average 
IISAR". This is simply the dissipated power normalized by the mass 
of the body. The mathematical definition is: 

where: Fd = dissipated power density 
p = mass density 

( 1 1 ) 

Note that in eq. 11, Fa is not that total dissipated power Rather, 
it is the dissipated power which, in general, is riot constant 
throughout the volume of the body. Therefore, the SAR also varies. 

Which of the above three quantities (current density, dissipated 
power, or SAR) is most physiologically meaningful is not clear. SAR 
seems to have received the most attention, however. It can be com-
pared directly to the body's basal metabolic rate (BMR), at least 
because they have the same dimensions (watts per kilogram). This is 
done in Table 27. The BMR is a measure of how fast the body can 
convert incident energy into forms other than heat. So, if the SAR 
exceeds the BMR, then body temperature should rise. Temperature 
change is associated with some of the adverse and beneficial changes 
described in the previous sections, including cataracts, diathermy, 
and hyperthermia. So, the SAR concept is useful for understanding 
at least these effects. 

The calculations of SAR and electric currents have been extended 
to geometries which are more complicated than prolate spheroids and 
which more closely resemble the human form. Fig. 22 shows such a 
geometry, composed of multiple cubes. Figs. 23 through 25 show some 
results obtained using the multiple cube model. As already noted, 
the SAR is not uniform throughout the body. Instead, there are "hot 
spotsll, or regions of the body where the SAR is distinctly greatest. 
The location and intensity of the hot spots change as functions of 
frequency and other parameters. 
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Fig. 26 demonstrates that current densities can also be calculated 
for detailed regions of the body. 

The sort of computations described thus far require an a priori 
knowledge of electromagnetic constants (permittivity, permeability, 
and conductivity) for various parts of the body. These have been 
measured extensively, at least for bulk tissue, which is adequate 
for the multiple cube and simpler geometries. Tables 28 and 29 and 
Figs. 27 and 28 show values for many of the constants. They are 
used to calculate the dissipated power density, and thus the SAR, 
according to the formula, 

(12) 

In eq. 12, E" is the imaginary part of the complex permittivity E, 

and r is the electric field at the point of interest inside the body. 
Fig. 28 emphasizes that the electromagnetic constants are 

actually frequency dependent composites. That is, tissue is not 
homogeneous but composed of different substances (e.g. membranes, 
fluids, and various particles). In general, each substance has dif-
ferent electromagnetic constants. The relative contributions from 
each substance to the composite electromagnetic constants may 

with frequency. So, the theory and techniques described thus 
far are approximations which tend to ignore the detailed structure 
of tissue. This approximation may be acceptable, especially for 
modeling effects in which detectable tissue heating occurs. These 
are often termed "thermal" effects. 

Theories Based on the Movement of Charge 

On the other hand, many of the effects described in the previous· 
sections do not seem to be associated with tissue heating or tempera-
ture changes. Examples include fibrillation, bone healing, and the 
various effects collectively known as neurasthenia, which seem to 
involve the central nervous system. These are often termed "athermal" 
effects. Efforts to understand these have focussed attention on the 
(microscopic) components of tissue (e.g. cells, membranes, fluids, 
molecules in solution) rather than the tissue taken as a whole. 
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According to one theory, an electric field can cause the ag-
glomeration of particles (e.g. molecules in solution) which are 
normally separated. Figs. 29 and 30 show this process, which is 
called IIpearl chain formation ll

• The individual particles, or pearls, 
are electrically neutral but the electric field polarizes them. 
Then, they are attracted to each other, negative end to positive end. 
The minimum, or theshold, field strength required to sustain the 
process is given approximately by the formula, 

kT 
(13) 

where: a = radius of particle 
£1 = permittivity of particle 
£2 = permittivity of ambient medium 
k = Boltzmann constant = 1.381 x 10- 23 joules/deg. 
T = temperature 

Due to the viscosity of the solution, the field must be applied for 
at least a time given by the formula, 

3 Z- -::. 12.1rr a 

kT 
where n is viscosity and the x are roots of the equation, mn 

In eq. 15, jn = spherical Bessel function of the first kind 
Yn = spherical Bessel function of the second kind 
2R = separation between particles in the absence of an 

applied field 
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The prime denotes a derivative. 
The concept of pearl chain formation implies rather drastic 

changes can be induced within the body. Extensive numerical evalua-
tion of the formulas and comparison with physiological data does 
not seem to be available in the literature, however. 

In addition to particles in solution, theories have been de-
veloped concerning individual cells. Fig. 31 shows the equivalent 
electric circuit of a cell. Given an incident current density, and 
using the circuit model, the total current or current density actual-
ly passing across the cell membrane and through the cell can be cal-
culated. If the current is sufficiently great, different responses 
are possible. For example, a current density of 1 mA/cm 2 is about 
the amount associated with the action potential of nerve and muscle 
cells. Perhaps a pulsed electromagnetic field could simulate these 
action potentials and confuse the body by generating false signals. 

Another response that has received much attention relates to 
the IIblood brain barrierll. The exact nature of this barrier is not 
resolved; however, according to at least one theory, it is composed 
of specialized cells which line the capillaries of the brain and 
central nervous system. Similar cells are not found elsewhere in the 
body. They are very tightly packed, so that substances cannot leak 
between them, and they carefully select those which may pass through 
them. Thus. they isolate the brain and central nervous system in a 
manner unique in the body. Evidently. electric currents cause the 
specialized cells to contract, allowing normally excluded substances 
to leak between them. The frequency, and other character-
istics of the required current are not known at this time. 

Of the cell's parts. the membrane probably has attracted most 
attention, at least with respect to electromagnetic effects. Many 
membrane properties can be stated quantitatively. Some of them are: 

• Typical thickness: 45 angstroms 

• Typical capacitance: 1 microfarad/cm2 

• Typical leakage conductance: 1-10 mhos/cm 2 

• Typical resting potential: 100 millivolts 
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From the above numbers the following additional ones can be derived: 

• Dielectric constant: 5 
Electric field: 2.2 x 10 7 volts/meter 

• Surface charge density: 9.7 x 10- 8 coulombs/cm2 = 
6.1 x 1011 fundamental charges/cm2 

Of these, perhaps the electric field is most remarkable because it is 
greater than almost any other found in nature. For example, recall 

from a previous section that the electric field at the earth's sur-
face is only about 100 Vim. 

Fig. 32 shows a typical voltage waveform which occurs across 
membranes in response to the body's natural excitation. 

Equations and equivalent electronic circuits have been developed 
based on the membrane properties and waveforms just described. The 
voltage across the membrane is given by the Hodgkin-Katz ion (HKI) 
equation: 

V= 3r L 
F 

f't<. [K7] + C Nat] Fe, [ C.e; -] 
IK [KeT1 -\- fN4 [Na:J + r::R [ C.e:.-] 

In eq. 16, R = gas constant = joules/(degree-mole) 
T = temperature 
F = Faraday constant = 0.96487 x 105 coulomb 

The P are permeability constants, and the brackets denote concentra-
tions of the ions within them. Subscripts i and e denote locations 
internal and external to the cell, respectively. An alternative to 
the HKI equation is the Association-Induction (AI) equation: 

( 1 f ) 

( 17) 

where the K are adsorption constants. 
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The current across the membrane is given by the Hodgkin-Huxley 
equation, which has the form, 

In eq. 18, C is the membrane capacitance and the g are leakage con-
ductances. The latter are different for each charge species, and 
they are also nonlinear. 

Fig. 33 shows a circuit model of the membrane based on eq. 18. 
As already noted, the are nonlinear, and Fig. 34 shows 
how they change in time for a step excitation. 

There is some similarity between the cell membrane and the p-n 
junction found in electronic semiconducting devices, such as diodes 
and transistors. Figs. 35 and 36 indicate this similarity. Both 
the membrane and p-n junction sustain a voltage between regions with 
different charge concentrations. At least one theory exploits this 
similarity. According to that theory, the membrane is a rectifying 
junction. The implications could be dramatic. Direct currents 
might be created from high-frequency ones, and different frequencies 
might be mixed to create new ones to which the body is more sensitive 
{i.e. resonant}. 

So far, the cell membrane has been treated as a homogeneous 
substance characterized by a capacitance and empirically derived, 
nonlinear conductances; however, the membrane is, in fact, inhomo-
geneous. Fig. 37 shows the detailed structure of membranes. The 
basic structure is a double layer of molecules called lipids. The 
layer is penetrated to varying depths by proteins. Fig. 38 shows the 
chemical composition of a lipid molecule. The tails of lipids are 
hydrophobic, that is, they repel water. It is this repulsion which 
largely holds the membrane together. Proteins are chains of amino 
acids, the formula for one of which is shqwn in Fig. 39. The residues 
R are chemical compounds such as thymine, cytosine, adenine, and gua-
nine. The chains combine to form large varieties of proteins. By 
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one estimate, 50,000 different types are in the body, of which 100-
3,000 have been documented. Fig. 40 shows some of the different 
proteins, separated according to gram molecular weight (i.e. the 
weight in grams of one mole, or 6.02 x 10 23 molecules). It is seen 
that the range in weight is over an order of magnitude. 

The proteins are important, electromagnetically, because they can 
conduct charges, while lipids are good insulators. Thus, proteins 
are the conductances g in the various equations and circuit models 
of the membrane. Exactly how current passes through proteins is 
not well understood, but the size and shape of the protein is almost 

certainly significant. If it somehow becomes bent or compressed, 
or if its site in the lipid layer is disrupted, then conduction is 
probably affected. 

Electromagnetic fields can interact with proteins, possibly 
disturbing them as described above, over a wide range of frequencies. 
Between 1-10 MHz, depending on its size and mass, the entire pro-
tein may be regarded as a single dipole which rotates in response 
to an oscillating field. According to research physician David 
Straub (VA Hospital, Little Rock), if proteins are dislodged from 
their sites in membranes, much time passes until random motion re-
stores them. Meantime, the conduction function performed by those 
proteins is interrupted. At high frequencies, individual parts of 
proteins may be regarded as dipoles. Many of these rotate in response 
to fields in the 10-20 GHz band. 

Fig. 41 and Table 30 show additional responses of individual 
molecules to electromagnetic fields of various frequencies. 

Proteins figure predominantly in at least one theory of cancer, 
advanced by Nobel laureate Albert Szent-Gyorgyi, which is currently 
being researched. According to this theory, conduct 
electrons out of the cell interior. Oxygen molecules at the cell 
exterior accept the electrons and carry them away. These free 
electrons are products of some chemical process inside the cell 
that inhibits reproduction. If the electrons are not conducted 
away, then the process stops, and the cell divides at an uncontrolled 
rate. Eventually, there are enough cells to form a tumor, which 

67. 



characteristically has a poor circulatory system. So, little or 
no oxygen-carrying blood reaches the cells. The continued lack 
of oxygen exacerbates the situation, and reproduction continues un-
checked. This theory is consistent with and, in part, based upon 
evolution. The earliest living cells were cancerous in nature, 
reproducing without limit and they developed and thrived in the 
early atmosphere of this planet, which was oxygen starved. 

As noted at the beginning of this section, theories exist for 
every geometric scale within the body. At one extreme, the entire body 
can be treated at once as a homogeneous object. Other theories focus 
on the cell. Still others concentrate on but a part of the cell, 
the membrane. Even the membrane is not homogeneous, and theories 
were presented based on one type of molecule within the membrane, 
the protein. Possibly, in an effort to better understand micro-
scopic charge conduction, future theories will be specialized to 
certain chemical compounds within the protein. 
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A B 

Human body (ellipsoid) in a uniform 
elecnic (A) and magnetic (6) field. The broken 
lines indicate the direction of the induced cur-
ren!. 

FIG. 20. ELECTRIC CURRENT DENSITIES PRODUCED WHEN THE LONGITUDINAL 
AXIS OF THE HUMAN BODY IS PARALLEL TO ELECTRIC (E) AND 
MAGNETIC (H) FIELDS (FROM PRESMAN, 1970). 
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Calculated average SAR in a prolate spheroidal model of an aver.ge man for 
an incident power density of I mW/cm2 for three polarizations; a. 0.875 m, 
b - 0.138 m, V • 0.07 .3. 

FIG. 21. POWER ABSORBED BY A HUMAN BODY IN THE FAR FIELD OF AN 
ELECTROMAGNETIC RADIATOR, FOR THREE DIFFERENT POLARIZA-
TIONS. NOTE THAT THE LOW-FREQUENCY RESPONSE MIGHT BE 
VERY DIFFERENT IF THE BODY IS IN THE NEAR FIELD (FROM 
DURNEY ET AL, 1980). 
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Frequency (MHz) 10 20 50 60 80 100 

1 mW/cm2 0.13 0.6 5.8 16 16 12 
SAR/BMR 

(%) 
5 mW/cm2 0.65 3.0 29 80 80 60 

Frequency (MHz) 200 500 1,000 2,000 5,000 10,000 20,000 

1 mW/cm2 5.2 3.7 2.9' 2.5 2.5 2.5 2.5 
SAR/BMR 

(%) 
5 mW/cm2 26 18.5 14.5 12.5 12.5 12.5 12.5 

TABLE 27. RATIO OF SAR (SPECIFIC ABSORPTION RATIO) TO BMR (BASAL 
METABOLIC RATE) FOR AN AVERAGE MAN EXPOSED TO A PLANE 
WAVE WITH A POWER DENSITY OF 1 MW/CM2 AND 5 MW/CM2 
(FROM STUCHLY, 1978). 
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FIG. 22. MULTIPLE CUBE MODEL USED FOR DETAILED SAR COMPUTATIONS 
(FROM CHATTERJEE ET AL, 1980). 
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FIG. 23. 
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Distrihution of power deposition for a human being with fCl'1 
in electrical contact with the ground, The numbers are rc1atlvo: to 
whole.bodY.Bvo:raged SAR values of (1.75/L m )· 4.0 W/kg for 10 
mW/cm' . 

CALCULATED NONUNIFORM DISTRIBUTION OF DISSIPATED POWER 
( FROM GANDH I" 1980). 
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FIG. 24. 
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Distribution of power deposition for a human under free·space 
irradiation. The numbers arc relative to whole·body· 

SAR of (1.7S/L m )· 1.88 W/kg for 10 mW/cm' incident 
fields. 

CALCULATED NONUNIFORM DISTRIBUTION OF DISSIPATED POWER IN 
RESPONSE TO UNIFORM INCIDENT ELECTROMAGNETIC FIELD (FROM 
GANDH I I 1980). 
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180 kV/m 

60 nA/cm2 

200) nA/cm2 

FIG. 26. CALCULATED CURRENT DENSITIES IN A GROUNDED MAN IN RESPONSE 
TO A VOLT/METER ELECTRIC FIELD (FROM 
KAUNE & 1980). 
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....... 

....... 

Frc'Iuenc}' (Me) 

25 50 100 2UO 400 70U 10UO 3000 HSOO 

(a) Dielectric cOllslanl f 

Muscle I03-IIS 85-97 71-76 56 52-54 52-S3 49-S2 45-48 40-42 
Bearl 59-63 52-56 50-55 

muscle ... 
liver 136-138 88-93 76-79 50-S6 44-51 42-51 46-47 42-43 34-3B 
Spkell >200 135-140 100-101 
Kidney >200 119-132 87-92 62 53-55 50-53 
lUll!! 35 35 34 
Brain >160 110-114 81-H3 
Fat 11-13 4.5-7.5 4-7 5.3 -7.5 3.9-7.2 3.5-4.5 
Bone 6.8-7.7 4.3-7.3 4.2-5.H 4.4-5.4 

marrow 

(b) Condudivity K in mmho/cllI 

Muscle 6.80-8.85 9.52-10.5 11.1-11.8 12.7-13.7 12.7-13.3 21.7 -23.3 83.3 
Heart 8.7-10.5 10 -11.8 10.5-12.8 

muscle 
liver 4.76-5.41 5.13-5.78 5.59-6.49 6.67-9.09 7.69-9.52 B.7-11.8 9.43-10.2 20 -20.4 5B.B-66.7 
Splcen 6.62-7.81 
Kidney 6.9-11.1 11.1 11.8 1.3-1.32 
lUll!! 2.22-3.85 6.25 7.14 7.69 
Brain 4.55 4.76-5.26 5.13-5.56 
Fal 0.4 -0.59 0.29-0.95 0.36 -11.1 0.83-1.49 1.11-2.27 2.7-4.17 
Bone 0.2-0.36 0.43-\ 1.16 - 2.25 1.67 -4. 76 

marrow 
._-----------_._-----------".-- -- --+- - -------- ----------------------._-

(a) Values at 25, 50, and 100 Mill from Osswald (1937); at 2(JO. 400, :lIld 700 Mllz twm Sd\\vln ,,,,d Li (1953); al I lillO, 30!)O, and B5()0 Mill. 
froJl1 Herrick cl 01. (1950). The values frum 200 to 700 Mllz have been obtained al 27°(' and are adjusted 10 37°(' "ilh lhe help uf lernpcralure 
coefficients discussed above. 

TABLE 28. DIELECTRIC CONSTANT AND CONDUCTIVITY IN MMHO/CM OF VARIOUS BODY TISSUE AT 
37 DEGREES CENTIGRADE (FROM SCHWAN & FOSTER, 1980). 
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.---- - . .. •.. 

Fat. Ron ... and Tissues with I.ow "'at,,r Cuntt'nt --------. 
Reflection Cocffidcnt 

Wavc!"nJ;th Dit'ketrie Conductivity \Vavelength Depth of Air-Fat Interface Interface 
Frequt'ney in Air Constant "I. . )II. Penetration 

(MHz) (em) fl. (mmho/m) (em) (em) r f[I r '" 1 30000 
10 3000 
27.12 1106 20 10.943.2 241 159 0.660 +174 0.651 +169 
40.68 738 14.6 12.6-52.8 187 118 0.617 +173 0.652 +170 

100 300 7.45 19.1-75.9 106 60.4 +168 0.650 +172 
200 150 5.95 2S.8-94.2 S9.7 39.2 0.458 +168 0.612 +172 
300 100 S.7 31.6-107 41 32.1 0.438 +169 0.592 +172 
433 69.3 5.6 37.9-118 28.8 26.2 0.427 +170 0.S62 +173 
750 40 5.6 49.8-138 16.8 23 0.·415 +173 0.532 +174 
915 32.8 5.6 S5.6-147 13.7 17.7 0.417 +173 0.519 +176 

1500 20 5.6 70.8-171 8.41 13.9 0.412 +174 0.506 +176 
2450 12.2 5.5 96.4-213 5.21 11.2 0.406 +176 0.500 +176 
JOOO 10 5.5 110-234 4.25 9.74 0.406 +176 0.495 +177 
5000 6 5.5 162-309 2.63 6.67 0.393 +176 0.502 +175 
5900 5.17 5.05 186-338 2.29 5.24 0.388 +176 0.502 +176 
8000 3.75 4.7 255-431 I. 73 4.61 0.371 +176 0.513 +173 

10000 3 4.5 324-549 1.41 3.39 0.363 +175 0.518 +174 

-----.. -- ---_ .. 
Muscle. Skin. and Tissues with lIiCh Water Content 

Reflection Coefficient 

\Vavelength Dielectric Conductivity Depth of Air-Mu:!Clt' Interface MUlJCle-Fat Interface 
Frcquene)' In Air Constant "N )"" Penl'lra tion 

(MHz) (em) fH !mho/m) (em) (em) , f[I r '" 1 30000 2000 0.400 436 91.3 0.982 +179 
10 JOOO 160 0.625 118 21.6 0.956 +178 
27.12 1106 113 0.612 68.1 14.3 0.925 +177 0.651 -11.13 
40.68 738 97.3 0.693 51.3 11.2 0.913 +176 0.652 -10.21 

100 300 71. 7 0.88'1 27 6.66 0.881 +175 0.650 -7.96 
200 150 56.5 1.28 16.6 4:79 0.844 +175 0.612 -8.06 
300 100 54 1.37 11.9 3.89 0.825 +175 0.592 -8.14 
433 69.3 53 1.43 8.76 3.57 0.803 +175 0.562 -7.06 
750 40 52 1.54 5.34 3.18 0.779 +176 0.532 -5.69 
915 32.8 51 1.60 4.46 3.04 0.772 .+177 0.519 -4.32 

1500 20 49 1. 77 2.81 2.42 0.761 +177 0.506 -3.66 
2450 12.2 47 2.21 1. 76 1. 70 0.754 +177 0.500 -3.U 
3000 10 46 2.26 1.45 1.61 0.751 +17& 0.495 -3.20 
5000 6 44 3.92 0.89 0.788 0.749 +177. 0.502 -4.95 
5800 5.17 43.3 ,:.' 4.73 0.775 0.720 0.746 +177 0.502 -4.29 
8000 3.75 40 7.65 0.578 0.413 0.744 +176 0.513 -6.65 

10000 3 39.9 10.3 0.464 0.343 0.743 +176 0.518 -5.95 

TABLE 29. ELECTROMAGNETIC CONSTANTS AND RELATED PARAMETERS FOR 
VARIOUS TISSUES (FROM JOHNSON & GUY, 1972). 
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FIG. 27. DIELECTRIC PROPERTIES OF HUMAN BRAINS IN THE MICROWAVE 
S-BAND, AT 37 DEGREES CENTIGRADE (FROM LIN, 1975). 
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Gross Structure 

a - Excited membrane? 
Intracellular structure? 

S - Tissue structure (Maxwell-Wagner) 
y - Water E 

Fine structure 

FIG. 28. 

Charge transfer (ion relaxation) 
Subcellular components, biologic 
macromolecules) 
Bound H20, side chain rotation, 
amino acids 

102 106 

FREQUENCY 

Gross and fine structural relaxation contribution to the 
dielectric constant of muscle tissue. Dashed lines indi-
cate fine structural contributions. The data and various 
structural contributions are typical for all tissues of 
high water content. (From Schwan, 1974.) 

FREQUENCY DEPENDENCE OF MUSCLE TISSUE DIELECTRIC 
CONSTANT (FROM DWYER, 1978). 
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FIG. 29. PEARL CHAIN FORMATION (FROM STUCHLY, 1977). 
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FIG. 30. 

+ + + 
+ + 

+ 8 + 
(a) + + 

+ + ... ... 
+ ... + 

+ + + + + 
+ 8 (b) + 
+ 

+ + 
+ ... + 

... + ... + + + ... + + 
+ + + + + + 

+ 8+ 8+ (c) + -) 
+ '++ ++ "-..A 

+ + + + + + + ... ... + + + + + + 

(a) A negatively charged particle (-), together with a 
double (+) layer, forms an electrically neutral whole; (b) an in-
duced dipole which arises when a charged particle enters an elec-
trical field; (e) linking of oriented dipoles in the direction of 
an electrical field (chain formation). 

STEPS IN THE PROCESS OF PEARL CHAIN FORMATION (FROM 
MARHA & TUHA, 1971). 
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FIG. 31. 

I 

A 8 

Passage of electric current (I) in cell (A) and equi-
valent electric circuit of cell (8). Rem is the resistance and 
Cern is the capacitance of the extracellular medium. Rim is 
the resistance of the intracellular medium. Cw is the capaci-
tance of the cell wall. 

ELECTRONIC CIRCUIT MODEL OF AN INDIVIDUAL CELL (FROM 
PRE 5 MAN I 1970). 
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RECOVERY CURVE OR TRANSMEMBRANE ACTION POTENTIAL FOR 
A VENTRIaJLAR HEART MJSCLE CELL. 

FIG. 32. VOLTAGE ACROSS THE MEMBRANE OF A HEART MUSCLE CELL 
(FROM BENEDEK & 1979). 
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FIG. 33. 

r 

v 

Equivalent circuit of the Hodgkin-
Huxley model, showing three ionic path-
ways, for sodium, potassium, and leakage 
ions, and the membrane capacitor. 

HODGKIN-HUXLEY CIRCUIT MODEL FOR A CELL MEMBRANE (FROM 
SCHWAN, 1969). 
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y= :109 'n\V 

time 6 8 
(JTrilk5cc) K 

y= 88 'TT1Y v = 88 1l1V 

y= 6.3 -mV 

V= 38 mY 

v=Z6mV 

:=;=t· '7 tme z 6 8 1.0 
FIG. 3.3-20: TIME COURSE OF SODIUM AND POTASSIUM CONDUCTANCES 

FOLLOWING A DEPOLARIZATION STEP v AT t=O. 
CONDUCTANCE DNITS 10-2/0hm cm2 • DEPOLARIZATION 
v IN MILLIVOLTS. 

FIG. 34. TIME-DEPENDENT CONDUCTANCES IN THE CIRCUIT MODEL OF 
A CELL MEMBRANE. (FROM BENEDEK & VILLARS, 1979). 
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ELECTRIC POTENTIAL ACROSS A BIOMEM-
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X 

FIG. 35. SIMILARITY OF CELL MEMBRANE TO SPACE CHARGE LAYER IN 
AN ELECTRONIC SEMICONDUCTING DEVICE (FROM BENEDEK & 
VILLARS, 1979). 
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FIG. 36. 

N 
or 
p 

Space·charge 
region ---

p 'x----:--
------*" 

Hole antll'lcdrun iu a p-n junl"lioll at thermal equilihrium. 

SPACE CHARGE LAYER IN A SEMICONDUCTOR. 
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STRUCTURAL FRAMEWORK typical of cell membranes is made 
UI) of a bilayer of lipids with their hydrophilic heads forming out. 
er and inner membrane surfaces alld their hydrophobic tails meet· 
ing lit the center of tiJ-e membrane; the bilayer is about 45 ang. 

stroms thick. Proteins, tbe other membrane constituents, are of two 
kinds. Some (a) lie at or near either membrane ludace. The oth· 
en penetrate the membrane; they may intrll4e only a shon way 
(b) or may bridge tile membrane completely (c), 6in,ly or in pain • 

. 
j 
0 

. 
Upld bilayer containing membrane proteins. 
The proteins can serve as channels through 
the membrane for selected ions, as active 
trans·membrane pumps for specific mole. 
:ules. as catalysts in chemical reactions, or as 
structural units in the membrane. 

!TIITIT .. 
Q: .. '. 

TIITTI ·i 

FIG. 37. 

.c 
-
.. . 

LIPIDS AND PROTEINS IN A CELL MEMBRANE (ABOVE FROM CAPALDI, 
1976, BELOW FROM CHANCE ET AL, 1980). 
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AMPHIPATHIC STRUCTURE of a lipid 
molecule, with a hydrophilic head and twin 
hydrophobic tails, is exemplified by tbis 
typical phospholipid, specifically a molecule 
of phosphatidylcholine. Various lipid mole. 
cules comprise about hall of the mass of 
mammalian membrane, forming the memo 
brane's structural framework. Their fatty. 
add tails mlly be saturated (le!t), with a hy. 
drn8p.n atom linked to every carbon bond 
or unsaturated (right), with carbons free: 

H 
I 

H-C 
I 
H' ,',-:' 

..... 

Ii H 

FIG. 38. CHEMICAL COMPOSITION OF A LIPID MOLECULE (FROM CAPALDI, 
1976). 
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0) 

b) 

R 
I + -N H - C -COO 

3 I 
H 

R! R.;z 
... I I 

NH3 - - --COO-
H H 

a) SINGLE AMINO ACID. IN AQUEOUS SOLtITION THIS 
WILL GENERALLY EXIST AS A BIPOLAR ("ZWITTERION"). 
R IS THE RESIDUE (see text). 
b) TWO AMINO ACIDS BONDED BY THE PEPTIDE BOND. 

FIG. 39. CHEMICAL COMPOSITION OF AN AMINO ACID FROM WHICH PROTEINS 
ARE CONSTRUCTED (FROM BENEDEK & VILLARS, 1979). 
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FIG. 40. 
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IDENTITY OF PROTEINS in the membrane of red blood cella e:m be determined by 
means of gel electrophoresis. In this instance the proteins have been stained and i1c:anned. 
using a densiometer. after those with the lowest molecular weights have migrated fanhelt 
through the gel in response to an electric potentiaL The two proteins the highest mo-
lecular weight (left) form the climer collectively called spectrin. The ScaD shows at leut 10 
more absorption bands 6ignifying the presence of other proteins even lowell' in weighL 

WIDE RANGE OF MOLECULAR WEIGHTS FOR VARIOUS PROTEINS 
(FROM CAPALDI, 1976). 
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FIG. 41. SOME MOLECULAR RESPONSES TO ELECTROMAGNETIC RADIATION (FROM STUCHLY, 1977). 



RESEARCHER SUBSTANCE FREQUENCY EFFECT 

Prohofsky DNA helix 100 GHz Conformational change from 
A to B. 

Prohofsky DNA helix 430 MHz Bases pull ed apart. 

McCammon DNA helix 2 GHz Rippling motions, or traveling 
wave displacements. 

TABLE 30. MOLECULAR CHANGES CITED BY TAYLOR, 1979. 
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Some Speculation and Areas for Further Research 

Based on the exhibits and discussions of the preceding sections, 
the present state of knowledge would most likely benefit from the 
following types of efforts: 

• Improved observations of effects 
• More intensive, quantitative exploitation of existing 

physiological knowledge and electromagnetic theory. 

• Formulation of new physio-electromagnetic theories. 

Elaboration on these follows. 

Improved Observations of Effects 

The need for more uniform and rigorous reporting is especially 
evident in the section concerning adverse effects. Precise records 
of frequency, polarization, intensity, and duration of exposure are 
sometimes lacking. Quantitative measures of the effect (e.g. how 
severe, how extensive, how persistent) are similarly lacking. A 
standard procedure for conducting formal epidemiological studies is 
needed, including precise definitions of the electromagnetic variables 
and biological endpoints. 

In contrast, beneficial effects, especially electromagnetic 
diathermy and hyperthermia, have been exploited in a much more pur-
poseful fashion. The reason is probably that at least the desired 
biological endpoint (selective, localized heating) was clear. On 
the other hand, identification and optimization of electromagnetic 
variables is still in progress. 

A sound theoretical foundation would certainly clarify the 
variables and endpoints. 

Quantitative Exploitation of Existing Physiological Knowledge 

The preceding section indicated that the properties and functions 
of the human body have been investigated at many levels of detail, 
ranging from the bulk properties of organs and tissue to the structure 
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of cell membranes and proteins. This knowledge has already been 
the basis for some rigorous computations, but many more are still 
waiting to be performed. Among those already demonstrated, the 
SAR concept, discussed in the preceding section, has been highly 
refined. Computer models can predict heat dissipation and tempera-
ture changes for local regions of the body. 

On the other hand, no computation has yet performed to 
determine the current density incident at the membrane of individual 
cells in situ for heart muscles or nerves due to external electro-
magnetic fields. Such a computation might be practical, and it 
could provide much quantitative information concerning the effects of 
frequency, polarization, intensity, and other variables on the func-
tioning of these cells. The computation might be further extended 
to include arrays of cells to determine whether they respond co-
herently. 

New Physio-Electromagnetic Theories 

Some novel interactions between electromagnetic fields and the 
human body have been proposed, and they await further investigation, 
both theoretically and experimentally. The ones discussed here 
include: nonionizing single photon interactions, coherent phenomena, 
coupled oscillators, and the relative importance of different charge 
species. 

As noted in the introduction of this report, single photon 
interactions other than ionization are expected, based on fundamental 
physics. In principle, external electromagnetic fields can cause an 
abnormal response if the energy per photon is greater than the back-
ground, or thermal, noise due to others encountered randomly within 
the human body. The energy of a randomly encountered photon is, on 
the average: 

E:; k. T ( 19 ) 

where k = 1.381 x 10- 23 joules/degree and T is temperature in degrees 
Kelvin. For a body temperature of about 300 0 , E is about 0.025 eV, 
or about 500 times less than the standard definition for ionizing 
radiation. Using eq. 1, the equivalent frequency is about 6,000 GHz, 
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or about 500 times lower than the arbitrary minimum frequency for 
ionizing radiation. Table 31 lists some of the single photon 
interactions that are expected. Fig. 42 shows the ratio of photon 
energy to kT for the lower part of the electromagnetic spectrum. 

After investigating single photon interactions, it would be 
logical to consider the possibility of multiple photon interactions. 
If one photon can alter a protein at 6,000 GHz, then 6,000 photons 
can do it at 1 GHz. 
6,000 I-GHz photons? 

But how efficiently can one protein intercept 
What would the corresponding incident field 

intensity be at the surface of the body? Would it be so great that 
thermal injury would overwhelm the interaction? 

The answer, that is, the field intensity, might be surprisingly 
low. The concept of cooperative, or long-range, or coherent, inter-
actions suggests this result. According to the concept, individual 
microscopic particles, such as proteins, can have very large cross 
sections (i.e. receiver areas or gain) if they interact with each 
other. Actually, this is not such a novel idea. High gain antennas 
and lasers are established In electromagnetic ·physiology, 
however, only a few theories based on it have appeared so far. 

According to one such theory, proposed by Frohlich, the surface 
charges on a cell membrane are all coherent. Further, they may also 
be coherent with surface charges on the membranes of other cells. 
All of these charges, considered collectively, can oscillate between 
at least two different states. Based on quantum mechanical formulas, 
Frohlich has estimated the natural frequency of oscillation. It is 
in the band 50-3,000 GHz. 

Frohlich suggests his theory may lead to a better understanding 
of cancer. The energy required to sustain the oscillations comes 
from within the cells. The energy drain inhibits cell reproduction. 
If the oscillations cease, then the cell divides without bound, 
ultimately resulting in cancer. This implies that electromagnetic 
waves in the 50-3,000 GHz band might promote or be used to inhibit 
the disease. 

According to another theory, charges and currents in the brain and 
central nervous system are also coherent. They are, therefore, sensi-
tive to very low level external fields. 
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In the preceding section, microscopic parts of the body were 
modelled as various circuit elements, including capacitors, conductances, 
and rectifying junctions. The theories just described suggest th3t 
further modeling might be useful in terms of high gain antennas. 
Practical antennas today achieve gains of 30 dB or more. If 
biological antennas have similar gains,how would that affect the 
body's sensitivity to electromagnetic fields? 

Another, perhaps related, concept that could be further explored 
is coupled oscillators. This has been partially developed for at 
least one part of the human body, the gastro-intestinal system. It 
is rich in low-frequency electrical signals, as indicated by Figs. 
43 and 44. From Fig. 44, it is seen that the waveforms are not sinu-
soidal. They are called "limit cycles". Limit cycles are solutions 
to the Van der Pol equation, which is of the form, 

o (20) 

The observed gastro-intestinal signals have been reproduced using a 
model made of coupled Van der Pol oscillators. Fig. 45 shows such 
a model. The preceding section described the currents across 
individual cell membranes associated with the action potentials of 
nerves and muscles. What currents might be required to excite a 
large system of coupled oscillators? 

Little distinction has so far been made between species of 
electric currents. In fact, however, it is probably significant. 
The flow of sodium currents probably has a different effect than 
the flow of proton currents or calcium currents. What other species 
of currents are found within the body, and what are their different 
physiological functions? The answer might be found in the detailed 
structure and conduction mechanisms of the many different proteins 
embedded in cell membranes. This level of microscopic detail is 
now the frontier of understanding for the human body. The frontier 
awaits exploration. 
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i I 

I I 
ACTIVA TION ENERGY CORRESPONDING FREQUENCY EFFECT (eV) (GHz) 

\ 
Thermal Motion 0.026 6.3 x 103 

I 
(at 30 0 C) 

I Ionization 10 2.4 x 106 
I 

Covalent bond 5 1.2 x 106 
disruption I 

I London-van der Waals I 
x 105 1 i 2.4 i interactions 

i I Hydrogen bond I distruption O.OB - 0.2 1.9 x 104 - 4.B x 104 

I Disruption of I 105 0.56 1.4 x 
1 bound water 

I Reversible confor- 4 I mational changes 0.4 9.7 x 10 
: in protein molecules 

Charge transfer 3 - 6 7.3 5 1.45 x 106 
interaction x 10 -

Semiconduction 1 - 3 2.4 5 x 10 - 7.25 x 105 

TABLE 31. ACTIVATION ENERGY OF MOLECULAR EFFECTS IN BIOLOGICAL 
SYSTEMS (FROM STUCHLY, 1977). 
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Region of Electromagnetic Spectrum from Infralow to Superhigh Frequencies, 
in Which hv < kT 

Ultraradio waves 
Radio waves 

Microwaves 

Wave ranges Low-frequency waves j E , , , 
= I)) Milli- "'-I)) (J_ - I)) c '" (; c_ 

I "0 1))"0 ;; I)) I)) I)) I)) meter '" c I)) -I)) "" QE UE 0 ::;; 'sE en ::;; f-<:::: 

Wavelength, cm l1dl3 I 1bll I I 161 160 I I I 110s 1b 1 O.bt 1012 1010 10' 10s 10' 10' 

I I I I I I I I I I I I 1 I I 3.1dn Frequency, Hz 3.10""23.10-1 3 3.101 3.102 3·1()3 3·10' 3·1Us 3·106 3.101 3·1{}8 3·tO· 3.1010 

I I 4.5.10-11 I 1 
hvjkT 4.5.10-16 4.5·10-$ 0.45 

Frequency j Infra- Low I Industrial I Audio I High (HF) I Ultrahigh Superhigh 
ranges low (UHF) (SHF) 

FIG. 42. ELECTROMAGNETIC SPECTRUM, WITH EMPHASIS ON ENERGY PER 
PHOTON (FROM PRESMAN, 1970). 
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FIG. 43. DIGESTIVE TRACT DIAGRAM INCLUDING TYPICAL SLOW-WAVE 
FREQUENCIES (FROM LINKENS, 1979). 
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FIG. 44. 

" .. """" ... " 

Recording of human gastric electrical activity. Top trace is from a 
surfactl "tlCtrode, bottom trace is from an internsl electrode 

LIMIT CYCLE TYPE WAVEFORMS OBSERVED IN HUMAN DIGESTIVE 
TRACT (FROM LINKENS, 1979). 
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FIG. 45. TWO-DIMENSIONAL COUPLED OSCILLATOR STRUCTURE FOR DIGESTIVE 
TRACT MODELLING. 
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QUESTIONS ABOUT THE EFFECTS OF ELECTROMAGNETIC FIELDS ON THE HUMAN BODY 

General 

1. What are the mechanisms by which fields interact with the body 
on different geometric scales (whole-organism, organ, cellular, 
subcellular, molecular, atomic, subatomic)? 

2. What symptoms or observed effects result from these interactions, 
particularly with respect to low level, long term exposures? 

3. What is the difference between ionizing and nonionizing radiation? 

4. Are present ANSI exposure standards adequate, in the senses that 
they reflect present understanding of how fields affect the body 
and that they provide protection from verified, temporary, 
reversible effects? 

5. What epidemiological studies have demonstrated a (positive or 
negative) relationship between electromagnetic fields and the 
body? 

6. By what axioms or laws do experimental results on animals apply 
to humans? 
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Physiology 

7. What electric fields (in volts/meter), magnetic fields (in amps/ 
meter), current densities (in amps/square meter), and currents 
(in amps)" exist normally within the human body? Where do they 
exist and what is their purpose? 

8. What external field (or other stimulus) is required to interfere 
with these fields and what are the results? 

9. What is the role of membranes in the intereaction between fields 
and the body, including those which separate individual cells 
and parts of cells, and those which surround entire organs? 

10. How do lipids contribute to the role of membranes? 

11. What forces or energy levels are required to either ionize or 
simply decompose substances found within the body, such as 
proteins and DNA? 

12. Can a nonlinear, dispersive (that is, lossy) medium such as the 
human body or parts thereof sustain lossless, or high-Q, modes 
(electromagnetic, mechanical, or other)? 

13. Is there any evidence (theoretical or experimental) that electro-
magnetic energy penetrates unexpectedly far into the body by 
means of surface waves (that is, by following the boundary 
between dissimilar media)? 
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Medicine 

14. What different frequencies and field intensities are used for 
hyperthermia and why? 

15. What different frequencies and field intensities are used for 
bone healing and why? 

16. What is the role of electromagnetic fields and/or electric 
currents in treating disorders of the: nervous system, cardio-
vascular system, pancreas, gastro-intestinal system, other systems? 

Conclusions 

17. What other questions do you feel would bring out useful informa-
tion? 

18. What references and researchers would you recommend be consulted? 
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ABSTRACT 
Dozens of reviews and thousands of primary literature 
studies have shown the existence of many different 
non-thermal health effects of microwave and lower 
frequency electromagnetic fields (EMFs); however 
current safety guidelines and standards only recognize 
thermal effects.  This leaves both individuals and 
companies unprotected, particularly with the very 
large increases in microwave frequency exposures that 
are occurring over time.  It has recently been shown 
that many, perhaps even all non-thermal health effects 
are produced by activation of voltage-gated calcium 
channels (VGCCs) in the plasma membranes of cells, 
with EMFs activating these channels, producing large 
increases in intracellular calcium levels [Ca2+]i.  The 
voltage sensor controlling the VGCCs is thought to be 
extremely sensitive to activation by weak EMFs.  
Diverse health effects are thought to be produced by 
downstream effects of increased [Ca2+]i produced by 
VGCC activation.  It is difficult if not impossible to 
currently predict the biological effects of different 
EMFs because pulsation patterns, frequencies and 
EMF polarization each have strong influences on 
biological effects; there are also windows of exposure 
producing maximum biological effects within the 
exposure window.  While decreasing exposures on the 
order of 100 to 1000-fold will no doubt be useful, we 
also need to have genuine biological measures of 
damage to allow optimization of both the type of EMF 
exposures as well as intensities.  Biological 
optimization should be done by studying cells in 
culture that have high densities of various types of 
VGCCs, measuring such effects as increases in 
[Ca2+]i  and increases in nitric oxide (NO) production 
following EMF exposures.  Such cell culture-based 
assessment of biological damage should allow 
progressive improvement of wireless communication 
devices and various other electronic devices by 
choosing designs that lower biological responses.   
 
 
Keywords 

Microwave frequency EMFs, calcium signaling, nitric 
oxide, peroxynitrite, oxidative stress 
 
1.  There Is a Widespread Literature 
on Non-Thermal Effects Being 
Produced by Low-Intensity 
Microwave/RF Exposures  
The earliest major report of widespread non-thermal 
effects of microwave frequency radiation exposures 
was the 1971 Naval Medical Research Institute 
(NMRI) Research Report [1] which listed 40 apparent 
neuropsychiatric changes produced by non-thermal 
microwave frequency exposures, including 5 
central/peripheral nervous system (NS) changes, 9  
central NS effects, 4 autonomic system effects, 17 
psychological disorders, 4 behavioral changes and 2 
misc. effects [1,2]. It also listed cardiac effects 
including ECG changes and cardiac necrosis as well as 
both hypotension and hypertension, and also 8 
different endocrine effects.  Changes affecting fertility 
included tubular degeneration in the testis, decreased 
spermatogenesis, altered sex ratio, altered menstrual 
activity, altered fetal development and decreased 
lactation.   Many other non-thermal changes were also 
listed for a total of over 100 non-thermal effects.  This 
NMRI report also provided a supplementary document 
listing over 2300 citations documenting these and 
other effects of microwave exposures in humans and 
in animals, with approximately 2000 of these 
documenting apparent non-thermal effects.  
 
Tolgskaya and Gordon [3] published a long and 
detailed review of effects of microwave and lower 
frequency EMFs on experimental animals, mostly 
rodents.  They report that non-thermal exposures 
impact many tissues, with the nervous system being 
the most sensitive organ in the body, based on 
histological studies, followed by the heart and the 
testis.   They also report effects of non-thermal 
exposures on liver, kidney, endocrine and many other 
organs.  The nervous system effects are very extensive 



and are discussed in Reference [2,3] and more modern 
studies reporting extensive effects of such non-thermal 
EMF exposures on the brain are also cited in [2].   
There are also many modern studies showing effects 
of non-thermal exposures on fertility in animals.  
 
The Raines 1981 National Aeronautics and Space 
Administration (NASA) report [4] reviewed an 
extensive literature based on occupational exposures 
to non-thermal microwave EMFs.  Based on multiple 
studies, Raines [4] reports 19 neuropsychiatric effects 
to be associated with occupational 
microwave/radiofrequency EMFs, as well as cardiac 
effects, endocrine including neuroendocrine effects 
and several other effects.    
 
The Bolen 1994 report put out by the Rome 
Laboratory of the U.S. Air Force [5], acknowledged 
the role of non-thermal effects of microwave EMFs on 
humans.  This report states in the Conclusion section 
that “Experimental evidence has shown that exposure 
to low intensity radiation can have a profound effect 
on biological processes.  The nonthermal effects of 
RF/MW radiation exposure are becoming important 
measures of biological interaction of EM fields.” 
Clearly Bolen [5] rejects the claim that only thermal 
effects occur.   So we can see from these four reviews 
(1,3-5), that there was already a well accepted 
literature on non-thermal effects of microwave 
frequency EMFs back in the 1970’s through the mid-
1990’s but it is still the case that U.S. and international 
safety guidelines and standards are based solely on 
thermal effects.   
 
22 additional scientific published reviews have each 
reviewed various types of non-thermal microwave 
effects in humans and/or experimental animals in 
various contexts [2,6-26], as have 26 studies in a 
recently published book [27].  It can be seen from this 
that there is a widely held consensus in much of the 
scientific community that various non-thermal effects 
of microwave EMFs are well documented.  
 
2.  Safety Guidelines and Standards 
Are Based Only On Thermal Effects 
Nevertheless, U.S., ICNIRP and almost all other 
safety guidelines/standards for microwave/lower 
frequency EMFs have been based solely on thermal 
(heating) effects, not on non-thermal effects.  These 
have, therefore left both the general public and also 
companies designing devices emitting electromagnetic 
fields unprotected by genuine scientifically-based 
standards.  It is the central focus of this paper as to 
how such companies should respond to this situation.  
  
There have been many scientific statements that have 
expressed great concern about the inadequacy of these 
safety guidelines/standards because of their failure to 
include what in the views of many scientists, are well 
established non-thermal effects.  For example, Havas 
in a 2013 paper [6] lists 14 statements of this type, 

written between 2002 and 2012 by various groups of 
international scientists, each expressing concern about 
non-thermal effects and the inadequacy of safety 
guidelines and standards.  In addition, recently, there 
was a petition from various scientists, arguing that the 
World Health Organization should reclassify 
microwave EMFs as a Class 1 human carcinogen; 53 
scientists signed a petition that the 2014 Canadian 
Report (discussed further below) had inadequate 
protection standards for human health; and 206 
international scientists signed a statement sent to the 
United Nations Secretary General and to member 
states, stating that international safety guidelines and 
standards are inadequate to protect human health. 
 
3.  Four Important Factors Which 
Make the Biological Activity of EMFs 
Unpredictable in Terms of Intensity 
and Unpredictable in General 
Many have assumed that it is possible to predict the 
effects of such EMFs based simply on EMF exposure 
intensities but such assumptions are clearly false.  
Empirical observations have shown that four types of 
factors greatly influence biological responses to 
microwave EMFs , with all four reviewed by Belyaev 
[28] and 3 of the 4 each reviewed elsewhere [24,25].  
 

1. One of these is that pulsed fields are in most 
cases more biologically active than non-
pulsed fields.  The literature on comparing 
pulsed fields with non-pulsed fields goes 
back to the 1960’s [3] and continues right up 
to the present [24-26,28,29]. One example 
of pulsation effects is from studies of 
therapeutic effects of non-thermal 
microwave frequency EMFs [26], when they 
are of the right type and intensity and 
focused on the right tissue.  Such therapy 
was standardized using pulsed microwave 
fields back in the mid-1970s because these 
pulse fields were more active, a 
standardization that continues to the present 
day [26].  There are some 4000 studies of 
pulsed microwave therapy which make up 
the largest literature on non-thermal 
biological effects.  Unfortunately we don’t 
have enough detailed knowledge of these 
pulsation effects to be able to predict how 
biologically active EMFs with different 
patterns of pulsation will be.  With very 
complex pulsed fields like those from smart 
meters or smart phones, prediction becomes 
still more difficult.   Panagopoulos et al [29] 
have argued that complex pulsation patterns 
are consistently more biologically active 
than are simpler patterns.  There is some 
evidence that very low frequency pulsations 
(10 Hz or less) may lower biological 
responses, which if confirmed may be useful 
for lowering biological effects of electronic 



devices.  Because all wireless 
communication devices communicate via 
pulsations, pulsation effects may be inherent 
factors with such devices. 

2. There are non-linearities in dose response 
curves and specifically there are specific 
intensity windows of exposure which 
produce greater biological effects than 
exposures of either higher or lower 
intensity [24,28,29].  In one experiment, an 
effect seen within a window was studied and 
it was found that increasing intensity to even 
to 150 times higher intensity of exposure 
lead to lower biological responses than was 
found in the window.  Clearly these intensity 
windows also create important uncertainties 
in trying to predict biological effects of 
EMF exposures. 

3. It has also been shown that different 
frequencies have different biological effects 
[28].  While this is a simpler issue, than 
either pulsations or the window effects, it 
may well add substantial complexity in 
combination with each of these other two 
factors. 

4. Perhaps most importantly, artificial EMFs 
are polarized and can be linearly or 
circularly polarized.  However most 
naturally occurring EMFs are non-polarized 
or only weakly polarized.  Polarized fields 
can produce much stronger forces on 
charged groups, which, as discussed below, 
are likely to have central roles in producing 
non-thermal biological effects [28,29].  One 
of the other effects discussed by Belyaev 
[28] is that circularly polarized fields can be 
either right handed or left handed and that 
the handedness of specific fields have 
extremely large effects on the biological 
responses, such that fields that are identical 
in intensity and frequency and differ only in 
their handedness of circular polarization can 
have almost completely different biological 
effects.   
 

All of these things – the effects of pulsations, of 
window effects, of frequencies and of linear and 
circular polarization argue compellingly that we 
cannot predict biological effects based simply on the 
intensity of EMFs and certainly not on heating effects 
of EMFs.  An attractive approach to measuring 
biological effects empirically is discussed below. 
 
4.  How Do Non-Thermal EMF 
Exposures Produce Biological Effects? 
The above discussed studies, clearly show that there 
has been a consensus in the scientific literature from 
the early 1970s up to the present time on the existence 
of widespread non-thermal EMF health effects but it 
has been unclear what mechanism(s) generated these 
health effects.  There were various suggestions about 

how these might be generated but no confirmation that 
those suggested mechanisms were correct.  The author 
stumbled onto the mechanism in 2012 and published 
on it in mid-2013.  This 2013 paper [30] was honored 
by being placed on the Global Medical Discovery web 
site as one of the most important medical papers of 
2013.  At this writing, it has been cited 42 times 
according to the Google Scholar database, with 18 of 
those citations during the first half of 2015.  So clearly 
it is having a substantial and rapidly increasing impact 
on the scientific literature.  I have given 26 
professional talks, in part or in whole on EMF effects 
in 10 different countries over the last 2 1/4 years.  So 
it is clear that there has been a tremendous amount of 
interest in this.   
  
What the 2013 study showed [30], was that in 24 
different studies (and there are now 2 more that can 
now be added [2]), effects of low-intensity EMFs, 
both microwave frequency and lower frequency EMFs 
could be blocked by calcium channel blockers, drugs 
that block what are called voltage-gated calcium 
channels (VGCCs).  There were a total of 5 different 
types of calcium channel blocker drugs used in these 
studies, with each type acting on a different site on the 
VGCCs and each thought to be highly specific for 
blocking VGCCs.  What these studies tell us is that 
these EMFs act to produce non-thermal effects by 
activating the VGCCs.  Where several effects were 
studied, when one of them was blocked or greatly 
lowered, each other effect studied was also blocked or 
greatly lowered.  This tells us that the role of VGCC 
activation is quite wide – many effects go through that 
mechanism, possibly even all non-thermal effects in 
mammals.   There are a number of other types of 
evidence confirming this mechanism of action of 
microwave frequency EMFs [2,24,30].  It is now 
apparent [24] that these EMFs act directly on the 
voltage sensor of the VGCCs, the part of the VGCC 
protein that detects electrical changes and can open the 
channel in response to electrical changes.   
 
The voltage sensor (and this is shown on pp. 102-104 
in [24]) is predicted, because of its structure and its 
location in the plasma membrane of the cell, to be 
extraordinarily sensitive to activation by these EMFs, 
about 7.2 million times more sensitive than are single 
charged groups elsewhere in the cell.  What this means 
is that arguments that EMFs produced by particular 
devices are too weak to produce biological effects 
[31], are immediately highly suspect because the 
actual target, the voltage sensor of the VGCCs is 
extremely sensitive to these EMFs.  
 
How, then can the stimulation of the VGCC 
mechanism lead to health impacts?  When the VGCCs 
are activated, they open up a channel and leads to 
large increases in intracellular calcium ([Ca2+]i) and it 
is the excessive intracellular calcium that leads to most 
if not all of the biological effects.  Calcium signaling 
is very important to the cell, with some effects of it 



being produced through increases in nitric oxide (NO) 
as seen in Fig. 1 and Ref 2.   
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Figure 1.  EMFs Act via Downstream Effects of 
VGCC Activation to Produce Pathophysiological 
and Therapeutic Effects.  Taken from Ref. [24] with 
permission. 
 
 
There are non-thermal therapeutic effects produced by 
these EMFs where they are at the appropriate level 
and where they are focused on the proper tissue; Such 
therapeutic effects are produced by the NO signaling 
pathway across the top of the Figure.  However NO 
can also react with superoxide (which is also elevated 
by excessive Ca2+]i) to form peroxynitrite, ONOO(-),  
a potent oxidant.  Peroxynitrite can break down to 
produce reactive free radicals and cause oxidative 
stress, with all of these acting to produce 
pathophysiological (that is disease causing) effects 
(Fig.1).  Excess calcium signaling by elevated [Ca2+]i 
can also contribute to pathophysiological effects. 
 
A number of repeatedly reported effects of effects of 
microwave EMF exposures can be generated by these 
mechanisms, as shown in Ref. [24]. 
 
Table 1.   Apparent Mechanisms of Action for 
Microwave Exposures Producing Diverse 
Biological Effects (See Fig. 1) 
 
Reported 
Biologic 
Response 

Apparent Mechanism(s) 

Oxidative stress Peroxynitrite & consequent free 
radical formation 

Single strand 
breaks in cellular 
DNA 

Free radical attack on DNA 

Double strand 
breaks in cellular 
DNA 

Same as above 

Cancer Single and double strand breaks, 
8-nitroguanine and other pro-
mutagenic changes in cellular 
DNA; produced by elevated NO, 
peroxynitrite 

Breakdown of 
blood-brain 
barrier 

Peroxynitrite activation of matrix 
metalloproteinases (MMPs) 
leading to proteolysis of tight 
junction proteins 

Male and female 
infertility 

Induction of double strand DNA 
breaks; Other oxidative stress 
mechanisms; [Ca2+]i 
mitochondrial effects causing 
apoptosis; in males, breakdown 
of blood-testis barrier 

Therapeutic 
effects 

Increases in [Ca2+]i and NO/NO 
signaling  

Depression; 
diverse 
neuropsychiatric 
symptoms 

VGCC activation of 
neurotransmitter release; other 
effects?; possible role of excess 
epinephrine/norepinephrine 

Melatonin 
depletion; sleep 
disruption 

VGCCs, elevated [Ca2+]i 
leading to disruption of circadian 
rhythm entrainment as well as 
melatonin synthesis; elevated 
[Ca2+]i may also lead to 
elevated night time levels of 
norepinephrine 

Cataract 
formation 

VGCC activation and [Ca2+]i 
elevation; calcium signaling and 
also peroxynitrite/oxidative 
stress 

Tachycardia, 
arrhythmia, 
sometimes 
leading to sudden 
cardiac death 

Very high VGCC activities 
found in cardiac (sinoatrial node) 
pacemaker cells; excessive 
VGCC activity and [Ca2+]i 
levels produces these electrical 
changes in the heart   

Taken from ref [24] with permission. 
 
A large number of these repeatedly reported effects of 
such EMF exposures can be caused by various 
downstream effects of VGCC activation as shown in 
Fig. 1.  This suggests that both Fig. 1 and also Table 1 
may explain many of the effects produced by non-
thermal exposures to microwave frequency EMFs.  
These apparent mechanisms of action provide further 
support that most if not all effects of microwave and 
lower frequency EMFs are likely to be produced via 
downstream effects of VGCC activation. 
 
In contrast to this, when the author examined the 
evidence supporting a strictly thermal mode of action 
of these microwave frequency EMFs in the 2014 
Canadian Report [32], that evidence was found to be 
deeply flawed [24]. 
 
5.  Biologically-Based EMF Safety 
Standards – Why Industry Needs to 
Look at These and How They May Be 
Useful 
Hardell and Sage [34], the Scientific Panel on 
Electromagnetic Health Risks [17] and the author [24] 
have called for biologically-based EMF safety 
standards, standards that are based on genuine 
biologically relevant responses to low-level 
microwave and other EMFs.  The best approach to 
doing so, in the author’s view, as discussed earlier 
[24] involves looking at biological responses of 



VGCC-containing cells in culture (using methods 
outlined below).  The initial focus here is on how such 
responses should be useful in quantifying biological 
effects of electronic devices that produce EMFs. 
 
The goal here is both to use such cell culture studies to 
quantify biological effects of various EMFs, with 
regard to effects of frequency, intensity, pulsation 
pattern and polarization.  A wide variety of electronic 
devices can be tested, so as to improve designs by 
lowering biological effects.  These would include 
various types of broadcasting devices including 
antennae, all types of wireless communication devices 
and also many other electronic devices that 
inadvertently broadcast EMFs and/or dirty electricity.  
Smaller devices such as cell phones, cordless phones, 
cordless phone bases, smart meters, Wi-Fi fields and 
computers/tablets generating Wi-Fi signals but also 
many other devices.  Panagopoulos et al [25] have 
recently argued that complex pulsation patterns such 
as produced by smart phones and smart meters 
produce higher biological activity.  A wide variety of 
factors should be investigated for improved safety, 
including improved antenna design, use of frequencies 
producing lowered biological effects, use of shielding 
materials and changes in polarization and pulsation 
patterns.  Improved sensitivity of receivers can allow 
lowered intensities to be used. 
 
In dirty electricity, transients produced by various 
devices, produce transients in electrical power wiring 
such that the wiring acts as an antenna, producing in 
turn, human exposure to EMFs.  All digital technology 
has the potential to produce such dirty electricity, but 
digital technology involving high current flows may 
be the major challenge, such as broadcasting antennas, 
digital power supplies and inverters.  It may be 
important to investigate the use of filters to lower such 
transients in electrical wiring.  It is not uncommon for 
electronic devices to purposefully introduce signals 
onto electrical power wiring, such that the wiring is 
used as a communication conduit.  Clearly such 
purposeful use of power wiring needs to be 
investigated for biological effects.  Filters and other 
technologies should be investigated to see if these 
lower biological responses.  Even static magnetic 
fields can activate VGCCs [30], possibly because 
rapid movement of the VGCCs due to movement of 
plasma membranes in which they are located.  The 
effects, therefore of many types of EMFs can be 
assessed biologically through testing of such 
biological responses. 
 
How then should cells in culture be used to monitor 
biological effects of various EMFs?  Studies would 
use cell lines with such high VGCC levels, such as 
neuroblastoma cell lines, glioblastoma/glioma hybrid 
cell lines or perhaps cell lines derived from endocrine 
cells with relatively high VGCC levels.  Among these 
cell lines should be the neuroblastoma cell lines 
previously studied by Dutta et al (discussed in [24]) 
and shown to produce changes in calcium fluxes in 

response to very low level EMF exposures.  PC12 
cells, a commonly used chromaffin cell line may also 
be useful.  In addition, it may useful to use cardiac 
pacemaker cells which have very high activities of 
VGCCs and can be derived from stem cells [24].  
Because the growth conditions of cells may influence 
their responsiveness, such conditions must be 
standardized.  Standardization should include growth 
of cells in a Faraday cage such as to prevent, to the 
extent possible, previous exposures to EMFs. 
 
Two approaches should be used to measure responses 
of such cells to EMF exposure:  Cells in culture could 
be monitored for nitric oxide (NO) production using 
an NO electrode in the gas phase over the culture, 
using methods similar to those used by Pilla [33].  NO 
synthesis is stimulated by [Ca2+]i elevation because 
there are two NO synthase enzymes that are each 
calcium-dependent and therefore increase in activity 
with increasing [Ca2+]i.  Continuous measurements 
from an NO electrode can be recorded and easily 
quantified, allowing accumulation of very large 
amounts of data in very short time periods in response 
to various EMFs.  Therefore, issues such as 
reproducibility should be quickly resolved.  
 
Another approach to such studies involves using 
calcium-sensitive fluorescent probes that concentrate 
into the cytoplasm of cells, allowing assessments of 
[Ca]i levels with a fluorescence microscope or of 
multiple cells using a fluorometer.  Alternatively, 
transgenic cell lines containing green fluorescent 
protein (GFP) can be used, where GFP functions as 
the calcium-sensitive fluorescent probe.  This may 
allow one of obtain information of different types than 
described in the previous paragraph.  One can get 
information on heterogeneity of responses at the 
cellular level and also how raised [Ca]i levels may 
propagate over time from one part of the cell to 
another.  However a limitation to this approach may 
occur if the fields generated by the microscope perturb 
the [Ca2+]i levels and cannot be well shielded using a 
small Faraday cage that does not cage exposures that 
are to be studied.  So these two approaches are distinct 
from one another and whether they will complement 
each other as they develop is uncertain.  It is my view 
that both of these should be investigated if only to 
explore their strong points and weak points, but that 
the NO electrode approach may be a very good place 
to start because it has already been used to assess EMF 
effects [33] and because it allows easy quantification.  
These two types of approaches should allow 
comparison of different wireless communications 
devices for their relative biological effects, possibly 
permitting easy improvements in design.  There is 
some evidence that some pulsation patterns may lower 
biological effects and this type of effect might be 
studied as well. 
 
From the standpoint of industry and engineering of 
electronic devices, the four factors we discussed 
above, that each influence biological responses each 



need to be considered:  the roles of pulsations, window 
effects, frequency and polarization.  Each of these can 
be viewed as a challenge, but also as an opportunity.  
The opportunities come because by manipulating these 
factors, it may well be possible to develop devices 
with much lower biological effects than are produced 
by current devices.  A smart company that gets the 
information early and uses it effectively may well 
have a marketing advantage over its competitors.   
 
6.  Conclusions 
Non-thermal effects of EMF exposures have been 
extensively documented for over 40 years.  However 
only recently has the mechanism of action of such 
non-thermal effects been demonstrated.  These act via 
EMF activation of VGCCs, producing increases in 
intracellular calcium [Ca2+]i.  This allows the 
development of techniques using cells in culture with 
high densities of multiple types of VGCCs, to assess 
different devices that emit microwave frequency 
EMFs by measuring either increases in [Ca2+]i or 
increases in nitric oxide (NO) produced as a 
consequence of increased [Ca2+]i.  It is the author’s 
view that smart companies should use these cell 
culture techniques to greatly improve the safety of 
such devices. 
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To:   His Excellency Ban Ki-moon, Secretary-General of the United Nations;  
         Honorable Dr. Margaret Chan, Director-General of the World Health Organization; 
         Honorable Achim Steiner, Executive Director of the U.N. Environmental Programme;    
         U.N. Member Nations 

 
International Appeal: 

Scientists call for Protection from  
Non-ionizing Electromagnetic Field Exposure  

 
We are scientists engaged in the study of biological and health effects of non-ionizing electromagnetic 
fields (EMF). Based upon peer-reviewed, published research, we have serious concerns regarding the 
ubiquitous and increasing exposure to EMF generated by electric and wireless devices. These include–
but are not limited to–radiofrequency radiation (RFR) emitting devices, such as cellular and cordless 
phones and their base stations, Wi-Fi, broadcast antennas, smart meters, and baby monitors as well as 
electric devices and infra-structures used in the delivery of electricity that generate extremely-low 
frequency electromagnetic field (ELF EMF).  
 
Scientific basis for our common concerns 
 
Numerous recent scientific publications have shown that EMF affects living organisms at levels well 
below most international and national guidelines. Effects include increased cancer risk, cellular stress, 
increase in harmful free radicals, genetic damages, structural and functional changes of the 
reproductive system, learning and memory deficits, neurological disorders, and negative impacts on 
general well-being in humans. Damage goes well beyond the human race, as there is growing 
evidence of harmful effects to both plant and animal life.   
 
These findings justify our appeal to the United Nations (UN) and, all member States in the world, to 
encourage the World Health Organization (WHO) to exert strong leadership in fostering the 
development of more protective EMF guidelines, encouraging precautionary measures, and educating 
the public about health risks, particularly risk to children and fetal development.  By not taking action, 
the WHO is failing to fulfill its role as the preeminent international public health agency.  
 
Inadequate non-ionizing EMF international guidelines  
 
The various agencies setting safety standards have failed to impose sufficient guidelines to protect the 
general public, particularly children who are more vulnerable to the effects of EMF.  
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The International Commission on Non-Ionizing Radiation Protection (ICNIRP) established in 1998 the 
“Guidelines For Limiting Exposure To Time-Varying Electric, Magnetic, and Electromagnetic Fields 
(up to 300 GHz)”1. These guidelines are accepted by the WHO and numerous countries around the 
world. The WHO is calling for all nations to adopt the ICNIRP guidelines to encourage international 
harmonization of standards. In 2009, the ICNIRP released a statement saying that it was reaffirming its 
1998 guidelines, as in their opinion, the scientific literature published since that time “has provided no 
evidence of any adverse effects below the basic restrictions and does not necessitate an immediate 
revision of its guidance on limiting exposure to high frequency electromagnetic fields2. ICNIRP 
continues to the present day to make these assertions, in spite of growing scientific evidence to the 
contrary. It is our opinion that, because the ICNIRP guidelines do not cover long-term exposure and 
low-intensity effects, they are insufficient to protect public health.  
 
The WHO adopted the International Agency for Research on Cancer (IARC) classification of 
extremely low frequency electromagnetic field (ELF EMF) in 20023 and radiofrequency radiation 
(RFR) in 20114. This classification states that EMF is a possible human carcinogen (Group 2B).  
Despite both IARC findings, the WHO continues to maintain that there is insufficient evidence to 
justify lowering these quantitative exposure limits. 
 
Since there is controversy about a rationale for setting standards to avoid adverse health effects, we 
recommend that the United Nations Environmental Programme  (UNEP) convene and fund an 
independent multidisciplinary committee to explore the pros and cons of alternatives to current 
practices that could substantially lower human exposures to RF and ELF fields. The deliberations of 
this group should be conducted in a transparent and impartial way. Although it is essential that 
industry be involved and cooperate in this process, industry should not be allowed to bias its processes 
or conclusions. This group should provide their analysis to the UN and the WHO to guide 
precautionary action. 
 
Collectively we also request that: 

1. children and pregnant women be protected;  
2. guidelines and regulatory standards be strengthened; 
3. manufacturers be encouraged to develop safer technology; 
4. utilities responsible for the generation, transmission, distribution, and monitoring of electricity 

maintain adequate power quality and ensure proper electrical wiring to minimize harmful 
ground current;  

5. the public be fully informed about the potential health risks from electromagnetic energy and 
taught harm reduction strategies;  

6. medical professionals be educated about the biological effects of electromagnetic energy and 
be provided training on treatment of patients with electromagnetic sensitivity;  

7. governments fund training and research on electromagnetic fields and health that is 
independent of industry and mandate industry cooperation with researchers;  

8. media disclose experts’ financial relationships with industry when citing their opinions 
regarding health and safety aspects of EMF-emitting technologies; and 

9. white-zones (radiation-free areas) be established. 
 
                                                           
1  http://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf 
2  http://www.icnirp.org/cms/upload/publications/ICNIRPStatementEMF.pdf 
3  http://monographs.iarc.fr/ENG/Monographs/vol80 
4  http://monographs.iarc.fr/ENG/Monographs/vol102/ 

http://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf
http://www.icnirp.org/cms/upload/publications/ICNIRPStatementEMF.pdf
http://monographs.iarc.fr/ENG/Monographs/vol80
http://monographs.iarc.fr/ENG/Monographs/vol102/
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Initial release date: May 11, 2015 
This version’s date: December 1, 2015 
Inquiries, including those from qualified scientists who request that their name be added to the Appeal, may be made by contacting 
Elizabeth Kelley, M.A., Director, EMFscientist.org, at info@EMFscientist.org.                                                   
Note: the signatories to this appeal have signed as individuals, giving their professional affiliations, but this does not 
necessarily mean that this represents the views of their employers or the professional organizations they are affiliated with. 
 

Signatories 

Armenia  
Prof. Sinerik Ayrapetyan, Ph.D., UNESCO Chair - Life Sciences International Postgraduate Educational Center, Armenia 
 
Australia  
Dr. Priyanka Bandara, Ph.D., Independent Env.Health Educator/Researcher, Advisor, Environmental Health Trust; Doctors for Safer Schools, Australia 
Dr. Bruce Hocking, MD, MBBS, FAFOEM (RACP), FRACGP, FARPS, specialist in occupational medicine; Victoria, Australia 
Dr. Gautam (Vini) Khurana, Ph.D., F.R.A.C.S., Director, C.N.S. Neurosurgery, Australia 
Dr. Don Maisch, Ph.D., Australia 
Dr. Elena Pirogova, Ph.D., Biomed Eng., B. Eng (Hon) Chem. Eng., Engineering & Health College; RMIT University, Australia  
Dr. Mary Redmayne, Ph.D., Department of Epidemiology & Preventive Medicine, Monash University, Australia 
Dr. Charles Teo, BM, BS, MBBS, Member of the Order of Australia, Director, Centre for Minimally Invasive Neurosurgery at  
          Prince of Wales Hospital, NSW, Australia 
 
Austria 
Dr. Michael Kundi, MD, University of Vienna, Austria 
Dr. Gerd Oberfeld, MD, Public Health Department, Salzburg Government, Austria 
Dr. Bernhard Pollner, MD, Pollner Research, Austria 
Prof. Dr. Hugo W. Rüdiger, MD, Austria 
 
Bahrain 
Dr. Amer Kamal, MD, Physiology Department, College of Medicine, Arabian Gulf University, Bahrain 
 
Belgium  
Prof. Marie-Claire Cammaerts, Ph.D., Free University of Brussels, Faculty of Science, Brussels, Belgium 
 
Brazil 
Vânia Araújo Condessa, MSc., Electrical Engineer, Belo Horizonte, Brazil 
Prof. Dr. João Eduardo de Araujo, MD, University of Sao Paulo, Brazil 
Dr. Francisco de Assis Ferreira Tejo, D. Sc., Universidade Federal de Campina Grande, Campina Grande, State of Paraíba, Brazil 
Prof. Alvaro deSalles, Ph.D., Federal University of Rio Grande Del Sol, Brazil 
Prof. Adilza Dode, Ph.D., MSc. Engineering Sciences, Minas Methodist University, Brazil 
Dr. Daiana Condessa Dode, MD, Federal University of Medicine, Brazil  
Michael Condessa Dode, Systems Analyst, MRE Engenharia Ltda, Belo Horizonte, Brazil                                                                                                          
Prof. Orlando Furtado Vieira Filho, PhD, Cellular&Molecular Biology, Federal University of Rio Grande do Sul, Brazil 
 
Canada 
Dr. Magda Havas, Ph.D., Environmental and Resource Studies, Centre for Health Studies, Trent University, Canada  
Dr. Paul Héroux, Ph.D., Director, Occupational Health Program, McGill University; InvitroPlus Labs, Royal Victoria Hospital,   
          McGill University, Canada 
Dr. Tom Hutchinson, Ph.D., Professor Emeritus, Environmental and Resource Studies, Trent University, Canada 
Prof. Ying Li, Ph.D., InVitroPlus Labs, Dept. of Surgery, Royal Victoria Hospital, McGill University, Canada  
James McKay M.Sc, Ecologist, City of London; Planning Services, Environmental and Parks Planning, London, Canada  
Prof. Anthony B. Miller, MD, FRCP, University of Toronto, Canada 
Prof. Klaus-Peter Ossenkopp, Ph.D., Department of Psychology (Neuroscience), University of Western Ontario, Canada                                            
Dr. Malcolm Paterson, PhD. Molecular Oncologist (ret.), British Columbia, Canada 
Prof. Michael A. Persinger, Ph.D., Behavioural Neuroscience and Biomolecular Sciences, Laurentian University, Canada 
 
China 
Prof. Huai Chiang, Bioelectromagnetics Key Laboratory, Zhejiang University School of Medicine, China 
Prof. Yuqing Duan, Ph.D., Food & Bioengineering, Jiangsu University, China  
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Dr. Kaijun Liu, Ph.D., Third Military Medical University, Chongqing, China 
Prof. Xiaodong Liu, Director, Key Lab of Radiation Biology, Ministry of Health of China; Associate Dean, School of Public Health,  
          Jilin University, China 
Prof. Wenjun Sun, Ph.D., Bioelectromagnetics Key Lab, Zhejiang University School of Medicine, China 
Prof. Minglian Wang, Ph.D., College of Life Science & Bioengineering, Beijing University of Technology, China 
Prof. Qun Wang, Ph.D., College of Materials Science & Engineering,  Beijing University of Technology, China  
Prof. Haihiu Zhang, Ph.D., School of Food & BioEngineering, Jiangsu University, China 
Prof. Jianbao Zhang, Associate Dean, Life Science and Technology School, Xi'an Jiaotong University, China 
Prof. Hui-yan Zhao, Director of STSCRW, College of Plant Protection, Northwest A & F University, Yangling Shaanxi, China 
Prof. J. Zhao, Department of Chest Surgery, Cancer Center of Guangzhou Medical University, Guangzhou, China 
 
Croatia 
Ivancica Trosic, Ph.D., Institute for Medical Research and Occupational Health, Croatia 
 
Egypt  
Prof. Dr. Abu Bakr Abdel Fatth El-Bediwi, Ph.D., Physics Dept., Faculty of Science, Mansoura University, Egypt 
Prof. Dr. Emad Fawzy Eskander, Ph.D., Medical Division, Hormones Department, National Research Center, Egypt 
Prof. Dr. Heba Salah El Din Aboul Ezz, Ph.D., Physiology, Zoology Department, Faculty of Science, Cairo University, Egypt 
Prof. Dr. Nasr Radwan, Ph.D., Neurophysiology, Faculty of Science, Cairo University, Egypt 
 
Estonia 
Dr. Hiie Hinrikus, Ph.D., D.Sc, Tallinn University of Technology, Estonia                                                                                                                         
Mr. Tarmo Koppel, Tallinn University of Technology, Estonia 
 
Finland  
Dr. Mikko Ahonen, Ph.D, University of Tampere, Finland 
Dr. Marjukka Hagström, LL.M., M.Soc.Sc, Principal Researcher, Radio and EMC Laboratory, Finland                                                                                             
Prof. Dr. Osmo Hänninen, Ph.D., Dept. of Physiology, Faculty of Medicine, University of Eastern Finland, Finland;  
            Editor-In-Chief, Pathophysiology, Finland                                                                                                                                                                                                 
Dr. Dariusz Leszczynski, Ph.D., Adjunct Professor of Biochemistry, University of Helsinki, Finland;                                                                                                
           Member of the IARC Working Group that classified cell phone radiation as possible carcinogen.  
Dr. Georgiy Ostroumov, Ph.D. (in the field of RF EMF), independent researcher, Finland 
 
France 
Prof. Dr. Dominique Belpomme, MD, MPH, Professor in Oncology, Paris V Descartes University, ECERI Executive Director                                                              
Dr. Pierre Le Ruz, Ph.D., Criirem, Le Mans, France  

Georgia 
Prof. Besarion Partsvania, Ph.D., Head of Bio-cybernetics Department of Georgian Technical University, Georgia 
 
Germany 
Prof. Dr. Franz Adlkofer, MD, Chairman, Pandora Foundation, Germany 
Prof. Dr. Hynek  Burda, Ph.D., University of Duisburg-Essen, Germany  
Dr. Horst Eger, MD, Electromagnetic Fields in Medicine, Association of Statutory Health Insurance Physicians, Bavaria, Germany 
Dr. rer. nat. Lebrecht von Klitzing, Ph.D., Head, Institute of Environ. Physics; Ex-Head, Clinical Research, Fribourg Medical University, Germany 
Dr.Sc. Florian M. König, Ph.D., Florian König Enterprises (FKE) GmbH, Munich, Germany 
Dr. Ulrich Warnke, Ph.D., Bionik-Institut, University of Saarlandes, Germany        
 
Greece 
Dr. Adamantia F. Fragopoulou,  M.Sc., Ph.D., Department of Cell Biology & Biophysics, Biology Faculty, University of Athens, Greece  
Dr. Christos Georgiou, Ph.D.,  Biology Department, University of Patras, Greece 
Prof. Emeritus Lukas H. Margaritis, Ph.D., Depts. Cell Biology, Radiobiology & Biophysics, Biology Faculty, Univ. of Athens, Greece 
Dr. Aikaterini Skouroliakou, M.Sc., Ph.D., Department of Energy Technology Engineering, Technological Educational Institute of Athens, Greece 
Dr. Stelios A Zinelis, MD, Hellenic Cancer Society-Kefalonia, Greece 
 
Iceland 
Dr. Ceon Ramon, Ph.D., Affiliate Professor, University of Washington, USA; Professor, Reykjavik University, Iceland 
 
India 
Prof. Dr. B. D. Banerjee, Ph.D., Fmr. Head, Environmental Biochemistry & Molecular Biology Laboratory, Department of Biochemistry,  
           University College of Medical Sciences, University of Delhi, India 

http://www.researchgate.net/institution/University_of_Duisburg-Essen
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Prof. Jitendra Behari, Ph.D., Ex-Dean, Jawaharlal Nehru University; presently, Emeritus Professor, Amity University, India 
Prof. Dr. Madhukar Shivajirao Dama, Institute of Wildlife Veterinary Research, India                                                                                          
Associate Prof. Dr Amarjot Dhami, PhD., Lovely Professional University, Phagwara, Punjab, India 
Dr. Kavindra K. Kesari, MBA, Ph.D., Resident Environmental Scientist, University of Eastern Finland, Finland; Assistant Professor, 
          Jaipur National University, India                                                                                                                                                                                                                                                  
Prof. Girish Kumar, Ph.D., Electrical Engineering Department, Indian Institute of Technology, Bombay, India 
Dr. Pabrita Mandal PhD.,Department of Physics, Indian Institute of Technology, Kanpur, India 
Prof. Rashmi Mathur, Ph.D., Head, Department of Physiology, All India Institute of Medical Sciences, New Delhi, India                               
Sivani Saravanamuttu, M.Sc., M.Phil., Dept. Advanced Zoology and Biotechnology, Loyola College, Chennai, India 
Prof.  N.N. Sareesh, Ph.D., Melaka Manipal Medical College, Manipal University, India                                                                                               
Dr. R.S. Sharma, MD, Sr. Deputy Director General, Scientist - G & Chief Coordinator - EMF Project, Indian Council of Medical Research,   
         Dept. of Health Research, Ministry/Health and Family Welfare, Government of India, Ansari Nagar, New Delhi, India                                                                                                                
Prof. Dr. Dorairaj Sudarsanam, M.Sc., M.Ed., Ph.D., Fellow - National Academy of Biological Sciences, Prof. of Zoology, Biotechnology 
        And  Bioinformatics, Dept. Advanced   Zoology & Biotechnology, Loyola College, Chennai, South India 
 
Iran (Islamic Republic of)                                                                                                                                                                                                           
Prof. Dr. Soheila Abdi, Ph.D., Physics, Islamic Azad University of Safadasht, Tehran, Iran                                                                                          
Prof. G.A. Jelodar, D.V.M., Ph.D., Physiology, School of Veterinary Medicine, Shiraz University, Iran 
Prof. Hamid Mobasheri, Ph.D., Head BRC; Head, Membrane Biophysics&Macromolecules Lab;Instit.Biochemistry&Biophysics,University.of Tehran, Iran 
Prof.  Seyed Mohammad Mahdavi, PhD., Dept of Biology, Science and Research, Islamic Azad University, Tehran, Iran 
Prof. S.M.J. Mortazavi, Ph.D., Head, Medical Physics & Engineering; Chair, NIER Protection Research Center, Shiraz University of Medical Sciences, Iran 
Prof. Amirnader Emami Razavi, Ph.D., Clinical Biochem., National Tumor Bank, Cancer Institute, Tehran Univ. Medical Sciences, Iran 
Dr. Masood Sepehrimanesh, Ph.D., Gastroenterohepatology Research Center, Shiraz University of Medical Sciences, Iran 
Prof. Dr. Mohammad Shabani, Ph.D., Neurophysiology, Kerman Neuroscience Research Center, Iran   
 
Israel                                                                                                                                                                                                                                      
Michael Peleg, M.Sc., radio communications engineer and researcher, Technion - Israel Institute of Technology, Israel 
Dr. Yael Stein, MD, Hebrew University of Jerusalem, Hadassah Medical Center, Israel 
Dr. Danny Wolf, MD, Pediatrician and General Practitioner, Sherutey Briut Clalit, Shron Shomron district, Israel  
Dr. Ronni Wolf, MD, Assoc. Clinical Professor, Head of Dermatology Unit, Kaplan Medical Center, Rehovot, Israel 
 
Italy  
Prof. Sergio Adamo, Ph.D., La Sapienza University, Rome, Italy 
Prof. Fernanda Amicarelli, Ph.D., Applied Biology, Dept. of Health, Life and Environmental Sciences, University of L'Aquila, Italy 
Dr. Pasquale Avino, Ph.D., INAIL Research Section, Rome, Italy 
Dr. Fiorella Belpoggi, Ph.D., FIATP, Director, Cesare Maltoni Cancer Research Center, Ramazzini Institute, Italy 
Prof. Giovanni Di Bonaventura, PhD, School of Medicine, "G. d'Annunzio" University of Chieti-Pescara, Italia                                            
Prof. Emanuele Calabro, Department of Physics and Earth Sciences, University of Messina, Italy 
Prof. Franco Cervellati, Ph.D., Department of Life Science and Biotechnology, Section of General Physiology, University of Ferrara, Italy 
Vale Crocetta, Ph.D. Candidate, Biomolecular and Pharmaceuthical Sciences, "G. d'Annunzio" University of Chieti, Italy                                                                                                                                                                                                                              
Prof. Stefano Falone, Ph.D., Researcher in Applied Biology, Dept. of Health, Life&Environmental Sciences, University of L'Aquila, Italy 
Prof. Dr. Speridione Garbisa, ret. Senior Scholar, Dept. Biomedical Sciences, University of Padova, Italy 
Dr. Settimio Grimaldi, Ph.D., Associate Scientist, National Research Council, Italy 
Prof. Livio Giuliani, Ph.D., Director of Research, Italian Health National Service, Rome-Florence-Bozen;  
          Spokesman, ICEMS-International Commission for Electromagnetic Safety, Italy  
Prof. Dr. Angelo Levis, MD, Dept. Medical Sciences, Padua University, Italy 
Prof. Salvatore Magazù, Ph.D., Department of Physics and Science, Messina University, Italy 
Dr. Fiorenzo Marinelli, Ph.D., Researcher, Molecular Genetic Institute of the National Research Council, Italy 
Dr. Arianna Pompilio, PhD, Dept. Medical, Oral & Biotechnological Sciences. "G. D'Annunzio" University of Chieti-Pescara, Italy                                                                                                                                                                                                                    
Prof. Dr. Raoul Saggini, MD, School of Medicine, University G. D'Annunzio, Chieti, Italy                                                                                             
Dr. Morando Soffritti, MD, Honorary President, National Institute for the Study and Control of Cancer and Environmental Diseases,    
B.Ramazzini, Bologna. Italy                                                                                                                                                                                                    
Prof. Massimo Sperini, Ph.D., Center for Inter-University Research on Sustainable Development, Rome, Italy 

Japan 
Prof. Tsuyoshi Hondou, Ph.D., Graduate School of Science, Tohoku University, Japan 
Prof. Hidetake Miyata, Ph.D., Department of Physics, Tohoku University, Japan          
 
Jordan 
Prof. Mohammed S.H. Al Salameh, Department of Electrical Engineering, American Univeristy of Madaba, Jordan 
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Kazakhstan 
Prof. Dr, Timur Saliev, MD, Ph.D., Life Sciences, Nazarbayev University, Kazakhstan; Institute Medical Science/Technology,             
University of Dundee, UK 

New Zealand  
Dr. Bruce Rapley, BSc, MPhil, Ph.D., Principal Consulting Scientist, Atkinson & Rapley Consulting Ltd., New Zealand 
 
Nigeria 
Dr. Idowu Ayisat Obe, Department of Zoology, Faculty of Science, University of Lagos, Akoka, Lagos, Nigeria                                                        
Prof. Olatunde Michael Oni , Ph.D, Professor of Radiation & Health Physics, Ladoke Akintola University of Technology, Ogbomoso, Nigeria 

Oman 
Prof. Najam Siddiqi, MBBS, Ph.D., Human Structure, Oman Medical College, Oman 
 
Poland  
Dr. Pawel Bodera, Pharm. D., Department of Microwave Safety, Military Institute of Hygiene and Epidemiology, Poland 
Prof. Dr. Stanislaw Szmigielski, MD, Ph.D., Military Institute of Hygiene and Epidemiology, Poland 
 
Russian Federation 
Prof. Vladimir N. Binhi, Ph.D., A.M.Prokhorov General Physics Institute of the Russian Academy of Sciences; M.V.Lomonosov  
           Moscow State University 
Dr. Oleg Grigoyev, DSc., Ph.D., Deputy Chairman, Russian National Committee on Non-Ionizing Radiation Protection, Russian 
Federation  
Prof. Yury Grigoryev, MD, Chairman, Russian National Committee on Non-Ionizing Radiation Protection, Russian Federation 
Dr. Anton Merkulov, Ph.D., Russian National Committee on Non-Ionizing Radiation Protection, Moscow, Russian Federation                              Dr. 
Dr. Maxim Trushin, PhD., Kazan Federal University, Russia  
 
Serbia 
Dr. Snezana Raus Balind, Ph.D., Research Associate, Institute for Biological Research "Sinisa Stankovic", Belgrade, Serbia 
Prof. Danica Dimitrijevic, Ph.D., Vinca Institute of Nuclear Sciences, University of Belgrade, Serbia 
Dr. Sladjana Spasic, Ph.D., Institute for Multidisciplinary Research, University of Belgrade, Serbia 
 
Slovak Republic 
Dr. Igor Belyaev, Ph.D., Dr.Sc., Cancer Research Institute, Slovak Academy of Science, Bratislava, Slovak Republic 
 
South Korea (Republic of Korea) 
Prof. Young Hwan Ahn, MD, Ph.D, Ajou University Medical School, South Korea  
Prof. Kwon-Seok Chae, Ph.D., Molecular-ElectroMagnetic Biology Lab, Kyungpook National University, South Korea  
Prof. Dr. Yoon-Myoung Gimm, Ph.D., School of Electronics and Electrical Engineering, Dankook University, South Korea                              
Prof. Dr. Myung Chan Gye, Ph.D., Hanyang University, South Korea   
Prof. Dr. Mina Ha, MD, Dankook University, South Korea 
Prof. Seung-Cheol Hong, MD, Inje University, South Korea  
Prof. Dong Hyun Kim, Ph.D., Dept. of Otorhinolaryngology-Head and Neck Surgery, Incheon St. Mary's Hospital, Catholic University 
         of  Korea, South Korea  
Prof. Hak-Rim Kim, Dept.of Pharmacology, College of Medicine, Dankook University, South Korea  
Prof. Myeung Ju Kim, MD, Ph.D., Department of Anatomy, Dankook University College of Medicine, South Korea                                            
Prof. Jae Seon Lee, MD,  Department of Molecular Medicine, NHA University College of Medicine, Incheon 22212, South Korea 
Prof. Yun-Sil Lee, Ph.D., Ewha Woman’s University, South Korea  
Prof. Dr. Yoon-Won Kim, MD, Ph.D., Hallym University School of Medicine, South Korea  
Prof. Jung Keog Park, Ph.D., Life Science & Biotech; Dir., Research Instit.of Biotechnology, Dongguk University, South Korea  
Prof. Sungman Park, Ph.D., Institute of Medical Sciences, School of Medicine, Hallym University, South Korea  
Prof. Kiwon Song, Ph.D., Dept. of Chemistry, Yonsei University, South Korea  
 
Spain  
Prof. Dr. Miguel Alcaraz, MD, Ph.D., Radiology and Physical Medicine, Faculty of Medicine, University of Murcia, Spain  
Dr. Alfonso Balmori, Ph.D., Biologist, Consejería de Medio Ambiente, Junta de Castilla y León, Spain 
Prof. J.L. Bardasano, D.Sc, University of Alcalá, Department of Medical Specialties, Madrid, Spain 
Dr. Claudio Gómez-Perretta, MD, Ph.D., La Fe University Hospital, Valencia, Spain                                                                                                                
Prof. Dr. Miguel López-Lázaro, PhD.,  Associate Professor, Department of Pharmacology, University of Seville, Spain                                               
Prof. Dr. Elena Lopez Martin, Ph.D., Human Anatomy, Facultad de Medicina, Universidad de Santiago de Compostela, Spain 
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Prof. Enrique A. Navarro, Ph.D., Department of Applied Physics and Electromagnetics, University of Valencia, Spain 
 
 
Sweden 
Dr. Michael Carlberg, MSc, Örebro University Hospital, Sweden  
Dr. Lennart Hardell, MD, Ph.D., University Hospital, Örebro, Sweden  
Prof. Olle Johansson, Ph.D., Experimental Dermatology Unit, Dept. of Neuroscience, Karolinska Institute, Sweden 
Dr. Bertil R. Persson, Ph.D., MD, Lund University, Sweden 
Senior Prof. Dr. Leif Salford, MD. Department of Neurosurgery, Director, Rausing Laboratory, Lund University, Sweden 
Dr. Fredrik Söderqvist, Ph.D., Ctr. for Clinical Research, Uppsala University, Västerås, Sweden 
 
Switzerland 
Dr. nat. phil. Daniel Favre, Association Romande Alert, Switzerland 
 
Taiwan (Republic of China) 
Prof. Dr. Tsun-Jen Cheng, MD, Sc.D., National Taiwan University, Republic of China  
 
Turkey 
Prof. Dr. Mehmet Zülküf Akdağ, Ph.D., Department of Biophysics, Medical School of Dicle University, Diyarbakir, Turkey                                                                                                                                                   
Associate Prof.Dr. Halil Abraham Atasoy, MD, Pediatrics, Abant Izzet Baysal University, Faculty of Medicine, Turkey 
Prof. Ayse G. Canseven (Kursun), Ph.D., Gazi University, Faculty of Medicine, Dept. of Biophysics, Turkey 
Prof. Dr. Mustafa Salih Celik, Ph.D., Fmr. Head, Turkish Biophysical Society; Head, Biophysics Dept; Medical Faculty, Dicle Univ.,Turkey 
Prof. Dr. Suleyman Dasdag, Ph.D., Dept. of Biophysics, Medical School of Dicle University, Turkey 
Prof. Omar Elmas, MD, Ph.D., Mugla Sitki Kocman University, Faculty of Medicine, Department of Physiology, Turkey 
Prof. Dr. Ali H. Eriş, MD, faculty, Radiation Oncology Department,  BAV University Medical School, Turkey                                                   
Prof. Dr. Arzu Firlarer, M.Sc. Ph.D., Occupational Health & Safety Department, Baskent University, Turkey 
Prof. Suleyman Kaplan, Ph.D., Deputy Chancellor; Dir. Health Services; Head, Dept. Histology & Embryology, Turkey 
Prof. Dr. Mustafa Nazıroğlu, Ph.D., Biophysics Dept, Medical Faculty, Süleyman Demirel University, Isparta, Turkey 
Prof. Dr. Ersan Odacı, MD, Ph.D., Karadeniz Technical University, Medical Faculty, Trabzon, Turkey 
Prof. Dr. Elcin Ozgur, Ph.D., Biophysics Department, Faculty of Medicine, Gazi University, Turkey  
Prof. Dr. Cemil Sert, Ph.D., Department of Biophysics of Medicine Faculty, Harran University, Turkey 
Prof. Dr. Nesrin Seyhan, B.Sc., Ph.D., Medical Faculty of Gazi University; Chair, Biophysics Dept; Director GNRK Ctr.; 
             Panel Mbr, NATO STO HFM; Scientific Secretariat Member, ICEMS; Advisory Committee Member, WHO EMF, Turkey 
Prof. Dr. Bahriye Sirav (Aral), PhD.,Gazi University Faculty of Medicine, Dept of Biophysics, Turkey 
 
Ukraine 
Dr. Oleg Banyra, MD, 2nd Municipal Polyclinic, St. Paraskeva Medical Centre, Ukraine                                                                                                     
Prof. Victor Martynyuk, PhD., ECS "Institute of Biology", Head of Biophysics Dept, Taras Shevchenko National University of Kiev, Ukraine                               
Prof. Igor Yakymenko, Ph.D., D.Sc., Instit. Experimental Pathology, Oncology & Radiobiology, National Academy of Sciences of Ukraine 
 
United Kingdom 
Mr. Roger Coghill, MA,C Biol, MI Biol, MA Environ Mgt; Member.Instit.of Biology; Member, UK SAGE Committee on EMF 
Precautions, UK 
Mr. David Gee, Associate Fellow, Institute of Environment, Health and Societies, Brunel University, UK 
Dr. Andrew Goldsworthy BSc PhD,  Lecturer in Biology (retired), Imperial College, London,  UK                                                              
Dr. Mae-Wan Ho, Ph.D., Institute of Science in Society, UK 
Dr. Gerard Hyland, Ph.D., Institute of Biophysics, Neuss, Germany, UK 
Dr. Isaac Jamieson, Ph.D., Biosustainable Design, UK                                                                                                                                         
Emeritus Professor, Michael J. O’Carroll, PhD., former Pro Vice-Chancellor, University of Sunderland, UK. 
Mr. Alasdair Phillips, Electrical Engineer, UK 
Dr. Syed Ghulam Sarwar Shah, M.Sc., Ph.D., Public Health Consultant, Honorary Research Fellow, Brunel 
University London, UK 
Dr. Sarah Starkey, Ph.D., UK 
 

USA 
Dr. Martin Blank, Ph.D., Columbia University, USA 
Prof. Jim Burch, MS, Ph.D., Dept. of Epidemiology & Biostatistics, Arnold School of Public Health, University of  South Carolina, USA 
Prof. David O. Carpenter, MD, Director, Institute for Health and the Environment, University of New York at Albany, USA                                        Prof. 
Prof. Simona Carrubba, Ph.D., Biophysics, Daemen College, Women & Children's Hospital of Buffalo Neurology Dept., USA 
Dr. Zoreh Davanipour, D.V.M., Ph.D., Friends Research Institute, USA 
Dr. Devra Davis, Ph.D., MPH, President, Environmental Health Trust; Fellow, American College of Epidemiology, USA 
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Prof. Om P. Gandhi, Ph.D., Department of Electrical and Computer Engineering, University of Utah, USA 
Prof. Beatrice Golomb, MD, Ph.D., University of California at San Diego School of Medicine, USA 
Dr. Martha R. Herbert, MD, Ph.D., Harvard Medical School, Harvard University, USA 
Dr. Donald Hillman, Ph.D., Professor Emeritus, Michigan State University, USA 
Elizabeth Kelley, MA, Fmr. Managing Secretariat, ICEMS, Italy; Director, EMFscientist.org, USA 
Dr. Henry Lai, Ph.D., University of Washington, USA 
B. Blake Levitt, medical/science journalist, former New York Times contributor, EMF researcher and author, USA 
Dr. Albert M. Manville, II, Ph.D. and C.W.B., Adj. Professor, Johns Hopkins University Krieger Graduate School of Arts & Sciences;  
          Migratory Bird Management, U.S. Fish & Wildlife Service, USA 
Dr. Andrew Marino, J.D., Ph.D., Retired Professor, LSU Health Sciences Center, USA 
Dr. Marko Markov, Ph.D., President, Research International, Buffalo, New York, USA 
Dr. Jeffrey L. Marrongelle, DC, CCN, President/Managing Partner of BioEnergiMed LLC, USA 
Dr. Samuel Milham, MD, MPH, USA 
L. Lloyd Morgan, Environmental Health Trust, USA 
Dr. Joel M. Moskowitz, Ph.D., School of Public Health, University of California, Berkeley, USA 
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Scientific evidence contradicts findings and 
assumptions of Canadian Safety Panel 6: microwaves 
act through voltage-gated calcium channel activation 
to induce biological impacts at non-thermal levels, 
supporting a paradigm shift for microwave/lower 
frequency electromagnetic field action
Abstract: This review considers a paradigm shift on 
microwave electromagnetic field (EMF) action from 
only thermal effects to action via voltage-gated calcium 
channel (VGCC) activation. Microwave/lower frequency 
EMFs were shown in two dozen studies to act via VGCC 
activation because all effects studied were blocked by 
calcium channel blockers. This mode of action was fur-
ther supported by hundreds of studies showing micro-
wave changes in calcium fluxes and intracellular calcium 
[Ca2+]i signaling. The biophysical properties of VGCCs/
similar channels make them particularly sensitive to 
low intensity, non-thermal EMF exposures. Non-thermal 
studies have shown that in most cases pulsed fields are 
more active than are non-pulsed fields and that expo-
sures within certain intensity windows have much large 
biological effects than do either lower or higher inten-
sity exposures; these are both consistent with a VGCC 
role but inconsistent with only a heating/thermal role. 
Downstream effects of VGCC activation include calcium 
signaling, elevated nitric oxide (NO), NO signaling, per-
oxynitrite, free radical formation, and oxidative stress. 
Downstream effects explain repeatedly reported bio-
logical responses to non-thermal exposures: oxidative 
stress; single and double strand breaks in cellular DNA; 
cancer; male and female infertility; lowered melatonin/
sleep disruption; cardiac changes including tachycardia, 
arrhythmia, and sudden cardiac death; diverse neuropsy-
chiatric effects including depression; and therapeutic 
effects. Non-VGCC non-thermal mechanisms may occur, 

but none have been shown to have effects in mammals. 
Biologically relevant safety standards can be developed 
through studies of cell lines/cell cultures with high levels 
of different VGCCs, measuring their responses to different 
EMF exposures. The 2014 Canadian Report by a panel of 
experts only recognizes thermal effects regarding safety 
standards for non-ionizing radiation exposures. Its posi-
tion is therefore contradicted by each of the observations 
above. The Report is assessed here in several ways includ-
ing through Karl Popper’s assessment of strength of evi-
dence. Popper argues that the strongest type of evidence 
is evidence that falsifies a theory; second strongest is a 
test of “risky prediction”; the weakest confirms a predic-
tion that the theory could be correct but in no way rules 
out alternative theories. All of the evidence supporting 
the Report’s conclusion that only thermal effects need 
be considered are of the weakest type, confirming pre-
diction but not ruling out alternatives. In contrast, there 
are thousands of studies apparently falsifying their posi-
tion. The Report argues that there are no biophysically 
viable mechanisms for non-thermal effects (shown to be 
false, see above). It claims that there are many “incon-
sistencies” in the literature causing them to throw out 
large numbers of studies; however, the one area where 
it apparently documents this claim, that of genotoxic-
ity, shows no inconsistencies; rather it shows that vari-
ous cell types, fields and end points produce different 
responses, as should be expected. The Report claims 
that cataract formation is produced by thermal effects 
but ignores studies falsifying this claim and also studies 
showing [Ca2+]i and VGCC roles. It is time for a paradigm 
shift away from only thermal effects toward VGCC activa-
tion and consequent downstream effects.

 ©2015, Martin L. Pall, published by De Gruyter.  
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Introduction
There has been a literature reporting various non-thermal 
effects of microwave/radiofrequency radiation exposures 
starting with the Soviet literature in the 1950s. Subse-
quently, there have been thousands of international 
published studies reporting non-thermal or what are 
sometimes called micro-thermal effects producing thera-
peutic responses, changes in calcium fluxes and signal-
ing, increased oxidative stress, and a wide variety other 
health-related responses in humans and animal models.

Nevertheless, there has been a series of medical 
reports, arguing that only thermal effects need be con-
sidered when setting guidelines or safety standards for 
microwave electromagnetic field (EMF) exposures. These 
have been based mainly on two types of arguments:

 – That there cannot be any biophysically viable mecha-
nism for any such non-thermal effects and therefore 
that reports of such effects should be viewed with 
great skepticism.

 – That there are many “conflicts” or “inconsistencies” 
in the literature which according to these reports, jus-
tify rejection of the various thousands of publications 
showing apparent non-thermal effects.

The focus of this review is to consider whether it is time for a 
“paradigm shift” away from strictly thermal effects toward 
non-thermal effects. Specifically, it is focused on the recent 
finding that most, possibly all non-thermal effects can be 
produced by microwave activation of voltage-gated calcium 
channels (VGCCs). It is also focused on the 2014 Report of 
the Canadian Panel of Experts on Safety Code 6 as the most 
recent and therefore up-to-date summary of the evidence 
supporting the strictly thermal point of view.

EMFs act via stimulation of voltage-
gated calcium channels (VGCCs)
Calcium provides an essential role in cell function, 
being normally maintained at very low, circa 10–7  M 

intracellular levels, but also with transient intracellular 
calcium ([Ca2+]i) increases being used for widespread 
and important regulatory signaling. A recent review (1), 
noted that in two dozen studies, calcium channel block-
ing drugs block a wide range of electromagnetic field 
(EMF) effects on cells and organisms by blocking voltage-
gated calcium channels (VGCCs which are also known 
as voltage-operated, voltage-dependent or voltage-
regulated calcium channels). In most but not all cases, 
L-type VGCCs were studied, but T-type, N-type and P/Q-
type channels can also have roles, as shown by channel 
blockers specific for these other channels (1). In each 
of these studies, calcium channel blockers blocked or 
greatly lowered each of the responses studied, showing 
that VGCC activation is required for low intensity fields 
to produce a wide range of responses (1). Each of these 
channel blockers is thought to be highly specific, such 
that with two different types of L-type blockers being 
used that act at different sites on the L-type VGCCs and 
also one each of the T-type, N-type and P/Q type block-
ers being used, with each showing activity in blocking or 
greatly lowering EMF responses, it is highly unlikely that 
a non-VGCC mechanism is involved here.

VGCC activation is thought to act mainly by increas-
ing [Ca2+]i. Other considerations also support VGCCs as 
a major EMF target, accounting for numerous biological 
impacts of microwave exposures (1–3) at levels not pro-
ducing substantial changes in temperature.

Pilla published a very important paper, suggesting in 
retrospect that these low-level fields directly activate the 
VGCCs (4, see also 1–3). He showed that cells in culture 
when exposed to a low intensity pulsed microwave field, 
produce an almost instantaneous Ca2+/calmodulin-
dependent increase in nitric oxide (NO), occurring in  < 5 s. 
The NO increase is produced by the [Ca2+]i activating the 
two Ca2+/calmodulin-dependent NO synthases, which can 
occur almost instantaneously. These results show that the 
[Ca2+]i increases must also occur almost instantaneously, 
providing strong evidence that the VGCCs are directly acti-
vated by the low intensity field in this study. The known 
properties of the VGCCs are discussed below, properties 
that are expected to make them particularly susceptible to 
activation by such low intensity fields.

In addition to calcium channel blocker studies, the 
important role of VGCC activation for the biological effects 
of microwave radiation at levels that do not produce meas-
ured changes in temperature is also supported by a large 
number of studies, some of which were reviewed earlier 
(5, 6), showing that low level microwave EMF exposures 
lead to measured changes in calcium signaling and/or 
calcium fluxes consistent with VGCC activation. There are 
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also hundreds of studies of oxidative stress responses to 
low intensity field exposures, which can also be produced 
by downstream effects of increased [Ca2+]i (1–3). The mode 
of microwave action via VGCC activation also confirms 
earlier predictions of Panagopoulos et al. (7, 8) that EMFs 
may act via voltage-gated ion channel activation. The 
whole issue of the biophysics of VGCCs and other voltage-
gated ion channels is discussed in some detail below.

Various frequencies, intensities and pulse patterns of 
EMFs act via VGCC activation (1), including extremely low 
frequency fields of 50 or 60 Hz electrical wiring, micro-
wave frequency EMFs also referred to as radiofrequency 
(RF), very short “nanosecond” pulses, and even static 
electric or magnetic fields. Given recent global increases 
in exposures to microwave/RF EMFs, the findings for 
microwave EMFs create the most concerns for both human 
and environmental health.

We are therefore in a situation where the paradigm of 
EMF action focused solely on heating (9–13), should be 
replaced by one based on VGCC activation of microwave 
and other EMFs (1–3).

In addition to impacts of EMFs directly involving VGCCs, 
there are a number of other related mechanisms which 
should be explored. For instance, Pilla reviewed 2 studies 
in which microwave EMFs increased apparent calmodulin 
activation (14). Calmodulin is regulated by [Ca2+]i such that 
calmodulin activation may act along with VGCC activation 
in two related pathways of action discussed below.

Three other types of observations 
that contradict the assumptions of 
current safety standards
Current safety standards are based on the assumption that 
all important biological effects of microwave and lower 
frequency EMFs are due to tissue heating (thermal effects) 
and that specific absorption rates (SARs) of EMFs are 
therefore a measure of their ability to produce all impor-
tant biological effects. While the VGCC studies, discussed 
above clearly invalidate that assumption, there are three 
other distinct types of observations that also contradict 
that assumption. As discussed below, an extensive scien-
tific literature reports biological microwave EMF effects 
at exposure levels well within safety standards and that 
therefore should not occur according to current safety 
standards. Two other types of falsifying evidence are the 
findings that pulsed fields are often much more biologi-
cally active than non-pulsed fields and that certain inten-
sity windows of exposure are more biologically active than 

are exposures of both lower and higher intensities. These 
two are each discussed in some detail immediately below.

It has been known for well over 30 years that pulsed 
microwave fields are often much more biologically active 
than are continuous non-pulsed fields. This was shown, 
for example, by Seaman and Wachtel in studies of micro-
wave exposures of Aplysia pacemaker cells (15). Pacemaker 
cells have a very high density of VGCCs, suggesting that 
the pulsed microwave exposures may in this study act via 
VGCC activation. This was shown by Bassett et al. (16) and 
by Pilla (17) both in 1974 studies of augmentation of bone 
repair, that pulsed field microwaves were much more active 
than continuous field microwave exposures. Both Baran-
ski (18) and Czerski (19) showed that microwave pulsed 
field exposures were more active than non-pulsed fields in 
terms of their impact on blood forming cells. Micro pulsed 
field exposures were also more effective than non-pulsed 
continuous wave (CW) fields in producing a breakdown of 
the blood-brain barrier (20). Adey’s review (21) stated that 
“There is evidence of interactions with radio and micro-
wave fields pulse-modulated at higher frequencies from 
500 to 1500 Hz and an absence of similar effects with CW 
fields of the same average power density at the same carrier 
frequency.” Several other studies are cited in the Adey (21) 
review documenting higher biological activity of pulsed 
fields than non-pulsed CW fields at identical power levels. 
A recent study showing that pulsed microwave EMFs acted 
via activation of L-type VGCCs (22) suggests that all these 
inconsistencies of the pulsed field findings with any heating 
mechanism may be due to their action in VGCC activation.

More than four decades ago, the biological impact of 
non-thermal levels of pulsed fields was sufficiently well 
documented that it became the basis for a number of 
therapeutic applications of microwave pulses. Therapies 
currently employed include a wide range of bone growth 
and orthopedic rehabilitation regimens as well as some 
applications to enhance the uptake of chemotherapeu-
tic agents (14). These numerous therapeutic effects are 
well established to be non-thermal and operate through 
increased levels of [Ca2+]i and nitric oxide (NO) signaling 
(2, 14). The medical use of these pulsed fields provides 
therefore prima facie evidence that such fields are often 
more active in VGCC activation than are non-pulsed fields.

The greater biological activity of pulsed field expo-
sures were sufficiently well documented 30–48 years ago, 
such that it influenced safety standards of the 1960s and 
1970s. For example, the Canadian Standards Association 
48 years ago in 1966, adopted lower standards [see Table 2 
in ref. (23)] for occupational exposure to pulsed field expo-
sures (1 mWhr/cm2, limited to 6 min exposure) in contrast 
to those for continuous, that is non-pulsed exposures 
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(10 mW/cm2, for which there was no time limitation). In 
1974, in the United States, the American National Stand-
ards Institute (ANSI) adopted essentially identical stand-
ards as had Canada for occupational pulsed field and 
non-pulsed field exposure (23). In 1970, the Czechoslo-
vakian government adopted more stringent occupational 
and general public standards for pulsed field exposures 
vs non-pulsed field exposures (23). Pulsed fields are, of 
course, produced by any type of wireless communication 
device since it is the pattern of pulsations that conveys the 
information. Different devices often use different types of 
pulsation patterns. However, we do not know how biologi-
cally active the different pulsation patterns are, because 
this has not been systematically studied. As a result, we 
cannot rationally compare the dangers of one device vs 
another.

Furthermore, Barrie Trower, a retired military intel-
ligence expert from the United Kingdom, has stated that 
classified research indicates that different wavelengths 
vary in their biological activities as well. He reports that 
the specific details about the biological impacts of vari-
ations in pulsed electromagnetic fields are classified by 
multiple countries because of “national security”. Thus 
much of what research appears to have been done in this 
field remains unavailable to decision makers charged with 
setting standards on such devices that emit pulsed elec-
tromagnetic fields.

It has been shown that there can be intensity 
“windows” where biological activity is greater than 
at intensities both higher and lower than the window 
intensity (24–32). This again argues against a heating 
 mechanism as there are no known thermal dose-response 
curves with similar windows. In addition, these window 
effects are also found at levels where there is extremely 
low heating. For example, Blackman et al. (28) state that 
“Because of the extremely small increments of tempera-
ture associated with positive findings [less that 4 × 10(–4)
degrees C], and the existence of more than one productive 
absorption rate (“window”), a solely thermal explanation 
appears extremely unlikely”. It is (31) stated that “Since 
there was no detectable temperature increase during 
exposures, the recorded effects are considered non-ther-
mal”. The suggested mechanism (31) may involve a role of 
voltage-gated ion channels such that “the action of exter-
nal EMF on cells is dependent on irregular gating of mem-
brane electrosensitive ion channels whenever a force on 
the channel sensors exceeds the force exerted on them by 
a change in the membrane potential of about 30 mV which 
is necessary to gate the channel normally. If in some kind 
of cells there is an upper limit for this value of mem-
brane potential change, then the channel would be gated 

whenever the force exerted on its sensors is within this 
‘window’”. Five of these studies show effects on [Ca2+]
i fluxes (24–28), consistent with possible roles of VGCCs. 
These studies provide strong evidence that these window 
effects occur at levels where there is either no measured 
change in temperature or extremely low heating.

Perhaps the strongest evidence for non-thermal effects 
of EMFs comes from studies on animal female and human 
male reproduction. This literature indicates that sperm 
exposed to microwave radiation emitted by approved 
mobile phones die three times faster and develop sig-
nificantly more damage to their mitochondrial DNA (33). 
Studies of pregnant mice, rats and rabbits report that 
prenatally exposed offspring develop significantly more 
damage to their eyes, skin and liver (33) with hippocam-
pus and pyramidal cell formation are impaired as well.

In summary, four distinct types of evidence provide 
contradictory information about the basic assumption 
underlying current US, Canadian and International Com-
mission on Non-Ionizing Radiation Protection (ICNIRP) 
safety standards that non-thermal effects do not exist: 
Microwave and other lower frequency EMFs act via VGCC 
activation rather than by heating; there are numer-
ous papers in the scientific literature reporting biologi-
cal effects with exposures well within safety standards 
where substantial heating cannot occur. Moreover, pulsed 
fields are, in most cases, more biologically active than 
non-pulsed fields that produce equal heating; windows 
of exposure intensities occur which are more active than 
both higher and lower exposures of the same fields. While, 
in general, lower intensities are safer than higher inten-
sities, this “window” effect shows that there are some 
major, biologically and medically important exceptions 
to this pattern. The pulsed field effects and the window 
effects make it impossible to currently predict biological 
activity without doing actual measurements of biological 
activity of specific devices at specific exposure intensities. 
The question of how to best approach and evaluate such 
biological effects is discussed below.

The properties of VGCCs and other 
voltage-gated ion channels may 
make them uniquely susceptible to 
low intensity MF activation
There has been an argument repeatedly put forth that 
there cannot be a biophysically viable mechanism for 
low intensity, apparently non-thermal effects. This claim 
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is argued as follows [see Sheppard et al., ref. (34)]: While 
they acknowledge that EMFs can exert forces on charged 
groups, they argue that weak EMFs produce only weak 
forces that are less than are exerted by thermal motion 
produced at normal body temperature. They argue there-
fore that the only effects that can be produced by weak 
EMFs would be dwarfed by a high background noise 
created by random thermal motion. One of the problems 
with the Sheppard argument comes from a consideration 
of the structure of the voltage-gated ion channels and 
how these channels detect electrical changes, which may 
lead to opening the channel. The structure of the alpha-1 
subunit containing the channel has been modeled and 
discussed (35–38).

What can be seen is that there are four similar domains 
in this protein, with each domain containing six transmem-
brane alpha helixes in it. These four domains are thought 
to have been produced evolutionarily by two tandem dupli-
cations, starting with a gene encoding a protein with one 
such domain. The fourth helix in each domain contains 
five positively charged amino acid side chains which col-
lectively make up the voltage sensor (37, 38). It is thought 
that 20 (4 × 5) charges make up the voltage sensor, each of 
which must be pushed in approximately the same direc-
tion (and the right direction) at the same time in order for 
the channel to open. Changes in the membrane potential 
across the plasma membrane can do this, as can EMFs, 
because the fields will produce forces on these different 
charged groups in the same direction at a particular time. 
Random thermal motion, in contrast, is random in three 
dimensions and will only extraordinarily rarely produce 
forces on 20 groups in approximately the same direc-
tion at the same time. So you can see the thermal motion 
argument is clearly at best highly questionable when it is 
applied to voltage-gated ion channels including VGCCs.

There are other issues that come into play, both influ-
encing the effects of fields on the VGCC voltage sensor. One 
is that the plasma membrane has high electrical resist-
ance whereas both the aqueous extracellular fluid and 
the aqueous cytoplasm, with their dissolve salts are good 
electrical conductors. EMFs only traverse plasma mem-
branes with great difficulty (39, 40). Therefore, fields will 
produce rapid movement of charges in the intracellular 
and extracellular aqueous phases which will be blocked 
by the plasma membrane such that voltage sensor will 
be influenced by greatly amplified electrical forces, in a 
direction perpendicular to the plain of the plasma mem-
brane. That circa 3000-fold amplification is recognized by 
Sheppard et al. (34) immediately before their Conclusion 
section. The only example of an integral membrane that 
may be influenced in this way, that they give (34) is that 

of bacteriorhodopsin, where light exposure leads to the 
pumping of a proton across the plasma membrane. They 
attempt to estimate the effects of voltages on the proton 
pumping, by looking a the effects of voltages on the 
absorption changes that occur in bacteriorhodopsin (34); 
however, the cycling of bacteriorhodopsin is a complex 
process (41) where the proton pumping is not rate-limit-
ing and therefore these studies give little insight into the 
actual effects on proton pumping.

Bacteriorhodopsin differs from the voltage-sensor in 
the VGCCs in several important ways:

 – The voltage sensor has evolved to respond to voltage 
changes across the plasma membrane, whereas bacte-
riorhodopsin has evolved to respond to light exposure.

 – There are 20 charged groups in the VGCC voltage sen-
sor (37, 38), whereas there is one charge involved in 
the bacteriorhodopsin mechanism.

 – Whereas the bacteriorhodopsin has considerable 
water in the center of its structure, water seems to be 
excluded near the helix 4 structures that constitute 
the voltage sensor.

The third way, above, is important because the force on 
charged groups, as shown by Coulomb’s law, is inversely 
proportional to the dielectric constant of the surround-
ing material. The charged groups of the voltage sensor are 
found in the lipid region of the plasma membrane. The 
dielectric constant of the lipid section of the membrane is 
similar to the dielectric constant of hydrocarbon solvents 
(41), whereas the water dielectric constant is about 40 times 
higher than that of hydrocarbon solvents (41). The dielec-
tric constant of the extracellular fluid is 2.5–3.5 times that of 
water, because of the dissolved salts (42, 43) and the meas-
ured dielectric constant of cytoplasm is quite similar to the 
dielectric constant of extracellular fluid. It follows from this 
that the aqueous phase where most charges exist in cells 
has about 120 times the dielectric constant of the membrane 
where the voltage sensor resides. Therefore, the forces on 
the voltage sensor charges are on the order of 120  times 
higher than the forces on most charges in the cell.

It follows from this that if one wants to compare the 
forces on the voltage sensor with that produced by EMFs 
on most other charged groups in the cell, the voltage 
sensor forces are approximately 3000 × 120 × 20 = 7.2 million 
times greater. [Please note again that the 3000 figure is 
recognized by Sheppard et al. (34); 120 is the effect of the 
dielectric constant and 20, the number of charges in the 
voltage sensor.]

The above considerations in this section, clearly show 
that Sheppard et al. (34) provide no evidence arguing for 
biophysical implausibility of the VGCC voltage sensor as 
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a target of low-intensity EMFs, such that when we have 
compelling empirical evidence that it is the main target, 
that evidence should be taken at face value. Furthermore, 
the VGCC voltage sensor is likely to be many orders of 
magnitude more sensitive to EMF effects than are any non-
plasma membrane localized target. Because heating is pro-
duced by the joggling of charged/partially charged groups 
almost all of which are outside the plasma membrane, the 
much greater forces on the VGCC voltage sensors show 
that fields 6–7 orders of magnitude lower than produce 
heating may activate the VGCC voltage sensors.

Have others been influenced by somewhat similar con-
siderations? I believe it is likely that W.R. Adey was influ-
enced by the plasma membrane properties when in the 
1980s he proposed that a plasma membrane protein was 
the likely target of weak EMFs. Panagopoulos et al. (7, 8) 
may have been influenced by these plasma membrane and 
voltage sensor considerations when they decided to do 
biophysical modeling on voltage gated ion channels. The 
two reviewers of this paper each had some criticisms of the 
Panagopoulos et al. (7, 8) modeling, and some of the things 
in their papers go beyond my biophysics understanding, so 
I am unable to judge. What I would say is that the modeling 
studies came to three important predictions: That voltage-
gated ion channels may be targets of low-intensity EMFs, 
that the VGCCs may be particularly activated because of 
the mechanism of the actual calcium flux through the 
channel and that pulsed fields may be more active than 
non-pulsed fields. Biophysical modeling of such complex 
membrane proteins as the voltage-gated ion channels is, at 
best a work in progress, given their complexity.

At this point, there is much evidence implicating 
VGCC activation but no apparent evidence implicat-
ing other voltage-gated ion channels in low intensity 
EMF responses (1–3). Possible reasons for this should be 
assessed elsewhere.

What is most needed at this point is not more biophys-
ical modeling, although that would be useful, but exten-
sive detailed information on the effects of various fields 
on VGCC activation. Such information can be obtained 
via the types of studies advocated below for biologically-
based safety standards.

Canadian Royal Society Expert Panel 
Report on radiofrequency fields
This Royal Society Expert Panel was charged with review-
ing Safety Code 6 (2013) safety limits for exposure to 
radiofrequency (primarily microwave frequency) fields, 

following the charge to “advance knowledge, encourage 
integrated interdisciplinary understanding and address 
issues that are critical to Canadians”. The Expert Panel 
Report (44) can be judged based on these charges and also 
the requirements that apply to authors of all purportedly 
scientific documents:

 – The need to provide documentation that it has given 
as objective an assessment of the science as possible;

 – The need for clarity of thought and clarity of expres-
sion, such that it will be clear to the reader what the 
Report is trying to say;

 – The need to provide the reader of the Report with 
sufficient information in the Report and in the cita-
tions provided in the Report such that the reader can 
make an independent assessment of the quality of the 
science;

 – And perhaps most importantly, the need to follow 
widely accepted principles for assessing scientific 
evidence.

This paper considers both the charges to the panel and 
these more generally applicable scientific principles to 
judge the scientific merit of the Report.

What is in the report?
The Report is, in the author’s view, stronger on opinion 
than on evidence (44). Let us consider some specifics.

The Report states that “The Panel considered an 
‘established adverse health effect’ as an adverse effect 
that is observed consistently in several studies with strong 
methodology. With this definition in mind, the Panel 
reviewed the evidence for a wide variety of negative health 
impacts from exposure to RF energy, including cancer, 
cognitive and neurologic effects, male and female repro-
ductive effects, developmental effects, cardiac function 
and heart rate variability, electromagnetic hypersensitiv-
ity, and adverse health effects in susceptible regions of the 
eye.” Despite this claim to have reviewed a broad array of 
biological impacts, in fact the Report does not provide a 
comprehensive review. Rather it engages, as documented 
below, in what can be referred to as “cherry-picking” – 
selecting studies consistent with its assumptions. More-
over, it often ignores studies that are not consistent with 
its assumption that there are no biological effects except-
ing those that, in their view, may be tied to heating. Thus 
the Report completely excludes many different studies on 
prenatally exposed animals and those on spermatogen-
esis, on oxidative stress, changes of calcium fluxes and 
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thousands of studies on therapeutic effects, all at non-
thermal levels of exposure.

The Report uses the existence of what it calls “incon-
sistent,” and others have called “conflicting” studies to 
argue that conflict per se indicates a lack of established 
health impact. This paper considers below whether there 
are any genuine “inconsistencies” in this literature. Henry 
Lai and Devra Davis have documented that “conflicting” 
scientific evidence in the field of bioelectromagnetics 
relating to mobile phones has been carefully cultivated 
(45), an inference that may also explain the data of Huss 
et al. (46). Huss et al. stated “We found that the studies 
funded exclusively by industry were indeed substantially 
less likely to report statistically significant effects on a 
range of end points that may be relevant to health. Our 
findings add to the existing evidence that single-source 
sponsorship is associated with outcomes that favor spon-
sors’ products.” The panel ignores these findings and con-
siders that conflicting evidence about effects of exposure 
to RF energy on cancer or other end points means that 
effects are possible but are not ‘established’ in accordance 
with its definition of ‘established health effects’. Simi-
larly, while the Report notes that effects of exposure to 
RF energy on aspects of male reproductive function have 
been found, it concludes that “the evidence has not been 
established to indicate that these translate into fertility or 
health effects” even when such aspects are used clinically 
to assess male fertility.

The Panel reviewed “inconsistent” evidence about 
effects of exposure to RF energy on cancer, concluding 
that effects are possible but are not ‘established in accord-
ance with its definition of ‘established health effects’. The 
Report states that the Panel’s conclusion on cancer is in 
agreement with a recent report from the International 
Agency for Research on Cancer (47). In fact, the Report’s 
characterization of the IARC (47) position does not agree 
with the IARC actual position. IARC states that “In the text, 
the Working Group provides comments on those findings 
that are of greatest relevance to the evaluation, e.g., risk 
in the overall exposed group, patterns of change in risk 
with increasing exposure (such as a monotonic increase in 
risk with increasing exposure), and changes in risk with 
duration of exposure or latency.” Furthermore, the Report 
ignores the fact that WHO considers microwave radiation 
to be a Class 2B carcinogen, and the Report also ignores 
the fact that four prominent reviews on this topic (48–51) 
all come to the conclusion that microwave exposures can 
cause cancer. It is apparent therefore that the Panel of 
Experts on Safety Code 6 has allowed its assumptions to 
greatly influence its assessment here, rather than provid-
ing an objective assessment of the literature.

There are complexities here that the Expert Panel 
fails to consider. For example, oxidative stress produced 
by microwave EMF exposure is likely to have a role in 
causation of cancer. For decades, it has been established 
that low level oxidative stress can lower oxidative stress 
markers below initial, pre-stress levels and protect the 
body from subsequent higher level oxidative stress, a 
phenomenon known as hormesis that has been recently 
shown to act by raising the activity of a transcriptional 
regulator, Nrf2; it has been suggested that this may 
explain some observations that low level cell phone use 
may lower cancer incidence via this mechanism, whereas 
higher level, long-term cell phone use may produce major 
elevation of cancer incidence. However, the Expert Panel 
apparently considers these studies to be conflicting, 
when to the contrary, these studies may raise the issue of 
biological complexity and a possible U- or J-shaped dose-
response curve.

Another even clearer example where inferences of 
“inconsistencies” or “conflicts” in the literature have been 
misconstrued regarding the induction of single strand 
breaks in cellular DNA, measured by what are known as 
alkaline comet assays, a well-documented method for 
such studies (1). This literature was reviewed by the author 
(1), who found 19 different studies where greatly elevated 
levels of such single strand breaks were found following 
exposure as well as eight studies where they were not 
found. However, in examining these studies in detail, it 
is clear that the differences can be easily explained. For 
instance, regarding in vitro studies of DNA damage, some 
of the studies have used different cell types and studied 
different microwave source EMFs. Thus adult lymphocytes 
appear relatively resistant to EMF, while neural stem cells 
are much more susceptible. Different cell types differ from 
one another in how many and what types of VGCCs may 
be present and they may differ as well in how the VGCCs 
are regulated and so may be expected to differ widely in 
terms of response. All of these studies were done using 
exposures that were well within current safety standards. 
Consequently, each of these 19 positive findings contra-
dict the assumptions behind the current safety standards, 
assumptions that are being defended by the Expert Panel 
Report, but the Report ignores all of these studies. More-
over, in two of the 19 positive studies, results were posi-
tive in some cell types but not others (1), clearly showing 
that in measurements using identical methodologies, the 
properties of the cells being studied are critical in deter-
mining the biological response found.

Thus the Panel has failed to take into account impor-
tant nuances regarding scientific research in this field. 
It has limited considerations to what the Panel calls 
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“established health effects” defined in terms of con-
sistent responses of various cell and tissue types (44). 
Where apparent conflict exists, the Panel uses its exist-
ence as proof that an effect is not established. In doing 
so, the Panel fails to take into account scientific details 
that account for many “inconsistent” results. Such details 
are likely to include, in addition to the factors discussed 
above in this section, such factors as the role of different 
pulsation patterns in different types of exposures, the 
presence of “window effects” providing very complex 
dose-response relationships and the role of field fre-
quencies in determining biological response. In effect, 
the panel dismisses science that does not comport with 
their underlying assumptions that only thermal effects are 
relevant.

Genotoxicity of non-thermal 
microwave exposures: examples 
of inconsistency?
This inconsistency issue is central to the Report’s consid-
eration of genotoxicity of non-thermal microwave expo-
sures. This is one of the two areas (pp. 80–82) where the 
Report cites substantial numbers of primary citations 
(22 in this case). It lists 13 citations where studies found 
genotoxicity following exposure levels, well within safety 
standards. It also lists nine citations where the Report 
states that no genotoxic effect was found. The Report only 
cites a small fraction of the overall literature on geno-
toxicity. For example, it only cites one of the 19 studies 
reviewed earlier by the author (1) on induction of single 
strand DNA breaks in microwave frequency exposed 
cells [that of Kesari et al. (52)]. In overall outline, the lit-
erature cited in the Report on this topic reflects fairly well 
this overall much larger literature. There are, however, 
a number of ways in which the Report is problematic in 
dealing with this subject. The author has looked up all 
22 of these studies to determine from the original papers 
what the original authors stated.

Scientists often look at genotoxicity because of its 
importance in carcinogenesis and this section of the 
Report is part of a larger section on carcinogenesis. 
However, the Panel of Experts nowhere considers that 
many of the authors of these studies discuss their own 
work as strengthening the case that such fields are car-
cinogenic. A second connection, to male infertility, is 
also hidden in the report. Two of the positive studies 
(53, 54) are falsely stated in the Report as being on 
blood formation but what was actually being studied 

in both of these studies was testicular sperm formation. 
The positive study Liu et al. (55) which shows genotox-
icity in a spermatocyte cell line may also have implica-
tions regarding male infertility, because of the cell type 
being studied. There is also a connection with male 
infertility of one of the negative studies (56). This study 
of effects of mobile phones, found no genotoxic effects 
on human sperm, but the same group published two 
earlier studies showing that other EMFs had substan-
tial effects that suggested lowered fertility as a conse-
quence of exposure. The Report cited the Falzone et al. 
(56) study but not the two earlier studies. Perhaps this 
is an overreaction, but the Report seems to be hiding 
studies providing substantial support for the view that 
these EMFs can substantially impact male fertility and 
also hiding the implications of many of these studies on 
carcinogenesis.

There are other aspects of this section that are prob-
lematic. The Report listed the Franzellitti et  al. (57) 
study as a negative one but it is not; it reports increased 
single strand DNA breaks as measured by alkaline comet 
assays following exposure. The Report accurately lists 
the  Bourthoumieu et al. (58) study as being negative, but 
that study cites other studies by the same research group 
using other cell types as being positive; these positive 
studies are not cited or discussed in the Report. Similarly, 
the Report correctly lists two studies by Zeni, Sannino 
and their colleagues as being negative for apparent geno-
toxicity; however, this same research group published 6 
additional studies, with three showing positive effects, 
depending on the cell type being studied. The Xu et al. 
(59) study found genotoxicity in two cell types but not in 
four other cell types. These studies clearly show that dif-
ferent types of cells respond differently to low level micro-
wave exposures, but for some reason, the Panel of Experts 
seems unable to draw this very important conclusion. The 
cell type differences are discussed above in relation to the 
role of VGCCs in producing single strand breaks in cellu-
lar DNA (1). Another problematic aspect of this part of the 
Report, is that it lists seven of the 13 positive studies as 
studies providing evidence for “genotoxic or epigenetic” 
changes but none of those seven have anything to do with 
epigenetics.

We have here 13 (14 actually when the Franzellitti study 
is added) studies each of which provide clear evidence 
for genotoxic activity of non-thermal microwave fields 
and each of which therefore falsify the heating/thermal 
hypothesis underlying the Report and also falsify current 
safety standards. Therefore, based on widely accepted sci-
entific standards, the heating/thermal hypothesis and the 
safety standards should be rejected.
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What conclusion does the Panel draw? It concludes 
that “Extensive in vitro studies have generated inconsist-
ent evidence that RF energy has genotoxic or epigenetic 
potential”. There is, however, no inconsistent evidence 
whatsoever. When one studies different cell types, differ-
ent fields with different pulsation patterns, and different 
end points, even an elementary understanding of biology 
argues that different results are likely to be obtained. This 
section of the Report makes very clear on what basis the 
Panel is inferring “inconsistency”. The authors of the 
Report are simply looking at superficial similarities of 
studies and falsely inferring that differences should be 
interpreted as “inconsistencies” or “conflicts”, when they 
are not inconsistent or conflicting at all. The only type 
of studies that can produce clear evidence of inconsist-
ency are identical studies that produce different results. 
Neither the Report nor, to my knowledge, its predecessors 
have provided any examples of such identical studies. 
Because this inconsistency argument underlies so much 
of the Report, one can see that this argument and the 
Report and also the current safety standards are each 
deeply flawed.

Karl popper and how to assess 
 scientific evidence
What is the responsibility of the Expert Panel as a group 
of scientists attempting to produce a scientifically defen-
sible Report? Probably the most influential work on this 
topic comes from the famous philosopher of science Karl 
Popper. In his work, Conjectures and refutations, Popper 
argues that scientific hypotheses cannot be proven, but 
they can be falsified (60). Thus science is to be regarded 
as tentative information that can always be advanced 
through further research. Falsifying information, informa-
tion that apparently falsifies a theory, is the most impor-
tant type of scientific information and needs therefore to 
be considered very carefully. The next more important 
type of evidence is what he calls “risky predictions” where 
one makes a prediction based on a hypothesis, a predic-
tion that is not likely to be made based on any other unre-
lated hypothesis. Confirmation of such a risky prediction 
provides substantial support whereas lack of confirma-
tion can again lead to falsifying the hypothesis. Finally, 
there are confirmatory evidence studies where multiple 
hypotheses may explain any confirmation and conse-
quently such confirmation is of low scientific significance.

When considered against the Popperian frame-
work, all of the evidence supporting the heating/thermal 

hypothesis, favored by the Expert Panel (44) is of the third 
type. It is widely established therefore that a scientific 
assessment of this area needs to consider in detail each 
apparently falsifying study and unless each of them can 
clearly be shown to be deeply flawed, the inference that 
should be drawn is that the heating hypothesis should be 
rejected. This rejection is the one aspect of this that may 
need to be modified in biology, given the inherent com-
plexity of biology. It is possible that rather than rejection, 
the hypothesis needs instead to be modified in such a way 
that the information no longer falsifies the new hypothe-
sis. However, in this situation where perhaps thousands of 
such modifications may be needed because of thousands 
of apparent falsifying studies, the difference in practice 
from outright falsification by each study may be trivial. It 
is clear, in any case that the Expert Panel has completely 
avoided doing its scientific duty here, failing to assess 
each of the thousands of apparent falsifying studies, and 
opting instead, as seen above, to make specious argu-
ments. That is tragic, in my view, failing to protect the 
health of many Canadians, and indeed others around the 
world.

Some other aspects
Most of the Report is focused on their heating/thermal 
interpretation of microwave radiofrequency effects (44). 
That is, perhaps, not surprising. What is however very 
surprising, is that having made such a fetish out of the 
“inconsistencies” in dealing with various topics, nowhere 
does the Expert Panel consider in this very large section of 
the Report, the thousands of findings that clearly conflict 
with their own favorite hypothesis. What sections of data 
should be thrown out that may be relevant to this section? 
The Panel of Experts seem to be completely oblivious that 
if in its view “inconsistencies” are sufficient to throw out 
many studies in one area, it should have at least a little 
consistency in dealing with “inconsistencies” in the heart 
of their own Report.

In the first paragraph in the conclusion section, the 
Panel of Experts state that (44) “No viable biophysical 
mechanism has been proposed for carcinogenic effects 
for exposure below the levels of SC6 that are supported 
by results in experimental systems,” citing three earlier 
studies but neglecting to consider the VGCC mechanism of 
microwave EMF action. The VGCC mechanism is clearly a 
viable biophysical mechanism, because of the properties of 
the voltage sensor located in the plasma membrane. VGCC 
activation produces downstream effects including [Ca2+] i 
elevation, NO elevation and peroxynitrite/oxidative stress/
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free radical elevation (1–3), see Figure 1. It has been shown 
that NO and peroxynitrite/oxidative stress/free radical ele-
vation are central to the mechanism of inflammatory car-
cinogenesis (61–64), the type of carcinogenesis that occurs 
in chronically inflamed tissues and therefore causes cancer 
in such tissues. It follows that it is biophysically and physi-
ologically plausible, that microwave caused VGCC activa-
tion may cause cancer via the same mechanisms shown to 
cause cancer in inflammatory carcinogenesis. It has also 
been shown that free radicals formed through Compton 
scattering by ionizing radiation have essential roles in ion-
izing radiation carcinogenesis (65–67), providing probable 
mechanistic similarities between microwave EMF carcino-
genesis and ionizing radiation carcinogenesis, as well. 
There have been many arguments made by the advocates 
of the heating/thermal mechanism of action, emphasiz-
ing the correct fact that the individual microwave photons 
have insufficient energy to perturb the chemistry of our 
bodies and they infer from this that these photons cannot 
cause cancer or many other pathophysiological responses. 
But what the Panel of Experts and others fail to realize is 
that the microwave fields as a whole, acting through down-
stream effects of VGCC activation, lead to high densities of 
intracellular free radicals (Figure 1) and can produce there-
fore similar effects on the body to those produced by ion-
izing radiation exposure. In any case, it follows from this 
paragraph, that the statement, in the Report, that there is 

no viable biophysical mechanism for low level microwave 
exposure to cause cancer or other diseases is false, with 
that falsehood apparently based on the failure of the Panel 
of Experts to consider the information provided to the 
panel by the author (Refs. 1 and 3).

This issue of biophysical plausibility of a mechanism 
for such low intensity exposures is a terribly important 
one. In the Report, there is a quote from a 2009 Health 
Canada document, which authors of the Report essentially 
adopt as their own [p. 78, ref. (44)]; “At present, there is no 
scientific basis for the occurrence of acute, chronic and/
or cumulative adverse health risks from RF field exposure 
at levels below the limits outlined in Safety Code 6. The 
hypothesis of other proposed health effects occurring at 
levels below the exposure limits in Safety Code 6 suffer 
from lack of evidence of causality, biological plausibility 
and reproducibility and do not provide a credible founda-
tion for making science-based recommendations for limit-
ing human exposures to lower-intensity RF fields (Safety 
Code 6).” Whether or not this was a defensible position 
in 2009, it clearly is not defensible in 2014. This issue of 
biological/biophysical plausibility is a key one in consid-
ering various types of epidemiological evidence, such as 
were considered in the Report, whenever the role of such 
stressors in initiating disease is being considered based 
on studies of groups of people. Hennekens and Buring 
(68), on p. 40 in their textbook Epidemiology in Medicine 
state “The belief in the existence of a cause and effect 
relationship is enhanced if there is a known or postulated 
biologic mechanism by which the exposure might reason-
ably alter risk of developing disease.” Consequently, all 
of the epidemiological evidence considered in the Report 
and elsewhere needs to be reconsidered in the light of the 
biophysical and physiological plausibility of the VGCC 
mechanism and downstream effects produced by VGGC 
activation.

Cataract formation as claimed 
effects of microwave-caused 
heating
The Report presents a fairly extensive specific case, 
arguing that microwave exposure produced cataract for-
mation is produced by their heating/thermal mechanism 
(44). Unlike most other areas of the Report, the Panel con-
siders substantial amounts of the primary literature on 
this topic. The studies discussed, provide evidence for the 
third and weakest test, according to Karl Popper’s analysis 
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Figure 1: Mechanisms of action for microwave EMFs leading to 
diverse pathophysiological responses and therapeutic responses.
Microwave/lower frequency electromagnetic fields (EMFs) act to 
stimulate voltage-gated calcium channels (VGCCs), increasing 
levels of intracellular calcium [Ca2+]i. Elevated [Ca2+]i increases 
nitric oxide (NO) synthesis which can act along two pathways. The 
NO signaling pathway, raises cyclic GMP (cGMP) levels and G-kinase 
activity, producing therapeutic effects. In the other pathway of 
action of NO reacts with superoxide to form peroxynitrite [ONOO(0)], 
which either before or after reaction with carbon dioxide (CO2) can 
break down to form free radicals, producing oxidative/nitrosative 
stress. The excessive calcium signaling produced by [Ca2+]i and the 
peroxynitrite/free radical/oxidative stress pathway each contribute 
to pathophysiological responses.
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(60), namely that the exposures studied are mostly within 
the range that produce substantial tissue heating and 
may therefore produce both cataracts and lens opacifi-
cation via heating. This type of evidence is considered to 
be the weakest of the three types of evidence in Popper’s 
schema, because alternative mechanisms are not in any 
way ruled out.

What is interesting is that there are three published 
studies which argue strongly against a heating mecha-
nism for cataract formation by microwave exposures. One 
of these, a study by Cleary and Mills (69), showed that in 
comparison with other treatments raising lens tempera-
tures, microwave radiation “appears to exert a unique 
component of thermal stress in the induction of opacifi-
cation in the mammalian lens,” arguing against a strictly 
thermal mechanism. Two studies have been published 
testing in effect the “risky prediction” that microwave-
induced cataracts are produced by heating. One of these 
showed that neither eye-localized or whole-body hyper-
thermia to 42o produced any cataract-like opacity in the 
rabbit (70). The other showed that localized eye heating 
in the rabbit, producing the same temperature for the 
same duration as cataractogenic microwave exposures, 
produced no opacity in the rabbit eye (71). Both of these 
“risky predictions” failed to confirm the prediction and 
strongly suggest falsification of the hypothesis that micro-
wave-induced cataracts are produced through heating. 
What is particularly disturbing about the Report is that it 
fails to cite any of these three studies (44) despite the fact 
that each of them has been cited by others in this context, 
according to the Google Scholar database. Clearly, the lit-
erature the Expert Panel cites regarding cataract forma-
tion, which includes the second most extensive primary 
literature in the Report, does not provide an objective 
assessment of the scientific literature in this area.

In contrast to studies discussed in the previous par-
agraph, the equally “risky prediction” that VGCCs and 
excessive [Ca2+]i have roles in such cataract formation 
have produced validation of the hypothesis that micro-
wave-induced VGCC activation causes cataracts. Walsh 
and Patterson (72) demonstrated that elevated [Ca2+]i in 
the lens of the frog eye has a central role in cataract forma-
tion and that calcium channel blockers, which of course 
block VGCC activation, can block cataract formation. In a 
recent review, it was shown that excessive [Ca2+]i in the 
lens of the human and mammalian eye plays a major role 
in the opacification process producing cataracts and that 
VGCCs can have a substantial role in this process (73). 
While these studies do not directly relate to microwave 
exposures, they clearly show that excessive [Ca2+]i in the 
lens of the eye has essential roles in cataract formation 

and that excessive VGCC activity causes cataract forma-
tion in experimental animals. Much of the action of [Ca2+]
i in cataract formation has been shown to occur through 
the action of several calcium receptors that act indepen-
dently of NO. However, there is also an established role 
of oxidative stress in cataract formation, and it is thought 
that peroxynitrite also has a role because of the elevation 
of a marker for peroxynitrite, 3-nitrotyrosine in cataracts 
(74). It is likely therefore that microwaves act to produce 
cataracts via calcium signaling as well as via downstream 
effects involving peroxynitrite and oxidative stress (see 
Figure 1). The difference in confirmation of these “risky 
predictions” clearly shows that the VGCC/[Ca2+]i role in 
producing cataracts is far better documented than any 
possible heating role.

It can be seen from the above, that although the Cana-
dian Panel of Experts seems to argue that cataract forma-
tion is the strongest example of a strictly thermal EMF 
response (44), the case for such a thermal mechanism is to 
the contrary extremely weak. Their case is totally depend-
ent on ignoring both evidence that falsifies their view and 
also evidence that confirms “risky predictions” of the 
VGCC mechanism that is ignoring the two strongest types 
of evidence. Thus the claimed role for heating being the 
cause of cataract formation following microwave expo-
sure, advocated by the Expert Panel, has now been appar-
ently debunked.

Summary of the report
In summary, then each of the following failures in the 
Report can be seen to be important in our rejecting its 
conclusions:

 – It fails to individually assess the thousands of studies 
that provide evidence apparently falsifying their heat-
ing/thermal paradigm. By failing to assess studies con-
taining this most important type of evidence, as shown 
by Popper (60), this failure provides more than suffi-
cient reason to reject the conclusions of the Report.

 – The Report fails to provide any “risky prediction” 
type evidence (the second most important type of evi-
dence) in favor of the heating/thermal hypothesis, but 
such risky predictions are available supporting the 
VGCC mechanism of action.

 – The Report bases its conclusion on the weakest type of 
evidence, evidence that some responses could be gen-
erated by heating but does not rule out other types of 
mechanisms. A close examination of what the Expert 
Panel considers to be the strongest case for heating, 
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that of cataract formation, shows that this is another 
example of a probable VGCC mechanism, not heating.

 – The Report repeatedly fails to provide an objective 
assessment of the scientific literature. Because omit-
ted citations consistently have the effect of weakening 
their position, it seems unlikely that these omissions 
are just coincidental.

 – The Report claims that there is no biophysically viable 
alternative to the heating/thermal paradigm, a claim 
clearly shown here to be false.

 – The Report claims extensive inconsistencies (what 
others have called conflicts) occur in the literature, 
where what it considers “similar” studies produced 
different results and it uses these claims of “inconsist-
encies” to throw out large amounts of the literature. 
However, these “similar” studies are in fact, dissimi-
lar, differing in cell type being studied, the properties 
of the fields being studied and/or the end point being 
studied, with each of these having demonstrated roles 
in determining outcome. It follows that the Report 
provides no evidence for any such “inconsistencies.” 
Any claims of such “inconsistencies” are at best 
undocumented.

 – The Report fails to use its own inconsistency argu-
ment (6 above) in the heart of the report, the part that 
argues for a heating/thermal mechanism, thus failing 
to be consistent in its own treatment of this issue.

 – The Report fails to give the reader enough informa-
tion in the Report itself or in the citations provided to 
allow the reader to assess its scientific merit.

The author is aware that similar flaws to those described 
immediately above occur in earlier studies arguing for the 
heating/thermal/SARs mechanism (9–13). But that only 
emphasizes the fact that this whole point of view has been 
on extraordinarily weak ground all along. That makes 
it crucially important that safety standards on which 
the health of most Canadians and indeed, most people 
around the world are dependent, be examined in scien-
tifically defensible ways.

It is perhaps surprising that the case developed by the 
Panel of Experts is so weak. That is especially so because 
industry-funded research has been skewed in support of 
the heating/thermal interpretation (45, 46), so one would 
think that with a lot of industry-supported research, the 
Expert Panel would have come up with some stronger 
evidence.

Let me say that it is my opinion that the Panel of 
Experts may not have been corrupted by industry influ-
ence, but rather it may have fallen victim to a common 
affliction, that of groupthink. Groups of people each 

carrying misconceptions in common, act to encour-
age their common misconceptions in other members of 
the group. What was apparently lacking in the Panel of 
Experts was someone who could challenge those mis-
conceptions, rather than encourage them. However the 
“logic” presented in the Report provides industry with a 
strategy to indefinitely prevent any true scientific stand-
ards from being used to assess safety. Industry need only 
fund research that ends up making “inconsistent” con-
clusions, thus allowing all independently funded studies 
to be thrown out because of these “inconsistencies” and 
thus indefinitely preventing adoption of safety standards 
based on genuine, independent science. It is my hope and 
expectation that this was not the goal of the Expert Panel, 
but it is nevertheless an apparent consequence of their 
Report, if it is viewed as being scientific.

Still, it can be argued, that the Panel of Experts has 
perhaps unwittingly fulfilled a very valuable function. By 
clearly showing how weak their case is in 2014, the Panel 
has shown that none of the more recent evidence has 
substantially strengthened their case. It is still based on 
a false premise (biophysical implausibility of alternative 
mechanisms) and circular reasoning, it is still based on 
the failure to consider large numbers of apparent falsify-
ing studies, it is still based on ignoring large amounts of 
the relevant literature and it is still based on the failure to 
provide the most well supported types of evidence needed 
to establish biological mechanisms in medicine, just as 
was true earlier (9–13). Of course, the weakness of the 
Panel’s case means that the current safety standards are 
based on quicksand.

How VGCC activation by microwave/
RF exposure can produce a variety 
of important biological responses
Table 1 summarizes how VGCC activation may plausibly 
produce a wide range of reported responses to microwave 
and, in some cases, lower frequency EMF exposures. It can 
be seen that a wide range of reported responses to low level 
microwave exposures can apparently all be understood as 
being a consequence of VGCC activation and downstream 
effects of such activation that were outlined in Figure 1. 
These can all be seen as “risky predictions” of the VGCC 
activation mechanism produced by EMF exposures. While 
these mechanisms support the inference that all of these 
effects seem to be produced by VGCC activation, that 
inference must be viewed as being surprising. After all, 
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Table 1: Apparent mechanisms of action for microwave exposures producing diverse biological effects (see Figure 1).

Reported biologic 
response

Apparent mechanism(s) Citation(s)/Comments

Oxidative stress Peroxynitrite and consequent free radical formation (1–3); detected via a large number of 
oxidative stress markers

Single strand breaks in 
cellular DNA

Free radical attack on DNA (1, 3)

Double strand breaks in 
cellular DNA

Same as above Same as above; detected from micronuclei 
and other chromosomal changes

Cancer Single and double strand breaks, 8-nitroguanine and 
other pro-mutagenic changes in cellular DNA; produced by 
elevated NO, peroxynitrite

This paper and (3)

Breakdown of blood-brain 
barrier

Peroxynitrite activation of matrix metalloproteinases leading 
to proteolysis of tight junction proteins

(3)

Male and female infertility Induction of double strand DNA breaks; other oxidative 
stress mechanisms; [Ca2+]i mitochondrial effects causing 
apoptosis; in males, breakdown of blood-testis barrier

(3)

Therapeutic effects Increases in [Ca]i and NO/NO signaling (1–3; 13)
Depression; diverse 
neuropsychiatric 
symptoms

VGCC activation of neurotransmitter release; other effects? 
possible role of excess epinephrine/norepinephrine (75)

These were reported in occupational 
exposures (22); also reported in people 
living near cell phone towers

Melatonin depletion; sleep 
disruption

VGCCs, elevated [Ca]i leading to disruption of circadian 
rhythm entrainment as well as melatonin synthesis

(3)

Cataract formation VGCC activation and [Ca]i elevation; calcium signaling and 
also peroxynitrite/oxidative stress

This paper

Tachycardia, arrhythmia, 
sometimes leading to 
sudden cardiac death

Very high VGCC activities found in cardiac (sinoatrial node) 
pacemaker cells; excessive VGCC activity and [Ca2+]i levels 
produces these electrical changes in the heart

(3)

although low level EMF activation of VGCCs is now well-
documented, other possible direct targets of EMFs cannot 
be ruled out, targets that may produce changes that 
cannot be easily explained as being caused by VGCC acti-
vation and downstream effects of such activation. When 
the apparent mechanisms summarized in Table 1 are put 
together with the calcium channel blocker studies and 
other studies on widespread changes in calcium fluxes 
and calcium signaling following microwave EMF expo-
sures, we are left without any alternative, non-VGCC target 
of EMF action that currently can be studied for its role in 
producing biological effects in humans.

Biologically-based EMF safety 
standards
Hardell and Sage (76), the Scientific Panel on Electromag-
netic Health Risks (77) and the author (3) have called for 
biologically-based EMF safety standards that are based 
on genuine biologically relevant responses to low-level 
microwave and other EMFs, rather than SARs. The only 
approaches we have available for this based on a known 

biological end point, as shown in the previous section, are 
approaches based on VGCC activation. There are experi-
mental whole animal approaches based on VGCC activa-
tion (3), but my feeling is that initial studies should focus 
on using cells in culture, cells that have high levels of 
some VGCCs. Some such studies would use cell lines with 
such high VGCC levels, such as neuroblastoma cell lines 
or perhaps cell lines derived from endocrine cells with 
relatively high VGCC levels. Among these cell lines should 
be the neuroblastoma cell lines previously studied by 
Dutta et al. (78) and shown to produce changes in calcium 
fluxes in response to very low level EMF exposures. PC12 
cells, a commonly used chromaffin cell line should also be 
considered for such studies. In addition, it may useful to 
use cardiac pacemaker cells which have very high activi-
ties of VGCCs (35) and can be derived from stem cells (79).

Two approaches suggest themselves for measuring 
responses of such cells to EMF exposure: Cells in culture 
could be monitored for NO production using an NO elec-
trode in the gas phase over the culture, both before and 
following EMF exposure. This approach was used by Pilla 
in studying effects of pulsed microwave fields (4) in trying 
to understand the mechanism of microwave therapy. Pilla 
found that the NO increase in such cultures on EMF field 
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exposure was almost instantaneous, using a NO electrode 
in the gas phase (4). With this sort of approach, many dif-
ferent fields can be quickly and easily studied for their 
ability to produce NO increases, including different fre-
quencies, pulsation patterns and possibly intensities, 
with the last of these needed to analyze window effects. 
Different cordless communication devices can be com-
pared for activity using several cell types. Continuous 
measurements from an NO electrode can be recorded and 
easily quantified, allowing accumulation of very large 
amounts of data in very short time periods. Therefore, 
issues such as reproducibility should be quickly resolved. 
One might even be able to determine whether previous 
exposures produce increased sensitivity to exposure, pos-
sibly developing a cell culture model of electromagnetic 
hypersensitivity.

Another approach to such studies involves using 
calcium-sensitive fluorescent probes that concentrate 
into the cytoplasm of cells, allowing assessments of [Ca]i 
levels with a fluorescence microscope. This may allow one 
of obtain information of different types than described 
in the previous paragraph. One can get information on 
heterogeneity of responses at the cellular level and also 
how raised [Ca]i levels may propagate over time from one 
part of the cell to another. However, a limitation to this 
approach may occur if the fields generated by the micro-
scope perturb the [Ca]i levels and cannot be well shielded 
using a small Faraday cage that does not cage exposures 
that are to be studied. It is also true that the NO electrode 
studies are easier to quantify than such fluorescent probe 
studies. So these two approaches are distinct from one 
another and whether they will complement each other as 
they develop is uncertain. It is my view that both of these 
should be investigated if only to explore their strong points 
and weak points but that the NO electrode approach may 
be a very good place to start because it has already been 
used to assess EMF effects (4) and because it allows easy 
quantification.

Brief overview
Havas’ recent review (80) discusses 14 different docu-
ments prepared by international scientists (dated 2002 
through 2012) expressing deep concern about various 
non-thermal effects of microwave radiation exposures and 
other studies have expressed similar views. W.R. Adey’s 
papers (6, 21) reviewed much of the then current evidence 
for many non-thermal effects of microwave radiation. But 
his prescience is most clearly shown by his statement that 

“Collective evidence points to cell membrane receptors 
as the probable site of first tissue interactions with both 
extremely low frequency and microwave fields for many 
neurotransmitters, hormones, growth-regulating enzyme 
expression, and cancer-promoting chemicals. In none of 
these studies does tissue heating appear to be involved 
causally in the responses” [italics added, from a talk at 
the Royal Society of Physicians, London May 16–17, 2002, 
quoted in ref. (81)]. The recent Herbert and Sage review 
(81) discusses “the emergence of ever larger bodies of 
evidence supporting a large array of non-thermal but pro-
found pathophysiological impacts of EMF/RFR in trans-
forming our understanding of the nature of EMF/RFR 
impacts on the organism.” In a second paper (82), Herbert 
and Sage state that “Our EMF/RFR standards are also 
based on an outdated assumption that it is only heating 
(thermal injury) which can do harm. These thermal safety 
limits do not address low-intensity (non-thermal) effects. 
The evidence is now overwhelming that limiting exposure 
to those causing thermal injury alone does not address 
the much broader array of risks and harm now clearly 
evident with chronic exposure to low-intensity (non-ther-
mal) effects.” The Khurana et al. review (83) states: “The 
authors reviewed more than 2000 scientific studies and 
reviews, and have concluded that: (1) the existing public 
safety limits are inadequate to protect public health; (2) 
from a public health policy standpoint, new public safety 
limits on further deployment of risky technologies are 
warranted based on the total weight of evidence. A pre-
cautionary limit of 1 mW/m2 was suggested ….” The Sci-
entific Panel on Electromagnetic Field Health Risks listed 
four well-documented central conclusions at the begin-
ning of their publication (77):

 – Low-intensity (non-thermal) bioeffects and adverse 
health effects are demonstrated at levels significantly 
below existing exposure standards.

 – ICNIRP and IEEE/FCC public safety limits are inad-
equate and obsolete with respect to prolonged, low-
intensity exposures.

 – New biologically-based public exposure standards are 
urgently needed to protect public health worldwide.

 – It is not in the public interest to wait.

Canadian Panel of Experts do not cite these papers or 
others providing clear and focused views that contradict 
the views advocated in the Report, showing again that 
the Report fails to provide an objective assessment of the 
scientific literature. The current paper adds a number of 
specific considerations to the needed debate:

 – VGCC activation produces most, possibly even all 
microwave and lower frequency EMF health-related 
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responses. Each of the studies on VGCC activation or 
on changes in calcium fluxes and signaling following 
low level exposure clearly falsifies the thermal/heat-
ing paradigm.

 – This VGCC activation mechanism by low level micro-
wave and lower frequency fields, rather than individ-
ual photons, is biophysically plausible based on the 
special properties of the voltage sensor and its locali-
zation to lipid region of the plasma membrane.

 – Downstream effects of VGCC activation (Figure 1) can 
generate each of 13 different health effects repeat-
edly found to be produced by microwave exposure 
(Table 1).

 – Studies document roles of pulsation in influencing 
biological responses to microwave exposures, influ-
ences that are incompatible with these being produced 
by heating.

 – “Window” effects occur, where specific intensities of 
microwave EMF exposure produce higher biological 
effects than those produced by both lower and higher 
intensities, observations incompatible with heating 
effects.

 – Thousands of studies have reported biological effects 
at intensities well within safety standards, each of 
which appear to falsify the heating/thermal para-
digm, none of which have been considered in this 
light by the Panel of Experts, despite the scientific 
requirement to do so under well-accepted scientific 
principles.

 – The claims in the Report that microwave induction of 
cataracts is produced by heating has been tested in 
three studies, each contradicting this claim; two of 
them produce clear falsification, but none of these 
three studies are cited in the Report. Because VGCC 
activation can cause cataracts and elevated [Ca2+]i  
has essential roles in producing cataracts, a VGCC 
mechanism for microwave-induced cataracts is much 
more strongly supported than is the claimed heating 
mechanism.

 – The claim in the Report of widespread “inconsistency” 
in the literature is tested here through examination of 
the literature cited on genotoxic effects. No inconsist-
encies were found in this literature despite the Report 
claiming such. Furthermore, no identical studies are 
cited anywhere in the Report showing inconsistency 
of results, these being the only types of studies that 
can clearly show inconsistency. Claims of widespread 
“inconsistency” or “conflict” in the literature must be 
viewed as, at best, undocumented.

 – Each of the 8 considerations listed immediately above 
clearly show that the Report fails to provide anything 

resembling an objective assessment of the evidence on 
biological effects of microwave EMF exposures and pro-
vides therefore no scientifically valid support for Safety 
Code 6, ICNIRP or other current safety standards.

 – Development of biologically-based safety standards 
has been called for and approaches to using cell 
culture-based tests that may be used to develop such 
safety standards are discussed.

It has been clear for a long time that the heating paradigm 
is indefensible and that a new paradigm is much needed. 
We now have that with VGCC activation, and while VGCC 
activation may not be the entire story behind the biologi-
cal actions of such EMFs in humans and other mammals, 
it clearly is most of the story. It is time therefore for a para-
digm shift away from strictly thermal effects and toward a 
central role for VGCC activation in the cellular response to 
microwave and lower frequency EMFs.
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Abstract

The direct targets of extremely low and microwave frequency range electromagnetic fields (EMFs) in producing non-thermal effects have not
been clearly established. However, studies in the literature, reviewed here, provide substantial support for such direct targets. Twenty-three
studies have shown that voltage-gated calcium channels (VGCCs) produce these and other EMF effects, such that the L-type or other VGCC
blockers block or greatly lower diverse EMF effects. Furthermore, the voltage-gated properties of these channels may provide biophysically
plausible mechanisms for EMF biological effects. Downstream responses of such EMF exposures may be mediated through Ca2+/calmodulin
stimulation of nitric oxide synthesis. Potentially, physiological/therapeutic responses may be largely as a result of nitric oxide-cGMP-protein
kinase G pathway stimulation. A well-studied example of such an apparent therapeutic response, EMF stimulation of bone growth, appears to
work along this pathway. However, pathophysiological responses to EMFs may be as a result of nitric oxide-peroxynitrite-oxidative stress path-
way of action. A single such well-documented example, EMF induction of DNA single-strand breaks in cells, as measured by alkaline comet
assays, is reviewed here. Such single-strand breaks are known to be produced through the action of this pathway. Data on the mechanism of
EMF induction of such breaks are limited; what data are available support this proposed mechanism. Other Ca2+-mediated regulatory changes,
independent of nitric oxide, may also have roles. This article reviews, then, a substantially supported set of targets, VGCCs, whose stimulation
produces non-thermal EMF responses by humans/higher animals with downstream effects involving Ca2+/calmodulin-dependent nitric oxide
increases, which may explain therapeutic and pathophysiological effects.

Keywords: intracellular Ca2+! voltage-gated calcium channels! low frequency electromagnetic field exposure! nitric
oxide! oxidative stress! calcium channel blockers

Introduction

An understanding of the complex biology of the effects of electromag-
netic fields (EMFs) on human/higher animal biology inevitably must
be derived from an understanding of the target or targets of such
fields in the impacted cells and tissues. Despite this, no understand-
ing has been forthcoming on what those targets are and how they

may lead to the complex biological responses to EMFs composed of
low-energy photons. The great puzzle, here, is that these EMFs are
comprised of low-energy photons, those with insufficient energy to
individually influence the chemistry of the cell, raising the question of
how non-thermal effects of such EMFs can possibly occur. The author
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has found that there is a substantial literature possibly pointing to the
direct targets of such EMFs and it is the goal of this study to review
that evidence as well as review how those targets may lead to the
complex biology of EMF exposure.

The role of increased intracellular Ca2+ following EMF exposure
was already well documented more than 20 years ago, when Wallec-
zek [1] reviewed the role of changes in calcium signalling that were
produced in response EMF exposures. Other, more recent studies
have confirmed the role of increased intracellular Ca2+ following EMF
exposure, a few of which are discussed below. His review [1]
included two studies [2, 3] that showed that the L-type voltage-gated
channel blocker, verapamil could lower or block changes in response
to EMFs. The properties of voltage-gated calcium channels (VGCCs)
have been reviewed elsewhere [4]. Subsequently, extensive evidence
has been published clearly showing that the EMF exposure can act to
produce excessive activity of the VGCCs in many cell types [5–26]
suggesting that these may be direct targets of EMF exposure. Many
of these studies implicate specifically the L-type VGCCs such that var-
ious L-type calcium channel blockers can block responses to EMF
exposure (Table 1). However, other studies have shown lowered
responses produced by other types of calcium channel blockers
including N-type, P/Q-type, and T-type blockers (Table 1), showing
that other VGCCs may have important roles. Diverse responses to
EMFs are reported to be blocked by such calcium channel blockers
(Table 1), suggesting that most if not all EMF-mediated responses
may be produced through VGCC stimulation. Voltage-gated calcium
channels are essential to the responses produced by extremely low
frequency (including 50/60 Hz) EMFs and also to microwave fre-
quency range EMFs, nanosecond EMF pulses, and static electrical
and magnetic fields (Table 1).

In a recent study, Pilla [27] showed that an increase in intracellu-
lar Ca2+ must have occurred almost immediately after EMF exposure,
producing a Ca2+/calmodulin-dependent increase in nitric oxide
occurring in less than 5 sec. Although Pilla [27] did not test whether
VGCC stimulation was involved in his study, there are few alternatives
that can produce such a rapid Ca2+ response, none of which has been
implicated in EMF responses. Other studies, each involving VGCCs,
summarized in Table 1, also showed rapid Ca2+ increases following
EMF exposure [8, 16, 17, 19, 21]. The rapidity of these responses rule
out many types of regulatory interactions as being involved in produc-
ing the increased VGCC activity following EMF exposure and sug-
gests, therefore, that VGCC stimulation in the plasma membrane is
directly produced by EMF exposure.

Possible modes of action following
VGCC stimulation

The increased intracellular Ca2+ produced by such VGCC activation
may lead to multiple regulatory responses, including the increased
nitric oxide levels produced through the action of the two Ca2+/cal-
modulin-dependent nitric oxide synthases, nNOS and eNOS.
Increased nitric oxide levels typically act in a physiological context
through increased synthesis of cGMP and subsequent activation of

protein kinase G [28, 29]. In contrast, in most pathophysiological
contexts, nitric oxide reacts with superoxide to form peroxynitrite, a
potent non-radical oxidant [30, 31], which can produce radical prod-
ucts, including hydroxyl radical and NO2 radical [32].

Therapeutic bone-growth stimulation
via Ca2+/nitric oxide/cGMP/protein
kinase G

An example of a therapeutic effect for bone repair of EMF exposure in
various medical situations includes increasing osteoblast differentia-
tion and maturation and has been reviewed repeatedly [33–44]. The
effects of EMF exposure on bone cannot be challenged, although
there is still considerable question about the best ways to apply this
clinically [33–44]. Our focus, here, is to consider possible mecha-
nisms of action. Multiple studies have implicated increased Ca2+ and
nitric oxide in the EMF stimulation of bone growth [44–49]; three
have also implicated increased cGMP and protein kinase G activity
[46, 48, 49]. In addition, studies on other regulatory stimuli leading to
increased bone growth have also implicated increased cGMP levels
and protein kinase G in this response [50–56]. In summary, then, it
can be seen from the above that there is a very well-documented
action of EMFs in stimulating osteoblasts and bone growth. The avail-
able data, although limited, support the action of the main pathway
involved in physiological responses to Ca2+ and nitric oxide, namely
Ca2+/nitric oxide/cGMP/protein kinase G in producing such
stimulation.

Ca2+/nitric oxide/peroxynitrite and
pathophysiological responses to EMF
exposures: the example of single-
strand DNA breaks

As was noted above, most of the pathophysiological effects of nitric
oxide are mediated through peroxynitrite elevation and consequent
oxidative stress. There are many reviews and other studies, implicat-
ing oxidative stress in generating pathophysiological effects of EMF
exposure [see for example 57–64]. In some of these studies, the rise
in oxidative stress markers parallels the rise in nitric oxide, suggest-
ing a peroxynitrite-mediated mechanism [64–67].

Peroxynitrite elevation is usually measured through a marker of
peroxynitrite-mediated protein nitration, 3-nitrotyrosine (3-NT). There
are four studies where 3-NT levels were measured before and after
EMF exposure [66, 68–70]. Each of these studies provides some evi-
dence supporting the view that EMF exposure increases levels of per-
oxynitrite and therefore 3-NT levels [66, 68–70]. Although these
cannot be taken as definitive, when considered along with the evi-
dence on oxidative stress and elevated nitric oxide production in
response to EMF exposure, they strongly suggest a peroxynitrite-
mediated mechanism of oxidative stress in response to EMFs.
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Table 1 EMF responses blocked or lowered by calcium channel blockers

Ref. no. EMF type Calcium channel Cell type or organism Response measured

2 Pulsed magnetic
fields

L-type Human lymphocytes Cell proliferation; cytokine
production

3 Static magnetic
field (0.1 T)

L-type Human polymorphonuclear
leucocytes

Cell migration; degranulation

5 ELF L-type Rat chromaffin cells Differentiation; catecholamine release

6 Electric field L-type Rat and mouse bone cells Increased Ca2+, phospholipase A2, PGE2

7 50 Hz L-type Mytilus (mussel) immunocytes Reduced shape change, cytotoxicity

8 50 Hz L-type AtT20 D16V, mouse pituitary
corticotrope-derived

Ca2+ increase; cell morphology,
premature differentiation

9 50 Hz L-type Neural stem/progenitor cells In vitro differentiation, neurogenesis

10 Static magnetic
field

L-type Rat Reduction in oedema formation

11 NMR L-type Tumour cells Synergistic effect of EMF on anti-tumour
drug toxicity

12 Static magnetic field L-type Myelomonocytic U937 cells Ca2+ influx into cells and anti-apoptotic
effects

13 60 Hz L-type Mouse Hyperalgesic response to exposure

14 Single nanosecond
electric pulse

L-type Bovine chromaffin cells Very rapid increase in intracellular Ca2+

15 Biphasic electric current L-type Human mesenchymal stromal cells Osteoblast differentiation and cytokine
production

16 DC & AC magnetic
fields

L-type b-cells of pancreas, patch clamped Ca2+ flux into cells

17 50 Hz L-type Rat pituitary cells Ca2+ flux into cells

18 50 Hz L-type, N-type Human neuroblastoma IMR32 and
rat pituitary GH3 cells

Anti-apoptotic activity

19 Nanosecond pulse L-type, N-type,
P/Q-type

Bovine chromaffin cells Ca2+ dynamics of cells

20 50 Hz Not determined Rat dorsal root ganglion cells Firing frequency of cells

21 700–1100 MHz N-type Stem cell–derived neuronal cells Ca2+ dynamics of cells

22 Very weak electrical
fields

T-type Sharks Detection of very weak magnetic fields
in the ocean

23 Short electric pulses L-type Human eye Effect on electro-oculogram

24 Weak static magnetic
field

L-type Rabbit Baroreflex sensitivity

25 Weak electric fields T-type Neutrophils Electrical and ion dynamics

26 Static electric fields,
‘capacitive’

L-type Bovine articular chondrocytes Agrican & type II collagen expression;
calcineurin and other Ca2+/calmodulin
responses

EMF: electromagnetic field; ELF: extremely low frequency.
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Such a peroxynitrite-mediated mechanism may explain the many
studies showing the single-stranded breaks in DNA, as shown by
alkaline comet assays or the similar microgel electrophoresis assay,
following EMF exposures in most such studies [71–89], but not in all
[90–97]. Some of the factors that are reported to influence whether
such DNA single-strand breaks are detected after EMF exposure
include the type of cell studied [79, 86], dosage of EMF exposure
[78] and the type of EMF exposure studied [73, 77]. Oxidative
stress and free radicals have roles, both because there is a con-
comitant increase in oxidative stress and because antioxidants
have been shown to greatly lower the generation of DNA single-
strand breaks following EMF exposure [72, 75, 81, 82] as has
also been shown for peroxynitrite-mediated DNA breaks produced
under other conditions. It has also been shown that one can block
the generation of DNA single-strand breaks with a nitric oxide
synthase inhibitors [82].

Peroxynitrite has been shown to produce single-strand DNA
breaks [98–100], a process that is inhibited by many but not all an-
tioxidants [99, 100]. It can be seen from this that the data on genera-
tion of single-strand DNA breaks, although quite limited, support a
mechanism involving nitric oxide/peroxynitrite/free radical (oxidative
stress). Although the data on the possible role of peroxynitrite in
EMF-induced DNA single-strand breaks are limited, what data are
available supports such a peroxynitrite role.

Discussion and conclusions

How do EMFs composed of low-energy photons produce non-thermal
biological changes, both pathophysiological and, in some cases,
potentially therapeutic, in humans and higher animals? It may be sur-
prising that the answer to this question has been hiding in plain sight
in the scientific literature. However, in this era of highly focused and
highly specialized science, few of us have the time to read the relevant
literature, let alone organize the information found within it in useful
and critical ways.

This study shows that:
1 Twenty-three different studies have found that such EMF
exposures act via activation of VGCCs, such that VGCC channel
blockers can prevent responses to such exposures (Table 1).
Most of the studies implicate L-type VGCCs in these responses,
but there are also other studies implicating three other classes
of VGCCs.
2 Both extremely low frequency fields, including 50/60 cycle
exposures, and microwave EMF range exposures act via activa-
tion of VGCCs. So do static electric fields, static magnetic fields
and nanosecond pulses.
3 Voltage-gated calcium channel stimulation leads to
increased intracellular Ca2+, which can act in turn to stimulate
the two calcium/calmodulin-dependent nitric oxide synthases
and increase nitric oxide. It is suggested here that nitric oxide
may act in therapeutic/potentially therapeutic EMF responses
via its main physiological pathway, stimulating cGMP and pro-
tein kinase G. It is also suggested that nitric oxide may act in
pathophysiological responses to EMF exposure, by acting as a

precursor of peroxynitrite, producing both oxidative stress and
free radical breakdown products.
4 The interpretation in three above is supported by two spe-
cific well-documented examples of EMF effects. Electromagnetic
fields stimulation of bone growth, modulated through EMF
stimulation of osteoblasts, appears to involve an elevation/nitric
oxide/protein kinase G pathway. In contrast to that, it seems
likely that the EMF induction of single-stranded DNA breaks
involves a Ca2+/elevation/nitric oxide/peroxynitrite/free radical
(oxidative stress) pathway.

It may be asked why we have evidence for involvement of VGCCs
in response to EMF exposure, but no similar evidence for involvement
of voltage-gated sodium channels? Perhaps, the reason is that there
are many important biological effects produced in increased intracel-
lular Ca2+, including but not limited to nitric oxide elevation, but much
fewer are produced by elevated Na+.

The possible role of peroxynitrite as opposed to protein kinase G
in producing pathophysiological responses to EMF exposure raises
the question of whether there are practical approaches to avoiding
such responses? Typically peroxynitrite levels can be highly elevated
when both of its precursors, nitric oxide and superoxide, are high.
Consequently, agents that lower nitric oxide synthase activity and
agents that raise superoxide dismutases (SODs, the enzymes that
degrade superoxide) such as phenolics and other Nrf2 activators that
induce SOD activity [101], as well as calcium channel blockers may
be useful. Having said that, this is a complex area, where other
approaches should be considered, as well.

Although the various EMF exposures as well as static electrical
field exposures can act to change the electrical voltage-gradient
across the plasma membrane and may, therefore, be expected to
stimulate VGCCs through their voltage-gated properties, it may be
surprising that static magnetic fields also act to activate VGCCs
because static magnetic fields do not induce electrical changes on
static objects. However, cells are far from static. Such phenomena as
cell ruffling [102,103] may be relevant, where thin cytoplasmic sheets
bounded on both sides by plasma membrane move rapidly. Such
rapid movement of the electrically conducting cytoplasm, may be
expected to influence the electrical charge across the plasma mem-
brane, thus potentially stimulating the VGCCs.

Earlier modelling of electrical effects across plasma membranes
of EMF exposures suggested that such electrical effects were likely to
be too small to explain EMF effects at levels reported to produce bio-
logical changes (see, for example [22]). However, more recent and
presumably more biologically plausible modelling have suggested
that such electrical effects may be much more substantial [104–109]
and may, therefore, act to directly stimulate VGCCs.

Direct stimulation of VGCCs by partial depolarization across the
plasma membrane is suggested by the following observations dis-
cussed in this review:
1 The very rapid, almost instantaneous increase in intracellular
Ca2+ found in some studies following EMF exposure [8, 16, 17,
19, 21, 27]. The rapidity here means that most, if not all indi-
rect, regulatory effects can be ruled out.
2 The fact that not just L-type, but three additional classes of
VGCCs are implicated in generating biological responses to EMF
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exposure (Table 1), suggesting that their voltage-gated proper-
ties may be a key feature in their ability to respond to EMFs.
3 Most, if not all, EMF effects are blocked by VGCC channel
blockers (Table 1).
4 Modelling of EMF effects on living cells suggests that plasma
membrane voltage changes may have key roles in such effects
[104–109]. Saunders and Jefferys stated [110] that ‘It is well
established that electric fields … or exposure to low frequency
magnetic fields, will, if of sufficient magnitude, excite nerve tissue
through their interactions with … voltage gated ion channels’.
They further state [110] that this is achieved by direct effects on
the electric dipole voltage sensor within the ion channel.

One question that is not answered by any of the available data is
whether what is known as ‘dirty electricity’ [111–113], generated by
rapid, in many cases, square wave transients in EMF exposure, also
acts by stimulating VGCCs. Such dirty electricity is inherent in any
digital technology because digital technology is based on the use of
such square wave transients and it may, therefore, be of special con-
cern in this digital era, but there have been no tests of such dirty elec-
tricity that determine whether VGCCs have roles in response to such
fields, to my knowledge. The nanosecond pulses, which are essen-
tially very brief, but high-intensity dirty electricity do act, at least in
part, via VGCC stimulation (Table 1), suggesting that dirty electricity
may do likewise. Clearly, we need direct study of this question.

The only detailed alternative to the mechanism of non-thermal
EMF effects discussed here, to my knowledge, is the hypothesis of
Friedman et al. [114] and supported by Desai et al. [115] where the

apparent initial response to EMF exposure was proposed to be NADH
oxidase activation, leading to oxidative stress and downstream regu-
latory effects. Although they provide some correlative evidence for a
possible role of NADH oxidase [114], the only causal evidence is
based on a presumed specific inhibitor of NADH oxidase, diphenyle-
neiodonium (DPI). However, DPI has been shown to be a non-specific
cation channel blocker [116], clearly showing a lack of such specific-
ity and suggesting that it may act, in part, as a VGCC blocker. Conse-
quently, a causal role for NADH oxidase in responses to EMF
exposure must be considered to be undocumented.

In summary, the non-thermal actions of EMFs composed of low-
energy photons have been a great puzzle, because such photons are
insufficiently energetic to directly influence the chemistry of cells. The
current review provides support for a pathway of the biological action
of ultralow frequency and microwave EMFs, nanosecond pulses and
static electrical or magnetic fields: EMF activation of VGCCs leads to
rapid elevation of intracellular Ca2+, nitric oxide and in some cases at
least, peroxynitrite. Potentially therapeutic effects may be mediated
through the Ca2+/nitric oxide/cGMP/protein kinase G pathway. Patho-
physiological effects may be mediated through the Ca2+/nitric oxide/
peroxynitrite pathway. Other Ca2+-mediated effects may have roles as
well, as suggested by Xu et al. [26].
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Chapter One: The Corrupted Network 

Renee Sharp seemed proud to discuss her spring 2014 meeting with the Federal 
Communications Commission. 

As research director for the non-profit Environmental Working Group, Sharp doesn‘t get 
many chances to visit with the FCC. But on this occasion she was able to express her concerns 
that lax FCC standards on radiation from wireless technologies were especially hazardous for 
children. 

The FCC, however, should have little trouble dismissing those concerns. 

Arguing that current standards are more than sufficient and that children are at no elevated 
risk from microwave radiation, wireless industry lobbyists don‘t generally have to set up 
appointments months in advance. They are at the FCC‘s door night and day. 

Indeed, a former executive with the Cellular Telecommunications Industry Association 
(CTIA), the industry‘s main lobbying group, has boasted that the CTIA meets with FCC officials 
―500 times a year.‖1 

Sharp does not seem surprised. ―There‘s no question that the government has been under the 
influence of industry. The FCC is a captured agency,‖ she said.2  

Captured agency. 

That‘s a term that comes up time and time again with the FCC. Captured agencies are 
essentially controlled by the industries they are supposed to regulate. A detailed look at FCC 
actions—and non-actions—shows that over the years the FCC has granted the wireless industry 
pretty much what it has wanted. Until very recently it has also granted cable what it wants. More 
broadly, the FCC has again and again echoed the lobbying points of major technology interests. 

 Money—and lots of it—has played a part. The National Cable and Telecommunications 
Association (NCTA) and CTIA have annually been among Washington‘s top lobbying spenders. 
CTIA alone lobbied on at least 35 different Congressional bills through the first half of 2014. 
Wireless market leaders AT&T and Verizon work through CTIA. But they also do their own 
lobbying, spending nearly $15 million through June of 2014, according to data from the Center 
for Responsive Politics (CRP). In all, CTIA, Verizon, AT&T, T-Mobile USA, and Sprint spent 
roughly $45 million lobbying in 2013. Overall, the Communications/Electronics sector is one of 
Washington‘s super heavyweight lobbyists, spending nearly $800 million in 2013-2014, 
according to CRP data. 

But direct lobbying by industry is just one of many worms in a rotting apple. The FCC sits at 
the core of a network that has allowed powerful moneyed interests with limitless access a variety 
of ways to shape its policies, often at the expense of fundamental public interests. 



 As a result, consumer safety, health, and privacy, along with consumer wallets, have all been 
overlooked, sacrificed, or raided due to unchecked industry influence. The cable industry has 
consolidated into giant local monopolies that control pricing while leaving consumers little 
choice over content selection. Though the FCC has only partial responsibility, federal regulators 
have allowed the Internet to grow into a vast hunting grounds for criminals and commercial 
interests: the go-to destination for the surrender of personal information, privacy and identity. 
Most insidious of all, the wireless industry has been allowed to grow unchecked and virtually 
unregulated, with fundamental questions on public health impact routinely ignored. 

Industry controls the FCC through a soup-to-nuts stranglehold that extends from its well-
placed campaign spending in Congress through its control of the FCC‘s Congressional oversight 
committees to its persistent agency lobbying. ―If you‘re on a committee that regulates industry 
you‘ll be a major target for industry,‖ said Twaun Samuel, chief of staff for Congresswoman 
Maxine Waters.3 Samuel several years ago helped write a bill aimed at slowing the revolving 
door. But with Congress getting its marching orders from industry, the bill never gained any 
traction. 

Industry control, in the case of wireless health issues, extends beyond Congress and 
regulators to basic scientific research. And in an obvious echo of the hardball tactics of the 
tobacco industry, the wireless industry has backed up its economic and political power by 
stonewalling on public relations and bullying potential threats into submission with its huge 
standing army of lawyers. In this way, a coddled wireless industry intimidated and silenced the 
City of San Francisco, while running roughshod over local opponents of its expansionary 
infrastructure. 

On a personal level, the entire system is greased by the free flow of executive leadership 
between the FCC and the industries it presumably oversees. Currently presiding over the FCC is 
Tom Wheeler, a man who has led the two most powerful industry lobbying groups: CTIA and 
NCTA. It is Wheeler who once supervised a $25 million industry-funded research effort on 
wireless health effects. But when handpicked research leader George Carlo concluded that 
wireless radiation did raise the risk of brain tumors, Wheeler‘s CTIA allegedly rushed to muffle 
the message. ―You do the science. I‘ll take care of the politics,‖ Carlo recalls Wheeler saying.4 

Wheeler over time has proved a masterful politician. President Obama overlooked Wheeler‘s 
lobbyist past to nominate him as FCC chairman in 2013. He had, after all, raised more than 
$700,000 for Obama‘s presidential campaigns. Wheeler had little trouble earning confirmation 
from a Senate whose Democrats toed the Presidential line and whose Republicans understood 
Wheeler was as industry-friendly a nominee as they could get. And while Wheeler, at the behest 
of his Presidential sponsor, has taken on cable giants with his plans for net neutrality and shown 
some openness on other issues, he has dug in his heels on wireless. 



 Newly ensconced as chairman of the agency he once blitzed with partisan pitches, Wheeler 
sees familiar faces heading the industry lobbying groups that ceaselessly petition the FCC. At 
CTIA, which now calls itself CTIA - The Wireless Association, former FCC commissioner 
Meredith Atwell Baker is in charge.  

 

And while cell phone manufacturers like Apple and Samsung, along with wireless service 
behemoths like Verizon and AT&T, are prominent CTIA members, the infrastructure of 300,000 
or more cellular base stations and antenna sites has its own lobbying group: PCIA, the Wireless 
Infrastructure Association. The President and CEO of PCIA is Jonathan Adelstein, another 
former FCC commissioner. Meanwhile, the cable industry‘s NCTA employs former FCC 
chairman Michael Powell as its president and CEO. Cozy, isn‘t it?  

FCC commissioners in 2014 received invitations to the Wireless Foundation‘s May 19th 
Achievement Awards Dinner. Sounds harmless, but for the fact that the chief honoree at the 
dinner was none other than former wireless lobbyist but current FCC Chairman Tom Wheeler. Is 
this the man who will act to look impartially at the growing body of evidence pointing to health 
and safety issues?  

The revolving door also reinforces the clout at another node on the industry-controlled 
influence network. Members of congressional oversight committees are prime targets of 



industry. The cable industry, for example, knows that key legislation must move through the 
Communications and Technology Subcommittee of the House Energy and Commerce 
Committee. Little wonder then that subcommittee chairman Greg Walden was the second 
leading recipient (after Speaker John Boehner) of cable industry contributions in the last six 
years (through June 30, 2014). In all, Walden, an Oregon Republican, has taken over $108,000 
from cable and satellite production and distribution companies.5 But he is not alone. Six of the 
top ten recipients of cable and satellite contributions sit on the industry‘s House oversight 
committee. The same is true of senators on the cable oversight committee. Committee members 
were six of the ten top recipients of campaign cash from the industry.6  

 



 

 



 

The compromised FCC network goes well beyond the revolving door and congressional 
oversight committees. The Washington social scene is one where money sets the tone and throws 
the parties. A look at the recent calendar of one current FCC commissioner shows it would take 
very disciplined and almost saintly behavior on the part of government officials to resist the lure 
of lavishly catered dinners and cocktail events. To paraphrase iconic investigative journalist I.F. 
Stone, if you‘re going to work in Washington, bring your chastity belt. 

All that free liquor, food and conviviality translates into the lobbyist‘s ultimate goal: access. 
―They have disproportionate access,‖ notes former FCC commissioner Michael Copps. ―When 
you are in a town where most people you see socially are in industry, you don‘t have to ascribe 
malevolent behavior to it,‖ he added.7 

Not malevolent in motive. But the results can be toxic. And blame does not lie solely at the 
feet of current commissioners. The FCC‘s problems predate Tom Wheeler and go back a long 
way. 

Indeed, former Chairman Newton Minow, enduringly famous for his 1961 description of 
television as a ―vast wasteland,‖ recalls that industry manipulation of regulators was an issue 
even back then. ―When I arrived, the FCC and the communications industry were both regarded 
as cesspools. Part of my job was to try to clean it up.‖8 

More than 50 years later, the mess continues to pile up. 

  



Chapter Two: Just Don’t Bring Up Health 

Perhaps the best example of how the FCC is tangled in a chain of corruption is the cell tower 
and antenna infrastructure that lies at the heart of the phenomenally successful wireless industry. 

It all begins with passage of the Telecommunications Act of 1996, legislation once described 
by South Dakota Republican senator Larry Pressler as ―the most lobbied bill in history.‖ Late 
lobbying won the wireless industry enormous concessions from lawmakers, many of them major 
recipients of industry hard and soft dollar contributions. Congressional staffers who helped 
lobbyists write the new law did not go unrewarded. Thirteen of fifteen staffers later became 
lobbyists themselves.9 

Section 332(c)(7)(B)(iv) of the Act remarkably—and that adverb seems inescapably best 
here—wrests zoning authority from local governments. Specifically, they cannot cite health 
concerns about the effects of tower radiation to deny tower licenses so long as the towers comply 
with FCC regulations. 

 

 In preempting local zoning authority—along with the public‘s right to guard its own safety 
and health— Congress unleashed an orgy of infrastructure build-out. Emboldened by the 
government green light and the vast consumer appetite for wireless technology, industry has had 
a free hand in installing more than 300,000 sites. Church steeples, schoolyards, school rooftops, 
even trees can house these facilities. 

Is there any reason to believe that the relatively low level radiofrequency emissions of these 
facilities constitute a public health threat? Certainly, cell phones themselves, held close to the 
head, have been the focus of most concern on RF emissions. Since the impact of RF diminishes 
with distance, industry advocates and many scientists dismiss the possibility that such structures 
pose health risks. 



But it‘s not really that simple. A troubling body of evidence suggests exposure to even low 
emission levels at typical cellular frequencies between 300 MHz and 3 GHz can have a wide 
range of negative effects. 

In a 2010 review of research on the biological effects of exposure to radiation from cell tower 
base stations, B. Blake Levitt and Henry Lai found that ―some research does exist to warrant 
caution in infrastructure siting.‖10 They summarized the results on one 2002 study that compared 
the health of 530 people living at various distances within 300 meters of cell towers with a 
control group living more than 300 meters away. ―Results indicated increased symptoms and 
complaints the closer a person lived to a tower. At <10 m, symptoms included nausea, loss of 
appetite, visual disruptions, and difficulties in moving. Significant differences were observed up 
through 100 m for irritability, depressive tendencies, concentration difficulties, memory loss, 
dizziness, and lower libido.‖11 

A 2007 study conducted in Egypt found similar results. Levitt and Lai report, ―Headaches, 
memory changes, dizziness, tremors, depressive symptoms, and sleep disturbance were 
significantly higher among exposed inhabitants than controls.‖12  

Beyond epidemiological studies, research on a wide range of living things raises further red 
flags. A 2013 study by the Indian scientists S. Sivani and D. Sudarsanam reports: ―Based on 
current available literature, it is justified to conclude that RF-EMF [electro magnetic fields] 
radiation exposure can change neurotransmitter functions, blood-brain barrier, morphology, 
electrophysiology, cellular metabolism, calcium efflux, and gene and protein expression in 
certain types of cells even at lower intensities.‖13 

The article goes on to detail the effects of mobile tower emissions on a wide range of living 
organisms: ―Tops of trees tend to dry up when they directly face the cell tower antennas. . . . A 
study by the Centre for Environment and Vocational Studies of Punjab University noted that 
embryos of 50 eggs of house sparrows were damaged after being exposed to mobile tower 
radiation for 5-30 minutes. . . . In a study on cows and calves on the effects of exposure from 
mobile phone base stations, it was noted that 32% of calves developed nuclear cataracts, 3.6% 
severely.‖14 

Does any of this constitute the conclusive evidence that would mandate much tighter control 
of the wireless infrastructure? Not in the estimation of industry and its captured agency. Citing 
other studies—often industry-funded—that fail to establish health effects, the wireless industry 
has dismissed such concerns. The FCC has typically echoed that position. 

Keep in mind that light regulation has been one factor in the extraordinary growth of 
wireless—CTIA says exactly that in a Web post that credits the Clinton Administrations light 
regulatory touch.  



 

Obviously, cellular technology is wildly popular because it offers many benefits to 
consumers. But even allowing for that popularity and for the incomplete state of science, don‘t 
some of these findings raise enough concern to warrant some backtracking on the ham-fisted 
federal preemption of local zoning rights? 

In reality, since the passage of the 1996 law, the very opposite has occurred. Again and again 
both Congress and the FCC have opted to stiffen—rather than loosen—federal preemption over 
local zoning authority. In 2009, for example, the wireless industry convinced the FCC to impose 
a ―shot clock‖ that requires action within 90 days on many zoning applications. ―My sense is that 
it was an industry request,‖ said Robert Weller, who headed up the FCC‘s Office of Engineering 
and Technology when the shot clock was considered and imposed.15  

And just last November, the FCC voted to further curb the rights of local zoning officials to 
control the expansion of antenna sites Again and again, Congress and the FCC have extended the 
wireless industry carte blanche to build out infrastructure no matter the consequences to local 
communities. 

The question that hangs over all this: would consumers‘ embrace of cell phones and Wi-Fi be 
quite so ardent if the wireless industry, enabled by its Washington errand boys, hadn‘t so 
consistently stonewalled on evidence and substituted legal intimidation for honest inquiry? (See 
Appendix for online study of consumer attitudes on wireless health and safety.) 

Document searches under the Freedom of Information Act reveal the central role of Tom 
Wheeler and the FCC in the tower siting issue. As both lobbyist and FCC chairman, Wheeler has 
proved himself a good friend of the wireless industry. 

 In January of 1997, CTIA chieftain Wheeler wrote FCC Wireless Telecommunications 
Bureau Chief Michele C. Farquhar citing several municipal efforts to assert control over siting. 
Wheeler, for example, asserted that one New England state had enacted a law requiring its Public 
Service Commissioner to issue a report on health risks posed by wireless facilities.16 He 



questions whether such a study—and regulations based on its results—would infringe on FCC 
preemption authority. 

 FCC bureau chief Farquhar hastily reassured Wheeler that no such study could be consulted 
in zoning decisions. ―Therefore, based on the facts as you have presented them, that portion of 
the statute that directs the State Commissioner to recommend regulations based upon the study‘s 
findings would appear to be preempted,‖17 the FCC official wrote to Wheeler. She emphasized 
that the state had the right to do the study. It just couldn‘t deny a siting application based on 
anything it might learn. 

The FCC in 1997 sent the message it has implicitly endorsed and conveyed ever since: study 
health effects all you want. It doesn‘t matter what you find. The build-out of wireless cannot be 
blocked or slowed by health issues. 

Now let‘s fast forward to see Wheeler on the other side of the revolving door, interacting as 
FCC chairman with a former FCC commissioner who is now an industry lobbyist. 

A March 14, 2014 letter18 reveals the chummy relationship between Wheeler and former 
commissioner Jonathan Adelstein, now head of PCIA, the cellular infrastructure lobbying group. 
It also references FCC Chairman Wheeler seeking policy counsel from lobbyist Adelstein:  

 

 “Tom – It was great to see you the other night at the FCBA event, and wonderful to see how 
much fun you’re having (if that’s the right word). I know I enjoyed my time there (thanks to your 
help with Daschle in getting me that role in the first place!).” 

 “Thanks for asking how we think the FCC can help spur wireless broadband deployment,” 
the wireless lobbyist writes to the ex-wireless lobbyist, now running the FCC. 



 Adelstein‘s first recommendation for FCC action: “Amend its rules to categorically exclude 
DAS and small deployments [Ed. note: these are compact tower add-ons currently being widely 
deployed] from environmental and historic review.” Adelstein outlined other suggestions for 
further limiting local antenna zoning authority and the FCC soon did its part. Late last year, the 
agency proposed new rules that largely (though not entirely) complied with the antenna 
industry‘s wish list.  

James R. Hobson is an attorney who has represented municipalities in zoning issues 
involving the FCC. He is also a former FCC official, who is now of counsel at Best, Best and 
Krieger, a Washington-based municipal law practice. ―The FCC has been the ally of industry,‖ 
says Hobson. Lobbyist pressure at the FCC was intense even back in the 70s, when he was a 
bureau chief there. ―When I was at the FCC, a lot of my day was taken up with appointments 
with industry lobbyists.‖ He says of the CTIA that Wheeler once headed: ―Their reason for being 
is promoting the wireless industry. And they‘ve been successful at it.‖19 

The FCC‘s deferential compliance has allowed industry to regularly bypass and if necessary 
steamroll local authorities. Violation of the FCC-imposed ―shot clock,‖ for example, allows the 
wireless license applicant to sue. 

The FCC‘s service to the industry it is supposed to regulate is evidently appreciated. The 
CTIA web site, typically overflowing with self-congratulation, spreads the praise around in 
acknowledging the enabling contributions of a cooperative FCC. In one brief summation of its 
own glorious accomplishments, CTIA twice uses the word ―thankfully‖ in describing favorable 
FCC actions. 

In advancing the industry agenda, the FCC can claim that it is merely reflecting the will of 
Congress. But the agency may not be doing even that. 

 Remember the key clause in the 96 Telecom Act that disallowed denial of zoning permits 
based on health concerns? Well, federal preemption is granted to pretty much any wireless outfit 
on just one simple condition: its installations must comply with FCC radiation emission 
standards. In view of this generous carte blanche to move radiation equipment into 
neighborhoods, schoolyards and home rooftops, one would think the FCC would at the very least 
diligently enforce its own emission standards. But that does not appear to be the case. 

Indeed, one RF engineer who has worked on more than 3,000 rooftop sites found vast 
evidence of non-compliance. Marvin Wessel estimates that ―10 to 20% exceed allowed radiation 
standards.‖20 With 30,000 rooftop antenna sites across the U.S. that would mean that as many as 
6,000 are emitting radiation in violation of FCC standards. Often, these emissions can be 600% 
or more of allowed exposure levels, according to Wessel. 

Antenna standards allow for higher exposure to workers. In the case of rooftop sites, such 
workers could be roofers, painters, testers and installers of heating and air conditioning 



equipment, to cite just a few examples. But many sites, according to Wessel, emit radiation at 
much higher levels than those permitted in occupational standards. This is especially true of sites 
where service providers keep adding new antenna units to expand their coverage. ―Some of these 
new sites will exceed ten times the allowable occupational radiation level,‖ said Wessel.21 
Essentially, he adds, this means that nobody should be stepping on the roof. 

―The FCC is not enforcing its own standard,‖ noted Janet Newton, who runs the EMF Policy 
Institute, a Vermont-based non-profit. That group several years ago filed 101 complaints on 
specific rooftop sites where radiation emissions exceeded allowable levels. ―We did this as an 
exercise to hold the FCC‘s feet to the fire,‖ she said. But the 101 complaints resulted in few 
responsive actions, according to Newton.22  

Former FCC official Bob Weller confirms the lax—perhaps negligible is the more 
appropriate word—FCC activity in enforcing antenna standards. ―To my knowledge, the 
enforcement bureau has never done a targeted inspection effort around RF exposure,‖ he said.23 
Budget cuts at the agency have hurt, limiting the FCC‘s ability to perform field inspections, he 
added. But enforcement, he adds, would do wonders to insure industry compliance with its 
limited regulatory compliance requirements. ―If there were targeted enforcement and fines issued 
the industry would pay greater attention to ensuring compliance and self-regulation,‖ he allowed. 

Insurance is where the rubber hits the road on risk. So it is interesting to note that the rating 
agency A.M. Best, which advises insurers on risk, in 2013 topped its list of ―emerging 
technology-based risks‖ with RF Radiation:  

“The risks associated with long-term use of cell phones, although much studied over the 
past 10 years, remain unclear. Dangers to the estimated 250,000 workers per year who 
come in close contact with cell phone antennas, however, are now more clearly 
established. Thermal effects of the cellular antennas, which act at close range essentially 
as open microwave ovens can include eye damage, sterility and cognitive impairments. 
While workers of cellular companies are well trained on the potential dangers, other 
workers exposed to the antennas are often unaware of the health risks. The continued 
exponential growth of cellular towers will significantly increase exposure of these 
workers and others coming into close contact with high-energy cell phone antenna 
radiation,” A.M. Best wrote.24 

So what has the FCC done to tighten enforcement? Apparently, not very much. Though it 
does follow up on many of the complaints filed against sites alleged to be in violation of 
standards it takes punitive actions very rarely. (The FCC did not provide answers to written 
questions on details of its tower enforcement policies.) 

The best ally of industry and the FCC on this (and other) issues may be public ignorance. 



An online poll conducted for this project asked 202 respondents to rate the likelihood of a 
series of statements.25 Most of the statements were subject to dispute. Cell phones raise the risk 
of certain health effects and brain cancer, two said. There is no proof that cell phones are 
harmful, another declared. But among the six statements there was one statement of indisputable 
fact: ―The U.S. Congress forbids local communities from considering health effects when 
deciding whether to issue zoning permits for wireless antennae,‖ the statement said. 

Though this is a stone cold fact that the wireless industry, the FCC and the courts have all 
turned into hard and inescapable reality for local authorities, just 1.5% of all poll respondents 
replied that it was ―definitely true.‖  

Public ignorance didn‘t take much cultivation by the wireless industry on the issue of local 
zoning. And maybe it doesn‘t matter much, considering the enormous popularity of wireless 
devices. But let‘s see how public ignorance has been cultivated and secured—with the FCC‘s 
passive support—on the potentially more disruptive issue of mobile phone health effects. 

  



Chapter Three: Wireless Bullies and the Tobacco Analogy 

Issues of cable and net neutrality have recently attracted wide public attention (more on that 
in Chapter Six). Still, the bet here remains that future judgment of the FCC will hinge on its 
handling of wireless health and safety issues. 

And while the tower siting issue is an egregious example of an industry-dominated political 
process run amuck, the stronger health risks appear to reside in the phones themselves. This is an 
issue that has flared up several times in recent years. Each time, industry has managed to beat 
back such concerns. But it‘s worth noting that the scientific roots of concern have not 
disappeared. If anything, they‘ve thickened as new research substantiates older concerns. 

The story of an FCC passively echoing an industry determined to play hardball with its 
critics is worth a further look. The CTIA‘s own website acknowledges the helpful hand of 
government‘s ―light regulatory touch‖ in allowing the industry to grow.26  

Former congressman Dennis Kucinich ventures one explanation for the wireless industry‘s 
success in dodging regulation: ―The industry has grown so fast its growth has overtaken any 
health concerns that may have gained attention in a slow growth environment. The proliferation 
of technology has overwhelmed all institutions that would have attempted safety testing and 
standards,‖ Kucinich said.27  

But the core questions remain: Is there really credible evidence that cell phones emit harmful 
radiation that can cause human health problems and disease? Has the FCC done an adequate job 
in protecting consumers from health risks? Or has it simply aped industry stonewalling on health 
and safety issues?  

Before wading into these questions, some perspective is in order. 

First, there‘s simply no denying the usefulness and immense popularity of wireless 
technology. People depend on it for safety, information, entertainment and communication. It 
doesn‘t take a keen social observer to know that wireless has thoroughly insinuated itself into 
daily life and culture. 

The unanswered question, though, is whether consumers would embrace the technology quite 
so fervently if health and safety information was not spun, filtered and clouded by a variety of 
industry tactics. 

To gain some insight into this question, we conducted an online survey of 202 respondents, 
nearly all of whom own cell phones, on Amazon‘s Mechanical Turk Web platform (see 
Appendix). One striking set of findings: many respondents claim they would change behavior—
reduce wireless use, restore landline service, protect their children—if claims on health dangers 
of wireless are true. 



It is not the purpose of this reporter to establish that heavy cell phone usage is dangerous. 
This remains an extremely controversial scientific issue with new findings and revised scientific 
conclusions repeatedly popping up. Just months ago, a German scientist who had been outspoken 
in denouncing the view that cell phones pose health risks reversed course. In an April 2015 
publication, Alexander Lerchl reported results confirming previous research on the tumor-
promoting effects of electromagnetic fields well below human exposure limits for mobile 
phones. ―Our findings may help to understand the repeatedly reported increased incidences of 
brain tumors in heavy users of mobile phones,‖ the Lerchl team concluded.28 And in May 2015, 
more than 200 scientists boasting over 2,000 publications on wireless effects called on global 
institutions to address the health risks posed by this technology. 

But the National Cancer Institute still contends that no cell phone dangers have been 
established. A representative of NCI was the sole known dissenter among the 30 members of the 
World Health Organization‘s International Agency for Research on Cancer (IARC) when it 
voted to declare wireless RF ―possibly carcinogenic.‖29 If leading scientists still can‘t agree, I 
will not presume to reach a scientific conclusion on my own. 

 



But let‘s at least look at some of the incriminating clues that health and biology research has 
revealed to date. And let‘s look at the responses of both industry and the FCC. 

 The most widely cited evidence implicating wireless phones concerns gliomas, a very 
serious type of brain tumor. The evidence of elevated risk for such tumors among heavy cell 
phone users comes from several sources. 

 Gliomas account for roughly half of all malignant brain tumors, which are relatively rare. 
The annual incidence of primary malignant brain tumors in the U.S. is only 8.2 per 100,000 
people, according to the International Radio Surgery Association. 

Still, when projected over the entire U.S. population, the public health impact is potentially 
very significant. 

Assuming roughly four new glioma cases annually in the U.S. per 100,000 people, yields 
over 13,000 new cases per year over a total U.S. population of 330 million. Even a doubling of 
that rate would mean 13,000 new gliomas, often deadly, per year. A tripling, as some studies 
have found, could mean as many as 26,000 more new cases annually. Indeed, the respected 
online site Medscape in January 2015 reported results of Swedish research under the headline: 
Risk for Glioma Triples With Long-Term Cell Phone Use.30  

 And here‘s some eye-opening quantitative perspective: the wars in Iraq and Afghanistan, 
waged now for more than a decade each, have together resulted in roughly 7,000 U.S. deaths. 

Preliminary—though still inconclusive—research has suggested other potential negative 
health effects. Swedish, Danish and Israeli scientists have all found elevated risk of salivary 
gland tumors. One Israeli studied suggested elevated thyroid cancer risk. Some research has 
found that men who carry their phones in their pockets may suffer sperm count damage. One 
small study even suggests that young women who carry wireless devices in their bras are 
unusually vulnerable to breast cancer. 

And while industry and government have never accepted that some portion of the population 
is unusually sensitive to electromagnetic fields, many people continue to complain of a broad 
range of symptoms that include general weakness, headaches, nausea and dizziness from 
exposure to wireless. 

Some have suggested that the health situation with wireless is analogous to that of tobacco 
before court decisions finally forced Big Tobacco to admit guilt and pay up. In some ways, the 
analogy is unfair. Wireless research is not as conclusively incriminating as tobacco research was. 
And the identified health risks with wireless, significant as they are, still pale compared with 
those of tobacco. 

 But let‘s not dismiss the analogy outright. There is actually a very significant sense in which 
the tobacco-wireless analogy is uncannily valid. 



People tend to forget that the tobacco industry—like the wireless industry—also adopted a 
policy of tone-deaf denial. As recently as 1998, even as evidence of tobacco toxicity grew 
overwhelming, cigarette maker Phillip Morris was writing newspaper advertorials insisting there 
was no proof smoking caused cancer. 

It seems significant that the responses of wireless and its captured agency—the FCC—
feature the same obtuse refusal to examine the evidence. The wireless industry reaction features 
stonewalling public relations and hyper aggressive legal action. It can also involve undermining 
the credibility and cutting off the funding for researchers who do not endorse cellular safety. It is 
these hardball tactics that look a lot like 20th century Big Tobacco tactics. It is these hardball 
tactics—along with consistently supportive FCC policies—that heighten suspicion the wireless 
industry does indeed have something to hide. 

Begin with some simple facts issuing from meta-analysis of cellular research. Dr. Henry Lai, 
emeritus professor of bioengineering at the University of Washington, has reviewed hundreds of 
published scientific papers on the subject. He wanted to see how many studies demonstrated that 
non-ionizing radiation produces biological effects beyond the heating of tissue. This is critical 
since the FCC emission standards protect only against heating. The assumption behind these 
standards is that there are no biological effects beyond heating. 

But Dr. Lai found that just over half—actually 56%—of 326 studies identified biological 
effects. And the results were far more striking when Dr. Lai divided the studies between those 
that were industry-funded and those that were independently funded. Industry-funded research 
identified biological effects in just 28% of studies. But fully 67% of non-industry funded studies 
found biological effects (Insert Slide—Cell Phone Biological Studies). 

A study conducted by Swiss and British scientists also looked at how funding sources 
affected scientific conclusions on the possible health effects of cell phone usage. They found that 
of studies privately funded, publicly funded and funded with mixed sponsorship, industry-funded 
studies were ―least likely to report a statistically significant result.‖31 ―The interpretation of 
results from studies of health effects of radiofrequency radiation should take sponsorship into 
account,‖ the scientists concluded.32  

So how does the FCC handle a scientific split that seems to suggest bias in industry-
sponsored research?  

 In a posting on its Web site that reads like it was written by wireless lobbyists, the FCC 
chooses strikingly patronizing language to slight and trivialize the many scientists and health and 
safety experts who‘ve found cause for concern. In a two page Web post titled ―Wireless Devices 
and Health Concerns,‖ the FCC four times refers to either ―some health and safety interest 
groups,‖ ―some parties,‖ or ―some consumers‖ before in each case rebutting their presumably 
groundless concerns about wireless risk.33 Additionally, the FCC site references the World 
Health Organization as among those organizations who‘ve found that ―the weight of scientific 



evidence‖ has not linked exposure to radiofrequency from mobile devices with ―any known 
health problems.‖ 

Yes, it‘s true that the World Health organization remains bitterly divided on the subject. But 
it‘s also true that a 30 member unit of the WHO called the International Agency for Research on 
Cancer (IARC) was near unanimous in pronouncing cell phones ―possibly carcinogenic‖ in 
2011. How can the FCC omit any reference to such a pronouncement? Even if it finds reason to 
side with pro-industry scientists, shouldn‘t this government agency also mention that cell phones 
are currently in the same potential carcinogen class as lead paint?  

Now let‘s look a bit more closely at the troublesome but presumably clueless crowd of ―some 
parties‖ that the FCC so cavalierly hastens to dismiss? Let‘s begin with Lennart Hardell, 
professor of Oncology and Cancer Epidemiology at the University Hospital in Oreboro, Sweden. 

Until recently it was impossible to gain any real sense of brain tumor risk from wireless since 
brain tumors often take 20 or more years to develop. But the cohort of long-term users has been 
growing. In a study published in the International Journal of Oncology in 2013, Dr. Hardell and 
Dr. Michael Carlberg found that the risk of glioma—the most deadly type of brain cancer—rose 
with cell phone usage. The risk was highest among heavy cell phone users and those who began 
to use cell phones before the age of 20.34  

 Indeed, those who used their phones at least 1640 hours (which would be roughly 30 
minutes a day for nine years) had nearly three times the glioma incidence. Drs. Hardell and 
Carlberg also found that gliomas tend to be more deadly among heavy wireless callers.35  

Perhaps of greatest long-term relevance, glioma risk was found to be four times higher 
among those who began to use mobile phones as teenagers or earlier. These findings, along with 
the established fact that it generally takes decades for tumors induced by environmental agents to 
appear, suggest that the worst consequences of omnipresent wireless devices have yet to be seen. 

In a 2013 paper published in Reviews on Environmental Health, Drs. Hardell and Carlberg 
argued that the 2011 finding of the IARC that identified cell phones as a ―possibly carcinogenic‖ 
needs to be revised. The conclusion on radiofrequency electromagnetic fields from cell phones 
should now be ―cell phones are not just a possible carcinogen.‖ They can now be ―regarded as 
carcinogenic to humans‖ and the direct cause of gliomas (as well as acoustic neuromas, a less 
serious type of tumor).36 Of course, these views are not universally accepted. 

The usual spin among industry supporters when presented with research that produces 
troubling results is along the lines of: ―We might pay attention if the results are duplicated.‖ In 
fact, the Hardell results were echoed in the French CERENAT study, reported in May of 2014. 
The CERENAT study also found higher risk among heavy users, defined as those using their 
phones at least 896 hours (just 30 minutes a day for five years). ―These additional data support 



previous findings concerning a possible association between heavy mobile phone use and brain 
tumors,‖ the study concluded.37 

Cell phones are not the only wireless suspects. Asked what he would do if he had policy-
making authority, Dr. Hardell swiftly replied that he would ―ban wireless use in schools and pre-
schools. You don‘t need Wi-Fi,‖ he noted.38 This is especially interesting in view of the FCC‘s 
sharply hiked spending to promote and extend Wi-Fi usage, as well as its consistent refusal to set 
more stringent standards for children (more on all this later). But for now let‘s further fill out the 
roster of the FCC‘s unnamed ―some parties.‖  

Martin Blank is a Special Lecturer in Physiology and Cellular Biophysics at Columbia 
University. Unlike Dr. Hardell, who looks at broad epidemiological effects over time, Dr. Blank 
sees cause for concern in research showing there is biological response at the cellular level to the 
type of radiation emitted by wireless devices. ―The biology tells you unequivocally that the cell 
treats radiation as a potentially damaging influence,‖ Dr. Blank said in a late 2014 interview.39  

―The biology tells you it‘s dangerous at a low level,‖ he added. Though some results have 
been difficult to replicate, researchers have identified a wide range of cellular responses 
including genetic damage and penetration of the blood brain barrier. Dr. Blank specifically cited 
the ―cellular stress response‖ in which cells exposed to radiation start to make proteins. 

It is still not clear whether biological responses at the cellular level translate into human 
health effects. But the research seems to invalidate the basic premise of FCC standards that the 
only biological effect of the type of radiation produced by wireless devices is tissue heating at 
very high power levels. But the standards-setting agencies ―ignore the biology,‖ according to Dr. 
Blank. He describes the FCC as being ―in industry‘s pocket.‖40 

Sweden‘s Lund University is annually ranked among the top 100 universities in the world. 
Leif Salford has been chairman of the Department of Neurosurgery at Lund since 1996. He is 
also a former president of the European Association for Neuro-Oncology. In the spring of 2000, 
Professor Salford told me that wireless usage constituted ―the world‘s largest biological 
experiment ever.‖41  

He has conducted numerous experiments exposing rats to cellular-type radiation. Individual 
experiments have shown the radiation to penetrate the blood-brain barrier, essential to protecting 
the brain from bloodstream toxins. Professor Salford also found that rats exposed to radiation 
suffered loss of brain cells. ―A rat‘s brain is very much the same as a human‘s. They have the 
same blood-brain barrier and neurons. We have good reason to believe that what happens in rat‘s 
brains also happens in humans,‖ he told the BBC in 2003. Dr. Salford has also speculated that 
mobile radiation could trigger Alzheimer‘s disease in some cases but emphasized that much 
more research would be needed to establish any such causal relationship. Does this man deserve 
to be dismissed as one of a nameless and discredited group of ―some parties?‖ 



And what about the American Academy of Pediatrics (AAP), which represents 60,000 
American doctors who care for children? In a December 12, 2012 letter to former Ohio 
Congressman Dennis Kucinich, AAP President Dr. Thomas McInerny writes: ―Children are 
disproportionately affected by environmental exposures, including cell phone radiation. The 
differences in bone density and the amount of fluid in a child‘s brain compared to an adult‘s 
brain could allow children to absorb greater quantities of RF energy deeper into their brains than 
adults.‖42  

In a subsequent letter to FCC officials dated August 29, 2013, Dr. McInerny points out that 
―children, however, are not little adults and are disproportionately impacted by all environmental 
exposures, including cell phone radiation.‖ Current FCC exposure standards, set back in 1996, 
―do not account for the unique vulnerability and use patterns specific to pregnant women and 
children,‖ he wrote. (Insert slide: A Plea from Pediatricians). Does an organization representing 
60,000 practitioners who care for children deserve to be brushed off along with ―some health and 
safety interest groups?‖ 

So what is the FCC doing in response to what at the very least is a troubling chain of clues to 
cellular danger? As it has done with wireless infrastructure, the FCC has to this point largely 
relied on industry ―self-regulation.‖ Though it set standards for device radiation emissions back 
in 1996, the agency doesn‘t generally test devices itself. Despite its responsibility for the safety 
of cell phones, the FCC relies on manufacturers‘ good-faith efforts to test them. Critics contend 
that this has allowed manufacturers undue latitude in testing their devices. 

 Critics further contend that current standards, in place since cell phones were barely in use, 
are far too lax and do not reflect the heavy usage patterns that have evolved. Worse still, industry 
is allowed to test its own devices using an imprecise system that makes no special provision for 
protecting children and pregnant women. One 2012 study noted that the procedure widely used 
by manufacturers to test their phones ―substantially underestimates‖ the amount of RF energy 
absorbed by 97% of the population, ―especially children.‖ A child‘s head can absorb over two 
times as much RF energy. Other persons with smaller heads, including women, are also more 
vulnerable. The authors recommend an alternative computer simulation technique that would 
provide greater insight into the impact of cellular radiation on children and on to the specific RF 
absorption rates of different tissues, which vary greatly.43  

 Acting on recommendations of the General Accounting Office, the FCC is now 
reconsidering its standards for wireless testing and allowed emissions. On the surface, this may 
seem to represent an effort to tighten standards to promote consumer health and safety. But many 
believe the FCC‘s eventual new standard will actually be weaker, intensifying any health risk 
from industry‘s self-reported emission levels. ―They‘re under great pressure from industry to 
loosen the criteria,‖ notes Joel Moskowitz, director of the Center for Family and Community 
Health at UC Berkeley‘s School of Public Health.44 One fear is that the FCC could measure the 
allowed radiation absorption level (SAR) over a wider sample of tissue, effectively loosening the 



standard allowable energy absorption. One FCC official, who asked that his name not be used, 
contended that a decision had not yet been made to loosen the standard. 

But to this point, there is little evidence the FCC is listening to anyone beyond its familiar 
friends in the wireless industry. Carl Blackman, a scientist at the Environmental Protection 
agency until retiring in 2014, notes that the FCC does rely to some degree on an inter-agency 
governmental group for advice on health matters. The group includes, for example, 
representatives from the EPA and the FDA. 

 Blackman served on that advisory group and he says that it has been divided. Though some 
government advisers to the FCC find evidence of wireless health risks convincing, others remain 
skeptical, said Blackman. Root of the skepticism: even though numerous researchers have found 
biological and health effects, the mechanism for action by non-ionizing radiation on the human 
body has still not been identified. ―I don‘t think there‘s enough of a consensus within the Radio 
Frequency Inter-agency Working Group for them to come out with stricter standards,‖ he says.45 

But political pressures also figure mightily in all this. The EPA, notably, was once a hub of 
research on RF effects, employing as many as 35 scientists. However, the research program was 
cut off in the late 80s during the Regan presidency. Blackman says he was personally 
―forbidden‖ to study health effects by his ―supervisory structure.‖46 He termed it ―a political 
decision‖ but recognized that if he wanted to continue to work at the EPA he would have to do 
research in another area. 

Blackman is cautious in imputing motives to the high government officials who wanted his 
work at EPA stopped. But he does say that political pressure has been a factor at both the EPA 
and FCC: ―The FCC people were quite responsive to the biological point of view. But there are 
also pressures on the FCC from industry.‖ The FCC, he suggests, may not just be looking at the 
scientific evidence ―The FCC‘s position—like the EPA‘s—is influenced by political 
considerations as well.‖47  

 Still, the FCC has ultimate regulatory responsibility and cannot indefinitely pass the buck on 
an issue of fundamental public health. Remarkably, it has not changed course despite the IARC 
classification of cell phones as possibly carcinogenic, despite the recent studies showing triple 
the glioma risk for heavy users, despite the floodtide of research showing biological effects, and 
despite even the recent defection of core industry booster Alex Lerchl. It is the refusal of both 
industry and the FCC to even acknowledge this cascade of warning signs that seems most 
incriminating. 

 Of course, industry behavior goes well beyond pushing for the FCC‘s willful ignorance and 
inaction. Industry behavior also includes self-serving public relations and hyper aggressive legal 
action. It can also involve undermining the credibility of and cutting off the funding for 
researchers who do not endorse cellular safety. It is these hardball tactics that recall 20th century 
Big Tobacco tactics. It is these tactics that heighten suspicion that the wireless industry does 



indeed have a dirty secret. And it is those tactics that intensify the spotlight on an FCC that so 
timidly follows the script of the fabulously wealthy, bullying, billion-dollar beneficiaries of 
wireless. 

  



Chapter Four: You Don’t Need Wires To Tie People Up 

So let‘s look a little more deeply at some of the actions of an industry group that boasts of 
500 meetings a year with the FCC. Lobbying is one thing. Intimidation is another. CTIA has 
shown its skill at—and willingness to use—both. 

Outright legal bullying is a favored tactic. The City of San Francisco passed an ordinance in 
2010 that required cell phone manufacturers to display more prominently information on the 
emissions from their devices. This information was already disclosed—but often buried—in 
operator manuals and on manufacturer websites. The idea was to ensure that consumers saw 
information already mandated and provided. 

Seeing this as a threat to its floodtide of business, the industry sued the City of San 
Francisco. The City, fearing a prolonged legal fight with an industry that generates hundreds of 
billions of dollars in annual revenue, backed down. 

On May 12, 2015, Berkeley, California‘s City Council unanimously passed a similar 
ordinance. Joel Moskowitz, director of the Center for Family and Community Health at the 
University of California-Berkeley‘s School of Public Health, has been involved in the effort. 
Berkeley, he says, didn‘t want to run into the same legal threats that paralyzed San Francisco. So 
it tried to draft the most inoffensive and mild language possible. The proposed Cell Phone Right 
to Know ordinance: ―To assure safety, the Federal Government requires that cell phones meet 
radio frequency (RF) exposure guidelines. If you carry or use your phone in a pants or shirt 
pocket or tucked into a bra when the phone is ON and connected to a wireless network, you may 
exceed the federal guidelines for exposure to RF radiation. This potential risk is greater for 
children. Refer to the instructions in your phone or user manual for information about how to use 
your phone safely.‖48 

 Sounds pretty inoffensive, no? Not to the CTIA, which indicated that it was prepared to sue, 
according to Berkeley City Attorney Zach Cowan.49 (On June 8th, CTIA did indeed sue the City 
of Berkeley.) 

Well, from the industry point of view, why not throw around your weight? Smash mouth 
legal tactics have been highly successful thus far as industry has managed to throttle several 
efforts to implicate manufacturers in cases where heavy users suffered brain tumors. 

But one current case has advanced in district court in Washington to the point where the 
judge allowed plaintiffs to present expert witness testimony. The industry response: file a legal 
action seeking to invalidate long-held court methods for qualifying expert witnesses. 

This is a very rich industry that does not hesitate to outspend and bully challengers into 
submission. Meanwhile, amidst the legal smoke and medical confusion, the industry has 



managed to make the entire world dependent on its products. Even tobacco never had so many 
hooked users. 

Such sustained success in the face of medical doubt has required industry to keep a lid on 
critics and detractors. Many scientists who‘ve found real or potential risk from the sort of 
microwave radiation emanating from wireless devices have learned there is a price to be paid for 
standing up to the industry juggernaut. A few prominent examples:  

-- 

In 1994, University of Washington researchers Henry Lai and N.P. Singh found that rats 
exposed to microwave radiation suffered DNA damage to their brain cells. This was a scary 
finding since DNA damage can lead to mutations and possibly cancer. 

The reaction from industry was swift. Motorola was at that time the U.S. market leader in 
cell phones. In a memorandum obtained by the journal Microwave News, Motorola PR honcho 
Norm Sandler outlined how the company could ―downplay the significance of the Lai study.‖ 
One step: ―We have developed a list of independent experts in this field and are in the process of 
recruiting individuals willing and able to reassure the public on these matters,‖ Sandler wrote. 
After outlining such measures, he concluded that Motorola had ―sufficiently war-gamed‖ the 
issue. The practices of lining up industry-friendly testimony and ―war-gaming‖ researchers who 
come up with unfavorable results have been persistent themes with this industry. 

-- 

After Lai‘s results were published, Motorola decided to sponsor further research on 
microwaves and DNA damage. Oftentimes, lab results cannot be reproduced by other 



researchers, particularly if experiments are tweaked and performed a bit differently. Non-
confirming studies raise doubt, of course, on the original work. 

 Motorola lined up Jerry Phillips, a scientist at the Veteran‘s Administration Medical Center 
in Loma Linda, California, and Phillips tested the effect of radiation at different frequencies from 
those tested by Lai and Singh. Nevertheless, Phillips found that at some levels of exposure, DNA 
damage increased, while at other levels it decreased. Such findings were ―consistent‖ with the 
sorts of effects produced by chemical agents, Phillips said in an interview.50 In some cases, the 
radiation may have activated DNA repair mechanisms, reducing the overall microwave effect. 
But what was important, Phillips explained, is that there were any biological effects at all. The 
wireless industry has long contended—and the FCC has agreed—that there is no evidence that 
non-ionizing radiation at the frequencies and power levels used by cell phones is biologically 
active. 

Understanding the potential impact of ―biological effect‖ findings, Motorola again turned to 
damage control, said Phillips. He recalls receiving a phone call from a Motorola R&D executive. 
―I don‘t think you‘ve done enough research,‘‖ Phillips recalls being told. The study wasn‘t ready 
for publication, according to the Motorola executive. Phillips was offered more money to do 
further research without publishing the results of what he‘d done. 

 But Phillips felt he‘d done enough. Despite warnings for his own boss to ―give Motorola 
what it wants,‖ Phillips went ahead and published his findings in 1998. Since then, Phillips‘ 
industry funding has dried up. Meanwhile, as many other researchers report, government funding 
to do independent research on microwave radiation has dried up, leaving the field at least in the 
U.S. to industry-funded scientists. ―There is no money to do the research,‖ Said Phillips. ―It‘s not 
going to come from government because government is controlled by industry.‖51 

-- 

Om P. Gandhi is Professor of Electrical and Computer Engineering at the University of Utah 
and a leading expert in dosimetry—measurement of non-ionizing radiation absorbed by the 
human body. Even before cell phones were in wide use, Professor Gandhi had concluded that 
children absorb more emitted microwave radiation. ―The concentration of absorbed energy is 50 
to 80% greater,‖ he explained.52  

These conclusions were not acceptable to Professor Gandhi‘s industrial sponsors. In 1998, he 
recalls, an executive from a cell phone manufacturer—which he did not want to identify—told 
him directly that if he did not discontinue his research on children his funding would be cut off. 
Professor Gandhi recalled replying: ―I will not stop. I am a tenured professor at the University of 
Utah and I will not reject my academic freedom.‖ Professor Gandhi also recalled some of his 
thought process: ―I wasn‘t going to order my students to alter their results so that I can get 
funding.‖ His industry sponsors cancelled his contract and asked for a return of funds. 



 Professor Gandhi believes that some cell phone users require extra protection because their 
heads are smaller and more absorptive. ―Children, as well as women and other individuals with 
smaller heads absorb more concentrated energy because of the proximity of the radiating antenna 
to the brain tissue,‖ he said. And yet the FCC has not acted to provide special protection for these 
groups. Asked why not, Professor Gandhi conceded that he doesn‘t know. He does note, 
however, that recent standards-setting has been dominated by industry representatives.53  

-- 

While the mobile industry refuses to admit to even the possibility that there is danger in RF 
radiation, giant insurance companies see things differently. Several insurers have in recent years 
issued reports highlighting product liability risk with cell phones. This is important because it is 
evidence that where money is on the line professionals outside the industry see the risk of legal 
liability. 

Legal exposure could be one reason—perhaps the central one—the industry continues to 
stonewall. Should legal liability be established, one key question will be how much wireless 
executives knew—and at what point in time. Meanwhile, the combination of public relations 
denials, legal intimidation and the selective application of pressure on research follows a familiar 
pattern. ―The industry is basically using the tobacco industry playbook,‖ UC Berkeley‘s 
Moskowitz said in a recent radio interview.54  

That playbook has thus far been highly successful in warding off attention, regulation and 
legal incrimination. 



Chapter Five: $270 Billion . . . and Looking for Handouts 

The FCC‘s network of corruption doesn‘t just shield industry from needed scrutiny and 
regulation on matters of public health and safety. Sometimes it just puts its hand directly into the 
public pocket and redistributes that cash to industry supplicants. 

Such is arguably the case with the Universal Service Fund. Originally established to extend 
telephone service to rural and urban areas that industry would find difficult or uneconomical to 
wire, the USF is now shifting from subsidizing landline phone service to subsidizing the 
extension of broadband Internet. USF monies also support the Lifeline program, which 
subsidizes cell phone service to low-income consumers, and the E-Rate program, which 
subsidizes Internet infrastructure and service to schools and libraries. 

Since 1998, more than $110 billion has been allocated to Universal Service programs, notes 
Charles Davidson, director of the Advanced Communications Law & Policy Institute at New 
York Law School. The FCC has allocated over $40 billion to the E-Rate program alone. 

Who pays the freight for these high-cost programs? You do. 

Technically, landline and wireless phone companies are assessed for the Universal Service 
fund‘s expenditures. But the FCC also allows those companies to pass on such charges to their 
subscribers, which they do. Both landline and wireless subscribers pay a monthly Universal 
Service charge that is tacked on to their phone bills. That charge has been rising and recently 
amounted to a 16% surcharge on interstate calls. 

Consumers who pay for these programs might be interested to learn that both the E-Rate and 
Lifeline programs have been riddled with fraud. Government watchdogs have repeatedly found 
the programs to be inefficient and prone to inflated and fraudulent claims. But the programs have 
been a windfall for tech and telecom industry beneficiaries. Wherever the FCC presides, it 
seems, these industries reap a windfall. 

 The General Accounting Office (GAO) has issued several reports citing fraud, waste and 
mismanagement, along with inadequate FCC oversight of the subsidy program. Bribery, 
kickbacks and false documentation can perhaps be expected in a handout program mandated by 
Congress and only indirectly supervised by the FCC. 

But the scope of fraud has been impressive. The most striking corruption has marred the E-
Rate program, which subsidizes Internet hardware, software and service for schools and libraries, 
and the Lifeline cell phone subsidies. 

 In recent years, several school districts have paid fines to settle fraud cases involving 
bribery, kickbacks, non-competitive bidding of contracts and false documentation in the E-Rate 



program. More eye opening perhaps are the settlements of fraud claims by tech giants like IBM, 
Hewlett Packard and AT&T. The HP case, for example, involved some colorful bribery 
allegations, including gifts of yachts and Super Bowl tickets. HP settled for $16 million. An HP 
official and a Dallas Independent School District official both received jail sentences. 

The Lifeline program has also been riddled with fraud. A Wall Street Journal investigation of 
the five top corporate beneficiaries of Lifeline showed that 41% of more than 6 million subsidy 
claimants ―couldn‘t demonstrate their eligibility or didn‘t respond to requests for certification.‖55 
AT&T, Verizon, and Sprint Nextel were three of the major Lifeline beneficiaries. 

The FCC has initiated several efforts to clean up USF programs and seems honestly 
determined to bring greater accountability and efficiency to its subsidy efforts. Nevertheless, 
problems with fraud persist, as reported recently by the FCC‘s own top investigator. 

 Congress established the FCC‘s Office of Inspector General in 1989 to ―provide objective 
and independent investigations, audits and reviews of the FCC‘s programs and operations.‖ 
Here‘s what the FCC‘s internal investigative unit said in a September 30, 2014 report to 
Congress about its Office of Investigation (OI): ―The bulk of the work of OI involves 
investigating and supporting civil and criminal investigations/prosecutions of fraud in the FCC’s 
federal universal service program.‖56  

 

Fraud—as pervasive and troubling as it has been—is just one of the problems with the 
programs of universal service. It may not even be the fundamental problem. More fundamental 
issues concern the very aim, logic and efficiency of programs to extend broadband and wireless 
technology at public expense. Though the aims of extending service to distant impoverished 
areas seem worthy on the surface, there are many reasons to think the major beneficiaries of 
these programs are the technology companies that win the contracts. 



Lobbyists have long swarmed over the FCC looking to get an ever-growing piece of the USF 
honeypot. An FCC report on meetings with registered lobbyists details a 2010 meeting with 
representatives of the International Society for Technology in Education and other education 
lobbyists. Topics discussed, according to the FCC report, included ―the need to raise the E-
Rate‘s annual cap.‖57  

The CTIA, leaving no stone unturned in its efforts to pump up member revenues, last year 
responded to a House hearing on the USF by grousing that ―current USF-supported programs 
skew heavily toward support of wireline services. . . . The concentration of USF monies to 
support wireline services is inconsistent with technological neutrality principles and 
demonstrated consumer preferences,‖ CTIA wrote..58 An industry that generates hundreds of 
billions of dollars in equipment and service revenues annually bellies up for a bigger slice of the 
$8 billion a year USF. 

The grousing has paid off. The FCC recently announced that it will raise spending on E-Rate 
from what had been a cap of $2.4 billion a year to $3.9 billion. A significant portion of new 
outlays will go to Wi-Fi—yet another wireless industry victory at the FCC. But the CTIA is by 
no means the only industry group pressing the FCC. 

 Leading the roster of active lobbyists on E-Rate issues is the Software and Information 
Industry Association. Beginning in 2006, SIAA led all lobbyists with 54 mentions of E-Rate in 
its filings, according to the Center for Responsive Politics. SIAA board members include 
executives from tech heavyweights Google, Oracle and Adobe Systems. 

Tech business leaders—many of them direct beneficiaries of FCC programs—made a direct 
pitch to FCC Chairman Wheeler last year to hike E-Rate funding. ―The FCC must act boldly to 
modernize the E-Rate program to provide the capital needed to upgrade our K-12 broadband 
connectivity and Wi-Fi infrastructure within the next five years,‖ the executives wrote.59  

There were dozens of corporate executive signees to this letter, including the CEOs of many 
Fortune 500 giants. But let‘s just consider the participation of three: top executives of Microsoft, 
Google and HP all joined the call to expand E-Rate subsidies. Consider the simple fact that these 
three tech giants alone had revenues of $270 billion—more than a quarter of a trillion dollars—in 
a recent four-quarter period. Together, they produced nearly $40 billion in net income. And yet 
their top executives still thought it necessary to dun the FCC—and really, they were 
surreptitiously hitting up the public—for ramped-up spending on what was then a $2.4 billion a 
year program. 

 Is that greed? Arrogance? Or is it simply behavior conditioned by success in repeatedly 
getting what they want at the public trough? Almost never mentioned in these pleas for higher 
subsidies is the fact that ordinary American phone subscribers are the ones footing the bill for the 
E-Rate program—not the FCC or the telecom industry. 



Much of the added spending, as noted, will go towards the installation of wireless networks. 
And yet Wi-Fi does not have a clean bill of health. When Lennart Hardell, professor of Oncology 
and Cancer Epidemiology at the University Hospital in Orebro, Sweden, was asked what he 
would do if given policy authority over wireless health issues, he replied swiftly that he would 
―ban wireless use in schools and pre-school.‖ Noting that there are wired alternatives, Professor 
Hardell flatly stated: ―You don‘t need Wi-Fi.‖60 And yet the FCC, prodded by an industry ever 
on the lookout for incremental growth opportunities, is ignoring the health of youngsters to 
promote expanded Wi-Fi subsidies in schools across the U.S. 

And what about the merit of the program itself? Overlooking the fraud and lobbying and Wi-
Fi safety issues for a moment, shouldn‘t schools and libraries across the country be equipped 
with the best electronic gear, accessing the Internet at the fastest speeds? Doesn‘t the government 
owe that to its younger citizens, especially those disadvantaged by the long-referenced digital 
divide?  

Well, maybe. But answers to these questions hinge on even more fundamental question: Do 
students actually learn more or better with access to the latest high-speed electronic gadgetry?  

It would be foolish to argue that nobody benefits from access to high-speed Internet. But the 
benefits are nowhere near as broad or rich as corporate beneficiaries claim. Some researchers, for 
example, have concluded that computers don‘t seem to have positive educational impact—they 
may even have negative impact—when introduced into the home or freely distributed to kids 
from low income backgrounds. 

 Duke University researchers Jacob Vigdor and Helen Ladd studied the introduction of 
computers into North Carolina homes. They found that the academic performance of youngsters 
given computers actually declined. “The introduction of home computer technology is associated 
with modest but statistically significant and persistent negative impacts on student math and 
reading test scores,” the authors wrote in a National Bureau of Economic Research Working 
Paper.61 The impact was actually most negative on the poorer students. 

A study in the Journal of International Affairs examined the impact of the global One Laptop 
Per Child Program (OLPC), which has distributed millions of computers to children around the 
world. Researchers Mark Warschauer and Morgan Ames conclude: “The analysis reveals that 
provision of individual laptops is a utopian vision for the children in the poorest countries, 
whose educational and social futures could be more effectively improved if the same investments 
were instead made on more proven and sustainable interventions. Middle- and high-income 
countries may have a stronger rationale for providing individual laptops to children, but will 
still want to eschew OLPC’s technocratic vision. In summary, OLPC represents the latest in a 
long line of technologically utopian schemes that have unsuccessfully attempted to solve complex 
social problems with overly simplistic solutions.‖62  



 

Access to computers in the home may not work educational magic. But what about 
computers in the classroom? Don‘t they have educational value there?  

The anecdotal evidence is mixed at best. Consider how students in Los Angeles, newly 
equipped with flashy iPads at a mind-boggling taxpayer cost of more than $1 billion, went about 
using the new tools to improve their educational performance. ―Instead of solving math problems 
or doing English homework, as administrators envisioned, more than 300 Los Angeles Unified 
School District students promptly cracked the security setting and started tweeting, posting to 
Facebook and playing video games.‖63 

 But let‘s cut through the self-serving corporate claims and the troubling anecdotes to hear 
from someone who actually has had extensive and unique field experience. Kentaro Toyama was 
co-founder of Microsoft‘s research lab in India. Over more than five years he oversaw at least a 
dozen projects that sought to address educational problems with the introduction of computer 
technology. His conclusion: ―The value of technology has been over-hyped and over-sold.‖  

The most important factor in improving schools, says Toyama, now the W.K Kellogg 
Associate Professor of Community Information at the University of Michigan, is good teachers. 
Without good, well-trained teachers, adequate budgets and solid school administration, 
technology does little good. ―Technology by itself never has any kind of positive impact,‖ he 
said.64 

The only schools in his experience that benefited from increased technology investment were 
those where ―the teachers were very good, the budgets adequate.‖ The richer schools, in essence. 
But as both Vigdor and Warschauer found, the introduction of technology has by itself little if 
any positive effect. For a public conditioned to believe in the virtues of new technology, such 
testimony is a bracing dose of cold reality. 



But what about cost? Doesn‘t technology in the schools more efficiently replace alternative 
investments? Cost reductions are often the most persuasive argument for technology, Toyama 
agrees. But even these have been overstated. The costs of introducing new technology run far 
beyond initial hardware and software investments, said Toyama. In reality, the total costs of 
ownership—including maintenance, training, and repair—typically run to five or ten times the 
initial cost, according to Toyama. He said of the investment in technology for cost benefits: ―I 
would say that in the long run—and even in the medium run and the short-run—that‘s probably 
the worst and most misguided conclusion to come to.‖65 

He adds: ―The inescapable conclusion is that significant investments in computers, mobile 
phones and other electronic gadgets in education are neither necessary nor warranted for most 
school systems. In particular, the attempt to use technology to fix underperforming class rooms . 
. . is futile. And for all but wealthy, well-run schools, one-to-one computer programs cannot be 
recommended in good conscience.‖66 

But that doesn‘t keep industry lobbyists from recommending them. And it hasn‘t kept the 
FCC for spending scores of billions subsidizing technology to the very groups least likely to 
benefit from it. 

Unmoved by the arguments of researchers and educators like Vigdor, Warschauer, and 
Toyama, the FCC keeps moving to increase technology subsidies. Ignoring research that disputes 
the value of technology in closing the so-called ―digital divide,‖ the FCC has even pioneered a 
new slogan: ―the Wi-Fi gap.‖  

 In announcing that it was lifting E-Rate‘s annual budget from $2.4 billion to $3.9 billion and 
stepping up investment in wireless networking, FCC chairman Wheeler exulted that ―10 million 
students are going to experience new and better opportunities.‖67 The impact on consumer 
pocketbooks (and potentially on youngsters‘ health from daily Wi-Fi exposure) were not 
mentioned. 

The two Republican members of the FCC did at least recognize the pocketbook impact. ―It 
always seems easier for some people to take more money from the American people via higher 
taxes and fees rather than do the hard work,‖ said Commissioner Michael O‘Reilly.68  

The subsidized provision of high-speed Internet service is yet another pet project of the FCC. 
Julius Genachowski, chairman from 2009 to 2013, championed the transition of the USF from 
landline phone service to broadband. Universal broadband Internet connections would begin to 
absorb the monies collected from consumers to extend basic phone service. 

As with government subsidies for cell phone service, classroom technology, and Wi-Fi, there 
are basic questions about the wisdom of subsidizing broadband. Charles Davidson and Michael 
Santorelli of the New York Law School found that spending billions to extend broadband is a 
flawed approach since there are many largely ignored reasons people choose not to adopt 



broadband. ―Everybody is pushing broadband non-stop,‖ noted Davidson, director of the Law 
School‘s Advanced Communications Law and Policy Institute. ―I think the FCC is focused on 
the wrong set of issues,‖ he said.69  

Already, he explained, over 98% of Americans have access to wired or wireless broadband. 
The issue is not one of supply. It‘s one of demand. Many people—for a variety of reasons—
don‘t really care about broadband, he contends. Price is one issue. Also powerful factors—but 
given almost no attention—are privacy and security concerns. ―In our view, they should be 
focused on barriers to meaningful broadband utilization: privacy and security,‖ said Davidson.70 

But consumer privacy (more on this subject in Chapter Seven) has no well-funded lobby with 
limitless access to the FCC. 

  



Chapter Six: The Cable Connection 

The network has also been active in diluting FCC control of the cable television industry. 
Over the years, cable has devolved into major de facto local monopolies. Comcast and Time 
Warner Cable, whose merger proposal was dropped in April, are dominant forces in both cable 
television and broadband Internet subscriptions. Somehow, though, they have managed to steer 
clear of one another in specific markets, giving each pricing power where it faces little local 
competition. 

It‘s interesting that cable companies annually rank in consumer polls among the ―most hated‖ 
or ―most disliked‖ American corporations. Indeed, Comcast and Time Warner Cable often top 
the ―most hated‖ list.71 Why would these companies—providers of the TV programming that has 
so expanded consumer options in recent decades—be so widely scorned? After all, the U.S. has 
been a leader in developing both cable technology and diverse television programming. 

 The problem is that it hasn‘t been anything close to a leader in bringing down subscriber 
prices. Industry consultants typically measure pricing by the metric of average revenue per 
subscriber. Industry trackers at IHS compared the price of U.S. pay television (which includes 
satellite services) to those in more than 60 other countries. U.S. prices were the highest, with 
only Australia even coming close. The average revenue per subscriber in the U.S. in 2013 was 
$81. But in France it was just $18.55. In Germany it was $19.68. In Japan it was just over $26.  

Pay TV Monthly Revenue Per Person: 

 



And U.S. cable prices have risen in recent years at rates three or more times the rate of 
inflation. This has been going on for some time. From 1995 to 2013 cable rates increased at a 
6.1% annual clip. The Consumer Price Index, by contrast, rose by just 2.4% annually. Former 
FCC commissioner Michael Copps says the FCC shares a major part of the blame. ―The FCC is 
as culpable for allowing that as much as the companies for imposing it,‖ he said.72  

One area where the FCC has contributed to the problem is in its traditional rubber-stamping 
of merger agreements. The proposed Comcast/Time Warner Cable deal has been shelved, largely 
because of Justice Department reservations. But a long run of earlier FCC-sanctioned deals 
allowed Comcast and Time Warner Cable to grow to the market dominance—and attendant 
pricing power—they currently command. 

Lofty monthly cable bills pinch consumers. But it‘s more than that. Subscribers paying $80 a 
month are often paying for a lot of channels they don‘t watch and don‘t want. The FCC has 
never required cable operators to charge for what consumers actually want to watch. Kevin 
Martin, who chaired the FCC from 2005 to 2009, pushed to ―debundle‖ programming in hopes 
of lowering bills. But the issue was never resolved. Only recently have viable competitive 
alternatives to cable‘s ―bundled‖ packages become available. The satellite service Dish, for 
example, months ago introduced its Sling offering that enables consumers to opt for smaller and 
cheaper packages. 

 In fairness to cable operators, it should be pointed that programmers often require operators 
to take unwanted or fledgling channels along with their stars. New York cable operator 
Cablevision Systems filed suit against Viacom in 2013, charging that in order to get popular 
channels like MTV and Nickelodeon it was also forced to take low-rated channels like Nicktoons 
and VH1 Soul. But the simple truth is that no matter who is to blame, the cable consumer pays 
high prices, typically for some programming he doesn‘t want. As it often does when powerful 
interests pursue dubious practices, the FCC has for the most part idly stood by. 

Still, the FCC isn‘t entirely to blame. Some factors in the growth of the cable giants cannot 
be laid at its doorstep. Local municipalities often granted monopoly or duopoly status in granting 
franchises to cable network builders. With the huge capital investments required to cable 
metropolitan areas, this once seemed to make sense. 

 And over the years, the cable giants have used a variety of tactics to weaken what little local 
competition they may have had. Active lobbyists on the local level, the cable giants have 
managed to convince a growing number of states to outlaw municipal systems that could threaten 
private corporate incumbents. The FCC for many years declined to tangle with the states in this 
matter, partly due to the opposition of Republican commissioners. But the Wheeler-led 
Commission did vote recently to override state laws that limit the build-out of municipal cable 
systems. 



 Still, many years of industry subservience will be difficult to swiftly undo. One linchpin 
merger shows how FCC decision-making has been thoroughly undermined by the revolving 
door, lobbying, and carefully targeted campaign contributions. All conspired in Comcast‘s 
pivotal 2011 buyout of NBC Universal, a deal which reinforced Comcast‘s domination of both 
cable and broadband access. This deal also set the stage for the recent headline-grabbing 
acrimony over the issue of net neutrality. 

In 2011, mighty Comcast proposed to acquire NBC Universal. A series of mergers including 
the 1986 acquisition of Group W assets and the 2002 acquisition of AT&T‘s cable assets had 
already vaulted Comcast into cable market leadership. In bidding for NBC Universal, a huge step 
towards vertical integration, Comcast was once again raising the stakes. NBC Universal would 
give Comcast a treasure trove of programming, including valued sports content like NFL football 
and the Olympics. 

Suddenly, the issue was not just cable subscriber base size—where Comcast had already 
bought its way to dominance. NBC Universal would also allow Comcast to consolidate its 
growing power as a broadband Internet provider. And with NBC Universal‘s programming 
assets, Comcast would gain new leverage when negotiating prices to carry the competing 
programming content of rivals. This would prompt a new round of debate over net neutrality. 
Couldn‘t a programming-rich Comcast slow down rival services—or charge them more to carry 
their programming? 

To short-circuit any potential opposition to the merger, Comcast assembled a superstar cast 
of lobbyists. As Susan Crawford reports in her 2013 book, ―Comcast hired almost eighty former 
government employees to help lobby for approval of the merger, including several former chiefs 
of staff for key legislators on congressional antitrust committees, former FCC staffers and 
Antitrust Division lawyers, and at least four former members of Congress.73 Such ―profligate 
hiring,‖ Crawford observes, pretty much silenced the opposition to the deal. If Comcast had 
already retained one member of a lobbying firm, the firm could not under conflict of interest 
rules object to the deal. And Comcast had locked up key lobbying shops. Money was both 
weapon and silencer. 

Of course, Comcast had always been a big spender on lobbying, with outlays exceeding $12 
million every year since 2008. Lobbying costs peaked in 2011 at $19.6 million, according to the 
Center for Responsive Politics. 

For its part, the FCC had a long history of approving most media mergers. So it was hardly a 
great surprise when the agency, after exacting some relatively minor concessions from Comcast, 
rubber-stamped the deal. Comcast would thus broaden its footprint as local monopoly distributor 
of cable. And with its new programming assets, it would enhance its leverage in negotiating 
deals to carry its rivals‘ programming. It would also fortify its position of growing strength as 
broadband Internet gatekeeper. 



 The most telling footnote to the deal would come just four months later. FCC Commissioner 
Meredith Atwell Baker, who voted to approve the merger in January 2011, left the FCC to 
become a top-tier Comcast lobbyist in May. It was the ultimate—and perhaps most telling—
glide of the revolving door. 

 Baker‘s was a high-profile defection. But it was neither the first nor the last. Comcast had 
successfully convinced other FCC officials to take their expertise and government contacts to the 
cable giant. Comcast has long been a master at spinning the revolving door to its own advantage. 
―Comcast has been very good at hiring everyone who is very smart,‖ said Crawford.74 

Approval of the NBC Universal deal was another in the long string of FCC merger approvals 
that made Comcast a nationwide monopolist that could dictate both pricing and viewer 
programming choice. 

 But the deal may have had another unintended consequence. It set the stage for Comcast‘s 
subsequent battles on net neutrality. ―Those mergers gave additional oomph to the issue of net 
neutrality,‖ noted former commissioner Copps. Speaking specifically of Comcast‘s buyout of 
NBC Universal, IHS senior analyst Eric Brannon agreed. ―That merger laid the grounds for net 
neutrality.‖  

 In allowing Comcast to acquire major programming assets, the deal would sharpen questions 
about the power of gatekeepers like Comcast to control the flow of traffic from rival Web 
services. So in bowing to lobbyist pressure, the FCC would bring on itself a whole new set of 
pressures by focusing public attention on the issue of net neutrality. 

With activists rounding up comments from the public and hip TV personalities like HBO‘s 
John Oliver also beating the drums, net neutrality quickly grew into a popular issue that won the 
support of President Obama, and by proxy, his hand-picked appointee Tom Wheeler. When the 
FCC ruled in February of 2015 that it would seek Title II authority to regulate the Internet and 
presumably block any favoritism by broadband gatekeepers, it seemed to finally cast its lot with 
the public against steamrolling corporate interests 

The issue had simmered for years but reached full boil when movie purveyor Netflix, which 
had argued that its service was slowed down by Comcast, signed a side deal ensuring better 
download speeds for its wares. This triggered an outburst of public concern that Comcast was 
now in position to operate ―fast‖ and ―slow‖ lanes, depending on whether a rival programmer 
could afford to ensure that Comcast provide adequate download speed. 

With nearly 4 million comments—many supplied or encouraged by public interest groups—
filed to the FCC, net neutrality was a bankable political issue. And there‘s no question, net 
neutrality attracted public interest because it gave cable viewers—long furious at the treatment 
by the monopolists who send them monthly bills—issues of both viewing pleasure and 
economics. 



But it also fed into the longstanding sentimental but increasingly unrealistic view of the 
Internet as the last bastion of intellectual freedom. Internet romanticists have long seen the Web 
as a place that somehow deserves special rules for breaking the stranglehold of traditional media 
and offering exciting new communications, information retrieval and shopping efficiencies. 

Yes, the Internet is a modern marvel. This is beyond dispute. But some of the favors it has 
won from government over the years have had unfortunate unintended consequences. 

In the 1990s, for example, net access providers were repeatedly exempted as an ―infant 
industry‖ from paying access charges to the Baby Bells even though they had to connect users 
through local phone networks. The long distance companies were then paying as much as $30 
billion a year for the privilege. But the Internet was exempted. 

 As the late 90s approached, the Internet was no longer an infant industry. Still, the 
exemption from access charges was extended. That exemption essentially allowed AOL in the 
late 90s to offer unlimited unmetered online time, a key factor in boosting usage and siphoning 
advertisers from print media. Why buy an ad in print that might get viewed with the transitory 
flip of a page when you can get round-the-clock attention online?75 FCC decisions to grant the 
Internet access-charge exemptions arguably accelerated the decline of print media and much of 
the quality journalism print advertising could once support. 

 Meanwhile, retailers on the Internet were making inroads into brick and mortar retail 
business with the help of a Supreme Court-sanctioned exemption from collecting sales tax.76 
This judicial coddling of the Internet was the death knell for many smaller mom and pop local 
businesses, already challenged to match online pricing. And that‘s not all. The special favors 
continue virtually every year, as Congress proposes and/or passes legislation to extend special 
tax exemptions to Internet services. 

Well, maybe tax breaks aren‘t such a bad idea for such an innovative and transformational 
emerging technology. For all its faults, the Internet—gateway to all goods, repository of all 
things, wizardly guide to all knowledge, enabler of universal self-expression—is undeniably 
cool. 

But let‘s not deny that the combination of tax advantages and deregulation was toxic. Allow 
an industry to emerge with advantages over useful existing industries that largely play by the 
rules—well, maybe that can be rationalized. But then fail to hold the upstart industry to the same 
rules, allowing it more leeway to trample fundamental rights because it has the technical capacity 
to do so. Well, then you have a cruel Faustian bargain. 

With the see-no-evil deregulatory gospel loosing all constraints, the Web would devolve into 
a playground for corporate snoops and criminals. For all its wonders, the Internet comes at a 
cost: the loss of control over personal data, the surrender of personal privacy, sometimes even 
the confiscation of identity. 



Perhaps the most favorable consequence of net neutrality—and one that has gotten 
surprisingly little attention—is that it could set the stage for privacy reform. (More on this in 
Chapter Seven). The FCC can now choose to exercise its Title II powers to enforce privacy 
standards over broadband Internet. Privacy is one area where the FCC has done a pretty good job 
in the past. 

Worth remembering, though, is that the hard-fought public victory over Net Neutrality may 
be transitory. AT&T and others have threatened to go to court to upend the FCC rules. And 
there‘s a fair chance a Republican Congress will legislate against Title II. 

 Meanwhile, though, one supreme irony has begun to unfold in the marketplace. 

Modern-day laissez fair ideologues love to invoke the wisdom of markets as represented by 
the ―mysterious hand‖ of Adam Smith. Unfortunately, in the absence of effective regulation, the 
putatively wise ―mysterious hand‖ generally seems to work its magic for those with huge 
financial resources and the political access it buys. 

In the current cable situation, however, the mysterious hand may actually be working in 
consumer-friendly ways. Years of regulation that favored the cable companies have now 
backfired as the market reacts to monopolistic pricing and content control. 

Whereas cable giants have commanded premium monthly subscriber prices to deliver 
packages of largely unwatched channels, the market is now beginning to burst with new 
―debundled‖ options that are whittling away at cable‘s vast subscriber base. 

Satellite service Direct TV, as noted, now offers its streaming video Sling TV package of 
popular networks that includes live sports and news. Amazon, Apple, CBS, HBO, Netflix, Sony, 
and others offer a variety of streaming video options that allow viewers to cut the cable cord. 
Suddenly, consumers have the cherry-picking capability that bundled—and expensive—cable 
packages have never allowed. 

In this case, at least, the unintended consequences of the FCC‘s pro-industry policies may be 
producing an unexpected pro-consumer twist. 

  



Chapter Seven: What about Privacy? 

Has any issue gotten as much lip service—and as little meaningful action?  

For all the various congressional bills, corporate self-regulatory schemes and presidential 
Privacy Bill of Rights proposals, the simple truth remains that no personal information is safe on 
the Internet. Data brokers have built a multi-billion dollar business exchanging information used 
to build profiles of Net users. Your shopping and surfing habits, your health history, your 
banking data, your network of social ties, perhaps even your tax filings are all potentially 
exposed online. Both legal and criminal enterprises amass this information. And it doesn‘t go 
away. 

At any given moment people you don‘t know somehow know where you are. They may very 
well know when you made your last bank deposit, when you had your last asthma attack or 
menstrual period. Corporations encourage and pay for every bit of information they can use or 
sell. Creepy? Perhaps, but as Jeff Chester, president of the Center for Digital Democracy points 
out: ―The basic business model that drives online is advertising.‖77 

The FCC largely escapes blame on this one. It is the Federal Trade Commission that has had 
primary responsibility for protecting Internet privacy. The FCC does have some limited 
authority, which, some critics say, could have been exercised more vigorously. But for the most 
part the FCC is not to blame for the rampant online abuse of personal privacy and identity. 

The FCC does however have privacy authority over the phone, cable and satellite industries. 
Until recently, at least, the FCC has kept privacy issues at bay among the companies in these 
industries. ―The FCC has generally taken privacy very seriously,‖ noted Harold Feld, a senior 
vice president at the non-profit Public Knowledge.78  

But dynamics now in place suggest that privacy may be the next great testing ground for the 
FCC. A new chance, perhaps, to champion public interest. Even before the opportunity for 
privacy enforcement under Title II regulatory powers, the FCC faces new challenges from phone 
companies, now itching to monetize their vast consumer data stashes the way Net companies 
have. The commonly used term is ―Google envy.‖  

―Until now, ISPs (Internet Service Providers) have mostly not gotten into hot water on 
privacy—but that‘s changing,‖ observed Jonathan Mayer, a fellow at the Center for Internet and 
Society.79 Verizon and AT&T, major providers of mobile Internet access, have each introduced 
―super cookies‖ that track consumer behavior even if they try to delete older, less powerful, 
forms of cookies. AT&T is actually charging its customers an extra $30 a month not to be 
tracked. 

Showdowns loom. 



In adopting Title II to enforce net neutrality, the FCC has made broadband Internet access a 
telecom service subject to regulation as a ―common carrier.‖ This reclassification means that the 
FCC could choose to invoke privacy authority under Title II‘s Section 222. That section, 
previously applied to phone and cable companies, mandates the protection of consumer 
information. Such information—called CPNI for Customer Proprietary Network Information—
has kept phone companies from selling data on whom you call, from where you call and how 
long you spend on the phone. Consumers may have taken such protection for granted on their 
phone calls. But they have no such protection on their Internet activity—which, as noted, has 
been a multi-billion dollar safe house hideaway for corporate and criminal abusers of personal 
privacy. 

Now, though, the FCC could put broadband Internet communications under Section 222 
protection. To Scott Cleland, a telecom industry consultant who has often been ahead of the 
analytic pack, this would be a momentous decision. 

When the smoke clears—and it hasn‘t yet—the FCC could make consumer identifiers like IP 
addresses the equivalent of phone numbers. Suddenly, the Internet companies that have 
trafficked in all that personal data would be subject to the same controls as the phone and cable 
companies. 

 Cleland argues that the risk for privacy abuses extends beyond broadband access providers 
like Comcast and Verizon to Internet giants like Google and Facebook that have until now 
flourished with all that personal data. ―They are at risk and they are going to live under the 
uncertainty their business model could be ruled illegal by the FCC,‖ Cleland said.80  

Much has been written about the legal challenges broadband access providers intend to 
mount against the FCC‘s new rules. But Cleland argues that a very different type of legal action 
could engulf companies that have benefited from the use and sale of private data. Trial lawyers, 
he argues, will see opportunity in rounding up massive class action suits of Internet users whose 
privacy has been violated. What sorts of privacy abusers face legal action? Anyone who has 
―collected CPNI via some type of cookie,‖ according to Cleland. 

―Right now, edge providers like Google, Facebook and Twitter are at risk of being sued by 
trial lawyers,‖ he said.81 

Sounds great for consumers who care about privacy on the Internet and how it has been 
abused. But the FCC, Cleland was reminded, has never been a consumer advocate. ―Bingo,‖ 
replied Cleland. That‘s what makes the FCC‘s potential move into privacy protection so 
important and so surprising, he suggests. 

There are other signs that the FCC under Tom Wheeler might actually become more 
consumer-friendly on the issue of data privacy. While Wheeler has brought some former 
associates from lobbying groups to the FCC, he has also peppered his staff with respected 



privacy advocates. Indeed, he named Gigi Sohn, longtime president of the non-profit Public 
Knowledge, as Counsellor to the Chairman in April. 

Another appointee with a privacy background is Travis LeBlanc, head of the FCC‘s 
Enforcement Bureau. In previous employment in California‘s Office of the Attorney General, 
LeBlanc was active in enforcing online privacy. LeBlanc has stated an interest in privacy and has 
already taken action against two firms that exposed personal information—including social 
security numbers—on unprotected Internet servers. 

But many aspects of LeBlanc‘s approach to regulating Internet privacy under Title II remain 
unclear. Unfortunately, the FCC declined repeated requests to make LeBlanc available for an 
interview. (It also declined to answer written questions on its enforcement intentions in both 
privacy and cell tower infrastructure emissions.) 

It remains to be seen if LeBlanc and his superiors at the FCC are really willing to take on 
privacy enforcement. Such a stance would require great courage as the entire Internet 
infrastructure is built around privacy abuse. It is also questionable whether the FCC would have 
the courage to challenge Google—a rare corporate ally in the battles over Net Neutrality. 

  



Chapter Eight: Dependencies Power the Network of Corruption 

As a captured agency, the FCC is a prime example of institutional corruption. Officials in 
such institutions do not need to receive envelopes bulging with cash. But even their most well-
intentioned efforts are often overwhelmed by a system that favors powerful private influences, 
typically at the expense of public interest. 

Where there is institutional corruption, there are often underlying dependencies that 
undermine the autonomy and integrity of that institution. Such is the case with the FCC and its 
broader network of institutional corruption. 

As noted earlier, the FCC is a single node on a corrupt network that embraces Congress, 
congressional oversight committees and Washington social life. The network ties the public 
sector to the private through a frictionless revolving door—really no door at all. 

Temptation is everywhere in Washington, where moneyed lobbyists and industry 
representatives throw the best parties and dinners. Money also allows industry to control other 
important factors, like the research agenda. All of this works together to industry‘s advantage 
because—as with other instances of institutional corruption—there are compromising 
dependencies. Policy makers, political candidates and legislators, as well as scientific researchers 
are all compromised by their dependence on industry money. 

Dependency #1 – So much of the trouble here comes back to the core issue of campaign 
finance. Cable, cellular and educational tech interests know where to target their funds for 
maximum policy impact. And the contributions work, seemingly buying the silence of key 
committee congressmen—even those with past records as progressives. Key recipients of 
industry dollars include Massachusetts Senator Ed Markey and, until he retired, California 
Democrat Henry Waxman. Though they have intermittently raised their voices on such issues as 
data privacy and cellular health and safety, neither has shown any great inclination to follow 
through and take up what would have to be a long and tough fight on these issues. 

Dependency #2 – Democrats might be expected to challenge industry now and then. They 
traditionally have done so, after all. But this is the post-Citizens United era where the Supreme 
Court has turned government into a giant auction house. 

Bid the highest price and you walk home with the prize—your personal congressman, 
legislative loophole, even an entire political party. 

 Such is the case with technology industries and the Democrats. The 
communications/electronics industry is the third largest industry group in both lobbying and 
campaign contributions, according to the Center for Responsive Politics. In just 2013 and 2014, 
this industry sector spent well over $750 million on lobbying.82  



 Only the finance/insurance/real estate and health industries outspend the tech sector on 
lobbying. But those industry groups lean Republican. Over 62% of the finance/insurance/real 
estate campaign contributions go to the GOP. Health contributions lean Republican 57% to 43%. 
But the technology group leans sharply to Democrats, who got 60% of contributions in the 2013-
2014 election cycle.83 The two next largest industry groups—energy/natural resources and 
agribusiness—also lean heavily Republican. So of the top five industry groups whose money 
fuels and often tilts elections four are strongly Republican. The Democrats need the tech 
industry—and they show that dependence with consistent support, rarely raising such public 
interest issues as wireless health and safety and Internet privacy. 

Dependency #3 – Spectrum auctions give the wireless industry a money-making aura. In 
recent Congressional testimony, an FCC official reminded legislators that the FCC has over the 
years been a budget-balancing revenue-making force.84 Indeed, the auctions of electromagnetic 
spectrum, used by all wireless communications companies to send their signals, have yielded 
nearly $100 billion in recent years. The most recent auction to wireless providers produced the 
unexpectedly high total of $43 billion. No matter that the sale of spectrum is contributing to a 
pea soup of electromagnetic ―smog‖ whose health consequences are largely unknown. The 
government needs money and Congress shows its appreciation with consistently pro-wireless 
policies. 

Dependency #4 – Science is often the catalyst for meaningful regulation. But what happens 
when scientists are dependent on industry for research funding? Under pressure from budget 
cutters and deregulators, government funding for research on RF health effects has dried up. The 
EPA, which once had 35 investigators in the area, has long since abandoned its efforts.85 
Numerous scientists have told me there‘s simply no independent research funding in the U.S. 
They are left with a simple choice: work on industry-sponsored research or abandon the field. 

  



Chapter Nine: A Modest Agenda for the FCC 

Nobody is proposing that cell phones be banned. Nor does anyone propose the elimination of 
the Universal Service program or other radical reforms. But there are some steps—and most are 
modest—that the FCC can take now to right some of the wrongs that result from long years of 
inordinate industry access and influence: 

1. Acknowledge that there may be health risks in wireless communications. Take down the 
dismissive language. Maturely and independently discuss the research and ongoing debate on the 
safety of this technology. 

2. In recognition of this scientific uncertainty, adopt a precautionary view on use of wireless 
technology. Require prominent point-of-sale notices suggesting that users who want to reduce 
health risks can adopt a variety of measures, including headphones, more limited usage and 
storage away from at-risk body parts. 

3. Back off the promotion of Wi-Fi. As Professor Lennart Hardell has noted, there are wired 
alternatives that do not expose children to wireless risk. 

4. Petition Congress for the budgetary additions needed to expand testing of emissions on 
antenna sites. It was Congress after all that gave industry carte blanche for tower expansion so 
long as they comply with FCC standards. But there is evidence of vast non-compliance and 
Congress needs to ensure that tower infrastructure is operating within the law. 

5. Acknowledge that children and pregnant women may be more vulnerable to the effects of 
RF emissions and require special protection. 

6. Promote cable debundling as a way to lighten consumer cable bills, especially for those 
customers who don‘t care about high-cost sports programming. 

7. Apply more rigorous analysis to properly assess the value of technology in education. 
Evidence continues to pile up that technology in education is not as valuable as tech companies 
claim. Pay less attention to tech CEOs—pay more attention to the researchers who‘ve actually 
studied the impact of trendy technology fixes on learning 

8. Take over enforcement of personal privacy rights on the Internet. Of all the basic 
suggestions here, this would require the most courage as it would involve challenging many of 
the entrenched powers of the Internet. 

  



Chapter Ten: Stray Thoughts 

Some concluding thoughts:  

Why do so many of the most dubious FCC policies involve technology?  

In large part, of course, because the FCC has authority over communications and that is a 
sector that has been radically transformed—along with so many others—by technology. 

Let‘s be clear, though. The problem is not technology, which unarguably brings countless 
benefits to modern life. The problem is with the over-extension of claims for technology‘s 
usefulness and the worshipful adulation of technology even where it has fearful consequences. 
Most fundamentally, the problem is the willingness in Washington—for reasons of both venality 
and naïveté—to give technology a free pass. 

Personally, I don‘t believe that just because something can be done it should heedlessly be 
allowed. Murder, rape and Ponzi schemes are all doable—but subject to prohibition and 
regulation. Government regulators have the responsibility to examine the consequences of new 
technologies and act to at least contain some of the worst. Beyond legislators and regulators, 
public outrage and the courts can also play a role—but these can be muffled indefinitely by 
misinformation and bullying. 

There are precedents for industries (belatedly perhaps) acting to offset the most onerous 
consequences of their products. In responding to a mix of litigation, public demand and 
regulatory requirement, the auto industry, for example, has in the last 50 years substantially 
improved the safety and environmental footprint of its products. 

Padded instrument panels, seat belts, air bags, and crumple zones have all addressed safety 
issues. Environmental concerns have been addressed with tightened emissions and fuel 
consumption standards. The response to new safety challenges is ongoing. Before side air bags 
were widely deployed, sedan drivers side-swiped by much larger SUVs were at vastly 
disproportionate risk of death and dismemberment.86 But the deployment of side air bags has 
―substantially‖ reduced the risk of collision deaths.87 Overall, auto fatality rates per 100,000 
persons have dropped by nearly 60% in the U.S. since 1966.88 Today, automakers continue to 
work on advanced safety features like collision avoidance. 

It can be argued that most of these safety improvements came decades after autos were in 
wide usage and only in response to outrage at Ralph Nader‘s 1965 revelations on the auto 
industry.89 No matter the catalysts. The simple truth remains that the auto industry—and its 
regulators—have for the last half-century been addressing safety and environmental issues. 



But with the overwhelming application of money and influence, information and 
communications technologies have almost totally escaped political scrutiny, regulatory control, 
and legal discipline. 

Should the Internet have been allowed to develop into an ultra-efficient tool for lifting 
personal information that includes financial records, health histories and social security 
numbers? Should wireless communications be blindly promoted even as new clues keep 
suggesting there may be toxic effects? Should local zoning authorities and American citizens be 
stripped of the right to protect their own health? Should education be digitized and imposed just 
because technology companies want to develop a new market and lock in a younger customer 
base?  

All these questions can perhaps be rolled up in one: do we all just play dead for the corporate 
lobbyists and spinners who promote the unexamined and unregulated application of their 
products?  

Finally, a word about the structure of the FCC. With five commissioners—no more than 
three from the same party—the structure seems to make some kind of sense. 

 But in practice, it works out poorly. The identification of commissioners by party tends to 
bring out the worst in both Republicans and Democrats. Instead of examining issues with clear-
sighted independence, the commissioners seem to retreat into the worst caricatures of their 
parties. The Republicans spout free market and deregulatory ideology that is most often a 
transparent cover for support of business interests. The Democrats seems satisfied if they can 
implement their pet spending programs—extension of broadband wireless to depressed urban 
and rural schools, cell phone subsidies for low income clients. The result is a Commission that 
fulminates about ideology and spends heavily to subsidize powerful interests. 

Perhaps one solution would be to expand the Commission to seven by adding two public 
interest Commissioners. The public interest only rarely prevails at the FCC. So it would 
represent vast improvement if both Republican and Democrat commissioners had to vie for 
support of public interest representatives in order to forge a majority. The public interest, in other 
words, would sometimes carry the swing votes. 

It‘s very hard to believe, though, that Congress would ever approve such a plan. It simply 
represents too much of a threat to the entrenched political power of the two parties. Why would 
they ever agree to a plan that dilutes that power?  

 It‘s also worth noting that the public interest is not always easy to define. Sometimes there 
are arguably conflicting definitions. Still, an FCC with public interest commissioners is an idea 
worth consideration. It would at least require party apologists to defend how they so consistently 
champion the moneyed interests that have purchased disproportionate access and power in 
Washington.   



Appendix—Survey of Consumer Attitudes 

What does the public believe about the science and politics of wireless health research? 
Under what conditions would people change wireless usage patterns? Is the FCC currently 
trusted to protect public health? How would confirmation of health risks affect trust in the FCC? 

These are some of the questions Ann-Christin Posten90 and Norm Alster91 hoped to answer 
with an April 2015 online survey of 202 respondents. Participants were recruited through 
Amazon‘s Mechanical Turk online platform. All were U.S. residents and had achieved 
qualifying approval rates in prior Mechanical Turk surveys. 

Participants were asked how likely they believed the following statements to be true: 

Statement 1. Prolonged and heavy cell phone use can have a variety of damaging effects 
on health. 

Statement 2. Prolonged and heavy cell phone use triples the risk of brain tumors. 

Statement 3. There is no scientific evidence that proves that wireless phone usage can 
lead to cancer or a variety of other problems. 

Statement 4. Children and pregnant women are especially vulnerable to radiation from 
wireless phones, cell towers and Wi-Fi 

Statement 5. Lobbying and campaign contributions have been key factors in keeping the 
government from acknowledging wireless hazards and adopting more stringent 
regulation. 

Statement 6. The U.S. Congress forbids local communities from considering health 
concerns when deciding whether to issue zoning permits for wireless antennae. 



 

Two findings seem especially interesting:  

1. Statement 3 received a higher credibility rating than Statements 1 and 2. The different 
credibility levels are statistically significant. Respondents are more likely to trust in wireless 
safety than to believe there are general or specific health risks. 

2. The only statement that is a matter of uncontested fact is Statement 6 on the outlawing of 
opposition to antenna sites on health grounds. (All other statements have been both proclaimed 
and denied.) And yet Statement 6 was least likely to be believed. Just 1.5% of respondents 
recognized this as an ―absolutely true‖ statement. Over 14% thought this statement was ―not true 
at all.‖ Answers to this question would seem to reflect public ignorance on the political 
background to wireless health issues. 

 Participants were also asked how they would change behavior if claims of wireless health 
risks were established as true:  

  



 



 



The greatest impact on behavior came when respondents were asked to assume it is true that 
prolonged and heavy cell phone use triples the risk of brain tumors. More than half said they 
would ―definitely‖ restrict the amount of time spent on the phone. Just over 43% would 
―definitely‖ restrict their children‘s phone use. Perhaps most surprisingly, close to 25% would 
―definitely‖ start up a new landline phone account. (This last response suggests it may be 
foolishly premature for the phone giants to exit the landline business just yet.)  

The inclination of consumers to change behavior should negative health effects be confirmed 
suggests the stakes are enormous for all companies that derive revenue from wireless usage. 

This survey points to—but cannot answer—some critical questions: Do wireless companies 
better protect themselves legally by continuing to deny the validity of all troublesome research? 
Or should they instead be positioning themselves to maintain consumer trust? Perhaps there is 
greater financial wisdom in listening to the lawyers right now and denying all chance of harm. If 
so, however, why would anyone seriously concerned about health listen to the industry—or to its 
captured agency? That‘s a question the FCC will eventually need to answer. 

Trust could eventually become a central issue. Respondents were initially asked to describe 
their level of trust in the wireless industry and in the FCC as its regulator. Not surprisingly, 
establishment of any of the presumed health risks—or confirmation of inordinate industry 
pressure—resulted in statistically significant diminution of trust in both the industry and the 
FCC. 



 

On a scale of 1 to 100, the FCC had a mean baseline trust level of 45.66. But if the tripling of 
brain tumor risk is established as definitely true, that number falls all the way to 24.68. If 
―lobbying and campaign contributions‖ have been ―key factors‖ in keeping the government from 
acknowledging wireless hazards, the trust level in the FCC plummets to 20.02. All results were 
statistically significant. 

 It‘s clear that at this point confirmation of health dangers—or even of behind-the-scenes 
political pressures—from wireless will substantially diminish public trust in the FCC. Skeptics 
might argue that this gives the FCC motive to continue to downplay and dismiss further evidence 
of biological and human health effects. Those of a more optimistic bent might see in these 
findings reason to encourage an FCC concerned about public trust to shake itself loose from 
special interests. 
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Abstract Objective: To investigate effects on rat testes of radiofrequency radiation emitted
from indoor Wi-Fi Internet access devices using 802.11.g wireless standards.
Methods: Ten Wistar albino male rats were divided into experimental and control groups, with
five rats per group. Standard wireless gateways communicating at 2.437 GHz were used as
radiofrequency wave sources. The experimental group was exposed to radiofrequency energy
for 24 h a day for 20 weeks. The rats were sacrificed at the end of the study. Intracardiac blood
was sampled for serum 8-hydroxy-20-deoxyguanosine levels. Testes were removed and exam-
ined histologically and immunohistochemically. Testis tissues were analyzed for malondialde-
hyde levels and prooxidanteantioxidant enzyme activities.
Results: We observed significant increases in serum 8-hydroxy-20-deoxyguanosine levels and 8-
hydroxyguanosine staining in the testes of the experimental group indicating DNA damage due
to exposure (p < 0.05). We also found decreased levels of catalase and glutathione peroxidase
activity in the experimental group, which may have been due to radiofrequency effects on
enzyme activity (p < 0.05).
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Conclusions: These findings raise questions about the safety of radiofrequency exposure from
Wi-Fi Internet access devices for growing organisms of reproductive age, with a potential
effect on both fertility and the integrity of germ cells.
ª 2012 Journal of Pediatric Urology Company. Published by Elsevier Ltd. All rights reserved.

Introduction

There has been continuing public anxiety about the
potential health consequences of wireless communication
tools using radiofrequency (RF), despite authorities on the
subject having set safety boundaries to protect the
community against RF exposure [1e3]. Therefore, the
World Health Organization advised research in this area.
Animal studies involving rats have been conducted to
analyze the effects of Wi-Fi signals on health parameters
and stress markers [4]. The environmental wireless
802.11.g device (also called Wi-Fi device, or wireless
internet access device or WIAD) has in general higher
frequency ranges and longer exposure times than wireless
phones [5]. Thus, the level of health hazards associated
with Wi-Fi devices might be different from, and possibly
higher than, mobile phones (MB). Additionally, Wi-Fi
devices commonly expose the whole body to RF, unlike
MB which generally irradiate some parts of the body, e.g.
cranium, more than others.

Exposure of animals to RF electromagnetic radiation
(EMR) may lead to a variety of changes in tissues. The
observed changes vary depending on the wireless exposure
characteristics, species studied, and histological method-
ology used for the detection of effects [6,7]. Human beings
have also been shown to be adversely affected by pro-
longed and repeated exposure to RF EMR [8,9]. One adverse
effect is on the male reproductive system. Both the number
and fertilizing capacity of mouse and human sperm were
shown to be decreased after RF exposure [10,11]. Another
important issue about the effects of RF EMR is induction of
carcinogenesis [12e14]. The mechanism underlying the
induction of infertility and carcinogenesis by RF EMR
emitted from wireless devices appears to be DNA damage
due to oxidative stress (OS) [15,16]. DNA oxidation could
occur when guanine, the most electron-rich DNA base, is
subjected to the oxidizing influence of RF waves [17]. The
purpose of this study was to demonstrate, by measuring
serum 8-hydroxy-20-deoxyguanosine (8OHdG) and testis
tissue 8-hydroxyguanosine immunohistochemistry, whether
the commonly used indoor WIADs cause DNA damage due to
OS, and could be a contributing factor for infertility and the
induction of carcinogenesis in rat testes.

Materials and methods

Subjects and animal care

The local ethics committee for the use of laboratory
animals approved the study. Ten 8-week-old inbred healthy
male Wistar albino rats, weighing 215e285 g, were used in
the experiment. The rats were housed in acrylic-glass

cages, 20 " 30 " 40 cm in size. The rats were separated
into two groups of five: one experimental group and one
control group. They were kept in well-ventilated cages and
rooms, not restrained. The experimental group was
exposed to WIAD RF of 2437 megahertz (MHz), while the
control group was shielded against RF radiation.

Wireless Internet access device e whole body
exposure

Two commercially available wireless ADSL 2 þ gateways
(USR9108 MAXg, US), operating at 802.11.g standards,
were used in this study. The output power was 95 mW,
average, as equivalent isotropically radiated output
power. The maximum specific absorption rate (SAR) of
the wireless gateways in the conformity assessment test
was 0.091 W/kg.

A network storage link was attached to each wireless
device, by which a 250 GB capacity Universal Serial Bus
hard disk was connected. Gateways were wirelessly bridged
to each other. Rats’ cages were placed in between the
gateways so that the distance between the cages and the
gateways was 25 cm, as suggested by the regulatory infor-
mation in the producer’s user guide according to the FCC
(Federal Communications Commission) Radiation Exposure
Statement [18]. Data transmission was performed after
each hard disk was assigned as a network drive. Exposure
was continued for 24 h a day for 20 weeks (Fig. 1).

At the end of the 20 weeks all rats were sacrificed by
decapitation under anesthesia and intracardiac blood
samples were obtained. Sera were separated by

Figure 1 Experimental design of the study: (I) hard disk, (II)
network storage link, (III) wireless gateway.
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centrifugation (at 1250 g for 15 min at 25 #C) and stored at
$80 #C. Testes were removed, one of the testes snap-
frozen in liquid nitrogen ($196 #C) and stored at $80 #C
until biochemical analyses, and other testis tissues fixed
in a solution of 10% formaldehyde for histopathologic
examination.

Determination of 8-hydroxy-20-deoxyguanosine
serum levels

8OHdG was measured with the highly sensitive 8OHdG
competitive sandwich enzyme immunoassay kit (Catalog
No. 839320, Cayman Chemical Co., MI, USA). The test
principle is based on competition between 8OHdG and
8OHdG acetylcholinesterase conjugate via 8OHdG mono-
clonal antibodies. Plates were read by a Bio-Rad Benchmark
Plus microplate reader at 420 nm (Bio-Rad Laboratories
Inc., CA, USA). Results were expressed in nanograms per
milliliter.

Histologic examination of testes

After fixation, the testes were embedded in paraffin,
sectioned at 4 mm, deparaffinized, and stained with
hematoxylin & eosin. The testicular tissues were evaluated
histopathologically by using Johnsen’s testicular biopsy
score (TBS) count [19] (Table 1).

8-Hydroxyguanosine immunohistochemistry of
testes

Tissue sections from every paraffin block were immuno-
stained with antibodies for 8-hydroxyguanosine, which
were mouse-raised monoclonal antibodies (ab62623;
1 mcg/mL) obtained from AbCAM. Nuclear or perinuclear
cytoplasmic staining was considered as ‘positive’. Intensity
was graded as 0 (no staining), 1 (weak staining), 2 (strong
staining) or 3 (very strong staining). On each slide, the
intensity of staining in 10 seminiferous tubules was

counted and averaged. The modified immunohistochemical
histologic score (HSCORE) was used for semiquantitative
estimation of 8OHdG antibody staining of the testicular
tissue. This is a score used for the evaluation of intensity
and percentage of cells that stain at each intensity [20].
The HSCORE is formularized mathematically as follows:

HSCOREZ
X
ðPi" I=100Þ

where Pi is the percentage of stained cells, ranging from 1%
to 100%, and I is the intensity of staining, ranging from 0 to
3. Staining intensities were calculated as shown in Table 2.

Biochemical analysis of prooxidanteantioxidant
parameters of testis tissues

The tissues were removed from the freezer ($80 #C) and
disaggregated thoroughly with physiological saline (1 g in
5 mL) in a homogeniser (Heidolph Diax 900, Germany).
After centrifugation at 4000 g for 20 min (Harrier 18/80
MSB080.CR2.K, UK), the supernatants were removed to be
used in the analyses.

Malondialdehyde (MDA) level was measured by the thi-
obarbituric acid reactive substances method. MDA reacts
with thiobarbituric acid to form a colored complex that has
maximum absorbance at 532 nm. Xanthine oxidase (XO)
activity was determined by measuring uric acid formation
from xanthine at 293 nm. Superoxide dismutase (SOD)
activity was measured by a method based on the nitroblue
tetrazolium reduction rate. Catalase (CAT) activity was
determined by measuring decrease in absorbance of
hydrogen peroxide (H2O2) at 240 nm. Glutathione peroxi-
dase (GPX) activity was measured by following changes in
NADPH absorbance at 340 nm. In the activity calculations,
extinction coefficients of H2O2, NADPH and uric acid were
used for CAT, GPX and XO, respectively. Absorbances were
read by a Unicam Helios a (UVeVIS) spectrophotometer
(Spectronic Unicam, Cambridge, UK).

Statistical analysis

Five animals per group were required for the study with
a power of 87% and error type I of 5% to detect a one unit
difference between the groups in nonparametric unpaired
tests. For central tendency and dispersion of data we used
median and quartile deviation (QD), respectively. The
ManneWhitney U-test was used for group comparisons.
Multivariate analysis of variance was used to search for any
significant relationship with dependent variables of 8OHdG
and parameters of biochemical OS in groups. Pillai’s trace
significance test was used for significance of the overall
relationship between dependent variables and RF groups. A

Table 1 Evaluation of testicular biopsy score (TBS) count
[19].

Score Description

1 No cells in tubular section
2 No germ cells, but Sertoli cells present
3 Spermatogonia are the only germ cells present
4 Only a few spermatocytes (<5), but no spermatids

or spermatozoa present
5 No spermatozoa or spermatids, but many

spermatocytes present
6 No spermatozoa and only a few spermatids

present (<5e10)
7 No spermatozoa, but many spermatids present
8 Only a few spermatozoa present (<5e10)
9 Much spermatogenesis, but germinal epithelium

disorganized with marked sloughing or obliteration
of lumen

10 Complete spermatogenesis with many spermatozoa

Table 2 Evaluation of HSCORE count [20].

Score Description

0 Percentage of unstained cells " 0
1 Percentage of weakly stained cells " 1
2 Percentage of moderately stained cells " 2
3 Percentage of intensely stained cells " 3
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p value less than 0.05 was considered as significant. PASW
version 17 (Chicago, IL, USA) was used for the statistical
procedures.

Results

There was no difference between the weights of the
control and experimental groups before and after the
experiment. Median values of TBS, as evaluated using
Johnsen’s scale, were lower in the experimental than the
control group (9 ' 0 vs 10 ' 0). The difference in the TBS
between the control and experimental groups was statis-
tically significant (p < 0.01). 8OHdG levels in the experi-
mental group were significantly higher than in the control
group. Routine histological examinations of the experi-
mental and control group were not different. 8-
Hydroxyguanosine immune reactivity, which shows oxida-
tive damage to DNA, was positive in both groups. The
HSCOREs of the experimental group were significantly
higher than those of the control group (p < 0.01) (Table 3).
GPX and CAT activities of the experimental group were
statistically lower than those of the control group (p < 0.05
and p < 0.01, respectively). SOD and XO activities and MDA
levels of the experimental group were lower than in the
control group, but the difference was not statistically
significant (p > 0.05) (Table 4). The histological and
immunohistochemical changes in the experimental and
control groups are shown in Fig. 2. Multivariate analysis of
variance showed a significant relationship between RF
group and the OS parameters of 8OHdG, MDA, GPX, CAT, XO
and SOD (F value 19.66; p Z 0.017).

Discussion

Various studies have investigated the effects on the human
body of RF EMR from mobile phones, with inconclusive
results, but there have been no studies as yet on the health
effects of WIADs, which are associated with higher
frequency radio waves and longer exposure times than MBs.
Currently, the most popular wireless technology employs
the 802.11.g protocol, which is used in many wireless
electronic devices, including baby video monitors, Wi-Fi
MBs and television devices. A wireless 802.11.g RF device
has unique properties, e.g. with regard to frequency range,
output power and exposure time, which may have an
untoward influence on health. It uses the 2400-MHz band,
which is higher than the frequencies used by GSM (Global

System for Mobile Communications) or 3G (third genera-
tion) phones. The output power of Wi-Fi devices ranges
from 20 mW to 4 W, and is similar to or greater than that of
MBs, which range from 1 mW to 2 W [21,22]. WIADs are
generally ‘on’ while transceiving data from the net and
they cause longer human exposure than MBs. Furthermore,
they commonly expose the whole body to RF EMR, unlike
MBs, which generally cause a more uneven and local irra-
diation of some parts of the body, e.g. the head and pelvic
organs.

The reason why young growing rats were used in this
study is that their growing organs may be more prone to the
effects of RF EMR, like children and adolescents who spend
a lot of time using wireless computers at home and school.
We studied the effects on testes since there have been
several studies analyzing the effects of wireless phones on
male fertility [23,24], and the reproductive system is more
sensitive than other organs to RF devices such as laptop
computers. Whole body irradiation with WIADs was
employed in this experiment, and thus the methodology
used in this study differs significantly from that of the
previous investigators, and is unique because it explores
the effects of the commonly used conventional WIADs on
the health of living organisms.

Previous animal studies have not found any significant
effect of RF EMR on testicular histology, sperm count and
morphology. Cairnie and Harding [25] studied the effects of
RF in the mouse testis and found no significant differences
in sperm count and no increase in the percentage of
morphologically abnormal sperm in microwave-exposed
animals. They used a 2.45-GHz continuous wave for
shorter periods of up to 30 days (16 h/day). Ono et al. [26]
could not find any mutagenic effect of 2.45-GHz intermit-
tent whole body RF exposure in the testes of mouse
embryos. The methodological differences compared to
those studies may account for the different outcomes we
observed in our study. Since we suspected that the
continuous exposure to Wi-Fi devices may have more
pronounced effects compared with the shorter and inter-
mittent exposure to MBs, we used a longer and continuous
exposure as the test environment in this study. One may
suspect that this does not reflect real life conditions, where
the duration and intensity of exposure may be more vari-
able. However, the growing technological involvement of
the modern human being (with wireless modems, wireless

Table 3 Clinical and laboratory characteristics of rats
exposed to WIAD RF radiation and control group.

Control
group

Experimental
group

p

No. of rats 5 5
Weight (g) 230 (30) 250 (9) 0.456
8OHdG (ng/mL) 1.15 (0.67) 3.00 (0.44) 0.021a

HSCORE 30 (5) 250 (30) 0.008a

TBS 10 (0) 9 (0) 0.003a

Values are medians, with QD in parentheses.
a Statistically significant difference.

Table 4 MDA levels and prooxidanteantioxidant enzyme
activities in testicular tissues of experimental and control
groups.

Control group
(n Z 5)

Experimental
group (n Z 5)

p

MDA
(nmol/mg)

0.23 (0.025) 0.21 (0.005)a 0.166

XO (mIU/mg) 0.0083 (0.0010) 0.0064 (0.0005) 0.209
SOD (U/mg) 0.84 (0.02) 0.76 (0.01) 0.074
GPX (IU/mg) 0.0040 (0.0003) 0.0024 (0.0009) 0.036a

CAT (IU/mg) 5.57 (0.115) 2.65 (0.180) 0.009a

Values are medians with QD in parentheses.
a Statistically significant difference.
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routers, wireless home monitoring systems, wireless baby
monitoring systems, wireless data bridges in between
buildings, multiple Wi-Fi mobile phones that interact with
wireless routers, use of wireless facilities for various
entertainment purposes, etc.) probably exposes many
children and adults to RF energy levels comparable to those
used in this study. We also used a highly sensitive method to
demonstrate any histopathologic changes that might have
occurred.

In this study, 8-hydroxyguanosine immune reactivity was
observed in both the control and study group. We think that
the immune reactivity of the control group may have
resulted from endogenous DNA damage caused by back-
ground electromagnetism emitted by the Earth or elec-
tronic devices or the metabolic rate of animals [27]. We
avoided using reverberating or shielding chambers since we
did not want to eliminate the effects caused by the back-
ground electromagnetism of the Earth on both groups. If we
had eliminated this interference for the control group, the
significant difference we found in our laboratory findings
would not have reflected the differential real effect of RF
from our wireless gateways, and would have yielded
a falsely higher statistical difference between the two
groups.

De Iuliis et al. [9] also showed a correlation between
increasing SAR and decreased sperm motility and vitality,
and increased OS and 8OHdG markers, stimulating DNA base
adduct formation and ultimately DNA fragmentation.
Although their results are in very good accordance with
ours, they studied purified human spermatozoa ex vivo and
used one night’s exposure time with lower RF frequency
and higher SAR values. To the best of our knowledge, our

study is the first in the literature to show oxidative DNA
damage in the reproductive tissues of living organisms
caused by conventional Wi-Fi devices.

OS is a well-established cause of male infertility and
carcinogenesis [28,29]. Reactive oxygen species (ROS) from
spermatozoa and invading leukocytes cause infertility by
affecting sperm motility [30]. Physiologically, ROS are kept
at low levels by intracellular antioxidant mechanisms of
spermatozoa. Glutathione (GSH), a major thiol in
mammals, is an important antioxidant, and plays a major
role in the antioxidant defense mechanism against proox-
idant offenders. Tissue GSH reflects the capability of
tissues to scavenge the radicals, preserve the cellular
reductioneoxidation balance, and defend the cells. The
depletion of GSH in RF EMR-exposed animals could be
responsible for the low percentages of motile sperm by
affecting the spindle microtubule formation. Though we did
not measure the GSH level of testis tissues, the decreased
activity of GPX in the experimental group reflects a distur-
bance in the antioxidant defense system, and one possible
mechanism for this may be the reduction in the availability
of its substrate, GSH. The decreased activity of CAT, which
is also an important part of the cellular antioxidant defense
mechanism, may result in increased levels of prooxidants
such as superoxide radicals and hydrogen peroxide. These
findings support the theory that the decreased activities of
antioxidant enzymes leading to OS in testis tissues might be
responsible for the increased DNA oxidation as demon-
strated by increased serum levels of 8OHdG and staining of
spermatocytic cells by nuclear and perinuclear 8-
hydroxyguanosine antibodies. The decreased SOD and XO
activities, though insignificant, could imply a generalized

Figure 2 Hematoxylin & eosin (A, B) and immunohistochemical (C, D) staining of testicular tissues of control and Wi-Fi RF-
exposed rats. (A,B) No difference was detected in routine histological examinations of the control and Wi-Fi groups (original
magnification " 200). (C) In the control group, 8-hydroxyguanosine nuclear positivity is nearly undetectable (original magnification
" 200). (D) Diffuse and intense bead-like nuclear immunopositivity (short and long arrows) is seen in the spermatocytic cells of the
Wi-Fi group (original magnification " 200).
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RF-induced decrease in enzyme activities. Similar findings
were reported for human ejaculate exposed to RF EMR from
MBs [31]. As MDA levels did not differ between our RF
groups, we suggest that RF EMR from WIADs induces OS
leading to DNA oxidation but not lipid peroxidation which
disturbs testicular function and structure in rats exposed to
these devices. The decrease in enzyme activities in general
together with the increased 8OHdG serum levels and
immunohistochemical staining observed are of great
interest, since both would appear to result from WIAD RF.

The association of parameters used in our study with
fertility is not certain. Even so, recent studies have
demonstrated the relationship between oxidative DNA
damage and infertility [32,33]. Others have found
decreased CAT and GPX testicular activities to be respon-
sible for fertility problems in animal models and humans
[34e36]. Very similar to these studies, we have immuno-
histologically demonstrated DNA damage and found
decreased CAT and GPX activities in the testicular tissues of
rats, which may cause infertility. It should be noted that
the DNA damage that occurred in the rat testes may be
heritable. In order to demonstrate how this DNA damage
affects the fertility and organ histology of offspring from
mated rats, further functional and structural studies about
fertility should be performed.

Due to their height, small children are more likely to be
affected by wireless devices positioned close to the floor.
Also, children using wireless computers or staying between
two wireless devices are exposed to higher levels of radi-
ation than the dose used in our study. The model we have
used may not be the perfect one for demonstrating the
deleterious effect of Wi-Fi devices, which would be a limi-
tation. However, achieving a model 100% compatible with
humans is nearly impossible in experimental animal
studies.

Studies on the effects of MBs have used RF sources in
direct or very close contact to the organs studied, while in
real life this is hardly the case [37]. Unlike in previous MB
studies where animals were restrained during the exposure
or shielded against background Earth or exogenous elec-
tromagnetism, we allowed the animals to move freely, did
not shield the control group from background radiation, and
did not radiate the experimental group in direct contact
with the RF antennae, in order to set up an experimental
design more akin to real world conditions.

Our study is in agreement with previous studies that
showed the role of MBs in male infertility and carcino-
genesis [23,38]. Although the energy levels used in this
study were derived from the parameters suggested by the
manufacturer, such as distance, power output and dura-
tion, they were not safe for rat testicles. The question of
whether tissues or organs other than the testicles are
affected by these energy levels was not within the scope
of this study and requires further research to be resolved.
Obviously, extrapolating our findings to humans may not
be justified, since the human body may have a more
effective shielding capacity against RF energy compared
to rats. Further studies are required to evaluate the
long-term effects of the commonly used current (g type)
and newer (n type) versions of WIADs on male infertility
and germ cell mutagenesis in other species and human
beings.

Conclusion

The results of the present study demonstrate that contin-
uous long-term WIAD exposure oxidatively affects the
testes in growing rats. Further human studies are needed to
answer the question of whether RF waves emitted from Wi-
Fi devices affect fertility.
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Abstract
Objective: In today’s world, 2.45-GHz radio-frequency radiation (RFR) from industrial, 

scientific, medical, military and domestic applications is the main part of indoor-outdoor 
electromagnetic field exposure. Long-term effects of 2.45-GHz Wi-Fi radiation on male 
reproductive system was not known completely. Therefore, this study aimed to investigate 
the major cause of male infertility during short- and long-term exposure of Wi-Fi radiation.    

Materials and Methods: This is an animal experimental study, which was conducted in 
the Department of Anatomical Sciences, Faculty of Medicine, Zanjan University of Medi-
cal Sciences, Zanjan, IRAN, from June to August 2014. Three-month-old male Wistar rats 
(n=27) were exposed to the 2.45 GHz radiation in a chamber with two Wi-Fi antennas on 
opposite walls. Animals were divided into the three following groups: I. control group (n=9) 
including healthy animals without any exposure to the antenna, II. 1-hour group (n=9) ex-

posed to the 2.45 GHz Wi-Fi radiation for 1 hour per day during two months and III.7-hour 
group (n=9) exposed to the 2.45 GHz Wi-Fi radiation for 7 hours per day during 2 months. 
Sperm parameters, caspase-3 concentrations, histomorphometric changes of testis in ad-

dition to the apoptotic indexes were evaluated in the exposed and control animals.    
Results: Both 1-hour and 7-hour groups showed a decrease in sperm parameters in a 
time dependent pattern. In parallel, the number of apoptosis-positive cells and caspase-3 
activity increased in the seminiferous tubules of exposed rats.  The seminal vesicle weight 
reduced significantly in both1-hour or 7-hour groups in comparison to the control group.                  
Conclusion: Regarding to the progressive privilege of 2.45 GHz wireless networks in 
our environment, we concluded that there should be a major concern regarding the time-
dependent exposure of whole-body to the higher frequencies of Wi-Fi networks existing in 
the vicinity of our living places.  
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Introduction
Electromagnetic radiation (EMR) from different 

sources, such as microwave ovens, radar, satellite  
links, wireless communication, frequency modula-
tion (FM) radio and  television (TV) transmitters/
antennas, is the main part of indoor- outdoor elec-
tromagnetic field exposure spectrum (1, 2). Wide-

spread usage of industrial, scientific, medical, 
military and domestic applications with 2.45-GHz 
radio-frequency radiation is inevitable in today’s 
world. As the Wi-Fi technology is low cost and 
operates in the unlicensed spectrum at 2.40-2.4 
GHz, the leakage of Wi-Fi radiation into the envi-
ronment is unavoidable (3, 4).
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 It has been suggested that male infertility 
during the past several decades is related to the 
direct or indirect exposure to certain environ-
mental factors such as radio-frequency electro-
magnetic waves (RF-EMW) (5, 6). The effects 
of 2.45-GHz EMR on reproductive system have 
already been shown (7-10).  Kumar et al. (11) 
showed 2.45 GHz microwave exposure causes 
an increase in caspase-3 and creatine kinase ac-
tivities in the sperm in addition to a decrease in 
plasma levels of testosterone and melatonin in 
the exposed rat. In vitro study by Avendano et 
al. (12), focused on the effect of Wi-Fi radiation 
on the motility reduction and DNA fragmenta-
tion of human spermatozoa. The negative effect 
of Wi-Fi emitting RF-EMW has been also re-
ported on the ex vivo human sperm parameters 
(13), sexual behavior (14) and testis structure of 
exposed animals (15). It is believed that expo-
sure to EMR can enhance production of reac-
tive oxygen species (ROS) (9, 12, 15-18). An 
increase in lipid peroxidation levels in addition 
to a decrease in antioxidant enzymes and vita-
min A and E levels (11, 19) can explain some 
aspects of 2.45-GHz EMR effect on reproduc-
tive tissues of male rats. Kim et al. (20) showed 
that the effect of exposure to 2.45-GHz EMR on 
proliferation and differentiation of spermatogo-
nia is correlated with serum sex hormone level. 
In parallel with defect in spermatogenesis pro-
cess, the negative effects of 2.45-GHz EMR on 
histopathological changes and apoptosis sta-
tus of rat testis are inevitable (7).  Nowadays  
2.45 GHz wireless networks have become much 
more commonplace in our environment (21).  
Wireless devices have been widespread used in 
our living and working environments for longer 
exposure times than wireless phones which may 
have an untoward influence on health (2). Ac-
cording to the Bioinitiative Report (http://www.
bioinitiative.org/), current safety guidelines for 
electromagnetic field (EMF) exposure are not 
sufficient and should be revised based on data 
from various toxicological tests (22). Due to 
whole body exposure to the RF-EMR, we tried 
to analyze potential effects of 2.45 GHz Wi-Fi 
radiation from a wireless antenna on the repro-
ductive system of freely moving  male rats for 
short- and long-term. Indeed, the consequences 
of exposure to the emitted radiofrequency waves 

from Wi-Fi antenna were the major concerns of 
the present study.

Materials and Methods
Animals

This is an animal experimental study, which 
was conducted in the Department of Anatomi-
cal Sciences, Faculty of Medicine, Zanjan 
University of Medical Sciences, Zanjan, Iran, 
from June to August 2014.  Animals, 3-month 
old Wistar strain rats (n=27), were maintained 
as national guidelines and protocols approved 
by the Institutional Animal Ethics Committee 
(IAEC no.03/028/07).

All experimental protocols were approved by 
the Ethics Committee of Zanjan University of 
Medical Sciences, Zanjan, Iran. Healthy adult 
male albino rats weighing 250 g, were random-
ly selected and housed under environmentally 
controlled conditions. The rats were fed with a 
standard laboratory diet (Pars Dam Co., Tehran, 
Iran) and clean drinking water ad libitum. 

Exposure system

The exposure system was a chamber (180 
cm×80 cm×70 cm), designed for whole-body 
exposure of free-moving rats to a Wi-Fi sig-
nal. Two Wi-Fi antennas (NanoStation Loco 
M2, 2.45 GHz, 8.5 dBi, Ubiquiti Networks, 
Inc. USA) were placed at the center of two 
sides of the chamber. A previous study applied 
a restrainer to fix space between antenna and 
rat (19). Since it was a stressful condition that 
could probably affect hormonal balance of ani-
mals, we tried to assess the effect of radiation 
on the free moving animals (14, 23).

Animals were divided into three following 
groups (n=9 per each group): I. control group in-
cluding healthy animals without any exposure to 
the antenna, II. 1-hour group including animals 
exposed to the 2.45 GHz Wi-Fi radiation one hour 
per day during two months (1 hour/day/2 months) 
(7, 14, 20) and III. 7-hour group including animals 
exposed to the 2.45 GHz Wi-Fi radiation seven 
hours per day during two months (7 hours/day/2 
months). All exposure conditions were coded and 
analyzed in a blind manner.
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Laboratory studies, body and reproductive 

organ weights 

Animals were anesthetized intraperitoneally 
with a mixture of ketamine (45 mg⁄kg, Sigma- Al-
drich, Germany) and xylazine (35 mg⁄kg, Sigma 
Aldrich, Germany). The weight gain of animal in 
each group was defined as the differences between 
initial and final body weights. The reproductive 
organs including testes, epididymis, seminal vesi-
cles and ventral prostate were accurately weighed 
following being dissected out from surrounded 
adipose and connective tissues by an expert anat-
omist. The relative weights of each dissected re-
productive organ were expressed as the weight of 
organ to the body weight ratio. The samples of tes-
ticular tissues were fixed in a 4% buffered formal-
dehyde solution (Merck, Germany)  and then were 
embedded in paraffin wax  (Merck, Germany)  us-
ing standard techniques for preparing 5-µm thick 
sections. Other side testicle was randomly dissect-
ed out and transferred to a cryotube for storing in 
liquid nitrogen in order to determine the caspase-3 
activity.

Sperm characteristics

Caudal part of epididymis was dissected out 
and chopped in the 5 ml of Ham’s F10 medium 
solution (GIBCO, USA). Epididymal sperm 
were collected following 5 minutes incuba-
tion at 37˚C to allow sperm to swim out of the 
epididymal tubules.  One drop of sperm sus-
pension was placed on a microscope slide and 
cover slipped.  At least 10 microscopic fields 
were observed at ×40 magnification by a phase 
contrast microscope (Olympus BX51, Tokyo, 
Japan). The sperm motility parameters were re-
corded according to the World Health Organi-
zation (WHO) recommendations. The percent-
ages of progressive, motile, and immotile sperm 
were expressed as the ratio to the total counted 
sperm.  The sperm count parameters were also 
obtained by the method described in the WHO 
recommendations (24). Briefly, 5 µl aliquot of 
epididymal sperm was diluted with 95 µl of 
diluents (0.35% formalin  containing 5% NaH-
CO3 and 0.25% trypan blue, Merck, Germany), 
and approximately 10 µl of this diluted speci-
men was transferred to the counting chambers 
of the haemocytometer. The cells were counted 
with a light microscope at ×40 magnification. 

For morphological abnormalities, sperm smears 
were drawn on slides and allowed to air-dry 
overnight.  Slides were stained with 1% eosin-
Y⁄5% nigrosin (Merck, Germany) and exam-
ined at ×40 magnification. Amorphous, hook 
less, bicephalic, coiled or abnormal tails were  
considered as the morphological abnormalities 
(25). The total percentages of abnormal and 
normal sperm were then calculated.

Histopathological evaluation of spermatogenesis

Either the number of germinal cell layers or 
Johnson’s score were measured for categoriz-
ing spermatogenesis in the testes. According to 
Miller et al. (26) description, the number of ger-
minal epithelial layers was counted in 10 semi-
niferous tubules. Based on Johnson’s method, 
a score of 1-10 was applied for each cross-sec-
tioned tubule (27).

Apoptosis in reproductive tissues of rats 

Germ cell apoptosis was evaluated by terminal 
deoxynucleotidyl transferase (TdT) enzymemedi-
ated dUTP nick end labeling (TUNEL) assay kit 
(Roche, Germany). Briefly, 5-µm thick paraffin-
embedded sections were microwave-pretreated in 
10 mM citrate buffer (Merck, Germany, pH=6.0) 
for 10 minutes. Sections were incubated with 
blocking solution (3% H2O2 in methanol, Merck, 
Germany) for 10 minutes, then were washed with 
phosphate-buffered saline (PBS, Merck, Germa-
ny).  The specimens were incubated with TUNEL 
reaction mixture (TdT and nucleotide mixtures in 
reaction buffer) at 37˚C for 60 minutes.  Finally 
the slides were stained with converter-POD (ant-
ifluorescein antibody, Fab fragment from sheep, 
conjugated with horse-radish peroxidase-POD) for 
30 minutes. 

The 3, 3΄- Diaminobenzidine (DAB) substrate  
(Roche, Germany) was applied for color develop-
ment. TUNEL positive cells exhibited a brown nu-
clear stain.  In each group, the number of stained 
cells was counted in 100 seminiferous tubules.  
The number of stained germ cells was counted. 
Apoptotic index-1 (AI-1) was defined as the num-
ber of apoptotic TUNEL-positive cells per 100 tu-
bules and apoptotic index-2 (AI-2) as the number 
of tubules containing apoptotic cells per 100 tu-
bules. All of measurements were performed by an 
expert technician who was blinded to the experi-



CELL JOURNAL(Yakhteh), Vol 17, No 2, Summer 2015          325

Shokri et al.

ment procedure.

Caspase-3 activity assay 

Briefly, lysis buffer at pH=7.5, including 10 
mM Tris-HCL, 10 mM NaH2PO4/NaHPO4, 130 
mM NaCl, 1% Triton-X100 and 10 mM NaPPi,  
all materials were purchased from Merck prod-
ucts-Germany that were added to the testes tis-
sue samples and lysates were incubated at 4˚C 
for 20 minutes. The lysates were centrifuged at 
14000 rpm and stored in liquid nitrogen for fur-
ther analysis. Next 100 ml proteins from lysates 
were incubated with Ac-DEVD-pNA in a 96-
well plate at 37˚C for 1 hour, and colorimet-
ric substrate (DEVD-AFC, Biomol, Plymouth 
Meeting, PA, USA) was preferentially cleaved 
by caspase- 3. The amounts of 7-amino-4-me-
thyl-coumarin (AMC) were monitored 1 hour 
with a plate reader (Anthos2020, USA) and ab-
sorption was measured, normalized to the ab-
sorbance of time zero and expressed as percent 
of control.

The data were expressed as mean ± standard 
errors of the mean (SEM). The variables were 
analyzed by one-way ANOVA. When a signifi-
cance found, Tukey post hoc tests were per-
formed. All analyses were performed using the 
SPSS (SPSS Inc., Chicago, IL, USA) version 
16. The statistical significance level was set at 
P≤0.05.

Results
Table 1 shows two months exposure of animals 

to the 2.45 GHz Wi-Fi radiation in the designed 
exposure apparatus (Fig.1), indicating no signifi-
cant changes in the body weight of both 1- and 
7-hour groups.

Fig.1: Represents a schematic picture of designed apparatus as 
the exposure system. Box dimension was 180 cm×80 cm×70 cm.  
Two Wi-Fi antennas (NanoStation Loco M2, 2.45 GHz, 8.5 dBi, 
Ubiquiti Networks, Inc. USA) were placed at the center of two 
sides of the chamber. Animal cages were placed between two 
antennas.

Despite right and left seminal vesicles, 1 hour 
and 7 hours chronic exposure caused no signifi-
cant changes in the relative weight of testicles or 
other accessory sex organs. The relative weight 
of both right and left seminal vesicles reduced 
significantly (P≤0.001) following two months 
chronic exposure of animals to the 2.45 GHz 
Wi-Fi radiation either for 1 hour per day or 7 
hours per day (Table 1). 

Table 1: The effect of chronic exposure to the 2.45 GHz Wi-Fi radiation on the weights of testis, epididymis, prostate and seminal vesicle 
in mature male rats 

Weight  

gain (g)

Relative 

Ventral prostate 

weight (%)

Relative left 

Seminal vesicle 

weight (%)

Relative right 

Seminal vesicle 

weight (%)

Relative left 

epididymis 

weight (%)

Relative right 

epididymis 

weight (%)

Relative left 

testis 

weight (%)

Relative right

 testis 

weight (%)

Groups

59.37 ± 3.830.18 ± 0.010.16 ± 0.010.18 ± 0.010.18 ± 0.00.19 ± 0.00.45 ± 0.010.43 ± 0.01Control

40.11 ± 8.900.19 ± 0.00.08 ± 0.0110.08 ± 0.010.18 ± 0.00.18 ± 0.00.43 ± 0.010.42 ± 0.011-hour 
group

50.54 ± 6.880.22 ± 0.010.09 ± 0.010.08 ± 0.0210.17 ± 0.00.17 ± 0.00.42 ± 0.010.41 ± 0.017-hour 
group

Values are expressed as mean ± standard errors of the mean (SEM). Chronic exposure to the 2.45 GHz Wi-Fi radiation caused sig-
nificant differences in the relative weights of both right and left seminal vesicles. The right and left seminal vesicles column were 
compared with the control group. 1-hour group; exposed to the 2.45 GHz Wi-Fi radiation one hour per day during two months (1 
hour/day/2 months). 7-hour group; exposed to the 2.45 GHz Wi-Fi radiation seven hour per day during two months (7 hour/day/2 
months).1; P value≤0.001.
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We examined the proportion of the different 
sperm motility grades as shown in figure 2. Two 
months exposure to the 2.45 GHz Wi-Fi radiation 
caused significant changes on the sperm motility 
parameters (Fig.2). Although the percentage of pro-
gressive sperm showed no significant differences 
in the experimental groups, the percentages of total 
motility parameters, considered as the percentage of 
progressive and motile sperm, reduced significantly 
in both 1- and 7-hour groups. Therefore, our findings 
showed a significant reduction in the percentage of 
motile sperm in 1-hour (27.75 ± 1.27 vs. 44.89 ± 0.81, 
P≤0.001) and 7-hour (31.87 ± 1.58 vs. 44.89 ± 0.81, 
P≤0.001) groups as compared to control group.

Fig.2: The effect of chronic exposure to the 2.45 GHz Wi-Fi radia-
tion on total percentage of progressively motile sperm. Values are 
expressed as mean ± standard errors of the mean (SEM). *; P val-
ue≤0.001. 

Table 2 shows that chronic exposure to the 2.45 
GHz Wi-Fi radiations showed a clear negative im-
pact on the concentration parameters. Sperm sam-
ples from both 1-hour (P≤0.001) and 7-hour groups 
(P≤0.05) exhibited a significant lower concentration 
as compared to the control group.  In parallel with 
the sperm count reduction, the proportion of normal 
to abnormal sperm showed a similar reduction in the 
both 1- and 7-hour groups.

Table 2: The effect of chronic exposure to the 2.45 GHz Wi-Fi 
radiations on the concentration parameters

7-hour group 1-hour groupControl

2.68 ± 1.2612.16 ± 2.7723.49 ± 1.72Sperm count (×106/ml)

83.68 ± 0.90178.66 ± 1.22287.34 ± 1.05Normal sperm (%)

Values are expressed as mean ± standard errors of the mean (SEM). 
The 1-hour and 7-hour groups were compared to the control ones. 
1-hour group: exposed to the 2.45 GHz Wi-Fi radiation one hour per 
day during two months (1 hour/day/2 months). 7-hour group: ex-
posed to the 2.45 GHz Wi-Fi radiation seven hour per day during two 
months (7 hour/day/2 months). 1; P≤0.05 and 2; P≤0.001.

Table 3 shows that the 1-hour group exposed 
to the 2.45 GHz Wi-Fi radiations demonstrated a 
normal architecture of the seminiferous tubules 
and interstitial tissue. The germinal epithelium 
of testis was intact with an average thickness of 
about five cell layers. On the contrary, 7-hour 
group exposed to the 2.45 GHz Wi-Fi radiations 
caused a significant decrease in both the num-
ber of germ cell layers (P≤0.01) and the mean 
testicular score (P≤0.001). Quantitative and de-
scriptive analysis of TUNEL stained slides in 
figure 3A and B respectively, show that in par-
allel with the significant reduction in both the 
number of germ cell layers and the Johnson’s 
criteria of the 7-hour group, evaluation of apop-
totic  indexes showed a significant increase in the 
either the number of apoptotic cells (P≤0.001) 
or positive tubules per 100 tubules (P≤0.001) in 
the same group. As it is shown in the figure 4, 
the increased level of caspase-3 can be a good 
explanation for testicular apoptosis occurring 
in the testis of 7-hour animals. Interestingly, 
lack of significant differences in the number of 
germ cell layers and the mean testicular score 
of 1-hour group was accompanied with lack of 
significant criteria in apoptotic indexes and the 
caspase-3 concentration. However, two experi-
mental groups showed a significant differences 
in apoptotic indexes, caspase 3 activity and 
Johnson’s criteria.

Table 3: The Effects of chronic exposure to the 2.45 GHz Wi-Fi 
radiations on apoptosis of spermatogenesis 

Number of 

germ cell layers

Johnson’s 

criteria

5.58 ± 0.089.48 ± 0.14Control

5.61 ± 0.059.24 ± 0.051-hour group

5.25 ± 0.051*8.75 ± 0.062*7-hour group

Values are expressed as mean ± standard errors of the mean 
(SEM). The 1-hour and 7-hour groups were compared to the 
control ones. 1; P≤0.01, 2;  P≤0.001 and *; The comparison be-
tween 1-hour  and 7-hour groups. 1-hour group: exposed to the 
2.45 GHz Wi-Fi radiation one hour per day during two months 
(1 hour/day/2 months). 7-hour group: exposed to the 2.45 GHz 
Wi-Fi radiation seven hour per day during two months (7 hour/
day/2 months). P≤0.001.
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Fig.3: A. The effect of chronic exposure to the 2.45 GHz Wi-Fi radiation on the apoptotic indexes as either number of apoptotic terminal 
deoxynucleotidyl transferase (TdT) enzyme mediated dUTP nick end labeling (TUNEL)-positive cells per 100 tubules (AI-1) or the number 
of tubules containing apoptotic cells per 100 tubules (AI-2). Values are expressed as mean ± standard errors of the mean (SEM).  The 
1-hour and 7-hour groups were compared to the control ones.  ***; P≤0.001, **; P≤0.01 and *; P≤0.05 and B. The effect of chronic ex-
posure to the 2.45 GHz Wi-Fi radiation on the apoptosis of spermatogenic cell line. Control group (a. magnification ×10, b. magnification 
×40 and c. magnification ×100). 1-hour group (d. magnification ×10, e. magnification ×40 and f. magnification ×100). 7-hour group (g. 
magnification ×10, h. magnification ×40 and i. magnification ×100). (scale bar=100 µm) arrows show apoptotic cells. 

Fig.4: The effect of chronic exposure to the 2.45 GHz Wi-Fi radiation on the concentration of caspase-3. Values are expressed as mean ± 
standard errors of the mean (SEM). *; P≤0.001.
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Discussion
Decline in male fertility, as one of parameters in 

this study, is considered as a major concern dur-
ing the past several decades. It has been suggested 
that direct or indirect exposure to RF-EMW as the 
main environmental factor plays a dominant role 
in the observed decline (28).  The 2400-2500 GHz 
radio frequency emitting from Wi-Fi-enabled de-
vices has a long exposure time over a very wide 
area (2, 19, 21). Hence, this transmitted energy can 
be absorbed by human body (8, 29).

No deleterious effects of 2.4 GHz Wi-Fi expo-
sure on the body weight and reproductive organ 
weights were observed in the either 1- or 7-hour 
groups; however, exposure effect on the seminal 
vesicle weights was observed.  This present re-
sult is in line with previous reported animal ex-
periment that demonstrated no adverse effects of 
2.45 GHz radio-frequency exposure on the body 
weight (14) as well as testis and prostate weights 
(15, 19). Interestingly, 1 hour and 7 hours expo-
sure caused a decline in seminal vesicles weight in 
comparison to related value of the control group.  
Although there is no previous report indicating 
the deleterious effect of 2.45 GHz radiation on 
seminal vesicles, khaki et al. (30) showed that 
50 Hz non-ionizing radiation during two months 
caused a decrease in seminal vesicles weight.  It 
is noted that epithelial cell proliferation in the 
seminal vesicles is testosterone-dependent (31). 
It has been shown that RF-EMF exposure proba-
bly reduces the serum testosterone in experimen-
tal animals (32, 33).

Alternatively, deficiency in blood testosterone 
can alter epithelial proliferation in the seminal 
vesicles. Specifically, Kumar et al. (11) showed 
that long-term exposure of 2.45 GHz radiation 
from microwave source can reduce the level 
of serum testosterone in rats. Consequently, 
we speculated that the reduced seminal vesicle 
weight following 2.45 GHz exposure is likely to 
be related to the reduction of serum testosterone 
in rats.

Some evidences have indicated that sperm ab-
normalities are frequent following exposure to 
RF-EMW (34, 35). We found that sperm concen-
tration, motility and morphology were affected 
significantly by exposure to the 2.45 GHz RFR 

from a Wi-Fi antenna. The observed effects were 
dependent on the longevity of exposure per day. 
Recent in vitro pilot studies on the effect of expo-
sure of the 2.45 GHz RFR on human ejaculated se-
men found changes in the motility and DNA frag-
mentation of exposed sperm (12, 13). Kim et al. 
(20) found no significant reduction in the epididy-
mal sperm count after exposure of rats to the 2.45 
GHz EMF [a designed magnetron (Samsungelec-
tronics, Korea) operating at 2.45 GHz by Institute 
of Biomedical Engineering, Yeungnam University, 
Daegu, Korea] for 1 hour or 2 hours per day during 
8 weeks. Moreover, they reported no abnormal 
morphology in the exposed groups.

It was also shown that microwave radiation 
decreases the sperm count (20). A plausible ex-
planation for the impaired sperm motility could 
be induced oxidative stress by RF-EMW from 
Wi-Fi devices (12). Oxidation of phospholipids, 
as a major component in the sperm mitochon-
drial sheath (36), can disturb mitochondrial 
membrane potential which causes high levels 
of ROS to be released into the cytoplasm, lead-
ing to deplete the energy supply and to affect 
both sperm motility and kinetics (37, 38).  Per-
oxidation of unesterified polyunsaturated fatty 
acids in the cell membrane of spermatozoa can 
lead to cell death as well (39). However, an in 
vitro pilot study by Oni et al. (13) showed that 
1 hour exposure of 2.45 RFR from a laptop an-
tenna (a 2.4 GHz picostation by Ubiquity Net-
works, USA) had no effects on sperm concen-
tration and sperm head, whereas tail and middle 
piece defect were evitable following exposure 
to the RFR. The negative effect of chronic RF 
exposure from cell phones on the count and the 
quality of sperm was also reported in the previ-
ous researches (40, 41). Interestingly, the nega-
tive correlation between both abnormal struc-
ture and decreased motility of sperm with the 
longevity of exposure to the RFR from mobile 
phones was showed by Wdowiak et al. (42).  It 
is believed that EMF, especially extremely low 
frequency, induces free radical production that 
is responsible for sperm deformities (43).  Al-
though, the mechanism of cascade is unknown, 
it has been recently demonstrated that depletion 
in the activity of both histone kinase and pro-
tein kinase may serve as a measure of micro-
wave EMF’s ability to affect spermatogenesis 
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and cell cycle in sperm (8).

In the testis tissue of the animals exposed to 7 
hours of 2.45 GHz Wi-Fi radiation for 60 days, 
the number of germinal cell layers (5.25 ± 0.05 
vs. 5.58 ± 0.08, P≤0.01) and Johnson’s score 
(8.75 ± 0.06 vs. 9.48 ± 0.14, P≤0.001) showed 
a significant reduction as compared to control 
group.  In parallel, the profound DNA damage in 
7-hour group was accompanied with an increase 
in the activity of caspase-3. In accordance with 
these findings, several authors focused mainly 
on the destructive effects of RFR on the germi-
nal cell layers of male reproductive organ (11, 
14, 15, 19-20, 32, 34, 41).  It is shown that 2.45 
GHz microwave radiation decreases the diam-
eters of seminiferous tubule (41, 44). Saygin et 
al. (7) showed changes in histopathology and 
apoptosis status of rat testis under exposure to 
2.45-GHz EMF, at 3.21 W/kg specific absorp-
tion rate for 60 minutes/day for 28 days. 

On the other hand, Poulletier de Gannes et al. 
(14) found no microscopic lesions in the tes-
tes of male Wistar rats by exposing animals 
to the 2450 MHz Wi-Fi signal (1 hour/day, 6 
days/week, 0.08 and 4 specific absorption rate). 
Moreover, Kim et al. (20) showed that both the 
measured diameter of seminiferous tubule and 
average Johnson’s score of testicular biopsy 
did not change significantly by exposure to the 
2.45 GHz EMF (1 hour or 2 hours per day/8 
weeks, 1.41W/Kg and 60.1 mV/m electric field 
intensity.  Although they observed no signifi-
cant difference in the number of spermatids, a 
significant difference was seen in the number 
of spermatocytes between the control and ex-
posed group. Atasoy et al. (15) applied stand-
ard wireless gateways (2.437 GHz, 24 hours a 
day for 20 weeks) and their results showed that 
median values of testicular biopsy score, using 
Johnson’s scale, were significantly lower in the 
exposed than the control group. They attributed 
the occurrence of DNA damage to the decreased 
levels of catalase and glutathione peroxidase 
activity as a consequence of 2.45 GHz RF that 
led to induce oxidative stress. Apoptosis is in-
duced by ROS through cytochrome C and cas-
pases-3 and -9 which in turn leads to a high rate 
of single and double DNA strand break (45).  

Actually, caspase-3 is a key mediator of apop-
tosis (46).

It is showed that 2.45-GHz microwave exposure 
(2 hours per day/ 2 months) increases caspase and 
creatine kinase activities and decreases melatonin 
level in the testes of exposed rats (11). The role 
of 2.45-GHz EMF in inducing oxidative stress 
by enhancing the lipid peroxidation, free radical 
formation and modifying antioxidant systems has 
been approved previously (19, 47, 48). Interest-
ingly, the 2.45 GHz induced oxidative stress was 
attributed to the reduced levels of testosterone and 
non-enzymatic antioxidants such as vitamin A and 
E (19, 32).

Conclusion

High frequency, specifically 2.45 GHz Wi-Fi 
radiation, induces a decrease in sperm parameters 
along with an increase in apoptosis-positive cells 
and caspase-3 activity in the seminiferous tubules 
of Wistar rats, specially in 7-hour group.  It re-
duced seminal vesicle weight following 2.45 GHz 
exposure. Considering the progressive privilege of 
2.45 GHz wireless networks in our environment, 
we concluded that there should be a major concern 
about the time-dependent exposure of our body to 
the higher frequencies of Wi-Fi antenna. 

Acknowledgments

This project was financially supported by a grant 
from the Vice Chancellor of Zanjan University 
of Medical Sciences and Science and Research 
Branch of Islamic Azad University of Tehran. The 
authors indicate no potential conflict of interest. 

References
1. Bolte JF, Eikelboom T. Personal radiofrequency electro-

magnetic field measurements in The Netherlands: expo-

sure level and variability for everyday activities, times of 
day and types of area. Environ Int. 2012; 48: 133-142.

2. Viel JF, Cardis E, Moissonnier M, de Seze R, Hours M. 
Radiofrequency exposure in the French general popula-

tion: band, time, location and activity variability. Environ 
Int. 2009; 35(8): 1150-1154.

3. Crouzier D, Testylier G, Perrin A, Debouzy JC. Which neu-

rophysiologic effects at low level 2.45 GHz RF exposure?. 
Pathol Biol (Paris). 2007; 55(5): 235-241.

4. Wang J, Sakurai T, Koyama S, Komatubara Y, Suzuki Y, 
Taki M, et al. Effects of 2450 MHz electromagnetic fields 
with a wide range of SARs on methylcholanthrene-in-

duced transformation in C3H10T1/2 cells. J Radiat Res. 
2005; 46(3): 351-361.

5. Boivin J, Bunting L, Collins JA, Nygren KG. International 
estimates of infertility prevalence and treatment-seeking: 



          CELL JOURNAL(Yakhteh), Vol 17, No 2, Summer 2015 330

Effects of 2.45 GHz Wi-Fi Radiation on The Testis

potential need and demand for infertility medical care. 
Hum Reprod. 2007; 22(6): 1506-1512.

6. Skakkebaek NE, Jorgensen N, Main KM, Rajpert-De Mey-

ts E, Leffers H, Andersson AM, et al. Is human fecundity 
declining?. Int J Androl. 2006; 29(1): 2-11.

7. Saygin M, Caliskan S, Karahan N, Koyu A, Gumral N, 
Uguz A. Testicular apoptosis and histopathological chang-

es induced by a 2.45 GHz electromagnetic field. Toxicol 
Ind Health. 2011; 27(5): 455-463.

8. Kumar S, Kesari KK, Behari J. Influence of microwave ex-

posure on fertility of male rats. Fertil Steril. 2011; 95(4): 
1500-152.

9. Naziroglu M, Gumral N. Modulator effects of L-carnitine 
and selenium on wireless devices (2.45 GHz)-induced 
oxidative stress and electroencephalography records in 
brain of rat. Int J Radiat Biol. 2009; 85(8): 680-689.

10. Hossmann KA, Hermann DM. Effects of electromagnetic 
radiation of mobile phones on the central nervous system. 
Bioelectromagnetics. 2003; 24(1): 49-62.

11. Kumar S, Kesari KK, Behari J. The therapeutic effect of a 
pulsed electromagnetic field on the reproductive patterns 
of male Wistar rats exposed to a 2.45-GHz microwave 
field. Clinics (Sao Paulo). 2011; 66(7): 1237-1245.

12. Avendano C, Mata A, Sanchez Sarmiento CA, Doncel GF. 
Use of laptop computers connected to internet through Wi-
Fi decreases human sperm motility and increases sperm 
DNA fragmentation. Fertil Steril. 2012; 97(1): 39-45. e2.

13. Oni  OM, Amuda DB, Gilbert CE. Effects of radiofrequency 
radiation from WiFi devices on human ejaculated semen. 
Int J Res Rev Appl Sci. 2011; 9(2): 292-294.

14. Poulletier de Gannes F, Billaudel B, Haro E, Taxile M, Le 
Montagner L, Hurtier A, et al. Rat fertility and embryo fetal 
development: influence of exposure to the Wi-Fi signal. 
Reprod Toxicol. 2013; 36: 1-5.

15. Atasoy HI, Gunal MY, Atasoy P, Elgun S, Bugdayci G. Im-

munohistopathologic demonstration of deleterious effects 
on growing rat testes of radiofrequency waves emitted 
from conventional Wi-Fi devices. J Pediatr Urol. 2013; 
9(2): 223-229.

16. Gumral N, Naziroglu M, Koyu A, Ongel K, Celik O, Saygin 
M, et al. Effects of selenium and L-carnitine on oxidative 
stress in blood of rat induced by 2.45-GHz radiation from 
wireless devices. Biol Trace Elem Res. 2009; 132(1-3): 
153-163.

17. Kim MJ, Rhee SJ. Green tea catechins protect rats from 
microwave-induced oxidative damage to heart tissue. J 
Med Food. 2004; 7(3): 299-304.

18. Aweda MA, Gbenebitse S, Meidinyo RO. Effects of 2.45 
GHz microwave exposures on the peroxidation status in 
Wistar rats. Niger Postgrad Med J. 2003; 10(4): 243-246.

19. Oksay T, Naziroglu M, Dogan S, Guzel A, Gumral N, Ko-

sar PA. Protective effects of melatonin against oxidative 
injury in rat testis induced by wireless (2.45 GHz) devices. 
Andrologia. 2012. (In Press)

20. Kim JY, Kim HT, Moon KH, Shin HJ. Long-term exposure 
of rats to a 2.45 GHz electromagnetic field: effects on re-

productive function. Korean J Urol. 2007; 48(12): 1308-
1314.

21. Foster KR. Radiofrequency exposure from wireless LANs 
utilizing Wi-Fi technology. Health Phys. 2007; 92(3): 280-
289.

22. Johansson O. Disturbance of the immune system by 
electromagnetic fields-A potentially underlying cause for 
cellular damage and tissue repair reduction which could 
lead to disease and impairment. Pathophysiology. 2009; 
16(2-3): 157-177.

23. Chung MK, Lee SJ, Kim YB, Park SC, Shin DH, Kim SH, 
et al. Evaluation of spermatogenesis and fertility in F1 

male rats after in utero and neonatal exposure to extreme-

ly low frequency electromagnetic fields. Asian J Androl. 
2005; 7(2): 189-194.

24. World Health Organization. WHO laboratory manual for 
the examination and processing of human semen. 5th ed. 

Geneva: WHO Press; 2010; 21-26. 
25. Wyrobek AJ, Gordon LA, Burkhart JG, Francis MW, Kapp 

RW Jr, Letz G, et al. An evaluation of the mouse sperm 
morphology test and other sperm tests in nonhuman 
mammals. A report of the U.S. Environmental Protection 
Agency Gene-Tox Program. Mutat Res. 1983; 115(1): 
1-72.

26. Miller DC, Peron SE, Keck RW, Kropp KA. Effects of hy-

pothermia on testicular ischemia. J Urol. 1990; 143(5): 
1046-1048.

27. Johnsen SG. Testicular biopsy score count--a method for 
registration of spermatogenesis in human testes: normal 
values and results in 335 hypogonadal males. Hormones. 
1970; 1(1): 2-25.

28. Agarwal A, Desai NR, Ruffoli R, Carpi A. Lifestyle and tes-

ticular dysfunction: a brief update. Biomed Pharmacother. 
2008; 62(8): 550-553.

29. Paulius K, Napoles P, Maguina P. Thigh burn associated 
with laptop computer use. J Burn Care Res. 2008; 29(5): 
842-844.

30. Khaki AA, Zarrintan S, Khaki A, Zahedi A. The effects of 
electromagnetic field on the microstructure of seminal 
vesicles in rat: a light and transmission electron micro-

scope study. Pak J Biol Sci. 2008; 11(5): 692-701.
31. Justulin LA Jr, Ureshino RP, Zanoni M, Felisbino SL. Dif-

ferential proliferative response of the ventral prostate and 
seminal vesicle to testosterone replacement. Cell Biol Int. 
2006; 30(4): 354-364.

32. Kesari KK, Behari J. Evidence for mobile phone radiation 
exposure effects on reproductive pattern of male rats: role 
of ROS. Electromagn Biol Med. 2012; 31(3): 213-222.

33. Meo SA, Al-Drees AM, Husain S, Khan MM, Imran MB. 
Effects of mobile phone radiation on serum testosterone 
in Wistar albino rats. Saudi Med J. 2010; 31(8): 869-873.

34. Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, 
Sabanegh E, et al. Effects of radiofrequency electromag-

netic waves (RF-EMW) from cellular phones on human 
ejaculated semen: an in vitro pilot study. Fertil Steril. 2009; 
92(4): 1318-1325.

35. De Iuliis GN, Newey RJ, King BV, Aitken RJ. Mobile phone 
radiation induces reactive oxygen species production and 
DNA damage in human spermatozoa in vitro. PLoS One. 
2009; 4(7): e6446.

36. Plante M, de Lamirande E, Gagnon C. Reactive oxygen 
species released by activated neutrophils, but not by de-

ficient spermatozoa, are sufficient to affect normal sperm 
motility. Fertil Steril. 1994; 62(2): 387-393.

37. Mahfouz R, Sharma R, Thiyagarajan A, Kale V, Gupta S, 
Sabanegh E, et al. Semen characteristics and sperm DNA 
fragmentation in infertile men with low and high levels of 
seminal reactive oxygen species. Fertil Steril. 2010; 94(6): 
2141-2146.

38. Pasqualotto FF, Sharma RK, Nelson DR, Thomas AJ, 
Agarwal A. Relationship between oxidative stress, semen 
characteristics, and clinical diagnosis in men undergoing 
infertility investigation. Fertil Steril. 2000; 73(3): 459-464.

39. Aitken RJ, Wingate JK, De Iuliis GN, Koppers AJ, 
McLaughlin EA. Cis-unsaturated fatty acids stimulate re-

active oxygen species generation and lipid peroxidation 
in human spermatozoa. J Clin Endocrinol Metab. 2006; 
91(10): 4154-4163.

40. Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Ef-
fect of cell phone usage on semen analysis in men attend-



CELL JOURNAL(Yakhteh), Vol 17, No 2, Summer 2015          331

Shokri et al.

ing infertility clinic: an observational study. Fertil Steril. 
2008; 89(1): 124-128.

41. Kesari KK, Kumar S, Behari J. Mobile phone usage and 
male infertility in Wistar rats. Indian J Exp Biol. 2010; 
48(10): 987-992.

42. Wdowiak A, Wdowiak L, Wiktor H. Evaluation of the effect 
of using mobile phones on male fertility. Ann Agric Environ 
Med. 2007; 14(1): 169-172.

43. Hong R, Liu Y, Yu YM, Hu K, Weng EQ. [Effects of ex-

tremely low frequency electromagnetic fields on male re-

production in mice]. Zhonghua Lao Dong Wei Sheng Zhi 
Ye Bing Za Zhi. 2003; 21(5): 342-345.

44. Dasdag S, Ketani MA, Akdag Z, Ersay AR, Sari I, Demir-
tas OC, et al. Whole-body microwave exposure emitted by 
cellular phones and testicular function of rats. Urol Res. 

1999; 27(3): 219-223.
45. Said TM, Paasch U, Glander HJ, Agarwal A. Role of cas-

pases in male infertility. Hum Reprod Update. 2004; 10(1): 
39-51.

46. Porter AG, Janicke RU. Emerging roles of caspase-3 in 
apoptosis. Cell Death Differ. 1999; 6(2): 99-104.

47. Amara S, Abdelmelek H, Garrel C, Guiraud P, Douki T, 
Ravanat JL, et al. Effects of subchronic exposure to static 
magnetic field on testicular function in rats. Arch Med Res. 
2006; 37(8): 947-952.

48. Kesari KK, Kumar S, Behari J. Effects of radiofrequency 
electromagnetic wave exposure from cellular phones on 
the reproductive pattern in male Wistar rats. Appl Biochem 
Biotechnol. 2011; 164(4): 546-559.



!
!
!

Attachment!12!

















!
!
!

Attachment!13!



Use of laptop computers connected
to internet through Wi-Fi decreases
human sperm motility and increases
sperm DNA fragmentation
Conrado Avenda~no, M.S.,a Ariela Mata, M.S.,a C!esar A. Sanchez Sarmiento, M.D., Ph.D.,a

and Gustavo F. Doncel, M.D., Ph.D.b

a NascentisMedicina Reproductiva, C!ordoba, Argentina; and b CONRAD, Department ofObstetrics andGynecology, Eastern VirginiaMedical
School, Norfolk, Virginia

Objective: To evaluate the effects of laptop computers connected to local area networks wirelessly (Wi-Fi) on human spermatozoa.
Design: Prospective in vitro study.
Setting: Center for reproductive medicine.
Patient(s): Semen samples from 29 healthy donors.
Intervention(s): Motile sperm were selected by swim up. Each sperm suspension was divided into two aliquots. One sperm aliquot (experimental) from
each patient was exposed to an internet-connected laptop by Wi-Fi for 4 hours, whereas the second aliquot (unexposed) was used as control, incubated
under identical conditions without being exposed to the laptop.
Main Outcome Measure(s): Evaluation of sperm motility, viability, and DNA fragmentation.
Result(s): Donor sperm samples, mostly normozoospermic, exposed ex vivo during 4 hours to a wireless internet-connected laptop showed a significant
decrease in progressive spermmotility and an increase in sperm DNA fragmentation. Levels of dead sperm showed no significant differences between the
two groups.
Conclusion(s): To our knowledge, this is the first study to evaluate the direct impact of laptop use on human spermatozoa. Ex vivo exposure of human
spermatozoa to a wireless internet-connected laptop decreased motility and induced DNA fragmentation by a nonthermal effect. We speculate that
keeping a laptop connected wirelessly to the internet on the lap near the testes may result in decreased male fertility. Further in vitro and in vivo
studies are needed to prove this contention. (Fertil Steril! 2012;97:39–45. "2012 by American Society for Reproductive Medicine.)
Key Words: Laptop computer, Wi-Fi, sperm quality, fertility, sperm DNA fragmentation

I n recent years, the use of portable
computers (laptops, connected to
local area networks wirelessly, also

known as Wi-Fi) has increased dramat-
ically. Laptops have become indispens-
able devices in our daily life, offering
flexibility and mobility to users. People
using Wi-Fi may be exposed to radio
signals absorbing some of the transmit-
ted energy in their bodies. Portable
computers are commonly used on the
lap (1–3), therefore exposing the
genital area to radio frequency

electromagnetic waves (RF-EMW) as
well as high temperatures (3, 4).

Infertility is a common worldwide
condition that affects more than 70
million couples of reproductive age
(5). It has been suggested that male fer-
tility has declined during the past sev-
eral decades (6). Such decline has been
attributed to the direct or indirect expo-
sure to certain environmental factors
such as RF-EMW (7).

Extremely low frequency magnetic
fields can initiate a number of biochemi-

cal and physiological alterations in
biological systems of different species
(8–12). Many of these effects have been
associated with free-radical production
(13, 14). Free radicals are causative
factors of oxidative damage of cellular
structures and molecules such as lipids,
proteins, and nucleic acids. Free radicals
react with polyunsaturated fatty
acids in cell membranes promoting
a process called lipid peroxidation. In
human spermatozoa the presence of
unesterified polyunsaturated fatty acids
is causally associated with the induction
of reactive oxygen species (ROS)
generation and lipid peroxidation (15).
Damage may occur at the membrane
level, leading to immotility and cell
death, or at the DNA level. DNA integrity
is essential to normal conception.
Sperm DNA fragmentation has been
associated with impaired fertilization,
poor embryonic development, high
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rates of miscarriage, and increased incidence of morbidity in the
offspring, including childhood cancer (16, 17). It has
been proposed that genetic and environmental factors would
be involved in the etiology of sperm DNA damage (18).

The RF-EMW from mobile phones may cause DNA
damage (19), in addition to decreased motility and viability
(20, 21). Increased levels of intracellular ROS (22) would be
the cause of these deleterious effects.

Portable computers using Wi-Fi emit RF-EMW and are
typically positioned close the male reproductive organs. Their
potential negative effects on male germ cells have not been
elucidated. To assess this potential association we used an
in vitro model incubating human sperm in the presence of
an active portable computer connected to the internet by
Wi-Fi. Sperm viability, motility, and DNA fragmentation
were the main study end points.

MATERIALS AND METHODS
Subjects
Use of these samples for research purposes was approved by
the Institutional Ethics Committee of Nascentis Medicina Re-
productiva, C!ordoba, Argentina, and all participants gave
written informed consent. Twenty-nine semen samples were
collected by masturbation from healthy donors after 2–5
days of sexual abstinence. After liquefaction, sperm concen-
tration and motility were determined by light microscopy, us-
ing a Makler chamber (Mid Atlantic Diagnostics Inc.). Sperm
morphology was examined at !1,000 oil immersion micros-
copy by strict criteria after staining with the Papanicolau
method as previously described (23). Preparation and
assessment were performed by a single experienced operator.
Semen samples with more than 0.5 million/mL of peroxidase-
positive leukocytes were discarded and not used in the study.

Motile spermatozoa were selected by swim up performed
in modified human tubal fluid (HTF; Irvine Scientific) supple-
mented with 10% synthetic serum substitute (SSS; Irvine).
Briefly, each sperm sample was diluted 1:1 with modified
HTF and then centrifuged at 300 ! g for 10 minutes. The su-
pernatant was discarded and the pellet was gently layered
with 1 mL of modified HTF/SSS and incubated at 37"C, at
a 45" angle, for 1 hour. After the incubation period, the top
0.5 mL of the supernatant, which is enriched in the motile
sperm, was withdrawn carefully and sperm concentration
and motility were determined. The sperm concentration was
adjusted to 10–20 million/mL with modified HTF/SSS.

Each sperm suspension sample was aliquoted in two frac-
tions (A and B) and a drop of 400 mL was placed in 35 ! 10
mm Petri dishes (Falcon 3001). This was covered with 3 mL of
embryo oil (Irvine) to avoid evaporation. Fractions Bwere incu-
bated under a laptop computer. Fractions A (control group)
were incubated under similar conditions without the computer.

Incubation of Spermatozoa Under Laptop
For each sperm sample, one of the dishes (fraction B) was in-
cubated at room temperature under a laptop computer (Tosh-
iba Satellite M305D-S4829) connected to the internet
wirelessly (Wi-Fi, frequency 2.4 GHz defined by IEEE

802.11b). To induce the greatest possible effect, the laptop
worked actively (uploading and downloading information)
throughout the period of exposure (24). To maximize the like-
lihood of observing deleterious effects the distance between
the computer and each specimen was kept constant at 3 cm.
This distance was the estimated distance between the com-
puters resting on the lap and the testis/epididymis (Fig. 1B
and C). The duration of exposure was 4 hours (Fig. 1A). The
temperature under the laptop was kept at 25"C during the in-
cubation time by an air conditioning system. The temperature
on each medium drop was thoroughly controlled by an IVF
Thermometer (Research Instruments) and recorded every 5
minutes. Unexposed aliquots (fraction A) were used as control
and kept under identical temperature and conditions in an-
other room away from any computers or electronic devices.
After the incubation period, sperm vitality, motility, and
DNA fragmentation were determined on each aliquot.

Vitality and Motility
Sperm vitality was evaluated by eosin stain according to
specifications of the World Health Organization (25). Sperm
motility was assessed microscopically using a Makler cham-
ber (Mid Atlantic Diagnostics Inc.), and sperm movement
was classified as progressive motility, nonprogressive motil-
ity, and immotility.

TUNEL Assay
Sperm DNA fragmentation was evaluated with TUNEL assay
using the in situ cell death detection kit, fluorescein (Roche
Diagnostics GmbH). The assay uses fluorescein-dUTP to label
single and double DNA strand breaks according to manufac-
turer’s instructions and was performed as previously de-
scribed (26). Briefly, spermatozoa were fixed with
paraformaldehyde (final concentration 2%, permeabilized
with 0.1% Triton X-100) and incubated in the dark at 37"C
for 1 hour in TUNEL reaction mixture containing 0.5 IU/mL
of calf thymus terminal deoxynucleotidyl transferase and
fluorescein-dUTP. Negative (omitting the enzyme terminal
transferase) and positive (using deoxyribonuclease I,
1 U/mL for 20 minutes at room temperature) controls were
included in each experiment. Mounting medium for fluores-
cence (Vectashield, Vector Laboratories) was added before
the evaluation to prevent fluorescence quenching. A total of
500 cells were randomly analyzed per sample in a Zeiss Axi-
oplan (Carl Zeiss MicroImaging) microscope with a!1,000 oil
immersion objective. Each sperm cell was classified as having
intact DNA (no fluorescence) or fragmented DNA (green nu-
clear fluorescence). As expected, none of the cells showed
fluorescent staining in the negative control, whereas 100%
of the cells showed fragmentation in the positive control
(treated with DNase). The results were expressed as percentage
of sperm with fragmented DNA.

Power Density
A RF Field Strength Meter (Alphalab) was used to measure
radiation under the experimental conditions. The RF Field
Strength Meter detects the electric field of radio and

40 VOL. 97 NO. 1 / JANUARY 2012

ORIGINAL ARTICLE: ANDROLOGY



microwaves from 0.5 MHz–3 GHz, and expresses the field
strength as power density (0.001–2,000mW/cm2). The RF Field
Strength Meter is directional and detects only the component
of the electric field that has the same polarization as the long
axis of the meter. To find the highest reading, the meter was
located at the same distance as the Petri dishes and positioned
vertically and horizontally, according to the manufacturer’s
specifications. The horizontal way showed higher reading
and was recorded. Power density was monitored at the same
distance of the Petri dishes, during basal condition (no expo-
sure to laptop), laptop without Wi-Fi connection and laptop
working in Wi-Fi mode throughout the experiment.

Statistical Analysis
Data were expressed as mean # SD. The Mann-Whitney test
was used to identify differences between two groups. P< .05
was considered statistically significant.

RESULTS
Donors’ mean age was 34.1 # 5.6 years (range 26–45 years).
Semen parameters (volume, concentration, motility, vitality,
and morphology) are presented in Supplemental Table 1
(available online). Many samples showed normozoospermia,
whereas four samples showed low semen volume (LS6,
LS13, LS27, and LS29) and three (LS15, LS16, and LS25) pre-
sented isolated teratozoospermia, according to World Health
Organization reference values (25, 27).

Room and under-the-laptop temperatures were moni-
tored during the incubation time and kept at 25"C for both
sperm fractions (A and B) by an air conditioning system
(Supplemental Fig. 1, available online). The RF-EMW were
recorded every 10 minutes in both groups throughout the ex-
periment. The RF-EMW from a laptop working without Wi-Fi
connection were checked in a pilot experiment (Fig. 2). The
radiation from the computer operating with Wi-Fi was three
or more times higher than without Wi-Fi and 7–15 times
higher than basal conditions (not exposed to laptop).

Sperm parameters were evaluated after 4 hours of
incubation of motile sperm selected by swim up and exposed
to an active laptop computer under controlled temperature con-
ditions. There were no differences in the percentage of viable
sperm between the test and control groups (Fig. 3A). On the
contrary, laptop exposure induced a significant decrease in
sperm progressivemotilitywith a concomitant increase in non-
motile sperm compared with the unexposed controls (P< .05).
The percentage of nonprogressive sperm did not show statisti-
cally significant differences (Fig. 3B). Important, a significant
increase in spermDNA fragmentationwas found in the fraction
incubated under the computer comparedwith the control group
(3.3 # 6.0 vs. 8.3 # 6.6; P< .05; Fig. 4A and B).

DISCUSSION
To our knowledge, this is the first study to examine the effect
of portable computers on human spermatozoa in vitro. In the

FIGURE 1

Study design and set-up for the exposure of human sperm to laptop. (A) Experimental design. (B) Schematic situation of the use of the laptop on the
lap near the testes. (C) Diagram of the in vitro study. The Petri dishes were placed at 3 cm from a laptop computer. Each Petri dish contained a drop
of 400 mL of sperm suspension in human tubal fluid/synthetic serum substitute (HTF/SSS) covered with mineral oil to prevent evaporation.
Avenda~no. Laptop usage and sperm quality. Fertil Steril 2012.
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present study we demonstrate that laptop computers con-
nected wirelessly to the internet decrease sperm quality by
a nonthermal effect. We evaluated vitality, motility, and
DNA fragmentation in sperm selected by swim up after incu-
bation under a laptop connected to the internet by Wi-Fi. The
results demonstrate a significant decrease in sperm progres-
sive motility and a significantly higher proportion of sperm
with DNA fragmentation when samples were incubated for
4 hours under the laptop. These differences were seen in com-
parison with aliquots of the same semen samples incubated

under similar conditions but outside the proximity of any
computer or electronic device.

Several lifestyle and environmental factors may ad-
versely impact human health and, in particular, reproductive
performance (18). Approximately 15% of the sexually active
population is affected by clinical infertility and in 50% of
the cases a male factor is involved, either as a primary prob-
lem or in combination with a problem in the female partner
(28). In this regard it has been proposed that the increased
use of certain new technologies may decrease fertility

FIGURE 2

Variation of electromagnetic radiation (in microwatts per centimeter squared) during incubation time under the following experimental conditions:
CCC laptop conneted to Wi- Fi; ▬ ▬ ▬ laptop without connection to Wi-Fi; —— no laptop (basal conditions). The radio frequency
electromagnetic waves were 7–15 times higher under the laptop than in basal conditions. They were significantly decreased when the Wi-Fi
was turned off compared with the laptop working with Wi-Fi.
Avenda~no. Laptop usage and sperm quality. Fertil Steril 2012.

FIGURE 3

Laptop exposure and human sperm quality. Spermatozoa (10–20 ! 106 cells/mL) were suspended in modified human tubal fluid/synthetic serum
substitute (HTF/SSS)medium and incubated under a laptop computer connected to internet toWi-Fi (FB). Another sperm aliquot was placed outside
the reach of other computers or electronic devices (FA). Both groups were incubated for 4 hours at 25"C. (A) Percentage of dead sperm were not
significantly different between the laptop exposed and unexposed groups and the unexposed cells (9.5% # 3.3% vs. 8.9% # 3.3%, P>.05). (B)
Progressive sperm motility (PG) was significantly reduced in the group incubated under the laptop compared with that of control group (68.7% #
8.8% to 80.9% # 7.5%, *P<.01). No difference was found in the percentage of nonprogressive (NP) spermatozoa between groups. Immotile
sperm (IM) were significantly increased after laptop exposure (24.5% # 7.6% vs. 13.6% # 5.6%, *P<.01).
Avenda~no. Laptop usage and sperm quality. Fertil Steril 2012.
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potential by increasing long-term exposure to nonionizing
radiation (18).

Laptop computer usage has increased significantly in re-
cent years, especially in people of reproductive age. Fre-
quently laptops are connected to the internet through Wi-Fi
and commonly placed on the lap near the testes. Portable
computers actively generate high temperatures that can in-
crease the scrotal temperature and may produce deleterious
effects on spermatogenesis (3, 29). In addition, laptop
computers working by Wi-Fi are connected through RF-
EMW (4, 24), which may damage spermatozoa in the male
reproductive organs through microwave radiation.

To set up this study we first evaluated the radiation emit-
ted from a laptop. The radiation varied during the test and de-
pended on the flow of information between the computer and
the network to which it was connected (Fig. 2).

Overall, however, the RF-EMW were 7–15 times higher
under the laptop than under basal conditions (no laptop).
Compared with the laptop working with Wi-Fi, RF-EMW
were significantly decreased when the Wi-Fi was turned off.

It is well known that increased temperature may decrease
sperm quality (30) and the use of portable computers on the
lap increases scrotal temperature (3). Therefore to prevent
confounding thermal effects, room and incubation tempera-
tures were kept constant in both the unexposed and the
under-the-laptop groups (Fig. 1) during the incubation time.

The first relevant finding of this study was a significant
decrease in sperm progressive motility after exposure to the
laptop. A plausible explanation for the impaired sperm motil-
ity could be magnetic and electromagnetic fields inducing
oxidation of phospholipids, which are a major component
in the sperm mitochondrial sheath (31). Several studies have
shown that higher ROS values have detrimental effects on
the motility of normal human spermatozoa (15, 32).
Furthermore, it has been reported that infertile men with
high seminal ROS levels have a lower percentage of motile

sperm (27). This can be explained by a disturbance of the mi-
tochondrial membrane potential, which causes high levels of
ROS to be released into the cytoplasm, depleting the energy
supply and affecting both sperm motility and kinetics
(33, 34). Interestingly, in our study, sperm vitality was not
different between the two experimental groups (Fig. 3).

Concerning spermatozoa, RF-EMW generated by mobile
phones cause a decrease in their progressive movement, in
both human and rat cells (21, 22, 35). In vitro human
spermatozoa exposed to mobile phone radiation showed
reduced sperm head area and decreased sperm binding to
the zona pellucida (ZP) without an increase in acrosomal
reaction compared with controls (36). High levels of sperm
ROS (22, 37), as well as an increased percentage of sperm
DNA fragmentation (37), have been reported after mobile
phone exposure. However, other studies did not find any
changes in DNA integrity or the induction of proapoptotic
markers (22, 38). The lack of DNA damage observed in these
studies might be explained by the shorter time of exposure
to cell phone radiation or by the antioxidant effect of
seminal plasma. The RF-EMW generated by mobile phones
are similar to those generated by laptop computer and other
mobile devices connected wirelessly to the internet (4).

In this regard we found that ex vivo exposure of human
spermatozoa for 4 hours in the absence of seminal plasma in-
duces DNA damage by a nonthermal effect (Fig. 4). This effect
is similar to that observed by De Iuliis and co-workers (37)
with sperm exposed to mobile phones in vitro. These investi-
gators observed highly significant relationships between
RF-EMW emitted by mobile phones, covering a range of
specific absorption rates, the oxidative DNA damage marker,
8-hydroxy-20-deoxyguanosine, and sperm DNA fragmenta-
tion. These changes were unrelated to thermal effects.

Research has shown negative consequences of electro-
magnetic fields on biological mechanisms. Genotoxic damage
by 1.8 GHz in human fibroblast has been proposed as a direct

FIGURE 4

Laptop exposure and human sperm DNA fragmentation. Sperm suspensions were incubated under a laptop computer connected to the internet by
Wi-Fi (FB) during 4 hours at 25"C. Aliquots of the same samples were placed outside of the reach of other computers or electronic devices, in
a separate room (FA). (A) Sperm DNA fragmentation was increased after 4 hours of laptop exposure. In the test group, 8.6% # 6.6% of the
cells were fragmented, whereas only 3.3% # 6.0% of the controls showed DNA fragmentation (*P<.01). (B) Plot of individual responses of
sperm DNA fragmentation to laptop exposure. The number of sperm with fragmented DNA was evaluated in two aliquots of the same sample
(500 cells/aliquot).
Avenda~no. Laptop usage and sperm quality. Fertil Steril 2012.
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consequence of intermittent exposure to RF-EMW (39). After
exposure to 2.45 GHz, alteration of gene expression was
found in cultured human cells mediated by a nonthermal
mechanism (40). Electromagnetic radiation from mobile
phones induces activation of the extracellular signal-regu-
lated kinases (ERK)-cascade thereby altering transcription
and other key cellular processes (8). Chronic exposure to
low intensity microwaves (2.45 and 16.5 GHz) causes statisti-
cally significant increase in DNA strand breaks in rat brain
cells (41). A recent work showed that the exposure of oviducts
to extremely low frequency electromagnetic field negatively
affects early embryo development, causing a slowdown in
the embryo cleavage rate (42).

In an in vivo study, it was demonstrated that acute expo-
sure to radiofrequency fields of cellular phones may modulate
the oxidative stress of free radicals by enhancing lipid
peroxidation, and a decrease in the activity of the antioxi-
dants, superoxide dismutase, and glutathione peroxidase, in
erythrocytes from human volunteers (43). In addition, geno-
toxic effect on epididymal spermatozoa has been reported
when mice were irradiated for 7 days at 12 hours per day (19).

As opposed to somatic cells, the spermatozoon is a highly
specialized cell with a condensed DNA (packaged by prot-
amines) and very small cytoplasmic area (44). During
spermatogenesis, human spermatozoa may take up to 1
week to move from the seminiferous tubules in the testes to
the cauda epididymis (45) and throughout this time they
would be highly vulnerable to RF-EMW exposure (19, 37),
especially from a source close to the testes and epididymis
such as a Wi-Fi laptop computer.

Our data suggest that the use of a laptop computer wire-
lessly connected to the internet and positioned near the
male reproductive organs may decrease human sperm qual-
ity. At present we do not know whether this effect is
induced by all laptop computers connected by Wi-Fi to
the internet or what use conditions heighten this effect.
The mechanisms involved in mediating the decrease in
sperm motility and DNA integrity also need further study.
We speculate that RF-EMW from laptop computers wire-
lessly connected to the internet may be the cause of sperm
damage. However, we cannot discard the possibility that
damage to sperm is caused by the low radiation produced
by the computer without internet connection. With the
caveat that these data were obtained with sperm samples
incubated in vitro, our findings suggest that prolonged
use of portable computers sitting on the lap of a male
user may decrease sperm fertility potential. The potential
implications of these findings warrant this report and fur-
ther basic and clinical investigation.
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SUPPLEMENTAL FIGURE 1

Incubation temperature in test (under the laptop; ▬ ▬ ▬) and control (unexposed;CCCC) groups. Room temperature was kept constant during
incubation (4 hours) both in the control and the experimental groups.
Avenda~no. Laptop usage and sperm quality. Fertil Steril 2012.
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SUPPLEMENTAL TABLE 1

Basic semen parameters of study samples.

Semen parameter Mean

Volume (mL) 2.8 # 1.6a

Concentration (! 106 / mL) 111.0 # 49.8
Vitality (%) 85.3 # 4.6
Progressive motility (%) 60.2 # 9.3
Morphology (%) 8.2 # 4.7
a Mean # SD.

Avenda~no. Laptop usage and sperm quality. Fertil Steril 2012.
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Abstract In this study, we aimed to assess the potential harmful effects of radiofrequency-
electromagnetic radiation on sperm parameters. We requested semen for analyses from the
male patients coming to our infertility division and also asked them to fill out an anonymous
questionnaire. We queried their mobile phone and wireless internet usage frequencies in order
to determine their radiofrequency-electromagnetic radiation exposure. A total of 1082 pa-
tients filled the questionnaire but 51 of them were excluded from the study because of azoo-
spermia. There was no significant difference between sperm counts and sperm morphology
excluding sperm motility, due to mobile phone usage period, (p Z 0.074, p Z 0.909, and
p Z 0.05, respectively). The total motile sperm count and the progressive motile sperm count
decreased due to the increase of internet usage (p Z 0.032 and p Z 0.033, respectively). In
line with the total motile sperm count, progressive motile sperm count also decreased with
wireless internet usage compared with the wired internet connection usage (p Z 0.009 and
p Z 0.018, respectively). There was a negative correlation between wireless internet usage
duration and the total sperm count (r Z !0.089, p Z 0.039). We have also explored the nega-
tive effect of wireless internet use on sperm motility according to our preliminary results.
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Introduction

Cell phone and wireless internet have become an indis-
pensable part of our lives. Especially, after the develop-
ment of smart phones and 3G internet technologies, the
exposure to the radiofrequency (RF) electromagnetic radi-
ation (EMR) has increased to terrifying levels. Cell phone
and wireless technologies (Wi-Fi) operate from 850 MHz to
1800 MHz and w2400 MHz; respectively [1,2]. Tissues can
absorb RF-EMR in many ways including aerial effect and/or
coupling the signal [3]. Previously, the harmful effects of
RF-EMR on DNA integrity and on various organs such as the
brain and heart have been very well described [4]. The
World Health Organization (WHO) officially declared that
cell phones can cause brain cancer [5]. After this declara-
tion, usage of hands-free devices has increased but cell
phones still remain close to the gonads of individuals that
may result in infertility due to the harmful effects of RF-
EMR.

Infertility is a common disorder that affects 15% of
couples and nearly half of the cases are due to male
infertility. As mentioned above, RF-EMR affects many or-
gans including the testes by a direct or a thermal effect [6].
In one study, detrimental effects of RF-EMR on Leydig cells,
seminiferous tubules, and especially the spermatozoa were
clearly defined [1]. Although RF-EMR reduces testosterone
levels, impairs spermatogenesis, and causes sperm DNA
damage [4], the relationship between RF-EMR devices and
male infertility is still controversial.

In the literature, the harmful effects of RF-EMR on male
reproductive systems are shown in rats, however; human
studies are very rare and can only be planned with a smaller
population [4,7]. For instance, Agarwal et al [4] detected
the negative effects of cell phones on sperm parameters in
361 men. Similarly, Fejes at al [7] showed the negative
correlation between the daily cell phone usage duration
and semen quality in 371 men. In this decade, wireless
internet connection has been involved in our lives as much
as cell phones with 3G technologies. As we all know, Wi-Fi
connection transmits more RF-EMR than cell phones, so we
examined the effects of both cell phone and wireless
internet use on sperm parameters in healthy males in order
to determine the possible harmful effects of RF-EMR
devices.

Materials and methods

This study was performed under the approval of our
Institutional Review Board in our university (Turgut Ozal
University, Ankara, Turkey) (999500669/869), and informed
consents were obtained from all patients. In our popula-
tion based observational study, we collected data from
1082 healthy men who attended the Andrology subdivision
of the Urology Department (Turgut Ozal University) be-
tween June 2013 and June 2014. Men with a history of
orchitis, varicocele, diabetes mellitus, cardiac, neural
disease, nephritic disease, and hypertension, or men who
had a family history of any genetic disease were excluded
from the study. In addition, patients who suffered from a
viral/bacterial infection in the previous 4 weeks, had an
in vitro fertilization history, or were already recruited to

an intacytoplasmic sperm injection program were also
excluded from the study. Azoospermic patients were
excluded from the study. Semen samples were collected
by masturbation in a sterile wide-mouthed calibrated
container (Sigma, St. Louis, MO, USA) with the abstinence
of ejaculation for a minimum of 2 days and no longer than
5 days before the semen collection. Semen analyses were
performed according to the WHO guidelines that include
eight sperm parameters: volume, liquefaction time, pH,
viscosity, sperm count, motility, viability, and percentage
of the normal morphology [8]. Assessments of semen
analysis were performed at the end of the 30-minute
period. Sperm motility was analyzed by using a phase-
contrast microscope (Nikon, Alphaphot-2, YS-2, Tokyo,
Japan) with > 20" magnification. Semen analyses were
performed by two experienced and blinded operators.
Motility and concentrations of semen were evaluated by
using a Makler counting chamber (Sefi-Medical Instrument,
Haifa, Israel). WHO criteria (4 categories of sperm move-
ment; A: rapid progressive, B: slow progressive, C:
nonprogressive, and D: no motility) were used in the
assessment of sperm movement. Azoospermic patients and
the patients whose sperm counts were < 5 million/mL
were excluded from the study due to possible factors such
as genetic, testicular hypofunction, or idiopathic. An
anonymous questionnaire including (1) daily the cell phone
usage duration, (2) habits of carrying mobile phone, (3)
wireless internet usage duration, and (4) type of internet
usage. According to an anonymous questionnaire, daily
active cell phone usage was divided into three groups as
following: Group A, < 30 min/d; Group B, from 30 min/
d to 2 h/d; and Group C, > 2 h/d. Habits of carrying a
mobile phone was recorded as (A) in the pocket of trou-
sers, (B) in a handbag, or (C) in the pocket of jackets.
Wireless internet usage was divided in to three groups,
Group A: < 30 min/d; Group B, from 30 min/d to 2 h/d;
and Group C, > 2 h/d. Internet usage types recorded as
wireless or not. Body mass index and annual smoking
habits (at least 10 cigarettes a day) were also recorded.
Because of the high number of participants we could not
ask about the cell phone models but we know that all of
the cell phones operate between the 850e1800 Mhz in our
country.

Correlation between the eight sperm parameters was
evaluated by the determination of the Pearson correlation
coefficients. Data were presented as mean # standard
deviation. Statistical analyses were performed by using
Student t test (2-tailed) and one way analysis of variance
(ANOVA). SPSS for Windows (version 16.0; SPSS Inc., Chi-
cago, IL, USA) was used for statistical analyses and p < 0.05
was considered as statistically significant.

Results

Fifty-one azoospermic patients were excluded from the
study, and the data of 1031 patients were collected. The
average age of the participants was 30.9 # 6.2 (18e63)
years. The average body mass index of participants was
26.8 # 3.9 (14.9e46.24). Smoking rate was 352/1031 par-
ticipants. Of those men, the average smoking duration was
9.94 # 5.64 (2e35) years.
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Duration of cell phone use

According to our results, there was no significant difference
between these three groups regarding sperm parameters
such as semen volume, sperm count, total motile sperm
count, progressive motile sperm count, and morphology of
the sperm. However, there was a significant correlation
between smoking which has a significantly shorter duration
in Group B than the other groups (p Z 0.022; Table 1).

Mobile phone carrying habits

There was a significant difference among the three carriage
places regarding only sperm morphology (p Z 0.028) but no
other sperm parameters (Table 2). The duration of smoking
was significantly shorter in participants who carry their cell
phone in a handbag (p Z 0.034).

Duration of wireless internet use

When we compare the wireless internet users regarding the
duration of internet usage, there were a significant
decrease of total motile sperm count and progressive
motile sperm count (p Z 0.032 and p Z 0.033; respec-
tively; Table 3). Similarly, the duration of smoking was
significantly shorter in Group B than the other groups. In
addition to that, there were no significance among the

semen parameters regarding the wired internet group
(p Z 0.128).

Type of internet usage

Total motile sperm count and progressive motile sperm
count were lower in the wireless internet usage group
compared with the wired internet usage group (p Z 0.009
and p Z 0.018; respectively). Type of internet connection
does not affect the other sperm parameters (Table 4).

There was a negative correlation between the cell phone
usage duration and the total sperm count (r Z !0.064,
p Z 0.04). Similarly, there was also a negative correlation
between the wireless internet usage duration and the total
sperm count (r Z !0.089, p Z 0.019). Otherwise there
were no significant correlations among the other four main
question branches (cell phone usage time, cell phone car-
riage habits, wireless internet usage time. and internet
connection type) and sperm parameters.

Leucocyte count from the semen analyses were normal
in all of the patients.

Discussion

Even though there are possible harmful effects from cell
phones and wireless internet, we use them frequently in
our lives [4]. Kumar et al. [9] have shown that 10 GHz

Table 1 Comparison of the demographic data and sperm
parameters among the duration of cell phone usage groups.

< 30 min
(n Z 382)

30 mine2 h
(n Z 286)

> 2 h
(n Z 363)

p*

Age (y) 32.3 # 6.63 30.8 # 5.74 29.5 # 5.84 0.059
BMI (kg/m2) 26.1 # 3.7 26.5 # 3.4 26.5 # 4.2 0.132
Smoking (y) 3.96 # 6.37 2.52 # 4.91 3.47 # 5.59 0.021
Volume 2.9 # 1.41 2.9 # 1.19 3.01 # 1.45 0.194
TSC (million) 42.3 # 16.3 39.2 # 16.3 37.8 # 16.1 0.074
TMS (million) 61.1 # 60.6 54.6 # 50.6 53.8 # 59 0.05
PMS (million) 47.5 # 50.8 42.5 # 42.1 41.6 # 51.2 0.083
Morphology 2.8 # 1.9 2.57 # 1.76 2.74 # 1.72 0.909

*One way analysis of variance was performed. A p value < 0.05
between all groups was considered significant.
BMIZ body mass index; PMS Z progressive motile sperm count;
TMS Z total motile sperm count; TSC Z total sperm count.

Table 2 Comparison of the demographic data and sperm parameters among the mobile phone carrying habits groups.

Trouser pocket (n Z 767) Handbag (n Z 106) Jacket pocket (n Z 158) p*

Age (y) 30.4 # 6.25 33.3 # 5.9 31.8 # 5.8 0.671
BMI (kg/m2) 26.1 # 3.6 27.5 # 4.1 26.7 # 4.6 0.150
Smoking (y) 3.46 # 5.55 1.7 # 5.53 4 # 6.53 0.032
Volume 2.9 # 1.37 3.08 # 1.4 3.02 # 1.38 0.973
TSC (million) 39.1 # 31.1 45 # 31.6 40.3 # 27 0.256
TMS (million) 56.5 # 60.1 63 # 48.6 53.6 # 49.1 0.168
PMS (million) 43.8 # 51 49.6 # 41.4 41.9 # 41.1 0.538
Morphology 2.72 # 1.81 3.18 # 2.47 2.43 # 1.38 0.034

*One way analysis of variance was performed. A p value < 0.05 between all groups was considered significant.

Table 3 Comparison of the demographic data and sperm
parameters among the duration of wireless internet usage
groups.

< 30 min
(n Z 327)

30 mine2h
(n Z 164)

> 2 h
(n Z 540)

p*

Age (y) 30.9 # 6.77 31.1 # 5.9 30.8 # 5.9 0.023
BMI (kg/m2) 25.8 # 3.5 26.8 # 3.7 26.5 # 4.1 0.157
Smoking (y) 4.23 # 6.51 2.45 # 5.08 3.16 # 5.38 0.017
Volume 2.99 # 1.4 2.81 # 1.32 2.99 # 1.36 0.43
TSC (million) 43 # 33 41.8 # 28.2 37.4 # 29.4 0.093
TMS (million) 61.7 # 60.2 56.2 # 57.5 53.8 # 57.5 0.032
PMS (million) 48.2 # 53.7 43 # 42.1 41.8 # 49.6 0.033
Morphology 2.73 # 1.84 2.65 # 1.75 2.73 # 1.85 0.305

*One way analysis of variance was performed. A p value < 0.05
between all groups was considered significant.
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electromagnetic fields resulted in DNA damage of sperm via
micronuclei formation due to the oxidative stress. To the
best of our knowledge, there are limited numbers of human
and animal studies with respect to cell phone effects on
testes and semen parameters [4,7,10,11]. Additionally, not
much study has been performed on the impacts of wireless
internet and cell phones on male fertility. Therefore, the
present study aimed to determine the effects of cell phone
and wireless internet usage habits on human sperm pa-
rameters. For this purpose, an anonymous questionnaire
was applied to a total of 1082 healthy men who attended
our urology clinic for semen analysis, and only 1031 patients
were included in the study. According to their answers
regarding their habits of carrying mobile phones, cell phone
usage duration, and wireless usage, participants were
divided into four different groups.

In our previous study, we compared the effects of the
standby mode or the active mode of the cell phone on rat
testes, and we detected significant apoptotic rates in
testicular tissue in the active cell phone group compared
with other groups [10]. Mailankot et al. [11] have shown a
decrease in sperm motility in RF-EMR exposed rats for 28
days. Wang et al. [12] have indicated that Leydig cells were
the most susceptible cells to RF-EMR exposure. However,
rat studies could have some problems due to their small
testis size, the nonpendulous structure of the scrotum, and
they are also less affected by environmental factors in
laboratory conditions [13].

There are some human studies which have shown the
effect of cell phones on semen parameters. In one study, it
has been indicated that semen parameters decreased when
the cell phone was carried in the pocket of trousers near
the testes [14]. Similarly, Fejes et al. [7] have investigated
that habits of carrying a mobile phone and speaking dura-
tions were negatively correlated with rapid progressive
sperm count. In another study, Agarwal et al. [4] has found
that when cell phone usage duration increased, the quality
of sperm including the sperm count, the motility, and the
viability decreased, and the normal sperm morphology
changed in 361 men. Contrary to these two reports, we did
not find any effect of cell phone usage duration and habits
of carrying a mobile phone on the total sperm count, the
motility, the semen volume, and the normal sperm
morphology. However, in our study, there were only

negative correlations between cell phone usage duration
and the total sperm count.

Turkish Telecommunication and Information Technology
Agency declared that the daily usage of internet is nearly
6 hours in Turkey [15]. Therefore, according to us, Wi-Fi
usage needs to get more attention than cell phone usage
due to its higher frequency ranges and longer exposure
times [16]. Even though there are some studies performed
on the effects of RF-EMR and cell phones on male fertility,
there is not so much scientific data about the association
between Wi-Fi internet usage and male fertility [17]. Unlike
other RF-EMR sources, devices such as laptops and tablets
usually stay near the reproductive organs. In some studies,
investigators did not find any histopathological or muta-
genic alterations in mouse testes due to 2.45 GHz RF-EMR
[13]. However, Atasoy et al. [17] have demonstrated that
continuous Wi-Fi exposure with 2.45 GHz affected the
testes of growing rats and led to DNA damage. Moreover, in
an in vitro study performed with the motile spermatozoa
from 29 healthy donors, motile spermatozoas were split and
divided in two aliquots and they were exposed to a Wi-Fi
computer for 4 hours. According to results of this study,
the Wi-Fi group showed a significant decrease in progressive
sperm motility and an increase in sperm DNA fragmentation
[18]. In our study, the total motile sperm and progressive
motile sperm were decreased in a group who used a wire-
less internet compared with ones who used the wired
internet. Also, there was a statistically significant decrease
in total motile sperm and progressive motile sperm with the
increased wireless internet usage duration. In addition,
there was a negative correlation between the wireless
internet usage duration and the total sperm count.

Smoking is another factor for decreased sperm quality
[19]. The polycyclic aromatic hydrocarbons induce a pro-
apoptotic mechanism in female embryos and male germ
cells [20]. However, there is still a debate about whether
smoking is harmful for sperm parameters [21,22]. Even
most studies have showed that smoking mostly affected
semen quality such as sperm progressive motility, we did
not detect any correlation among smoking and the sperm
volume, the total sperm count, and the total motile sperm
count. Also the discrimination of the smoking habits among
the questionnaire subgroups were irregular, such as mean
years of smoking decreased while the wireless internet
usage time increased so that we could not say any exact
opinion about the relation between smoking and the sperm
parameters.

The limitations of the present study are the absence of
control individuals who do not use cellular phones which is
hard to find in the present technological era. Besides,
environmental factors have an impact on the exposure
levels. Therefore, the difference between experimental
studies and social studies is inevitable.

Conclusion

The possible effects of RF-EMR due to cellular phone and
Wi-Fi usage should be investigated by researchers in more
detail because the harmful effects should be proven
instead of just implying the possible detrimental effects.
Our findings display contrast results when we compared

Table 4 Comparison of the demographic data and sperm
parameters between the internet usage (wired or wireless)
groups.

Cable (n Z 350) Wireless (n Z 681) p*

Age (y) 30.8 # 6.38 30.9 # 6.1 0.279
BMI (kg/m2) 26 # 3.76 26.5 # 3.9 0.646
Smoking (y) 3.68 # 5.83 3.24 # 5.7 0.281
Volume 2.92 # 1.25 2.98 # 1.43 0.064
TSC (million) 42 # 32.3 38.8 # 29.6 0.054
TMS (million) 62.7 # 61.3 53.6 # 55.2 0.009
PMS (million) 48.9 # 50.3 41.1 # 47.7 0.018
Morphology 2.82 # 1.72 2.67 # 1.88 0.182

*Student t test performed. A p value < 0.05 between groups was
considered significant.
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them with existing information and beliefs. We have not
seen any difference between sperm parameters and cell
phone and wireless internet usage. Larger population based
studies combined with the laboratory results are needed to
reach a definitive conclusion.
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Abstract The present study was designed to determine the
effects of both Wi-Fi (2.45 GHz)- and mobile phone (900 and
1800 MHz)-induced electromagnetic radiation (EMR) on ox-
idative stress and trace element levels in the kidney and testis
of growing rats from pregnancy to 6 weeks of age. Thirty-two
rats and their 96 newborn offspring were equally divided into
four different groups, namely, control, 2.45 GHz, 900 MHz,
and 1800 MHz groups. The 2.45 GHz, 900 MHz, and 1,
800MHz groups were exposed to EMR for 60min/day during
pregnancy and growth. During the fourth, fifth, and sixth
weeks of the experiment, kidney and testis samples were taken

from decapitated rats. Results from the fourth week showed
that the level of lipid peroxidation in the kidney and testis and
the copper, zinc, reduced glutathione (GSH), glutathione per-
oxidase (GSH-Px), and total antioxidant status (TAS) values
in the kidney decreased in the EMR groups, while iron con-
centrations in the kidney as well as vitamin A and vitamin E
concentrations in the testis increased in the EMR groups.
Results for fifth-week samples showed that iron, vitamin A,
and β-carotene concentrations in the kidney increased in the
EMR groups, while the GSH and TAS levels decreased. The
sixth week results showed that iron concentrations in the
kidney and the extent of lipid peroxidation in the kidney and
testis increased in the EMR groups, while copper, TAS, and
GSH concentrations decreased. There were no statistically
significant differences in kidney chromium, magnesium, and
manganese concentrations among the four groups. In conclu-
sion, Wi-Fi- and mobile phone-induced EMR caused oxida-
tive damage by increasing the extent of lipid peroxidation and
the iron level, while decreasing total antioxidant status, cop-
per, and GSH values. Wi-Fi- and mobile phone-induced EMR
may cause precocious puberty and oxidative kidney and testis
injury in growing rats.

Keywords Element . Growing rat . Kidney .Mobile phone .

Oxidative stress .Wi-Fi . Testis

Introduction

The use of Wi-Fi and radiation-emitting wireless devices such
as mobile phones in schools and places of employment has
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increased dramatically in the recent century [1, 2]. The wide-
spread use of Wi-Fi and mobile phones has drastically in-
creased radiofrequency electromagnetic fields. Digital cellular
phones using the Global System for Mobile Communications
(GSM) transmit information in bursts of microwaves of 900
and 1800 MHz, while Wi-Fi functions at 2.45 GHz [3].
Different types of Wi-Fi and mobile phone stations and their
sources must be placed indoors or near living/working and
residential areas. The biological effects of electromagnetic
radiation (EMR) and their consequences have become the
subject of great public debate. However, the effects of EMRs
remain unclear, and previous studies have reported conflicting
results.

Electromagnetic fields can alter the energy levels and spin
orientation of electrons and increase the production of reactive
oxygen species (ROS). Thus, exposure to EMR is associated
with enhanced ROS production [3–5]. These species and/or
other free radicals may affect reproductive systems, but the
cellular and molecular mechanisms involved in this process
are unclear [6, 7]. The human body is equipped with a com-
plete arsenal of defenses against ROS. ROS concentrations are
maintained under strict control through the activity of a redox
defense system that includes enzymatic and non-enzymatic
antioxidants [8]. Vitamin E is the primary ROS scavenger in
the lipid phase of cell membranes [9]. Retinol is the major
circulating form of vitamin A; it also has an antioxidant role
and plays an essential role in spermatogenesis and combating
the oxidative toxicity associated with EMR [10, 11]. Elements
that act as cofactors of several enzyme antioxidant systems
have been shown to have protective effects against EMR-
induced oxidative stress injury [12]. For example, zinc (Zn)
plays a critical role in biological membrane stabilization,
protein synthesis, and nucleic acid metabolism as well as in
the growth of normal tissue [13, 14]. Zn and copper (Cu)
protect against oxidation by acting as cofactors for antioxidant
enzymes such as superoxide dismutase and catalase [15].
Selenium (Se) is a cofactor for glutathione peroxidase
(GSH-Px), an important antioxidant enzyme that removes
lipid hydroperoxides and hydrogen peroxide [16–18]. Mag-
nesium (Mg) stabilizes DNA, RNA, and ribosomes and acti-
vates approximately 300 enzymes, including those involved
in energy metabolism and ROS production [19]. The calcium
(Ca) ion has a basic function in neurotransmitter secretion,
oxidative stress, and apoptosis [20, 21]. Magnesium (Mg)
blocks the entrance of Ca ions into cells and reduces oxidative
stress levels. Cu, Se, and Zn act as cofactors of antioxidant
enzymes and are essential for inhibiting the free radical pro-
duction associated with EMR exposure [12, 22].

Devices that incorporate wireless technology such as lap-
top computers and cell phones are often used near reproduc-
tive organs and kidneys and may have harmful effects on the
kidney and testis. Testes are extremely susceptible to oxidative
damage induced by ROS because they contain large amounts

of peroxidation-susceptible [23, 24] polyunsaturated fatty
acids (PUFAs), but contain low amounts of antioxidants
[23]. The kidneys generate very high levels of ROS through
their very highly aerobic metabolism and blood perfusion, but
also have relatively poor enzymatic antioxidant defense
systems [25]. Some recent studies reported that exposure
to Wi-Fi [10, 26, 27] and mobile phone [23, 28] EMR-
induced oxidative stress and decreased the levels of antiox-
idants in the kidney and testis of experimental animals.
However, whether EMR affects element levels, lipid peroxi-
dation, or antioxidant levels in the kidney and testis during
development of offspring is currently unknown and therefore
warrants further investigation.

The present study was designed to determine the possible
effects whole-body 2.45-GHz and 900- and 1800-MHz EMR
exposure on oxidative stress and element levels in the rat
kidney and testis from pregnancy up to 6 weeks of age. Young
rats were used in the current study because their growing
organs may be more prone to the effects of EMR, similar to
children and adolescents who spend a large amount of time
using mobile phone and Wi-Fi devices at school and home.

Materials and Methods

Animals

All experimental procedures in this double-blind study were
approved by the Medical Faculty Experimentation Ethics
Committee of Suleyman Demirel University (protocol num-
ber 2013-03/02). Wistar albino female rats (n =32) and their
96male offspring were used in the current experiment. Female
rats were 12 weeks old and weighed 180±21 g at the begin-
ning of the experiment. Animals were maintained and used in
accordance with the AnimalWelfare Act and the Guide for the
Care and Use of Laboratory Animals prepared by the
Suleyman Demirel University. The rats were housed individ-
ually in stainless steel cages in a pathogen-free environment in
our laboratory at +22 °C±2 with light from 0800–2000 and
free access to water and were fed a commercial diet.

Study Groups

The rats were exposed to EMR radiation during pregnancy.
The 96 newborn male offspring of female rats were selected
and randomly divided into four equal groups as follows.
Female newborn rats were excluded from the study.

Group A (n =24), control rats—the rats exposed to cage
stress 60 min/day during gestation up to 6 weeks of age
(5 days per week)
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Group B (n =24), rats exposed to 2.45 GHz during
60 min/day during gestation up to 6 weeks of age (5 days
per week) [12]
Group C (n =24), rats exposed to 900 MHz during
60 min/day during gestation up to 6 weeks of age (5 days
per week) [25, 29]
Group D (n =24), rats exposed to 1800 MHz during
60 min/day during gestation up to 6 weeks old (5 days
per week) [29]

One-hour exposure to radiation in groups B, C, and D was
executed between 0900 and 1200 each day. Control rats were
exposed to cage stress without exposure to the radiofrequencies.
Pregnancy of the rats was detected by the presence of sperm
in the vaginal smear. Malformation or prenatal death of the
offspring was not observed during the experiment. After preg-
nancy, female and male rats were exposed to EMR radiation up
to 3 weeks of age. After determining the genders of the new-
borns, male newborns were exposed to EMR radiation until
6 weeks of age.

Exposure System and Design

Details of the exposure system have been described in detail
elsewhere [6, 30]. A generator from Biçer Electronic, Co.
(Sakarya, Turkey) with a half-wave dipole antenna system
was used to irradiate the cells with 900, 1,800, and 2.45 GHz
radio frequencies with 217-Hz pulses. The electric field density
was set at 20 dB and 11 V/m to achieve a 0.1-W/kg whole-
body average specific absorption rate (SAR). The distance of
the antenna from the head of rats for Wi-Fi (2.45 GHz) and
mobile phone (900 and 1800MHz) exposure was 25 and 1 cm,
respectively (Fig. 1). The exposure system was kept in a
specific room that contained plastic furniture such as tables
and chairs for protecting the cells from possible radiation
reflection. Walls of the room were completely covered by
chromium–nickel sheets to protect the cells from possible
external telemetric exposure. The required electrical field den-
sity (0.1-W/kg whole-body average SAR) for 900- and 1800-
MHz exposures was continuously recorded every 5 min using
a satellite level meter (EXTECH-480836, Extech Instruments
Corporation, Nashua, NH, USA), as described in a previous
study [31].

Radiation reflection and exposure were measured using a
portable radio frequency survey system (Extech-480836) with
a standard probe. The electromagnetic radiation dose was
calculated from the measured electric field density (volts per
meter). Dielectric permittivity and conductivity values of rat
tissues at certain frequencies were obtained from a report by
Peyman et al. [32]. SAR values at the input 12μW/cm2 power
flux density were calculated using a software program [29].
Whole-body SAR values were in the 0.01–1.2-W/kg range,
with SAR mean values of 0.18±0.07 W/kg for whole-body

900 and 1800 MHz, and 2.45-GHz EMR exposures, with a
value of 10 V/m at the closest point in the body.

Control group rats were placed in the cylindrical restrainer
with the radio frequency source switched off for time periods
similar to those used for irradiation. Control animals were kept
in their cages without treatment or restraints of any kind.

Preparation of Kidney and Testes Samples

Inhalation anesthesia was provided before sacrifice by decap-
itation followed by removal of the kidney and testis. The
dissected testes were weighed and washed twice with cold
saline solution, placed into glass bottles, labeled, and stored
in a deep freezer (−33 °C) until processing (maximum
3 weeks). Next, kidney and testis samples were cut into small
pieces using scissors and homogenized (2 min at 5,000 rpm) in
five volumes (1:5, w /v) of ice-cold Tris–HCl buffer (50 mM,
pH 7.4) using an ultrasonic homogenizer (Bandelin-2070,
BANDELIN Electronic, GmbH & Co. KG, Berlin, Germany).
All preparation procedures were performed on ice. Lipid per-
oxidation and enzyme activities were then immediately
assessed in the kidney and testis homogenate samples. total
antioxidant status (TAS) and element levels in the kidney
samples were analyzed within 4 weeks. TAS and element
levels were only measured in the kidney samples due to limited
tissue samples.

Assessments of Lipid Peroxidation and Protein Levels

Lipid peroxidation levels in kidney and testis homogenate
were measured by assaying for thiobarbituric acid-reactive
substances, as described previously [33]. The pink-colored

Fig. 1 The experimental setup for irradiation of rats
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chromogen formed during the reaction of thiobarbituric acid
with lipid peroxidation breakdown products was measured
spectrophotometrically (Shimadzu UV-1800; Shimadzu
Corp., Kyoto, Japan) at a wavelength of 535 nm. The levels
of lipid peroxidation in the kidney and testis homogenate were
expressed as micromoles per gram protein.

Reduced Glutathione, Glutathione Peroxidase, and Protein
Assays

GSH content in the kidney and testis was measured at a
wavelength of 412 nm, according to the method of Sedlak
and Lindsay [34]. GSH-Px activity in the kidney and testis
was measured spectrophotometrically (Shimadzu UV-1800;
Shimadzu Corp., Kyoto, Japan) at 37 °C, at a wavelength of
412 nm, according to the method of Lawrence and Burk [35].
Protein content of the kidney and testis samples was measured
according to the method of Lowry et al. [36], using bovine
serum albumin as the protein standard.

Total Antioxidant Status Level Determinations

The kidney TAS levels were measured calorimetrically using
the TAS kit (Mega Tıp Inc, Gaziantep, Turkey) [37]. The
results in the serum and erythrocytes were expressed in mi-
cromoles of H2O2 equivalent per gram tissue.

Plasma Vitamin A, Vitamin E, and β-Carotene Analyses

Levels of vitamins A (retinol) and E (α-tocopherol) in the
kidney and testis samples were measured using the method
described by Desai [38] and Suzuki and Katoh [39] with some
modifications. Approximately 0.25 g of each tissue sample
was saponified by the addition of 0.3 mL of 60 % (w /v in
water) KOH and 2 mL of 1 % (w /v in ethanol) ascorbic acid,
followed by heating at 70 °C for 30 min. After cooling the
samples on ice, 2 mL of water and 1 mL of n -hexane were
added to the samples. The samples were mixed and allowed to
stand for 10 min to facilitate phase separation. A 0.5-mL n -
hexane extract aliquot was taken, and the vitamin A concen-
tration was measured at 325 nm. Next, reactants were added,
and the hexane absorbance value was measured at 535 nm in a
spectrophotometer. Calibrations were performed using stan-
dard solutions of all-trans retinol and α-tocopherol in hexane.

The β-carotene concentration in kidney and testis was
determined according to the method of Suzuki and Katoh
[39]. For this, 2 mL of hexane was mixed with 0.25 g of
kidney and testis. The β-carotene concentration in the
hexane mixture was measured at 453 nm in a
spectrophotometer.

Measurement of Element Levels in Kidney

The kidney tissue chromium (Cr), Cu, iron (Fe), Mg, manga-
nese (Mn), Se, and Zn levels were determined using an
inductively coupled plasma atomic emission spectroscopy
(ICP-AES) system after digestion with nitric acid (65 % and
2.5 mL) and perchloric acid (65 % and 0.5 mL) and ashing
(150–180 °C) as described in a previous study [40]. Approx-
imately 0.5 g of tissue was obtained from each animal for this
measurement. The tissue concentrations of the elements are
expressed as micrograms per gram wet tissue weight.

Apparatus The ICP-AES system used was an ICAP 6000
ICP-OES emission spectrometer equipped with the plus
autosampler and was controlled by a computer (Thermo Fish-
er Scientific Inc., Istanbul, Turkey). The plasma operating
conditions in this study were containing ICP system 15 L/
min plasma gas flow rate, 0.5 argon carrier flow rate, 1.51/min
sample flow rate, and elution flow rate. The speed of the
peristaltic pump was 100 rpm. Transport lines were made
using a 1.25-mm-i.d. polytetrafluoroethylene tubing. The an-
alytic lines of ICP-AESmeasurements in Cr, Cu, Fe, Mg, Mn,
Se, and Zn analyses were 267.72, 324.75, 259.94, 285.21,
257.61, 196.09, and 206.20 nm, respectively.

Reagents All reagents were of analytical reagent grade, and
deionized water was used. Stock solutions of Cr, Cu, Fe, Mg,
Mn, Se, and Zn were prepared by taking appropriate amounts
of standards in nitric acid solution. Working solutions were
prepared immediately before use. Adjustment of pH was
made with buffer (acetic acid, boric acids, and their potassium
salts). Doubly distilled deionized water was used in the current
study. All glassware used was washed with 10 % nitric acid
for 1 day and rinsed with deionized water before use.

Statistical Analyses

All results are expressed as means ± standard deviation (SD).
p values of less than 0.05 were regarded as significant. Sig-
nificant values were assessed with Mann–Whitney U test.
Data was analyzed using the SPSS statistical program (version
17.0 software, SPSS Inc. Chicago, IL, USA).

Results

Fourth-Week Results

Mean MDA levels (an index of in vivo lipid peroxidation),
GSH, GSH-Px, and antioxidant vitamin results from the
fourth week in the four groups are shown in Table 1, whereas
kidney TAS and element levels from the fourth week are
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shown in Table 2. Mean levels of lipid peroxidation (p <0.05
and p <0.001) in kidney and testis and mean levels of Cu (p <
0.05), Zn (p <0.05), GSH (p <0.05), TAS (p <0.05 and p <
0.001), and GSH-Px (p <0.05) in the kidney were significant-
ly lower in the 2.45 GHz and 900 and 1800 MHz groups than
in the control group. In addition, iron concentrations in the
kidney (p <0.001) and vitaminA (p <0.05) and vitamin E (p <
0.05 and p <0.001) concentrations in the testis were signifi-
cantly higher in the 2.45 GHz and 900 and 1800 MHz groups
than in the control group. This suggests that EMR-induced
lipid peroxidation levels are decreased in the kidney and testes
due to increased antioxidant activities. However, Cr, Mg, Mn,
Se, and β-carotene concentrations in the four groups were not
statistically significant.

Fifth-Week Results

Mean kidney and testis levels of lipid peroxidation, GSH,
GSH-Px, and antioxidant vitamins in the fifth week for the

four groups are shown in Table 3. Kidney TAS and element
levels in the fifth week are shown in Table 4. The Fe (p <
0.05), vitamin A (p <0.05 and p <0.01), and β-carotene (p <
0.05 and p <0.01) concentrations in the kidney were signifi-
cantly higher in the EMR groups than in the control group,
although kidney GSH and TAS (p <0.05 and p <0.01) levels
were significantly (p <0.05) lower in the EMR groups than in
the control group. An elevation in the level of lipid peroxida-
tion indicates that lipid peroxidation caused cell membrane
and intracellular component injury. However, lipid peroxida-
tion, GSH-Px, vitamin E, and Cu, Cr, Mg, Mn, Se, and Zn
values in kidney and testis of the four groups were not statis-
tically significant.

Sixth-Week Results

Mean lipid peroxidation, GSH, GSH-Px, and antioxidant
vitamin in the sixth week in the kidney and testis for
the four groups are shown in Table 5. Kidney TAS and

Table 1 Effects of mobile phone (900 and 1800 MHz) and Wi-Fi (2.45 GHz) frequencies on kidney and testis lipid peroxidation (LP), glutathione
peroxidase (GSH-Px), reduced glutathione (GSH), and antioxidant vitamin values in 4-week-old rats (n=8, mean ± SD)

Values Controls 2.45 GHz 900 MHz 1800 MHz

Kidney Testis Kidney Testis Kidney Testis Kidney Testis

LP (μM/g protein) 13.0±0.7 11.9±1.4 8.1±0.8*** 9.6±0.9* 6.0±0.8***,**** 9.1±0.8* 8.8±0.7*** 9.4±0.4*

GSH-Px (IU/g protein) 26.3±0.9 17.5±3.4 22.6±2.5* 23.3±3.7* 21.1±1.3* 23.6±2.1* 22.1±1.3* 24.1±2.0*

GSH (μM/g protein) 15.1±0.5 17.5±0.3 12.9±0.7* 20.4±1.4 11.8±0.7* 20.0±2.5 12.8±0.5* 17.1±1.6

Vitamin A (μM/g tissue) 1.3±0.3 1.3±0.3 1.4±0.4 1.7±0.2* 1.4±0.1 1.8±0.3* 1.6±0.2 1.8±0.2*

β-Carotene (μM/g tissue) 0. 8±0.1 0.8±0.1 0.9±0.2 0.8±0.2 1.0±0.2 0.7±0.2 1.0±0.2 0.7±0.1

Vitamin E (μM/g tissue) 12.8±1.1 21.8±1.0 12.3±1.5 27.3±2.1* 12.4±1.5 25.6±2.4* 12.7±1.0 34.6±2.6***,****

*p <0.05; **p <0.01 and ***p<0.001 as compared with the control group; ****p <0.05, as compared with the 2.45 GHz group

Table 2 Effects of mobile phone (900 and 1800 MHz) andWi-Fi (2.45 GHz) EMR exposure on kidney total antioxidant status (TAS), chromium (Cr),
copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), selenium (Se), and zinc (Zn) levels in 4-week-old rats (n =8, mean ± SD)

Parameters 4th week

Control 2.45 GHz 900 MHz 1800 MHz

TASa 6.59±0.64 5.68±0.93* 5.72±0.72* 4.19±0.81***

Crb 2.60±0.48 2.67±0.51 2.70±0.31 2.65±0.41

Cub 6.95±0.64 5.33±0.95* 5.05±0.53* 4.78±0.50**

Feb 63.66±9.25 82.79±6.20*** 86.72±7.68*** 79.49±9.50***

Mgb 231.19±30.25 213.44±28.93 209.91±7.58 215.27±15.20

Mnb 0.84±0.12 0.75±0.07 0.82±0.04 0.78±0.09

Seb 2.40±0.42 2.31±0.63 2.31±0.54 2.33±0.45

Znb 24.63±1.54 19.26±1.94* 19.63±1.11* 19.00±0.61*

*p <0.05, **p<0.01 and ***p<0.001 as compared with the control group
aMicromoles H2O2 equiv. per gram tissue
bMicrograms per gram tissue
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element levels in the sixth week are shown in Table 6.
Testis and kidney lipid peroxidation (p <0.05) and kid-
ney Fe (p <0.05 and p <0.01) levels were higher in the
2.45 GHz and 900 and 1800 MHz groups than in the
control group, although Cu (p <0.05), TAS (p <0.001),
and GSH (p <0.05) concentrations were significantly
decreased in the EMR groups. The other parameters
assessed in the four groups were not statistically
significant.

Discussion

Wireless devices are widely used in today's world. Modern
wireless devices such as Wi-Fi-enabled devices or wireless
internet access devices use higher frequency ranges (2,400–2,
500 Hz) than cell phones and typically have a longer exposure
time and wider area of exposure [1, 2]. Devices using this type
of wireless technology such as laptop computers are primarily

used near reproductive organs and may have harmful effects
on the kidney and testis.

Oxidative stress plays a role in EMR exposure effects on
body tissues [8, 20, 21]. Kidney and testicular tissues are very
sensitive to ROS effects because the testis is rich in PUFAs but
low in antioxidants. The kidney exhibits very high metabolic
activity and blood flow (oxygen). Additionally, testis and
sperm membranes consist of dense unsaturated fatty acids that
make sperm sensitive to oxygen-induced damagemediated by
lipid peroxidation and free water-induced oxygen [23–25].
Elevated levels of ROS may damage DNA, lipids, protein,
and enzymes in these tissues. Some studies showed that
Wi-Fi- and mobile phone-induced EMR can generate oxida-
tive stress in the testis and kidneys [10, 25, 27], while others
suggested that EMR exposure does not affect oxidative stress
markers such as MDA [26]. Certain protective enzymatic and
non-enzymatic antioxidants play important roles in antioxi-
dant defense, but increased oxidative stress in cells stemming
from EMR may lead to cell injury when defense systems are

Table 3 Effects of mobile phone (900 and 1800 MHz) and Wi-Fi (2.45 GHz) frequencies on kidney and testis lipid peroxidation (LP), glutathione
peroxidase (GSH-Px), reduced glutathione (GSH), and antioxidant vitamin values in 5-week-old rats (n=8, mean ± SD)

Values Controls 2.45 GHz 900 MHz 1800 MHz

Kidney Testis Kidney Testis Kidney Testis Kidney Testis

LP (μM/g protein) 9.5±0.9 10. 7±0.7 8.5±0.7 11.7±1.5 8.9±0.8 12.5±2.3 8.9±0.8 12.8±1.2

GSH-Px (IU/g protein) 21.8±1.1 22.9±1.9 19.6±1.5 22.6±2.0 19.7±1.4 20.6±1.3 19.7±1.4 20.3±0.8

GSH (μM/g protein) 9.7±1.0 15.1±1.2 7.7±1.0* 16.0±1.7 7.4±0.5* 17.4±1.7 7.4±0.5* 16.1±1.1

Vitamin A (μM/g tissue) 1.4±0.3 1.9±0.2 1.9±0.3* 1.8±0.3 2.2±0.3** 1.9±0.3 2.2±0.3** 1.9±0.3

β-Carotene (μM/g tissue) 0. 8±0.1 0.8±0.2 1.3±0.1* 0.7±0.1 1.3±0.2** 0. 8±0.2 1.3±0.2** 0.7±0.1

Vitamin E (μM/g tissue) 11.7±1.3 20.6±0.7 11.3±2.0 18.6±2.0 11.4±1.3 23.6±1.4 11.4±1.3 24.8±2.2

*p <0.05 and **p <0.01 as compared with the control group

Table 4 Effects of mobile phone (900 and 1800 MHz) and Wi-Fi (2.45 GHz) frequencies on kidney total antioxidant status (TAS), chromium (Cr),
copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), selenium (Se), and zinc (Zn) levels in 5-week-old rats (n =8, mean ± SD)

Parameters 5th Week

Control 2.45 GHz 900 MHz 1800 MHz

TASa 6.63±0.72 5.37±0.72* 4.34±0.28** 5.52±0.62*

Crb 2.80±0.48 2.71±0.38 2.83±0.64 2.70±0.86

Cub 6.91±0.81 6.60±0.78 6.60±0.72 5.91±0.68

Feb 51.70±8.86 63.27±7.30* 58.26±5.94* 58.52±8.15*

Mgb 210.56±15.21 233.23±8.40 228.21±11.26 232.77±19.13

Mnb 0.88±0.23 0.93±0.05 0.88±0.08 0.88±0.17

Seb 2.03±0.38 2.00±0.49 1.97±0.36 1.98±0.50

Znb 22.77±1.67 19.60±2.36 19.39±1.96 20.32±1.91

*p <0.05 and **p <0.001 as compared with the control group
aMicromoles H2O2 equiv. per gram tissue
bMicrograms per gram tissue
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overwhelmed [10]. The EMR absorption rate in tissues is
directly related to dielectric properties and conductivity of
the organs. Because of increased water uptake during preg-
nancy, whole-body electrical conductivity increases during
pregnancy, making pregnant women and their fetuses more
sensitive to EMR [41].

The current study showed that lipid peroxidation values in
the fourth week were decreased in the 2.45 GHz as well as the
900 and 1,800 GHz EMR groups compared to levels in the
control group, although antioxidant values increased. Atasoy
et al. [26] reported that levels of the lipid peroxidation-
associated molecule MDAwere decreased in the sperm cells
of rats following Wi-Fi exposure. Kismali et al. [41] reported
that whole-body 1800-MHz EMR exposure for 15 min/day
for 1 week did not change MDA levels in the blood of
pregnant rabbits. The report supported the lipid peroxidation
results obtained during the fourth week. In the fifth and sixth
weeks, lipid peroxidation levels were higher in the EMR
groups than in the control groups, while GSH values were
decreased. The current study also showed that 4-week-old rats

were more sensitive than mature (5- or 6-week-old) rats to the
main oxidative stress parameters, as demonstrated by de-
creased lipid peroxidation levels in the kidney and testis and
decreased TAS, GSH, and GSH-Px levels in the kidney.
Furthermore, the normalization observed in rats after the fifth
week was higher than that in the fourth week after the recov-
ery period. Thus, 5-week-old rats more successfully dealt with
oxidative stress than 4-week-old rats. Similarly, Oksay et al.
[10] reported increased MDA levels in the testis of adult rats
after 30-day 2.45-GHz exposure. Oktem et al. [25] and
Devrim et al. [42] reported that MDA levels increased in adult
rats after 900-MHz exposure, although GSH-Px activities
were decreased by EMR exposure. Our results confirm those
of Oksay et al. [10], Oktem et al. [25], and Devrim et al. [42].

GSH is a major thiol group-containing antioxidant and
plays an important role in protecting cells against ROS-
induced damage [17, 43]. It also acts as substrate in many
essential enzymatic reactions involving GSH-Px and glutathi-
one reductase. Tissue GSH levels reflect the capability of
tissues to scavenge free oxygen radicals, preserve the cellular

Table 6 Effects of mobile phone (900 and 1800 MHz) and Wi-Fi (2.45 GHz) frequencies on kidney total antioxidant status (TAS), chromium (Cr),
copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), selenium (Se), and zinc (Zn) levels in 6-week-old rats (n =8, mean ± SD)

Parameters 6th Week

Control 2.45 GHz 900 MHz 1800 MHz

TASa 6.88±0.91 4.89±0.74** 4.05±0.80** 3.19±0.62**

Cub 5.37±0.53 4.87±0.66* 4.76±0.49* 4.66±0.82*

Feb 59.96±7.22 71.82±10.84* 67.94±5.87* 75.38±9.89**

Mgb 209.64±12.73 214.77±22.75 202.31±15.78 206.68±19.63

Mnb 0.88±0.09 0.96±0.09 0.92±0.09 0.88±0.11

Seb 2.40±0.28 2.24±0.53 2.37±0.40 2.46±0.31

Znb 22.37±1.56 20.79±1.69 19.42±1.87 20.22±1.31

*p <0.05 and **p <0.001 as compared with the control group
aMicromoles H2O2 equiv. per gram tissue
bMicrograms per gram tissue

Table 5 Effects of mobile phone (900 and 1800 MHz) and Wi-Fi (2.45 GHz) frequencies on kidney and testis lipid peroxidation (LP), glutathione
peroxidase (GSH-Px), reduced glutathione (GSH), and antioxidant vitamin values in 6-week-old rats (n=8, mean ± SD)

Values Controls 2.45 GHz 900 MHz 1800 MHz

Kidney Testis Kidney Testis Kidney Testis Kidney Testis

LP (μM/g protein) 9.6±1.7 15.1±0.9 6.8±0. 7* 19.6±1.7* 6.2±1.1* 20.0±2.4* 6.1±0.7* 20.4±1.0*

GSH-Px (IU/g protein) 20.4±0.9 25.1±2.9 18.9±1.9 27.1±1.2 17.5±2.0 27.1±2.8 18.0±1.7 27.2±2.8

GSH (μM/g protein) 7.9±1.0 24.3±1.6 6.1±0.3* 24.4±1.8 5.9±0.4* 26.8±2.2 6.0±0.6* 27.1±1.7

Vitamin A (μM/g tissue) 2.1±0.4 2.1±0.4 2.0±0.3 2.0±0.3 2.1±0.3 2.1±0.3 2.2±0.2 2.2±0.2

β-Carotene (μM/g tissue) 0.9±0.2 0.9±0.2 0.8±0.1 0.8±0.1 0.9±0.1 0.9±0.1 0.9±0.1 0.9±0.1

Vitamin E (μM/g tissue) 12.7±1.1 18.5±1.9 12.6±1.3 16.7±2.3 12.7±1.2 19.5±1.4 12.1±1.0 21.1±1.6

*p <0.05 as compared with the control group
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reduction–oxidation balance, and defend cells against oxida-
tive damage. Depletion of GSH in EMR-exposed animals may
be responsible for lipid peroxidation in the testis and kidney. In
the current study, GSH-Px activity decreased in the testis and
kidney during the fourth week, and GSH levels decreased in
the fourth, fifth, and sixth weeks in the kidney, whichmay have
been a consequence of depleted GSH stores. Similarly, in-
creases in lipid peroxidation and a concomitant depletion in
GSH level were observed in the kidney after EMR exposure,
suggesting that increased lipid peroxidation levels may have
been a consequence of depleted GSH stores [43].

Free oxygen radicals are very reactive paramagnetic chem-
ical species because they have several unpaired electrons and
thus unpaired spins. Because the electron spin of molecules
has an associated magnetic moment, the interconversion and
chemical fates of singlet and triplet states are influenced by
EMR [44]. Several reports indicated that EMR enhances ROS
levels in cells via Fenton reactions of metals such as Zn, Cu,
and Fe [29, 45, 46]. The Fenton reaction is a catalytic process
that converts hydrogen peroxides into the highly toxic
hydroxyl radical [8, 47]. We observed that Fe levels and
the extent of lipid peroxidation were increased in the kidney
following EMR exposure, due to Fe oxidation in the tissue via
Fenton reaction.

Kidney Cu, Zn, and lipid peroxidation levels after the
fourth week were lower in the three EMR groups than in the
control group, although the values returned to control levels or
were increased by EMR exposure after the fifth and sixth
weeks. Cu is an essential element in biological systems. Zn
is a micronutrient abundantly present in meat and seafood and
serves as a cofactor for more than 80 metalloenzymes in-
volved in DNA transcription and protein synthesis [14]. Be-
cause DNA transcription is a major factor in germ cell devel-
opment, Zn is likely important for reproduction [44]. Further-
more, Zn finger proteins are implicated in the genetic expres-
sion of steroid hormone receptors [14], and zinc induces
antioxidant properties and interacts with Fe molecules
to inhibit oxidative stress [47]. Zn and Cu protect
against oxidative stress by acting as cofactors for anti-
oxidant enzymes such as superoxide dismutase [14, 15].
The biological functions of Cu are intimately related to
its redox properties as a transition metal. Redox cycling
between Cu2+ and Cu1+ can catalyze the production of
highly toxic hydroxyl radicals [16].

The vitamin A active metabolite retinoic acid plays an
important role in spermatogenesis and promotes the entrance
of spermatogonia into the meiotic pathway. Retinoic acid
appears to be responsible for differentiation of undifferentiat-
ed spermatogonia by upregulating Kit expression in germ
cells [11]. Vitamin E has also been shown to suppress lipid
peroxidation in testicular microsomes and mitochondria, and
deficiencies in this vitamin lead to a state of oxidative stress
and deterioration in both spermatogenesis and testosterone

production [2]. We observed that liver vitamin A and β-
carotene concentrations were decreased by the 2.45-GHz,
900- and 1800-GHz EMR exposures (unpublished data). In
the current study, we observed increased concentrations of
vitamin A, vitamin E, and β-carotene concretions after the
fourth and fifth weeks, although lipid peroxidation levels were
decreased. The increase in vitamin A, vitamin E, and β-
carotene concentrations in the kidney and testis of EMR
exposure groups may reflect transport from the liver to these
cells, which is very important for spermatogenesis and kidney
oxidative functions.

Conclusion

In conclusion, our results demonstrated thatWi-Fi (2.45 GHz)
and mobile phone (900 and 1800 MHz) devices contribute to
oxidative stress in the kidney and testes as demonstrated by
increased lipid peroxidation and oxidizable iron content and
decreased antioxidant trace elements (copper and zinc), TAS,
and GSH during kidney and testis development. The present
study demonstrated that Wi-Fi- and mobile phone-induced
EMRmay cause precious puberty and kidney oxidative injury
in growing rats. This is the first study that investigated the role
of Wi-Fi- and mobile phone-derived EMR exposure on grow-
ing rat kidney and testis.
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ABSTRACT 
This is an in-vitro pilot study which established the effect of radiofrequency radiation (RFR) from 2.4 GHz laptop 
antenna on human semen. Ten samples of the semen, collected from donors between the ages of 20 and 30 years 
were exposed when the source of the RFR was in active mode. Sequel to the exposure, both the exposed samples 
and another ten unexposed samples from same donors were analysed for sperm concentration, motility and 
morphology grading. A test of significance between results of these semen parameters using Mann-Whitney U- test 
at 0.05 level of significance showed a significant effect of RFR exposure on the semen parameters considered. 
 
Keywords: Radiofrequency radiation exposure; sperm parameters; wifi devices; laptop antenna 
 
1. INTRODUCTION 
Radiofrequency radiation (RFR) is field forming part of the electromagnetic spectrum. This term is used for fields 
within the frequency range of 10 MHz and 300 GHz. Many sources, both natural and man-made generate RF fields 
of different frequency. Commonly used sources of RFR include  FM radio and TV transmitters and antennas, 
microwave ovens, radar, satellite links, wireless communication transceivers and sun [1]. 
The use of mobile telecommunication services in the last decade has drastically increased the amount of 
radiofrequency radiation exposure in our daily lives. Mobile telephones, sometimes called cellular phones or GSM 
(Global System of Mobile Communication) are now integral part of modern telecommunications. In addition to 
GSM, wireless local area network of  wireless fidelity (wifi) devices , operating at 2.4 GHz are an increasingly 
common technology employing radiofrequency energy for communication. 
Communication devices using wifi technology are low cost and operate in the unlicensed spectrum at 2.40 – 2.48 
GHz, popularly called the industrial, scientific and medical (ISM) band of 2.4 – 2.5 GHz in many part of the world. 
The low cost and easy-to-deploy nature of wifi access points (APs) and clients (users) infrastructures are identifiable 
reasons of popularity of wifi devices for communication purpose, mostly via the internet. A recent release by a 
commercial firm reported that there are presently more than 100,000 wireless local area network (WLAN) 
“hotspots” in operation around the world. Almost all the WLANs reported are based on the IEEE 802.11 standards 
or one of its amendments [2, 3, 4]. 
While WLANs operate at low power, Foster [5] reported that little quantitative information is available to the public 
or to health physicists and other professionals about the levels of exposure that they produce to the public. Very few 
technical reports on the potential harmful effects of RFR still remain controversial. However, more health concerns 
are raised recently. These concerns are not unconnected to the fact that wifi devices are  placed in close contact with 
the body when in use. A typical example is laptop, usually placed on the laps, a distance of few centimeters to the 
gonads; thus raising curiosity on the effect of  radiofrequency exposure from this wifi device on spermatozoans 
produced by the gonads. 
Recent epidemiologic studies [6, 7, 8, 9, 10] have highlighted the role of exposure of RF at 900 MHz on sperm 
motility, morphology and viability. Despite the results of the studies, indicating a decrease in fertility due to RF 
exposure on semen parameters, it is imperative to conduct a scientifically robust study involving use of people who 
are not using and have never used RF devices in the past, as control group. However, selection of such  control 
groups is extremely difficult; thus making a study involving in-vivo human exposure not feasible. 
The World Health  Organisation’s (WHO) recent research agenda [11] for studies on RF suggests that in- vitro 
studies play a supporting role in health risk assessment and are critical to the optimal design of animal and 
epidemiology studies. Sequel to this, an in- vitro pilot study of effects of radiation from cellular phones on human 
semen had been undertaken by Agarwal et al [12]. In that study, just like other related ones [13,14], radiofrequency 
electromagnetic waves emitted from cell phones had been reported to lead to oxidative stress in human semen. The 
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study further asserted that keeping the cell phone in trouser pocket in talking mode may negatively affect 
spermatozoa and impair male fertility. 
The possibility of RFR from cell phones having negative effects on spermatozoa motivated this current study. The 
goal of this study was to establish the effect of a commonly used RF source for communication in the 2.4 GHz 
frequency (laptop) on human semen parameters when such communication device, in an active mode is placed in 
close proximity to the male reproductive organs. 
 
2. MATERIALS AND METHODS 
 
2.1  The RF source 
An access point (AP), consisting of a portable radio ( a 2.4 GHz picostation by Ubiquity Networks, USA, with its 
integrated omnidirectional antenna was set up for internet broadcast  via wireless at  2.4 GHz. A laptop usually 
placed at a distance of less than 60 cm from the human thigh (lap) was configured to serve as the wireless client 
accessing the internet broadcast signal. 
The AP-client arrangement was configured and left in this active mode. The traffic over this arrangement was 
monitored by AirView spectrum analyzer 1.0.11, a 2.4 GHz spectrum analyzing software by Ubiquity Networks, 
USA. 
 
2.2  Sample Collection, Preparation and Exposure 
Semen samples were collected from 10 donors having ensured abstinence period of 48-72 hours, to ensure sufficient 
volume and quality of the semen samples. The ejaculated semen samples were allowed to liquefy completely for 15-
30 min at 37 oC [12]. Subsequent to liquefaction, each sample was divided into two aliquots: control (unexposed to 
RFR) and the exposed. 
One aliquot of the samples from each of the donors was exposed to the RFR emitted from a laptop (HP G50 series) 
while in active mode of sending and receiving packets to and fro of the access point serving as gateway to the 
internet. The distance between the laptop antenna and each of the sample was kept at 60 cm. The duration of 
exposure was 1 hour. Unexposed (control) aliquots were kept under identical conditions but without RFR exposure 
(Baste et al, 2008).  
  
2.3 Laboratory and Statistical Analyses 
Immediately after exposure to RFR radiation, both aliquots (control and exposed) were analysed for sperm 
concentration, motility and morphology grading according to WHO guidelines [15]. Comparison of all parameters 
between the exposed and the unexposed groups was done using non – parametric Mann-Whitney U test. The 
statistical analysis was done using statistical package for social sciences (SPSS) version 15. The probability, P 
values less than the chosen level of significanceD , were considered to be significant. 
 
 
3. RESULTS AND DISCUSSION 
The mean of the sperm concentration and other parameters for both exposed and unexposed semen are presented in 
table 1. There was no significant difference noticed in sperm concentration between exposed and unexposed 
samples. 
 
Table 1. Result of semen parametric analysis and statistical values 

 
Note:    S.D. = standard deviation;  Exp = exposed;   UNE = unexposed 



IJRRAS 9 (2) ● November 2011 Oni & al. ● Effects of Radiofrequency Radiation from WIFI 
 

  

294 
 

The semen parameters describing sperm motility were found to be significantly different in exposed samples relative 
to the unexposed samples. However, at the 1 –tail probability level, dead sperm cell was not significantly different 
between exposed and unexposed samples. 
Analysis of the morphology grading of the semen samples showed that exposure to RFR had no significant effect on 
the head defect of the samples. All other parameters (normal spermatozoa, tail defect and middle piece defect) 
considered revealed that RFR exposure had significant effect on them. The analyses were performed at the level of 
significant (D ) equals 0.05. 
 
4. CONCLUSION 
The in-vitro pilot study of the effect of 2.4 GHz RFR exposure on human ejaculated semen had been conducted. 
Sperm concentration, motility and morphology grading of the semen were found to be affected significantly by 
exposure to RFR emanating from a laptop antenna in active mode at 2.4 GHz frequency. Being a pilot study, the 
results of this work can serve as a reference to further researches, most especially as wireless communication is most 
adopted worldwide and among the reproductive group. Also, this work creates awareness of the possible alteration 
by RFR at 2.4 GHz on semen analysis result if such is conducted in the vicinity of the source of the RFR. 
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Received: 21 January 2013 / Accepted: 27 February 2013 / Published online: 12 March 2013
! Springer-Verlag Berlin Heidelberg 2013

Abstract It is well known that oxidative stress induces
larynx cancer, although antioxidants induce modulator role

on etiology of the cancer. It is well known that electro-

magnetic radiation (EMR) induces oxidative stress in dif-
ferent cell systems. The aim of this study was to investigate

the possible protective role of melatonin on oxidative stress

induced by Wi-Fi (2.45 GHz) EMR in laryngotracheal
mucosa of rat. For this purpose, 32 male rats were equally

categorized into four groups, namely controls, sham con-

trols, EMR-exposed rats, EMR-exposed rats treated with
melatonin at a dose of 10 mg/kg/day. Except for the con-

trols and sham controls, the animals were exposed to

2.45 GHz radiation during 60 min/day for 28 days. The
lipid peroxidation levels were significantly (p \ 0.05)

higher in the radiation-exposed groups than in the control

and sham control groups. The lipid peroxidation level in
the irradiated animals treated with melatonin was signifi-

cantly (p \ 0.01) lower than in those that were only

exposed to Wi-Fi radiation. The activity of glutathione

peroxidase was lower in the irradiated-only group relative
to control and sham control groups but its activity was

significantly (p \ 0.05) increased in the groups treated

with melatonin. The reduced glutathione levels in the
mucosa of rat did not change in the four groups. There is an

apparent protective effect of melatonin on the Wi-Fi-

induced oxidative stress in the laryngotracheal mucosa of
rats by inhibition of free radical formation and support of

the glutathione peroxidase antioxidant system.

Keywords Melatonin ! Larynx ! Trachea ! Oxidative

stress ! Wireless devices

Introduction

Wireless devices usages in industrial, scientific, medical,

military and domestic applications, with potential leakage,
of such radiation into the environment have increased by

leaps and bounds in past decade [1]. From being a luxury

and limited to the wealthy, wireless devices especially near
2.45 GHz is indispensable in daily lives [2]. However,

every technological advance and its overuse possess pos-
sible adverse effects [3].

Exposure to electromagnetic radiation (EMR) induces

degenerative effects via two ways, namely directly or
indirectly. Direct effects of EMR induce production of

reactive oxygen species (ROS), including superoxide anion,

hydrogen peroxide, and hydroxyl radicals. The ROS con-
tribute to tissue and DNA damages [1]. Exposure to

2.45 GHz EMR causes an increase in lipid peroxidation

levels and a decrease in the activity of enzymes that prevent
or protect against lipid peroxidation in tissues [4, 5]. The

human cells have nonenzymatic and enzymatic antioxidant

systems against degenerative effects of ROS. Glutathione
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Ear, Nose and Throat, Head and Neck Surgery Department,
Isparta State Hospital, Isparta, Turkey

123

Eur Arch Otorhinolaryngol (2013) 270:1695–1700

DOI 10.1007/s00405-013-2425-0



(GSH) is the most abundant thiol antioxidant in mammalian

cells [6]. The GSH is an endogenous tripeptide that acts
both as a nucleophilic scavenger of numerous compounds

and as a substrate in the selenium-dependent GSH peroxi-

dase (GSH-Px)-mediated destruction of hydroperoxides [7].
Recently, we observed proliferative effects of 2.45 GHz

EMR on human leukemia cancer cells through the over

production of ROS and Ca2? influx [8]. Melatonin, the main
secretary neurohormone of the pineal gland, has been

considered a potent antioxidant that detoxifies a variety of
ROS in many pathophysiological states [9]. Melatonin also

plays a significant role in cancer production against a

variety of cancer diseases including larynx cancer whose
pathogenesis involves damage of ROS [10]. Recently, we

observed also modulator role of melatonin on 2.45 GHz-

induced oxidative stress in rat dorsal root ganglion neurons
[11]. To our knowledge, there is no report on 2.45 GHz-

induced oxidative stress in laryngotracheal mucosa of

human and experimental animals. Melatonin may modulate
Wi-Fi (2.45 GHz)-induced oxidative stress in laryngotra-

cheal mucosa of rats and it needs to be clarified.

Larynx carcinoma comprises 25 % all head and neck
cancers and 2–3 % malignant tumors. Several reports

studying the oxidative related values in larynx cancer

indicated the importance of oxidative stress. Recently,
Karaman et al. [12] reported that the oxidant/antioxidant

balance was impaired in favor of lipid peroxidation and

DNA damage in patients with laryngeal squamous cell
carcinoma. Manjunath et al. [13] investigated the level of

oxidative stress in laryngeal and hypopharyngeal cancer

patients in a prospective study and they observed positive
correlations in oxidative stress and initiation of laryngeal

and hypopharyngeal cancers.

The purpose of the present study was to investigate the
effects of 2.45 GHz EMR on oxidant–antioxidant changes

in laryngotracheal mucosa of rat and the possible protective

effects of melatonin.

Materials and methods

Chemicals

All chemicals were of analytical grade, obtained from

Sigma-Aldrich Chemical Inc. (St. Louis, MO, USA) and all

organic solvents from Merck Chemical Inc. (Istanbul,
Turkey). All solutions, except phosphate buffers, were

prepared daily and stored at 4.0 "C. The reagents were

allowed to equilibrate at room temperature for at least
30 min before analysis. The phosphate buffers were stable

at 4.0 "C for 1 month.

Animals

This study is planned and organized as completely double-
blind. All experimental procedures had been approved by

Medical Faculty Experimentation Ethics Committee of

Süleyman Demirel University (Protocol Number; 2011-01/
02). Male Wistar albino (n = 32) rats were used in the

current experiment. At the start of the experiment, the rats

were 16 weeks old and weighed 220–240 g. Animals were
maintained and used in accordance with the Animal Wel-

fare Act and the Guide for the Care and Use of Laboratory

animals prepared by the Suleyman Demirel University. The
rats were housed individually in stainless steel cages in a

pathogen-free environment in our laboratory at 22 "C ± 3

with light from 0800 to 2000 hours and allowed free access
to water and fed a commercial diet. Environmental average

light intensity was 4,000 lux and humidity was 40 ± 10 %.

Study groups

After 1 week adaptation process, the animals were ran-
domly categorized into four equal groups, namely cage

control rats, sham control rats, rats exposed to 2.45 GHz

during 60 min/day for 30 days and same as the previous
group, 2.45 GHz-exposed rats treated with intraperitoneal

(ip) injections of melatonin at a dose of 10 mg/kg/day.

The 1-h exposure to irradiation in last two groups took
place between 9 AM and noon each day. The first dose of

melatonin administration was performed 24 h prior to

exposure. Sham control rats received ip injections of iso-
tonic saline solution at an equal volume to that of mela-

tonin used in the last melatonin group.

Melatonin was dissolved in a small (100 ll) amount of
dimethyl sulfoxide and then diluted with physiological saline

solution. The volume of melatonin solution injected daily was

0.1 ml. The melatonin dose used in this study was chosen on
the basis of our previously published experiment [11].

Exposure system and design

Details of exposure system have been described in detail

elsewhere [4]. A ‘‘SET ELECO’’ generator from Set
Electronic Co., Istanbul (Turkey), provided with a half-

wave dipole antenna system was used to irradiate the cells

with a 2.45 GHz radio frequency with 217 Hz pulses. The
electric field density was set at 11 V/m to get a 0.1-W/kg

whole-body average specific absorption rate (SAR).

Radiation reflection and exposure were measured with a
Portable radio frequency Survey System (HOLADAY,

HI-4417, Minnesota, USA) with a standard probe. The
electromagnetic radiation dose was calculated from the
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measured electric field density (V/m). SAR values were

calculated using electrical properties of tissue sample and
measured electric field intensities for every distance in

certain frequency. These values are shown in Fig. 1.

We used eight rats in the exposure system at the same
time (Fig. 1). This device is organized with a special

cylindrical strainer which is appropriate for exposure

condition and physical size of one rat (length 15 cm,
diameter 5 cm). The noses of the rats were positioned in

close contact to monopole antenna and the tube was ven-
tilated from head to tail to decrease the stress of the rat

while in the tube. The repetition time, frequency, and

amplitude of the radio frequency energy spectrum were
monitored by a satellite level meter (PROMAX, MC-877C,

Barcelona, Spain).

Radiation reflection and exposure were measured with a
Portable radio frequency Survey System (HOLADAY,

HI-4417, Minnesota, USA) with a standard probe. The

electromagnetic radiation dose was calculated from the
measured electric field density (V/m). The whole-body

SAR values are in the range of 0.008–4.2 W/kg, repre-

senting a SAR value of 0.143 W/kg for whole body, with a
value of 11.07 V/m at the closest point in the body.

The whole exposure system was kept in a faraday cage

with a shielding effectiveness of 100 dB. In each case, it
was insured that the rest of the animals were not in any

contact with the radiation-generating device by measuring

the radio frequency.
The rats of sham control were placed in the cylindrical

restrainer with the radio frequency source switched off
during times similar to those used for irradiation. The cage

control animals were kept in their cage without any treat-

ment or restraint of any kind.

Preparation of laryngotracheal mucosa samples

Head of all animals were cut and the mucosal tissues were

dissected from cartilages of larynx and trachea. The

mucosal tissues were placed into glass bottles, labeled
and stored in a deep freeze (-33 "C) until processing
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(maximum 10 h). After weighing, half of the mucosa were

placed on ice and homogenized (2 min at 5,000 rpm) in
five volumes (1:5, w/v) of ice-cold Tris–HCl buffer

(50 mM, pH 7.4), using a glass Teflon homogenizer

(Çalıskan Cam Teknik, Ankara, Turkey). All preparation
procedures were performed on ice. After the addition of

butylhydroxytoluol (4 ll/ml), mucosa homogenate samples

were used for immediate lipid peroxidation, GSH levels
and GSH-Px enzyme activities.

Determination of Lipid peroxidation level

Lipid peroxidation levels in the mucosa homogenate were
measured with the thiobarbituric acid reaction by the

method of Placer et al. [14]. The quantification of thio-

barbituric acid reactive substances was determined
by comparing the absorption to the standard curve of

malondialdehyde equivalents generated by acid catalyzed

hydrolysis of 1,1,3,3 tetramethoxypropane.

Laryngotracheal mucosa reduced glutathione (GSH),

glutathione peroxidase (GSH-Px) and protein assays

The GSH content of the mucosa homogenate was measured

at 412 nm using the method of Sedlak and Lindsay [15].
GSH-Px activities of the mucosa homogenate were mea-

sured spectrophotometrically at 37 "C and 412 nm

according to the Lawrence and Burk [16]. The protein
content in the mucosa homogenate was measured by

method of Lowry et al. [17] with bovine serum albumin as

the standard.

Statistical analyses

All results are expressed as mean ± standard deviation

(SD). To determine the effect of treatment, data were

analyzed using analysis of Mann–Whitney U test. The
p values of less than 0.05 were regarded as significant. Data

were analyzed using the SPSS statistical program (version

17.0 software, SPSS Inc., Chicago, IL, USA).

Results

The lipid peroxidation values in cage control, sham control,

2.45 GHz and 2.45 GHz ? melatonin groups are shown in
Fig. 2. Mean values as lmol/g protein in cage control,

sham control, 2.45 GHz and 2.45 GHz ? melatonin

groups were 18.6, 18.6, 22.0 and 17.2, respectively. Lipid
peroxidation levels were significantly (p \ 0.05) higher in

2.45 GHz group than in cage and sham control groups.

However, melatonin induced lipid peroxidation lowering
effects and lipid peroxidation levels and its level was

significantly (p \ 0.01) lower in 2.45 GHz ? melatonin

than in 2.45 GHz group.
GSH-Px activities in the four groups are shown in

Fig. 3. Mean activities of GSH-Px as IU/g protein in cage

control, sham control, 2.45 GHz and 2.45 GHz ? mela-
tonin groups were 23.4, 24.1, 23.1 and 30.4, respectively.

GSH-Px activities were insignificantly lower in 2.45 GHz

group than in cage and sham control groups, although its
activity was significantly (p \ 0.05) higher in 2.45 GHz ?

melatonin group than in 2.45 GHz group.
GSH levels in the four groups are shown in Fig. 4. Mean

levels of GSH as lmol/g protein in cage control, sham

control, 2.45 GHz and 2.45 GHz ? melatonin groups were
16.8, 17.1, 17.6 and 17.5, respectively. There was no sig-

nificant difference with respect to the levels of GSH among

the groups.

Discussion

Lipid peroxidation is an oxidative stress marker and may

trigger ROS-mediated tissue injury, such as MDA [18, 19].
It has been proposed that MDA acts as a tumor promoter

and cocarcinogenic agent because of its high cytotoxicity

and inhibitory action on protective enzymes [20]. Previous
studies reported that plasma MDA levels were found to be

significantly higher in the patients with laryngeal cancer

than in the healthy controls [20, 21]. Furthermore, Inci
et al. [22] reported that lipid peroxidation levels of can-

cerous tissues were found to be significantly higher than in

the cancer-free adjacent tissues in the patients with lar-
yngeal cancer. Previous studies have shown that 2.45 GHz

EMR increased lipid peroxidation levels in various tissues

including dorsal root ganglion neurons [11], plasma [4],
erythrocytes [4], skin [23] and human leucoma 60 cancer

cell line [8]. To our knowledge, this study is the first to

report the effects of EMR on laryngotracheal mucosal tis-
sues. The present study was shown that Wi-Fi (2.45 GHz)

EMR (for 1 h/day for 30 days) increased lipid peroxidation

levels in laryngotracheal mucosal tissues of rats. Hence,
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Fig. 2 Effects of melatonin on 2.45 GHz-induced lipid peroxidation
levels in laryngotracheal mucosa of rat (mean ± SD and n = 8).
ap \ 0.05 versus control and sham control groups. bp \ 0.01 versus
2.45 GHz group
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lipid peroxidation levels of the present study were con-

firmed by results of the recent studies [4, 8, 11, 23].
The GSH and GSH-dependent enzyme system also

protect cells against ROS by scavenging hydro- and lipid

peroxides [6]. GSH-Px is synthesized from GSH. Hydrogen
peroxide is converted to water by catalase and GSH-Px. In

the present study, we were not able to find statistical

changes in GSH and GSH-Px values between 2.45 GHz
and control groups. We were also not able to measure

catalase values in the present study. We suppose that the

ROS may be inhibited by catalase instead of GSH-Px.
Hence, the GSH and GSH-Px values did not change in the

present study between 2.45 GHz and control groups.

Future studies should aim to measure the catalase activity
in the 2.45 GHz-exposed laryngotracheal mucosa.

Contrary, Inci et al. [22] reported that GSH level and

GSH-Px activity were higher in the laryngeal cancer tissue
than in cancer-free adjacent tissues. Similarly, Kacakci

et al. [21] observed no significant difference between the

GSH levels of cancerous and cancer-free adjacent lar-
yngeal tissues, whereas in blood, it was significantly higher

in the control group, in their study. Ceyhan et al. [23]

reported that EMR (2.45 GHz/h/day for 28 days) increased
GSH-Px levels in skin tissues. Gümral et al. [4] reported

that EMR (2.45 GHz/h/day for 28 days) decreased GSH-

Px levels in erythrocytes. Similarly, Nazıroğlu and Gümral
[24] and Nazıroğlu et al. [11] reported that EMR

(2.45 GHz/h/day for 28 days) did not have effective

influence on GSH and GSH-Px levels in brain. We

used similar setup and exposure time in the recent studies
[4, 11, 23] and GSH and GSH-Px results of the present

study were confirmed by reports of Kacakci et al. [21] and

Nazıroğlu and Gümral [24] and Nazıroğlu et al. [11].
In results of the present study, lipid peroxidation levels

were lower in 2.45 GHz ? melatonin groups than in

2.45 GHz groups, although GSH-Px activities were higher
in 2.45 GHz ? melatonin groups than in 2.45 GHz groups.

Melatonin, the main secretory neurohormone of the pineal
gland, has been considered a potent anti-oxidant that det-

oxifies a variety of ROS in many pathophysiological states

[9]. Pre-treatment with melatonin prevented the high lipid
peroxidation level in the present study. All data reported

above aid in identifying that melatonin may play an anti-

oxidant role against EMR-induced oxidative injury.
According to Kesari et al. [25], the 900 MHz EMR expo-

sure produced an excess of ROS production according to

recent data via the mitochondrial respiratory chain and
impaired the antioxidant defense system. It has been

hypothesized that melatonin, a lipophilic compound acts by

a direct or indirect mechanism on ROS production [9]. It is
know that melatonin can directly scavenge free radicals

[26]. It has also been shown that melatonin has an anti-

oxidant effect in other experimental models, such as dorsal
root ganglion neuron [11] and hippocampus [27] and that it

plays a protective role against EMR-induced neuron tox-

icity through its effect on mitochondrial chain, transient
receptor potential melastatin 2 cation channels, and oxi-

dative enzymes [11, 25].

In conclusion, in rats, exposure to 2.45 GHz EMR is
accompanied by increased oxidative stress, suggesting that

oxidative stress is a cause of EMR-induced laryngotracheal

pathophysiology. Result of this study indicated that mela-
tonin plays a protective action against 2.45 GHz EMR-

induced oxidative stress in the laryngotracheal mucosa. The

moderate melatonin supplementation may play a role in
2.45 GHz-induced laryngotracheal oxidative toxicity due to

the exposure to EMR. The results may be useful in the

etiology of electromagnetic radiation-induced larynx can-
cer. Nevertheless, more studies regarding the exact mech-

anism by which melatonin improves the EMR-induced

oxidative stress in the larynx carcinoma are required to
account for these data. However, results of the study are not

relevant yet for clinical relevance. Future studies should

therefore be aimed at identifying the specific intracellular
pathways that transduce the Wi-Fi-induced changes in

oxidative stress of exposed larynx of animal and human.
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Abstract The present study determined the effects of prenatal
and postnatal exposure to Wi-Fi (2.45 GHz)-induced electro-
magnetic radiation (EMR) on tooth and surrounding tissue
development as well as the element levels in growing rats.
Twenty-four rats and their offspring were equally divided into
two separate groups identified as experiment and control. The
experiment group was exposed to 2.45 GHz EMR for 2 h/day
during the periods of pregnancy (21 days) and lactation
(21 days). The offspring of these dams were also exposed to
EMR up to decapitation. The control group was exposed to
cage stress for 2 h per day using the same protocol established
for the experimental group. On the 7th, 14th, and 21st days
after birth, 8 male offspring rats from each of the two groups
were decapitated, and the jaws were taken for histological and
immunohistochemical examination. Caspase-3 (1/50 dilution)
was used in the immunohistochemical examination for apo-
ptotic activity. On the last day of the experiment, the rats’
incisors were also collected. In samples that were histologi-
cally and immunohistochemically examined, there was an

increase in apoptosis and caspase-3 in both the control
and the Wi-Fi groups during the development of the
teeth. However, no significant difference was observed
between the two groups in terms of development and
apoptotic activity. Results from the elemental analysis
showed that iron and strontium concentrations were
increased in the Wi-Fi group, whereas boron, copper,
and zinc concentrations were decreased. There were no
statistically significant differences in calcium, cadmium,
potassium, magnesium, sodium, or phosphorus values
between the groups. Histological and immunohistochemical
examinations between the experimental and control groups
showed that exposure to 2.45 GHz EMR for 2 h per day
does not interfere with the development of teeth and sur-
rounding tissues. However, there were alterations in the
elemental composition of the teeth, especially affecting
such oxidative stress-related elements as copper, zinc,
and iron, suggesting that short-term exposure to Wi-Fi-
induced EMR may cause an imbalance in the oxidative
stress condition in the teeth of growing rats.

Keywords Rat tooth development . Developmental effect .

Element .MAP,bonemorphogeneticproteins .FGF, fibroblast
growth factor . ROS, reactive oxygen species . SAR, specific
absorption rate .Wi-Fi

Introduction

In recent times, there has been growing anxiety and specula-
tion about the potential for health risks associated with expo-
sure to electromagnetic radiation (EMR) [1]. A multitude of
devices that emit EMR are used in industrial, scientific,
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medical, military, and domestic applications. The level of
EMR in our environment has increased manifold due to a
large-scale expansion of communication networks behind
such technologies as mobile phones, base stations, WLAN,
2.45-GHz irradiation-emitting Wi-Fi, etc. [2, 3]. Despite an
increasing number of studies into the potential biological
effects of EMR and their consequences, data pertaining to its
effects on human health are very scarce, and previous studies
have reported conflicting results.

Many studies had previously demonstrated the effects of
Wi-Fi-induced EMR on brain development, DNA breakage,
increased apoptosis, and alteration of homoeostasis in rats
[4–6]. Several mechanisms have been proposed to explain
the biological effects of EMR on various cellular systems [7,
8], but the exact molecular mechanisms remain unclear. EMR
can alter the energy levels and spin orientation of electrons
and increase the production of reactive oxygen species (ROS),
including superoxide anion, hydrogen peroxide, and hydroxyl
radicals. Thus, exposure to EMR is associated with enhanced
ROS production. Free radicals, presented as ROS, are gener-
ated as intermediates in the metabolism and may attack lipids,
proteins, and nucleic acids [2, 9]. Tissue development and
repair-related second messengers and signaling pathways,
such as bone morphogenetic proteins (BMPs), fibroblast
growth factor (FGF), and Wnt, are in interaction with ROS
[10–12]. The earliest interactions regulate tooth initiation, and
the last govern the secretiom and mineralization of dentin and
enamel as well as root development [13]. FGF and Wnt are
responsible for its maintenance, and BMP is responsible for its
patterning. It is important to note that these pathways, in turn,
depend on each other [14]. In addition, some of the literature
mentioned that EMR directly interacts with cell membranes
and altered trace element concentrations in plasma and cere-
brospinal fluid [15]. Moreover, there are a limited number of
manuscripts on the effects of EMR on the teeth. These deter-
mined alterations in element concentrations [16, 17]. Hence,
the Wi-Fi exposure-induced ROS may affect the development
and metal composition in the teeth of developing rats, and the
subject merits further clarification.

To o t h mo r p hog en e s i s a n d t h e s ub s e qu e n t
differentiation of the epithelial ameloblasts and the
ectomesenchymal odontoblasts are followed by the forma-
tion and mineralization of the enamel and dentin matrices,
respectively. Epithelial-mesenchymal interactions induc-
ing and governing the development of the teeth (and of
many other organs) involve the sequential expression of
hierarchic genes and proteins, such as growth factors,
homeobox-containing transcription factors, receptors, and
matrix molecules [13, 18]. In the literature, the interactions
between dental hard tissue formation and malnutrition,
radiation, chemicals, and drugs are very well-established
[19–21]. It is noteworthy that, once formed, the dental
hard tissues are not remodeled; hence, any major

disturbances to the function of the dental cells will be
permanent [22].

Trace elements play an important and complex role in
human and animal metabolisms [23]. Laboratory animal teeth
have been used as indicators of exposure to several trace
elements. The trace elements in the teeth have been examined
for a number of reasons; for example, some dental health
studies have correlated trace element contents with the pres-
ence of dental caries [23]. The importance of measuring trace
elements in the teeth was also underscored by their importance
as bioindicators, connecting the deposited chemical elements
in the tooth to the environment and/or dietary habits, and with
the promotion or inhibition of tooth cavities [24–26].

To our knowledge, there is no report on Wi-Fi-induced
alterations of trace element levels in the teeth of developing
rats, humans, or other animals. Moreover, we could not find
any reports on the effects of EMR on tooth development. Our
hypothesis was based on its harmful effect on the cell mem-
brane and alterations to the permeability of the membrane
against some elements. It is well reported that the destruction
of cell membranes leads to alterations in elemental concentra-
tion. EMR-related changes in oxidative stress levels due to
adverse effects in the signaling pathways could have a detri-
mental effect on tooth development. Hence, we aimed to
determine the effects of Wi-Fi (2.45 GHz)-induced EMR on
the development of rat teeth and some trace element contents
of rat incisors.

Materials and Methods

Animals

This study was planned and organized as completely double
blind. Approval for the study was obtained from Medical
Faculty Experimentation Ethics Committee of Suleyman
Demirel University (approval number 26.10.2010-01). The
care and use of the animals were conducted in accordance
with the Animal Welfare Act and the Guide for the Care and
Use of Laboratory Animals prepared by the Suleyman
Demirel University. Female Wistar Albino rats (n=24) of
10–12 weeks weighing between 180–200 g obtained from
the Suleyman Demirel University Animal Experiments Lab-
oratory were used in the current experiment. The rats were
maintained individually in stainless steel cages with optimized
living conditions and fed a commercial diet.

To obtain newborns, animals were mated in the proportion
of one male to three females. Once the presence of sperm was
detected, the female was considered pregnant, and this day
was considered to be day 0 of the pregnancy. Twenty-four rats
were equally divided into two separate groups as experiment
and control. The experiment group was exposed to 2.45 GHz
EMR for 2 h/day during the periods of pregnancy (21 days)
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and lactation (21 days). Offspring (n=48) of these dams were
also exposed to EMR up to decapitation. The control group
was exposed to cage stress 2 h in a day using the same
protocol established for the experimental group. EMR was
applied daily between 11:30 and 13:30.

Exposure System and Design

For experimental exposure, a SET ELECO (Set Electronic
Co./Istanbul) radio frequency (RF) generator providing a
2.45-GHz RF emission, pulsed with 217 Hz, was used with
a half-wave dipole antenna system. This device is capable of
producing 0.1 V/m to 45.5 V/m electric field densities. The
overall system performance of the exposure device was tested
and verified at the Laboratory of the Department of Electron-
ics and Communication Engineering (Süleyman Demirel Uni-
versity, Isparta, Turkey). The exposure design and methodol-
ogy were adapted from a similar study [27]. The exposure
system was deployed in a specific room that contained plastic
furniture such as tables and chairs in order to protect the
animals from potential radiation and reflected emissions.
The walls of the room were completely covered with chromi-
um–nickel sheets to protect the animals from exposure to
radiation from external sources. All six rats per group were
exposed at the same time in the exposure system. This device
is organized with a specialized cylindrical PVC restrainer,
which provides appropriate exposure conditions, and to ac-
commodate the physical size of one rat (for pups/offspring
length 15/5 cm, diameter 5/3 cm). The noses of the rats were
positioned in close contact to the monopole antenna, and the
tube was ventilated from the head to tail in order to decrease
the stress on the rats while in the tube. Repetition time,
frequency, and amplitude of the RF energy spectrum were
observed and verified by means of a satellite level meter
(PROMAX, MC-877C, Barcelona/Spain). All of the reflec-
tion and exposure measurements were carried out by means of
a Portable RF Survey System (HOLADAY, HI-4417,
Minnesota, USA) equipped with its standard probe. The elec-
tromagnetic dosimetry is calculated by using measured elec-
tric field density (V/m) and digital anatomical models based
on the FDTD numerical code. Consequently, a specific ab-
sorption rate (SAR) value was predicted for the same condi-
tion, orientation, and antenna power by using this method as
0.009±0.002 W/kg per head. The rats of the sham exposure
group were placed in the restrainer individually with the RF
source switched off during experiments. All exposure systems
were kept in a Faraday cage. All of the exposure procedures
were carried out in this cage, which had a shielding effective-
ness of 100 dB. As well, the exposure of each group was not
permitted to affect the other groups. To verify this result, data
were taken continuously by means of an RF measurement
apparatus within the experiment room described above.

Teeth and Tissue Collection

The animals were anesthetized by intraperitoneal injection of
a combination of ketamine (25 mg/kg) and xylazine
(10 mg/kg) and sacrificed. Eight male offsprings were ran-
domly selected from each of the dams on the 7th, 14th, and
21st days, and histopathological analyses were performed on
the molar region. Also, the rats’ incisors were collected for
trace elemental analysis at 21 days of life.

Histopathological and Immunohistochemical Examination

Jaw samples of the rats were fixed in 10 % buffered formalin.
For the immunostaining and microscopy analyses, samples
were decalcified in 4 % EDTA at neutral pH to allow for better
discrimination. As per routine procedure, tissues were blocked
in paraffin and cut to 5-μm thickness in sagittal sections. The
tissue sections were stained with hematoxylin-eosin (H&E)
and examined microscopically. Afterward, the jaw samples
were immunostained with caspase-3 (rabbit polyclonal, Cat.
no. 250573, Abbiotec-San Diego, USA) according to the
manufacturer’s instructions. In this study, the avidin-biotin
complex peroxidase (ABCP) method was used for immuno-
histochemistry. Paraffin blocks were sectioned at 5 μm for
immunohistochemical examination, and sections were at-
tached to glass slides coated with poly-L-lysine. The slides
were dried overnight at 37 °C in order to optimize adhesion.
Sections were deparaffinized by means of xylene, and tissues
were rehydrated in sequentially graduated ethyl alcohol.
Slides were incubated in hydrogen peroxide in methanol for
10 min to reduce nonspecific background staining due to
endogenous peroxidase. The sections were washed twice in
phosphate buffer solution (PBS). The tissues were then boiled
in a 1:100 citrate buffer solution for 10 min and cooled for
20 min. The cooled tissues were washed four times in PBS
prior to application of blocking serum for 5 min. Primary
antibody was applied, and then, tissues were incubated for
30 min at room temperature. They were rinsed four times in
PBS, given an application of biotinylatedantipolyvalent anti-
body, and incubated for 10 min at room temperature. After
being washed three times in PBS, streptavidin peroxidase was
applied, and the samples were incubated for 10 min at room
temperature, and then rinsed four times in PBS. Tissues were
further incubated for 20 min at room temperature in a solution
of 3,30-diaminobenzidine (DAB) chromogen. After being
washed in PBS, tissues were counterstained with Mayer’s
hematoxylin, washed in water, and coverslips were applied
with mounting media. For negative control, primary antibody
was not added to the sections.

To evaluate the severity of the immunohistochemical reac-
tion of tumor cells with markers, semiquantitative analysis
was performed using an arbitrary visual scale with a grading
score ranging from (−) to (+++) as follows: (−)=negative, (+
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)=weak staining, (++)=mild staining, (+++)=strong staining.
In order to evaluate the percentage of immunopositive cells,
100 cells calculated in 10 different microscopic high-powered
fields of each slide were examined under the 40× objective of
a trinocular microscope (Nikon E600) and microphotography
apparatus. The count of positive cells one high-power field for
each marker was noted and compared with control groups.

Inductively Coupled Plasma-Optical Emission Spectroscopy
(ICP-OES) Elemental Analysis

The determination of calcium (Ca), iron (Fe), zinc (Zn), boron
(B), copper (Cu), strontium (Sr), cadmium (Cd), potassium
(K), magnesium (Mg), sodium (Na), and phosphorus (P) was
performed on a model Perkin Elmer Optima 5300 DV ICP-
OES under optimized measurement condition.

For the ICP analysis, each tooth was individually
decoronated, the root discarded, and the pulp removed. Sam-
ples from the teeth were then decomposed in a microwave
oven (Milestone ETHOS One, Suarlée, Belgium) with 5-mL
trace-pure HNO3 (SCP Science, NY) and 1 mL H2O2, and
diluted to 15 mL using double-DI water. These tooth solutions
were quantitatively analyzed for the elements in an ICP-OES.

The ICP-OES parameters used were the following: nebu-
lizer flow, 0.80 L/min; power, 1450 W; peristaltic pump rate,
1.5 mL/min; flush time, 30 s; delay time, 20 s; read time, 10 s;
wash time, 60 s; and each sample was read in triplicate.

Statistical Analysis

All results are expressed as means±standard deviation. p
Values of less than 0.05 were regarded as significant. Signif-
icant values were assessed by means of independent sample t
test. Data was analyzed using the SPSS statistical program
(version 17.0 software, SPSS Inc. Chicago, IL, USA).

Results

Body Weight Changes and Macroscopic Findings

The body weights of 7-, 14-, and 21-day-old rats are shown
in Table 1. There is no statistically significant difference
between the 2.45-GHz EMR group and the control group
(p>0.05).

We did not observe any cases of tooth agenesis in either the
experimental group or the controls, and the developmental
chronology was consistent from the tooth germ to the final
phase of the crown.

Histopathological Findings

First and second molars of rats were observed far below the
epithelial layer on the 7th day postpartum (Fig. 1a, b), while
they were very close to the epithelial layer on the 14th day
postpartum (Fig. 2a, b). All three cusps of the first and second
molars had penetrated the oral mucosa. Root development
was ongoing in the second and first molars with the apices
open on the 21st day postpartum (Fig. 3a, b). There were no
pathological changes to the enamel and dentin layer. There
were no abnormalities in the layers of the teeth, and no
differences between the groups were observed.

Immunohistochemical Findings

In the immunohistochemical staining for caspase-3, there
were mild caspase-3 reactions detected in the oral mucosa
epithelium in both groups. Similar reactions were determined
in odontoblasts and ameloblasts in both groups (Fig. 4a, b).
There were no differences in caspase-3 expression between
7th, 14th, and 21st days.

Element Results

It was determined that Ca, Cd, K, Mg, Na, and P values in
teeth are not statistically significant (p>0.05) (Table 2). In
addition, iron and strontium concentrations are significantly
(p<0.05) higher in the Wi-Fi group than those in the control
group (Fig. 5). However, boron, copper, and zinc concentra-
tions are significantly (p<0.01) higher in the control group
than those in the Wi-Fi group (Figs. 6 and 7).

Discussion

Nowadays, wireless devices are commonly used in all areas of
life. Modern wireless devices operate on frequency ranges
(2400–2500Hz) that are higher than those used by cell phones
and typically entail longer exposure times and wider areas of
exposure. Devices that use such wireless connection technol-
ogy are primarily used in proximity to the abdominal region,
where the fetus is located and may cause harmful effects to its
organ development and differentiation.

Table 1 The weights (g) of 7-, 14-, and 21-day-old rats of control and
Wi-Fi groups

Age (postnatal day) Control Wi-Fi

7 11.35±1.45 11.35±0.74

14 18.49±2.66 16.38±2.14

21 25.04±4.56 25.12±3.76
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To the best of our knowledge, the present study is the first
to investigate the effects of Wi-Fi (2.45 GHz)-induced EMR
on the development of teeth and the surrounding tissues as
well as on the levels of elements in rat teeth; therefore, the
results of this study are not directly comparable to those of
previous studies. However, considering the differences be-
tween the methodology used in the present study and those
methodologies used in previous studies, such as EMR expo-
sure time and frequency, analytical methods, and the source of
tissue, some useful comparisons can be made with respect to
the control group.

Increase in body weight is associated with the general
development of the body. Our results showed no differences
in body weight. Histological analysis revealed no differences
between groups. These results indicate that 2.45 GHz EMR
does not affect the development of the teeth and their sur-
rounding tissues in rats.

Apoptosis is the process of programmed cell death, which
is mediated by specific proteinases, namely caspases. There
are two major pathways of apoptosis, related to caspase-8 and
caspase-9 activation, and both of these pathways induce
caspase-3 activation [28]. It has been suggested that EMR
causes apoptosis in several tissues through an increased
caspase-3 activity. Palumbo et al. [29] reported that 900-

MHz GSM radiation increased caspase-3 activity in human
lymphocytes. Exposure to EMR at 2.45 GHz has been report-
ed to cause an increase in caspase activity, which is dependent
on apoptosis, in the reproductive system [30]. However,
Agustino et al. [31] also suggested that EMR at the same
frequency (2.45 GHz) alters the levels of cellular stress in rat
thyroid glands without inducing apoptosis. In the present
study, although caspase-3 activity was increased in some areas
of the teeth and surrounding tissues, we believe that this
observation is associated with a normal process of growth
and development.

Dental tissues consist of an organic matrix and inorganic
constituents. Studies have showed that the teeth with an
accurate macrostructure and microstructure and an adequate
degree of mineralization are muchmore resistant to cariogenic
factors [32]. The teeth, both in humans and in animals, are
often regarded as biological indicators of environmental haz-
ards. The trace elements found in the teeth are essential to
humans, and their appropriate concentrations and ratios in
dental tissues are associated with normal biological function
and development. Therefore, the effects of 2.45 GHz-induced
EMR on element levels in rat teeth were investigated. We
found no statistically significant differences in calcium, po-
tassium, magnesium, sodium, phosphorus, or cadmium levels

Fig. 1 a Tooth development of 7-day-old rat in control group. The teeth
have not yet erupted, and they were located below the epithelium
(arrows). H&E, bar=400 μm. b Tooth development of 7-day-old rat in
Wi-Fi group. The teeth have not yet erupted, and they were located below
the epithelium (arrows). H&E, bar=400 μm

Fig. 2 a Tooth development of 14-day-old rat in control group. The teeth
have not yet erupted, but they were located just below the epithelium
(arrows). H&E, bar=400 μm. b Tooth development of 14-day-old rat in
Wi-Fi group. The teeth have not yet erupted, but they were located just
below the epithelium (arrows). H&E, bar=200 μm
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between the control and Wi-Fi groups. Results from the ele-
mental analysis also showed that the iron and strontium con-
centrations increased in the Wi-Fi group, whereas boron,
copper, and zinc concentrations decreased.

Ca, Mg, P, K, and Na are essential for living organisms;
these macroelements are present in the teeth, where they form
the basic structural components of hydroxyapatite. Decreased
concentrations of these elements in dental hard tissue may
cause deleterious effects, such as susceptibility to caries. In
our study, we observed similar levels of these elements in the
control and Wi-Fi groups. These findings are consistent with
the results of a previous study by Adıgüzel et al. [16] that
showed that EMR (900 MHz) from mobile phones did not
affect the Ca and P levels in rat dental hard tissues. However,
in the same study, they found reduced concentrations ofMg in
theWi-Fi groups, which is in contrast to the results obtained in
the present study.

A positive correlation has been shown between the Sr
levels in enamel apatite and tooth hardness and acid resistance
in the teeth [33]. However, it has also been reported that there
is no association between the Sr content of the teeth and the
incidence of dental caries [34]. Owing to the chemical simi-
larity to Ca ions, Sr ions can easily incorporate into the

calcified matrix of hard tissues. Kaya et al. [17] were able to
relate the differences observed between experimental and
control groups with changes in the chemical bonding of the
trace elements. It was also shown that oxidative stress

Fig. 4 a Positive caspase-3 reaction in epithelium (arrow) in 7-day-old
rat in control group, streptoavidinbiotin peroxidase method, bar=
200 μm. b Positive caspase-3 reaction in odontoblasts (arrow) in 14-
day-old rat in Wi-Fi group, streptoavidin biotin peroxidase method, bar=
200 μm

Table 2 Effects of Wi-Fi (2.45 GHz) EMR exposure on calcium, cad-
mium, potassium, magnesium, sodium, and phosphorus levels in incisor
samples of 21-day-old rats (n=8, mean±SD) (p>0,05)

Parameters Control Wi-Fi

Calcium (g/kg teeth) 203.1±10.1 204.6±9.5

Cadmium (mg/kg teeth) 0.3±0.03 0.2±0.03

Potassium (g/kg teeth) 3.1±0.3 3±0.2

Magnesium (g/kg teeth) 8.5±0.6 8.4±0.3

Sodium (g/kg teeth) 6.9±0.3 7.8±0.6

Phosphorus (g/kg teeth) 1.1±0.08 1.1±0.03

Iron (mg/kg teeth) 85.4±11.1 153.8±19.2

Strontium (mg/kg teeth) 107.6±9.6 155.4±8.9

Boron (mg/kg teeth) 10.9±1.1 2.5±0.4

Copper (mg/kg teeth) 15.5±1.5 5.3±1.2

Zinc (mg/kg teeth) 64.2±1.7 46±3.3

Fig. 3 a Tooth development of 21-day-old rat in control group. The teeth
have fully erupted (arrows), and tooth structures are in normal view.
H&E, bar=200 μm. b Tooth development of 21-day-old rat in Wi-Fi
group. The teeth have fully erupted (arrows), and tooth structures are in
normal view. H&E, bar=200 μm
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associated with EMR disrupts ion transport [35]. It should be
noted that this difference could be related to a genetic trait.

Zn and Cu are important trace elements in the human body.
Zn has an important role in protein synthesis and is a cofactor
for many enzymes that regulate gene transcription, growth
factor metabolism, hormone levels, and cell growth. There-
fore, Zn plays an important role in the formation of mineral-
ized tissues and in metabolism. Animal studies suggest that
the Zn concentrations in dental hard tissue reflects metal
absorption [26]. It has been suggested that these elements
provide protection against oxidative stress by functioning as
cofactors for antioxidant enzymes such as superoxide dismut-
ase [36].

Fe is also a trace element, and it has been shown to be
associated with oxidative stress; a positive correlation be-
tween Fe and ROS levels has also been reported. Several
reports have indicated that EMR affects ROS levels in cells
via Fenton reactions of metals such as Zn, Cu, and Fe [37, 38].
Zn and Cu act as antioxidants by decreasing ROS levels [37].
Fe plays a key role in the important Fenton reactions of the

cell, which are involved in the generation of free radicals by
chemicals that are present in vivo, such as Fe and H2O2.
Increased Fe levels trigger OH− formation, which is more
harmful to cell physiology in relation to lipid peroxidation
[39]. In the present study, B, which has beneficial effects on
the metabolism of many biological compounds and on tissue
function [40], was found at lower levels in the Wi-Fi group
than in the control group. It has recently been suggested that B
is effective in the prevention of oxidative stress and DNA
damage in rats [41]. We found significantly lower levels of Zn
and Cu, which also play important roles in antioxidant metab-
olism, and high levels of Fe, which were shown to have an
effect on oxidative stress in the Wi-Fi group; these results
indicate that 2.45 GHz EMR causes changes in the elemental
content of dental hard tissue via oxidative stress. We believe
that the observed increase in Fe levels is due to Fe oxidation in
the tissues via Fenton reactions [39]. We did not observe any
differences in the histopathological examinations of the Wi-Fi
and control groups, which suggests that prenatal and postnatal
exposure to Wi-Fi-induced EMR for 2 h a day does not

Fig. 5 The levels of iron and
strontium in control and Wi-Fi
group of Rats.*p<0.01 and versus
control

Fig. 6 The changes of teeth
boron and copper levels in control
and Wi-Fi groups of rats.*p<0.01
and versus control
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interfere with the development of the teeth and their surround-
ing tissues. However, EMR-induced effects are not instanta-
neous, unlike those induced by chemical and environmental
agents; they may arise due to the accumulation of cumulative
interactions. Furthermore, the animals in our study were ex-
posed to Wi-Fi-induced EMR for approximately 40 days,
depending on the tooth development stages in the rats. Con-
sidering that this period is equivalent to approximately
10 years in humans, it is clear that the exposure period of
our study is of too short a duration to draw conclusions as to
the effects of Wi-Fi exposure over a lifetime.

Furthermore, this study determined the content and distribu-
tion of trace elements in rat teeth that were exposed to Wi-Fi. It
was observed that the elemental content of the crowns of the
teeth of the rats differed significantly between the two groups.
Differences in the levels of elements in the teeth, especially those
of oxidative stress-related elements, suggest that short-term
exposure to Wi-Fi-induced EMR causes oxidative injury to
the teeth of growing rats. However, the possibility that these
differences are related to genetic traits should be considered.

Considering the increased use of wireless networks and the
increased duration of its use, we suggest that studies involving
a larger number of subjects and longer periods of exposure to
Wi-Fi should be undertaken to further analyze the effects of
Wi-Fi on the development of the teeth and their surrounding
tissues.
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TRPV1 is a Ca2+ permeable channel and gated by noxious heat, oxidative stress and capsaicin (CAP). Some
reports have indicated that non-ionized electromagnetic radiation (EMR)-induces heat and oxidative stress ef-
fects.We aimed to investigate the effects of distance from sources on calcium signaling, cytosolic ROS production,
cell viability, apoptosis, plus caspase-3 and -9 values induced by mobile phones and Wi-Fi in breast cancer cells
MCF-7 human breast cancer cell lines were divided into A, B, C and D groups as control, 900, 1800 and 2450MHz
groups, respectively. Cells in Group A were used as control and were kept in cell culture conditions without EMR
exposure. Groups B, C andDwere exposed to the EMR frequencies at different distances (0 cm, 1 cm, 5 cm, 10 cm,
20 cm and 25 cm) for 1 h before CAP stimulation. The cytosolic ROS production, Ca2+ concentrations, apoptosis,
caspase-3 and caspase-9 valueswere higher in groups B, C andD than inA group at 0 cm, 1 cmand 5 cmdistances
although cell viability (MTT) values were increased by the distances. There was no statistically significant
difference in the values between control, 20 and 25 cm.
Wi-Fi andmobile phone EMR placedwithin 10 cmof the cells induced excessive oxidative responses and apopto-
sis via TRPV1-induced cytosolic Ca2+ accumulation in the cancer cells. Using cell phones andWi-Fi sourceswhich
are farther away than 10 cm may provide useful protection against oxidative stress, apoptosis and overload of
intracellular Ca2+. This article is part of a Special Issue entitled: Membrane channels and transporters in cancers.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Electromagnetic radiation (EMR) produced by mobile phones and
their base station antennae is in the range of 900 and 1800 MHz for
the Global System for Mobile Communications (GSM). Mobile phones
emit radiofrequency EMR which may affect human health based on
biological stress responses [5]. Wireless local area network systems
(WLAN, 2450 MHz), are an alternative to wired internet access in busi-
ness centers, homes, and public areas providing means of communica-
tion and information exchange [26]. These concerns require further
investigation of possible biological effects of exposure to WLAN signals

[5]. Cancer, with 10 million new cases of per year, is one of the biggest
concerns of humanity [15,16]. A main concern has been the risk of can-
cer and DNA degeneration among people living near base stations, but
the general welfare of all citizens exposed to EMR is becoming a fre-
quent subject of conjecture [5,13,22,25,30]. With regard to this issue,
there have been numerous reports of valuable research, but the results
are still somewhat inconclusive [5,12,21,29]. Recently,we observed pro-
liferative and tissue injury effects of exposure to 2450 MHz radiation in
an HL-60 cancer cell line [22], an MDA-MB-231 breast cancer cell line
[14] and in rat tissues through induction of Ca2+ influx and oxidative
stress [4,13,30].

EMRcan alter the energy level and spin orientation of electrons and, as
a consequence, increase the activity, concentration and lifetime of ROS
[20]. There are various antioxidant mechanisms in cells that neutralize
the harmful effects of ROS [22] but exposure to EMR results in increases
of ROS due to loss of efficiency of antioxidantmechanisms and alterations
in the mitochondrial electron transfer chain [8,12]. However, whether
distance affects the induction of oxidative stress and apoptosis in breast
cancer cells exposed to 900, 1800 and 2450 MHz EMR is still unknown
and deserves further study.

Ca2+ homeostasis of the cells is one of themany important functions.
The proliferation of cells, to undergo apoptosis, induction of oxidative
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stress and physiological functions such as signal transduction is a part of
Ca2+ homeostasis [17]. Cytosolic free calcium ion concentration [Ca2+]i,
which is dependent on both plasma and intracellular membrane func-
tions, is controlled bymany ion channels. The transient receptor potential
(TRP) family is one of these channels and they are important non-
selective cation channels [23]. TRPV1 is a cation channel and is amember
of the subfamily of these channels. It can be activated by capsaicin and it is
also heat sensitive (≥ 43 °C) [24,27]. Thermal effects of electromagnetic
radiation caused by changes in temperature have been noted [7] and
temperature effects of exposure to EMR of 450 MHz and 2450 MHz
frequencies have been seen in various tissues and in total blood flow
examinations and increase in skin temperature [1]. This issue has been
examined in many well performed experimental studies using rats and
mice subjected to EMR exposure [19–24].

Since to date there is no report about the mechanism of 900, 1800
and 2450 MHz EMR-induced actions on cellular survival and death,
such an investigation may help clarify how free radical formation and
apoptosis occur following EMR-induced injury. The present study was
designed to determine the effects of 900, 1800 and 2450 MHz EMR
exposure on oxidative damage of breast cancer cells, apoptosis and ROS
production, as well as the possible protective effects of different distances
on the values by analyzing apoptosis, caspase activities, cytosolic ROS
production, and accumulation of [Ca2+]i concentration-induced oxidative
stress.

2. Materials and methods

2.1. Cells and reagents

The Michigan Cancer Foundation-7 breast cancer cell line (MCF-
7) was used in this study. The cell line was originally obtained from
‘The Leibniz Institute-German Collection of Microorganisms and Cell
Cultures (DSMZ)’ Cell Lines Bank (Braunschweig, Germany). Ethylene
glycol-bis(2-aminoethyl-ether)-N,N,N′,N′-tetraacetic acid (EGTA)
and dimethyl sulfoxide and Roswell Park Memorial Institute
(RPMI) 1640 medium were obtained from Sigma-Aldrich Chemical
(St. Louis, MO, USA). N-acetyl-Asp-Glu-Val-Asp-7-amino-4-
methylcoumarin (ACDEVD-AMC), nonidet-P-40 substitute (NP40),
2-(N-morpholino)ethanesulfonic acid hydrate (MES hydrate), PEG, 4-
(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 3-[(3-
chomalidopropyl) dimethylammonio]-1-propanesulfonate (CHAPS),
polyethylene glycol (PEG) and dithiothreitol (DTT) were obtained from
Sigma Chemical. Dihydrorhodamine-123 (DHR 123/N-acetyl-Leu-Glu-
His-Asp-7-amino-4-methylcoumarin (AC-LEHD-AMC) was purchased
from Bachem (Bubendorf, Switzerland. A mitochondrial stain 5,5′,6,6′-
tetrachloro-1,1′,3,3′-tetraethylbenzimidazolylcarbocyanine iodide (JC-1)
was purchased from Santa Cruz (Dallas, TX, USA). All organic solvents
were also purchased from Santa Cruz (Dallas, TX, USA). The reagents
were equilibrated at room temperature for 30 min before an analysis.

2.2. Cell culture

TheMCF-7 cells were cultured in RPMI 1640medium supplemented
with fetal bovine serum in a humidified incubator at 37 °C, 5% CO2, and
95% air. The cells were counted daily by removing a small volume from
the tissue culture flask (filter cap, sterile, 250 ml, 75 cm2), diluting it
with an equal volume of trypan blue (0.4%), and tallying viable
cells (trypan blue excluding) with a hemocytometer. Cultures were
maintained as a suspension without shaking or stirring at a density
of 1 × 106 cells per ml by dilution with fresh media. Cultures were
transferred once a week.

2.3. Groups

Cells were seeded in 8–10 flasks at a density of 1× 106 cells per flask
(filter cap, sterile, 250ml, 75 cm2) and placed in a circulatingwater bath
(Fig. 1). All cells were cultured in the same culture medium (37 °C) and
for an identical time (1 h). The cells were divided into fourmain groups.

A- Control group: The cells were not exposed to EMR but were kept
in falcon tubes containing the same cell culturemediumand con-
ditions for 1 h.

B- 900 MHz group: Cells in the group were exposed to 900 MHz
EMR at different distances (0 cm, 1 cm, 5 cm, 10 cm, 20 cm and
25 cm) for periods of 1 h.

C- 1800 MHz group: Cells in the group were exposed to 1800 MHz
EMR at different distances (0 cm, 1 cm, 5 cm, 10 cm, 20 cm and
25 cm) for 1 h.

D- 2450 MHz group: Cells in the group were exposed to 2450 MHz
EMR at different distances (0 cm, 1 cm, 5 cm, 10 cm, 20 cm and
25 cm) for 1 h.

All the exposures at the different distanceswere repeated 4–6 times.
At the endof the 1 h incubation, the control and exposed cellswere used
for the analyses of cytosolic free Ca2+ ([Ca2+]i) concentration, apoptosis
and caspase.

2.4. Exposure system and design

The exposure system has been described in detail elsewhere [14].
The cells were kept in a circulatory water bath (Fig. 1). The cells were
attached to the walls of the flask. The exposure system was performed
in a special room that was fitted with plastic furniture such as tables
and chairs so as to minimize the possibility of radiation reflection. The
walls of the roomwere covered by chromium–nickel sheets (thickness:
1mm) for protecting the cells from possible outside electromagnetic in-
terference. The continuous wave of radiofrequency signal (900 MHz
with 217 Hz pulses) emitted by the generator was amplified initially
and then fed into the cancer cells in the water bath by an antenna

Fig. 1. Schematic diagram of radiofrequency exposure device.
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(Biçer Electronic, Sakarya, Turkey). This antenna has a special Falcon
holder designed to accommodate the cells for appropriate exposure
conditions. The repetition time, frequency, and amplitude of the radio-
frequency (RF) energy spectrum were monitored by a satellite level
meter (PROMAX, MC-877C, Barcelona, Spain). Radiation reflection and
exposure weremeasured with a Portable RF Survey System (HOLADAY,
HI-4417, Eden Prairie, MN, USA) with a standard probe. The EMR dose
was calculated from themeasured electric field strength (V/m) and dig-
ital models based on the FDTD numerical code. Distance was arranged
at 0 cm, 1 cm, 5 cm, 10 cm, 20 cm and 25 cm between the falcon
tubes and probe of the exposure system. Six falcon tubes each contain-
ing 1 × 106 cells/ml (5 ml total medium) were placed on a non-

conductive plexi glass table at a height of 110 cm at a precise location
where the required power density was measured. The RF field inside
the special room was probed using a strength meter and the precise
positions which provided power densities of 1.2, 12 or 120 μW/cm2

were determined [14]. The required power density (≤12 μW/cm2)
was continuously recorded every 5 min using a satellite level meter
(EXTECH-480836, Extech Instruments, Nashua, NH, USA). The data
were saved on a computer. At the top of the flask, the average specific
absorption rate (SAR) estimated for 900 MHz exposure at 12 μW/cm2

power flux density was 0.36 ± 0.02 mW/kg (Table 1). The water bath
(Water Bath 601, Jiangsu Zhengji Instruments, Jiangsu, China) installed
in the chromium–nickel covered roomwas maintained at 37 °C (relative

Fig. 2. Effects of EMR (A-900, B-1800 and C-2450 MHz) exposure on cytosolic free Ca2+ ([Ca2+]i) concentration in MCF-7 breast cancer cells. The Ca+2 entry was estimated as described
under Materials and methods sections. Values are presented as mean± SD of 6 separate experiments and expressed as fold increase over the pretreatment level (experimental/control).
ap b 0.001 and bp b 0.01 versus control. cp b 0.05 and dp b 0.01 versus 0 cm group.

Table 1
Specific absorption rate (SAR) values of falcon tubes (mean ± SD, n = 6).

Tube Numbers

1 2 3 4 5 6

SAR (W/kg)
(min–max)

0.32 ± 0.05
(0.24–0.39)

0.26 ± 0.08
(0.18–0.40)

0.50 ± 0.06
(0.43–0.58)

0.51 ± 0.06
(0.43–0.58)

0.28 ± 0.08
(0.20–0.40)

0.26 ± 0.04
(0.20–0.31)

SAR (W/kg)
mean of 6 tubes

0.36 ± 0.02
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humidity of 83%) and the inside temperature of the flask was also 37 °C.
The SAR values at the input 1.2 μW/cm2 powerflux densitywere calculat-
ed using Burkhardt's formula [3].

2.5. Cytosolic free Ca2+ ([Ca2+]i) concentration analysis

The MCF-7 cells were loaded with 4 μM fura-2/AM in loading buffer
with 1 × 106 cells per ml for 45 min at 37 °C in the dark, washed twice
with phosphate buffer then incubated for an additional 30 min at 37 °C
to complete probe de-esterification, and re-suspended in loading buffer
at a density of 1 × 106 cells per ml according to a procedure published
elsewhere [21]. All groups were immediately exposed to capsaicin
(CAP and 0.1 mM) for stimulation of [Ca2+]i influx. Fluorescence was
recorded from 2 ml aliquots of magnetically stirred cellular suspension
by using a spectrofluorometer (Cary Eclipsys, Varian Inc, Sydney,
Australia)with excitationwavelengths of 340 and 380 nmand emission
at 505 nm. Changes in [Ca2+]i were monitored by using the fura-2 340/
380 nm fluorescence ratio and they were calibrated according to the
method of Grynkiewicz et al. [10]. We performed a total of 6 experi-
ments (n = 6) to measure the intracellular calcium concentration.
The data were expressed in terms of the fold-increase, relative to the
control, after the pretreatment level.

The release of Ca2+ was estimated using the integral of the rise
in [Ca2+]i for 150 s after addition of CAP [8,28]. The release is
reported as nanomolar concentration (nM) with sampling at 1 s
intervals, as previously described [36]. All experiments were carried
out at 37 °C.

2.6. Cell Viability (MTT) Assay

To assess EMR adverse effects on cell viability, we evaluated the
mitochondrial activity of living cells by a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) quantitative colorimetric
assay. For these assays, distance differentiated the breast cancer cells
were cultured in 96-well culture plates before EMR exposure. After
treatments, the cells were washed and incubated with fresh RPMI
1640 medium containing MTT (0.5 mg/ml) at 37 °C for 90 min. Then,
the supernatantwas discarded and dimethyl sulfoxidewas added to dis-
solve the formazan crystals. Treatments were carried out in duplicate.
The optical density in each well was evaluated by measurement of ab-
sorbance at 490 and 650 nm using a microplate reader (Infinite
Pro200) [14]. We performed a total of 6 experiments (n = 6) for the
cell viability assay. The data are presented as fold-increase over the
pretreatment level (experimental/control).

Fig. 3. Effects of EMR (A-900, B-1800 and C-2450MHz) exposure on cell viability (MTT) levels inMCF-7 breast cancer cells. TheMTT level was estimated as described under Materials and
methods sections. Values are presented as mean ± SD of 6 separate experiments and expressed as fold increase over the pretreatment level (experimental/control). ap b 0.001 and
bp b 0.01 versus control. cp b 0.05 and dp b 0.01 versus group 0 cm.
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2.7. Apoptosis assay

The APOPercentage assay (Biocolor, Belfast, Northern Ireland) is a
dye-uptake method, which stains only the apoptotic cells with a red
dye. When the membrane of apoptotic cell loses its asymmetry, the
APOPercentage dye is transported into cells, staining apoptotic cells red,
thus allowing detection of apoptosis by spectrophotometry [2]. The apo-
ptosis values were obtained from 6 separate experiments and expressed
as fold increase over the pretreatment level (experimental/control).

2.8. Assay for caspase-3 and -9 activities

The determination of caspase-3 and caspase-9 activities was based on
a method previously reported [8,23] with minor modifications. Stimulat-
ed or resting cells were washed once with PBS. After centrifugation, cells
were re-suspended in PBS at a concentration of 103 cells/ml. Fifteen
microliters of the cell suspension was added to a microplate of a micro-
plate reader and mixed with the appropriate peptide substrate dissolved

in a standard reaction buffer that was composed of 100 mM HEPES,
pH 7.25, 10% sucrose, 0.1% CHAPS, 5 mM DTT, 0.001% NP40 and 40 μM
of caspase-3 substrate (AC-DEVD-AMC) or 0.1 M MES hydrate, pH 6.5,
10% PEG, 0.1% CHAPS, 5 mM DTT, 0.001% NP40, and 0.1 mM of caspase-
9 substrate (AC-LEHD-AMC). Substrate cleavage was measured with the
microplate reader (Infinite Pro200) with an excitation wavelength of
360 nmand emission at 460 nm. The datawere calculated asfluorescence
units/mg protein and presented as fold-increase over the pretreatment
level (experimental/control). The caspase-3 and caspase-9 assays were
performed in 6 separate experiments.

2.9. Intracellular reactive oxygen species (ROS) measurement

DHR 123 is a non-fluorescent, non-charged dye that easily penetrates
cell membrane. Once inside the cell, DHR 123 becomes fluorescent upon
oxidation to yield rhodamine 123 (Rh 123), the fluorescence being pro-
portional to ROS generation. The fluorescence intensity of Rh123 was
measured in an automatic microplate reader (Infinite Pro200). Excitation

Fig. 4. Effects of EMR (A-900, B-1800 andC-2450MHz) exposure on intracellular ROS levels inMCF-7 breast cancer cells (mean±SDand n=6). Values are presented as fold increase over
the pretreatment level (experimental/control). ap b 0.001 and bp b 0.01 versus control. cp b 0.05 and dp b 0.01 versus group 0 cm.
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was set at 488 nm and emission was set at 543 nm [32]. We per-
formed a total of 6 experiments (n = 6) for the intracellular ROS
assay. The data were presented as fold-increase over the pretreatment
level (experimental/control).

2.10. Statistical analyses

Data were analyzed using the SPSS statistical program (version 17.0,
software, SPSS. Chicago, IL, USA). All results are expressed as means ±
standard deviation (SD). Analysis of variance (ANOVA) and an unpaired
Mann–Whitney U test were performed; P-values of less than 0.01 were
regarded as significant. Significant values were assessed with the least
significance difference test.

3. Results

3.1. Cytosolic Ca2+ Concentration analysis

MCF-7 cells are capsaicin sensitive TRPV1 ion channels and they
exhibit activity with EMR exposure and they were became more active
with respect to calcium entry to cells compared with the control the
EMR exposure. Changes were observed in the cells placed at 0 cm, 1 cm
and 5 cm distances from the EMR source. The mean cytosolic Ca2+ con-
centration analysis values in the four groups are shown in Fig. 2 A, B
and C. Ca2+ values were significantly lower in the 900, 1800 and
2450 MHz EMR groups than in control at 0 cm (p b 0.001), 1 cm
(p b 0.01) and 5 cm (p b 0.05). However, there was no difference be-
tween any of the 10 cm, 20 cm, 25 cm and control values. Hence, we

Fig. 5. Effects of EMR (A-900, B-1800 and C-2450 MHz) exposure on apoptosis levels in MCF-7 breast cancer cells. The apoptosis level was estimated as described under Materials and
methods sections. Values are presented as mean ± SD of 6 separate experiments and expressed as fold increase over the pretreatment level (experimental/control). ap b 0.001 and
bp b 0.01 versus control group. cp b 0.05 and dp b 0.01 versus group 0 cm.
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observed that the cytosolic Ca2+ concentration of the cells was de-
creased if the distance to the EMR probe was within 10 cm.

3.2. Cell viability (MTT) results

The meanMTT values in the four groups are shown in Fig. 3A, B and
C. MTT values were significantly lower in the 900, 1800 and 2450 MHz
EMR groups than in the control at 0 cm (p b 0.001), 1 cm (p b 0.01) and
5 cm (p b 0.05). However, there was no difference between the 10 cm,
20 cm, 25 cm and control values. Hence, we observed that MTT values
of the cells were decreased if they were within 10 cm of the EMR prob.

3.3. Intracellular (ROS) production

The mean cytosolic ROS production levels in the four groups are
shown in Fig. 4 A, B and C, respectively. The results showed that the
levels of cytosolic ROS production (p b 0.001) were significantly higher

in the EMR groups than in controls. Exposure to 900 MHz, 1800 MHz
and 2450 MHz EMR increased the ROS production at 0 cm, 1 cm and
5 cm distances from EMR prob. However, at distances of 10 cm, 20 cm
and25 cm, the EMR-induced cytosolic ROSproductionwasnot statistically
different from the control group.

3.4. Effects of 900, 1800 and 2450 MHz EMR on apoptosis and caspase‐3
and caspase‐9 values

We investigated the effects of 900 MHz, 1800 MHz and 2450 MHz
EMR exposure on the rate of programmed cell death as indicated by
apoptosis and caspase values in the cancer cells. The results of apoptosis,
caspase‐3 and caspase‐9 values in control, 900 MHz, 1800 MHz and
2450MHzgroups are shown in Figs. 5, 6 and 7, (A, B and C) respectively.
The apoptosis (p b 0.001) and (p b 0.005), caspase‐3 (p b 0.001) and
caspase‐9 (p b 0.001) values in the EMR group were significantly
higher than in the control group. Furthermore, a significant difference

Fig. 6. Effects of EMR (A-900, B-1800 and C-2450MHz) exposure on caspase-3 activity inMCF-7 breast cancer cells (mean± SD and n=6). The values expressed as fold increase over the
pretreatment level (experimental/control). ap b 0.001 and bp b 0.01 versus control group. cp b 0.05 and dp b 0.01 versus group 0 cm.
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(p b 0.001) was observed for 0 cm, 1 cm and 5 cm distances in each
group, compared to control. However, no statistical difference was
observed at 10 cm and at distances beyond this figure.

4. Discussion

The use of mobile phones and Wi-Fi internet is currently one of the
fastest growing technology developments. The likelihood of close prox-
imity of the antenna of such a devices to the breast has raised concern
about a possible biological connection between EMR and breast cancer
of women [13,27,14]. The exposure to such radiation depends on the
length of time and frequency of use, which varies from individual to
individual. The most investigated RF waveforms of the GSM-modulated
signals are at 900MHz and 1800MHz and theWi-Fi (2450MHz) signals.
The EMR studies have been carried out on different cancer cell types such
asHL-60 cancer cell line [22], anMDA-MB-231 breast cancer cell line [14].

Modern cell phone devices andWi-Fi internet in Turkey and many other
countries work at a frequency of 900 MHz, 1800 MHz and 2450 MHz
which were consequently selected for the present study.

Cell membranes are amajor potential target for absorption of hazard-
ous materials encountered in the environment [27,29]. In the present
study, the cytosolic ROS production, apoptosis, caspase-3 and caspase‐9
values in the breast cancer cells increased after 900 MHz, 1800 MHz
and 2450 MHz exposure. These data are in agreement with reports sug-
gesting that EMR induces oxidative stress and apoptosis of cancer cells
by inducing ROS [14,27,31]. We have shown also that the changes in-
duced by EMR are very dependent on the distance from the source in
the cancer cells. To our knowledge, it is the first report of the relationship
between different distances and 900MHz, 1800MHz and 2450MHz EMR
in the MCF-7 breast cancer cells.

The most recent evidence obtained for the effects of ionizing and
non-ionizing radiation indicate that they both trigger oxidative stress

Fig. 7.Effects of EMR(A-900MHz, B-1800MHzandC-2450MHz) exposure on caspase‐9 activity inMCF-7breast cancer cells (mean±SD and n=6). The values expressed as fold increase
over the pretreatment level (experimental/control). ap b 0.001 and bp b 0.01 versus control group. cp b 0.05 and dp b 0.01 versus group 0 cm.
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in cancer cells and neuronal cells [9,13,14,22] although antioxidants
such as seleniumandmelatonin gave effective protection. [14,21]. In an-
other study it has been reported that 900 MHz EMR causes an increase
in temperature of skin and ears [35].Thus 900 MHz, 1800 MHz and
2450MHz EMR exposuremay activate heat-sensitive TRPV1 cation chan-
nels and thereby trigger excessive calcium entry into cells. But limited in-
formation is available about whether environmental EMR exposure
triggers the free radical formation via cytosolic Ca2+ accumulation [16].

It is well known that ionized EMRhas been used to kill tumor cells in
some cancer treatment protocols. Exposure of cells to non-ionized EMR
leads to generation of ROS, which is known to disturb the antioxidant
defense system and induce oxidative stress [31]. In turn, the radiation-
induced increases in ROS cause DNA damage, cell cycle arrest and acti-
vationof some transcription and apoptotic factors e.g., the nuclear factor
kappa-light-chain-enhancer of activated B cells [18,33]. In the current
study, cytosolic ROS production values in the EMR groups were elevat-
ed. The results of our experiments confirm that exposure to 900 MHz,
1800 MHz and 2450 MHz caused rises in oxidative stress, cytosolic
[Ca2+]i concentration, ROS production and apoptosis of breast cancer
cells. According to the results, ideal distance for protection from oxida-
tive and apoptotic damage of mobile phones andWi-Fi devices-induced
EMR seems 10 cm and up of the devices.

Mitochondrial function is essential for neuronal survival because
neurons critically depend on ATP synthesis generated bymitochondrial
oxidative phosphorylation [36]. Mitochondrial depolarization activity
depends on Ca2+ and is fueled by Ca2+ entry from the extracellular
space via channels such as TRPM2 and TRPV1when triggered by neuro-
nal activity [2,17]. In return, some cation channels such as TRPM2 and
voltage gated calcium channels in cancer and neuronal cells are gated
by EMR-induced ROS production [21,22]. In addition the channels are
activated by capsaicin, noxious heat (42 °C), low pH and other endoge-
nous ligands. TRPV1 is also activated by extracellular ROS [6,11]. Repeat-
ed activation of TRPV1 has previously been shown to result in increased
cytosolic free Ca2+, oxidative stress, and apoptotic cell injury [2,11].
TRPV1 activation by capsaicin in cancer cells was also found to increase
substantially following mitochondrial oxidative stress [12]. Recently
apoptosis and oxidative stress in colorectal cancer cells via activation
of capsaicin and TRPV1 channels were reported although the TRPV1
antagonist, capsazepine, potentiated the apoptotic and oxidative stress
effects through down-regulation of cell survival proteins and up-
regulation of death receptors via the ROS–JNK–CHOP-mediated pathway
[35]. Through thismechanism, EMR-inducedoxidative stress and temper-
ature increasemaymodulate TRPV1 responses during cancer cell apopto-
sis and mitochondrial injury because an overload of cytosolic Ca2+

induces depolarization of mitochondria and production of ROS [36].
Until now, no studies dealing with the effects of distance on Wi-Fi and
mobile phone frequencies-induced EMRonmitochondrial depolarization,
oxidative stress and apoptosis in cancer cells have been published. In the
current study, we observed that oxidative stress values as well as cell
apoptotic factors were lower in 10 cm, 20 cm and 25 cm distances than
in 0 cm, 1 cm and 5 cm distances, all groups compared to control groups.
Hence we observed the protective effect of distances exceeding 10 cm on
cell apoptosis, caspase-3, caspase‐9 in the cells. These results indicate that
to some extent, EMR exposure activates TRPV1 channels, consistent with
our hypothesis that up-regulation of TRPV1 channels activity by EMRpre-
exposure and heat effects should be responsible for the apoptosis and
oxidative stress of cancer cells.

Apoptosis is programmeddeath and it ismediated by specific protein-
ases namely caspases. There are two major pathways for apoptosis [34].
One involves death receptors and is marked by Fas-mediated caspase-8
activation, and the other is the stress or mitochondrial mediated
caspase-9 activation. Both pathways induce caspase-3 activation [8,34].
In the current breast cancer cells, apoptosis, caspase-3 and caspase-9
values were increased by 900MHz, 1800MHz and 2450MHz in cells po-
sitionedwithin 10 cm of the EMR source. It is likely that TRPV1-mediated
Ca2+ entry in the EMR-exposed breast cancer cell involves accumulation

of ROS and opening of mitochondrial membrane pores that consequently
leads tomitochondrial dysfunction, substantial swelling of themitochon-
dria with rupture of the outer membrane and release of apoptosis-
inducing factors such as caspase‐3 and caspase‐9.

In conclusion, the current results demonstrate that 900 MHz,
1800 MHz and 2450 MHz radiations of mobile phones and Wi-Fi
internet in breast cancer cells induce apoptosis and ROS through calci-
um accumulation of activation of TRPV1 channels. However, the in-
creases of apoptosis and oxidative stress are modulated by different
distances. We did not detect oxidative and apoptotic damage of breast
cancer cells distanced 20 cm and 25 cm from the source of radiation.
Using the cell phones and Wi-Fi radiation sources which are far from
10 cm may provide useful distance against oxidative stress, apoptosis
and overload Ca2+ entry in cancer. In addition, we suggest that use of
TRPV1 channel blockers may provide a potential therapeutic approach
for the mobile phone andWi-Fi-induced oxidative stress and apoptosis
by calcium accumulation.
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  Introduction 

 Th e use of wireless technologies such as Wireless Fidelity 
(Wi-Fi) communication devices have been growing tremen-
dously over the past years. Accessing Wireless Local Area 

Networks (WLAN) in houses, workplaces, public areas and 
schools has become a routine task in our daily lives. How-
ever, rapid development of wireless technologies has steadily 
increased the environmental electromagnetic fi eld (EMF) 
levels. Public and scientifi c awareness that was previously 
focused on the adverse health eff ects of EMF emitted from 
mobile phones has shifted to the biological hazards of wireless 
equipment such as Wi-Fi. Because the health eff ects of such 
equipment are still unclear, the Council of Europe recommends 
restrictions on the use of mobile phones and internet access in 
all schools across the continent to protect young children from 
potentially harmful radiation (Watson 2011). Th erefore, under-
standing the relationship between electromagnetic fi elds and 
health diseases such as reproductive disorders, cancer, etc., is 
very important for the public especially for young children who 
utilize wireless internet very frequently during adolescent years. 
In addition, uncontrolled wireless internet usage can turn into 
a habit and may continue throughout our lives without us being 
aware of the potential harmful eff ects of electromagnetic fi elds. 

 Th e relation between radiation and carcinogenesis is a 
well-known process. However, the underlying mechanism 
which identifi es the radiation-induced genetic instability is 
still not fully understood. Th erefore, to illuminate the under-
lying mechanism between the radiation and carcinogenesis, 
more detailed studies, which include double-strand breaks, 
mutations, gene expression and disruption of mitochondrial 
processes, cell cycle arrest, and apoptotic cell death, are nec-
essary. In addition, the underlying interaction mechanism 
between the radiation and microRNA (miRNA) expression, 
which is a new research fi eld, should be investigated. Several 
studies have already indicated radiation-induced epigenetic 
changes including DNA methylation and miRNA expression 
where miRNA profi les have been shown to be associated 
with cancer (Jones and Baylin 2007, Tunali and Tiryakioglu 
2010, Aypar et   al. 2011a, 2011b). 

 miRNA are small and non-protein-coding RNA mol-
ecules. Th ey play critical roles in growth, diff erentiation, 

                            

  Abstract 
  Purpose : MicroRNAs (miRNA) play a paramount role in growth, 
diff erentiation, proliferation and cell death by suppressing one or 
more target genes. However, their interaction with radiofrequencies 
is still unknown. The aim of this study was to investigate the long-
term eff ects of radiofrequency radiation emitted from a Wireless 
Fidelity (Wi-Fi) system on some of the miRNA in brain tissue. 
  Materials and methods : The study was carried out on 16 Wistar 
Albino adult male rats by dividing them into two groups such as 
sham ( n     !    8) and exposure ( n     !    8). Rats in the exposure group 
were exposed to 2.4 GHz radiofrequency (RF) radiation for 24 hours 
a day for 12 months (one year). The same procedure was applied 
to the rats in the sham group except the Wi-Fi system was turned 
off . Immediately after the last exposure, rats were sacrifi ced and 
their brains were removed. miR-9-5p, miR-29a-3p, miR-106b-5p, 
miR-107, miR-125a-3p in brain were investigated in detail. 
  Results : The results revealed that long-term exposure of 2.4 GHz 
Wi-Fi radiation can alter expression of some of the miRNAs such 
as miR-106b-5p (adj  p   *      !    0.010) and miR-107 (adj  p   *      !    0.005). 
We observed that mir 107 expression is 3.3 times and miR-
106b-5p expression is 3.65 times lower in the exposure group 
than in the control group .  However, miR-9-5p, miR-29a-3p and 
miR-125a-3p levels in brain were not altered. 
  Conclusion : Long-term exposure of 2.4 GHz RF may lead to 
adverse eff ects such as neurodegenerative diseases originated 
from the alteration of some miRNA expression and more stud-
ies should be devoted to the eff ects of RF radiation on miRNA 
expression levels.  

  Keywords:    2.4 GHz radiofrequency  ,   Wi-Fi  ,   miRNA in brain  ,   diseases  , 
  electromagnetic fi elds   
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proliferation and cell death by suppressing one or more 
target genes. miRNA may be located in the introns and exons 
of protein-coding genes or in intergenic regions. More than 
50% of miRNA are found in cancer-associated regions of the 
genome or in fragile sites; this suggests that miRNA have 
important roles in the pathogenesis of neoplasias (Tunali and 
Tiryakioglu 2010). Th erefore, miRNA represent new stars in the 
gene regulation galaxy, and there is a strong interest among 
researchers in diff erent fi elds to understand their mechanism 
of action and to identify their targets (Sevignani et   al. 2006). 

 Strooper and Christen (2010) stated that the discovery 
of microRNAs has revealed an unexpected and spectacular 
additional level of fi ne tuning of the genome on how genes 
were used again and again in diff erent combinations to gen-
erate the complexity that underlies, for instance, the brain. 
Th ey also reported that since the initial studies performed 
in  Caenorhabditis elegans , they have gone a long way to 
begin to understand how microRNA pathways could have an 
impact on health and diseases in human. Although microR-
NAs are abundantly expressed in the brain, relatively few are 
known about the multiple functions of these RNA molecules 
in the nervous system. Nevertheless, they already knew that 
microRNA pathways play major roles in the proliferation, 
diff erentiation, function and maintenance of neuronal cells. 
Several intriguing studies have linked microRNAs as major 
regulators of the neuronal phenotype, and implicated spe-
cifi c microRNAs in the regulation of synapse formation and 
plasticity. Dysfunction of microRNA pathways is also slowly 
emerging as a potentially important contributor to the 
pathogenesis of major neurodegenerative disorders such as 
Alzheimer ’ s disease and Parkinson ’ s disease (Strooper and 
Christen 2010). 

 Alzheimer ’ s disease (AD) is a neurodegenerative disorder 
that currently aff ects nearly 2% of the population in indus-
trialized countries. Th e risk of AD dramatically increases in 
individuals usually after age 70, and it is predicted that the 
incidence of AD will increase by 3-fold within the next 50 
years. Th is progressive disease is characterized by the accu-
mulation of plaques formed of short  β  amyloid (A β ) peptides 
(Boissonneault et   al. 2009). Most of the studies investigate 
interaction between the radiation and miRNA have been 
usually focused on the eff ects of ultraviolet and ionizing 
radiation (Simone et   al. 2009, Aypar et   al. 2011a, b, Zhou et   al. 
2012). However, a study on the interaction between radiofre-
quencies (RF) radiation emitted from Wi-Fi and microRNAs, 
especially on the interaction between Wi-Fi radiation and the 
brain is not available yet. Th erefore, the aim of this study was 
to investigate the eff ect of chronic exposure of Wi-Fi radia-
tion, which is widely used in daily life, on some miRNA in the 
brain. In this study, eff ects of chronic exposure of 2.4 GHz 
radiofrequency on miR-9-5p, miR-29a-3p, miR-106b-5p, 
miR-107 and miR-125a-3p were observed in the brain.   

 Materials and methods  

 Subjects and animal care 
 Sixteen Wistar Albino adult male rats with initial average weight 
of 313    "    25 g were acquired from the Medical Science Applica-
tion and Research Center of Dicle University. Th e rats were fed 

with standard pelleted food (TAVAS Inc., Adana, Turkey) in a 
standard Plexiglas cage. Final average weight of the animals 
was 348    "    28.8 g. Th ey were separated equally into two groups 
such as sham exposed ( n     !    8), and exposure ( n     !    8), and kept 
on a 14/10 h light/dark schedule. During the study, the ambi-
ent temperature (22 ° C) and the relative humidity (45%) were 
maintained in the normal range for these animals. All animal 
procedures were in agreement with the Principles of Labora-
tory Animal Care and the rules of Scientifi c and Ethics Com-
mittee of Dicle University Health Research Center.   

 Exposure and fi eld measurements 
 A signal generator, which emits Wi-Fi signals at the 2.4 GHz 
frequency band, was used to represent the exposure system. 
Rats in the sham and exposure groups were placed in a Plexi-
glas cage (55    #    32  #    20 cm). Rats were free to move with no 
restriction in the cage during the study. Th e rats in the sham 
and exposure groups lived in the cage under normal cir-
cumstances. Rats in the exposure group were subject to 2.4 
GHz RF radiation 24 h/d for 12 months. Rats in both groups 
were kept 50 cm far away from the antenna of the generator 
(Figure 1). Th e same experimental conditions were applied 
to the rats in the sham group, except the generator was 

  Figure 1.     Experimental set-up. (a) Top view, (b) side view (L    !    32 cm W    !    55 cm, 
 H  ant     !    50 cm,  H  caro     !    20 cm,  s     !    2.5 cm.  
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turned off . Electromagnetic power density and the electrical 
fi eld inside the Plexiglas cage were measured by fi eld probe 
EMR 300 (NARDA, Pfullingen, Germany). Th e cage was 
surrounded with electromagnetic absorber material backed 
by metal to isolate outdoor electromagnetic fi elds from the 
test setup during the study duration of 12 months.   

 Specifi c absorption rate (SAR) measurement 
 Wireless Local Area Networks (WLAN) signal generator with 
100 mW peak (50 mW rms) power was connected to a tuned 
half-wavelength dipole antenna and the dipole antenna 
was positioned in front of a refl ector plate to direct electro-
magnetic signals towards Plexiglas carousel. Th e separation 
between the antenna and the top of the carousel was approx-
imately 4  λ  where  λ  is the free space propagation wavelength 
at 2.45 GHz, and the refl ector plate to antenna separation 
was approximately 0.2  λ . To generate the far fi eld conditions, 
Rayleigh distance for any antenna residing in free space 
must satisfy the following conditions: (i)  R     $    2D 2 / λ , (ii)  R 
 $  $   %  , (iii)  R  $  $   D, where  R  and D represent the distance 
from the antenna to the rats and the maximum dimension of 
the antenna (i.e., diameter of the enclosing sphere), respec-
tively. For the current set-up, it can be assumed that the rats 
in the carousel reside in the far-fi eld of the antenna. In this 
region of radiation, the electromagnetic signals emitted 
from the generator are assumed to be in the form of plane 
waves which represent the situation in most applications 
of Wi-Fi or WLAN equipment. Th e electric fi eld generated 
by the source was measured with an electric fi eld probe in 
the carousel at several locations in the absence of rats. Th ese 
measured values were compared to the simulated electric 
fi eld values to verify the reliability of the simulation set-up. 
Electromagnetic simulations were performed with CST 
Microwave Studio with rat voxel (volumetric pixel) data. Th is 
simulation tool utilizes a technique called fi nite integration 
technique (FIT) which is very similar to well-known fi nite-
diff erence time domain (FDTD) technique, but FIT employs 
discretization on non-orthogonal grids using integral form 
of Maxwell ’ s equations as opposed to diff erential forms in 
FDTD. CST states that charge and energy conservation are 
more accurately preserved in FIT which, in turn, leads to 
stable numerical results in time-domain. Voxel rat model 
which was formed using computerized tomography scans of 
a rat was acquired from CST, and that model was used in the 
electric fi eld and SAR simulations of the current set-up.   

 RNA extraction 
 Total RNA was extracted from rat brain tissue using Tri-
Reagent (Sigma).   

 Reverse transcriptase PCR reactions (RT-PCR) 
 Reverse transcriptase reactions contained 5  µ l of extracted 
total RNA, 50 nM stem-loop RT primer, 1    #    RT buff er, 
0.25 mM each of dNTPs, 50 units of modifi ed M-MuLV Reverse 
Transcriptase (Th ermo Scientifi c, Vilnius, Lithuania), 25 units 
of RiboLock RNase inhibitor (Th ermo Scientifi c, Vilnius, 
Lithuania) and nuclease-free water to a total reaction vol-
ume of 15  µ l. Th e reaction was performed on an automated 
Th ermal Cycler (Techne Flexigene, Cambridge, UK). RT-PCR 

conditions for 30 min at 16 ° C, 30 min at 42 ° C, 5 min at 85 ° C 
and then held at 4 ° C.   

 Quantitative-Comparative CT ( Δ  Δ C T ) Real-time PCR 
 Quantitative-Comparative C T  ( Δ  Δ C T ) Real-time PCR was per-
formed in an ABI Prism 7500 Real-Time PCR System (Applied 
Biosystems) using the SDS 2.0.6 software. Th e specifi c primers 
and fl uorogenic ZNA  ™   probes (Paris et   al. 2010) for the microR-
NAs were designed using Primer Express 3.0 software (Applied 
Biosystems) and are listed in Table I. Th e rho-miR-26b-5p was 
used as an endogenous control microRNA. Th e mixed RNAs 
created from the sham group were used as a Reference RNA 
sample. Primers and probes were purchased from Metabion 
International AG, D-82152 Martinsried/Deutschland. Th e 25 
 µ l PCR included 3  µ l RT-PCR product, 12.5  µ l of 2X TaqMan 
Universal PCR Master Mix (Applied Biosystems), 900 nmol of 
each primer (Primer F and Universal Primer R) and 200 nmol 
TaqMan   ®    probe. Th e reactions were incubated in a 96-well 
plate of preincubation at 50 ° C for 2 min and at 95 ° C for 10 min, 
followed by 40 cycles at 95 ° C for 15 sec and at 60 ° C for 90 sec. 
Amplifi cations and analysis were performed in an ABI Prism 
7500 Real-Time PCR System (Applied Biosystems), using the 
SDS 2.0.6 software for allelic discrimination (Applied Biosys-
tems). All reactions were run in triplicate.   

 Statistical analysis 
 Th e data were processed and analyzed using the statistical 
package SPSS-11.5 for Windows. Normality assumption 
of 2 - Δ  Δ CT  values was checked by Shapiro Wilk test. Since 
the assumption of normality was met 2 - Δ  Δ CT  values were 
expressed as mean and standard deviation and the compari-
sons between groups were performed using independent 
 t -test and adjusted the signifi cance values for multiplicity 
using Benjamini-Hochberg adjustment (Benjamini and 
Hochberg 1995, Rai et   al. 2012). Error-bar graph was used to 
represent data distribution of miR-9-5p, miR-29a-3p, miR-
106b-5p, miR-107 and miR-125a-3p variables according to 
the groups. Signifi cant diff erences (two-tailed  p ) less than 
0.05 were regarded as signifi cant.    

 Results 

 Th e results of this study showed that the long-term exposure 
of 2.4 GHz Wi-Fi exposure may aff ect some of the miRNA such 
as miR-106b-5p and miR-107 (adj  p   *     &  0.05). However, levels 
of miR-9-5p, miR-29a-3p and miR-125a-3p in the brain were 
not altered by long-term exposure of 2.4 GHz RF radiation. 
Th e results are summarized in Table II and Figure 2. On the 
other hand, point, 1 g and 10 g average SAR level of brain and 
cerebral fl uid were found as 4000  µ W/kg, 1510  µ W/kg and 
1030  µ W/kg, respectively (Figure 3). Th e whole body (rms) 
and whole body maximum point SAR was found as 141.4 
 µ W/kg and 7127  µ W/kg, respectively. In SAR calculations, a 
representative rat with 370 g weight was used.   

 Discussion 

 Devices such as access points or Wireless Local Area Networks 
(WLAN) have been indispensable in houses, workplaces, 
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term cell phone use (918 MHz; 0.25 W/kg) provided cogni-
tive benefi ts. Th ey showed that mice with AD long-term EMF 
exposure reduced brain amyloid-beta (A beta) deposition 
through decreased aggregation of A beta with an increase in 
soluble A beta levels (Arendash et   al. 2010). However, Soder-
qvist et   al. (2010) proposed that transthyretin (TTR) might be 
involved in the fi ndings of RF exposure benefi t in mice with 
AD. In one of our previous studies, we also measured beta 
amyloid protein in rats which were exposed to long-term 900 
MHz radiofrequency radiation and any alteration in amyloid 
beta level was not observed (Dasdag et   al. 2012). On the 
other hand, nowadays some miRNA have been accepted as 
an indicator of AD. Th erefore, new strategies related to the 
interaction between RF and miRNA is very important in 

public areas, schools, etc. However, widespread use of 
these devices naturally has been increasing the environ-
mental electromagnetic fi eld (EMF) levels. Additionally, 
new wireless devices such as wireless printers, hard discs, 
headphones, etc., have been also the sources for increasing 
electromagnetic pollution. Th erefore, health eff ects of wire-
less technologies need to be studied and enlightened. It is 
also important to note that uncontrolled wireless internet 
usage can turn into a habit and may continue throughout our 
lives without us being aware of the potential harmful eff ects 
of electromagnetic fi elds. Discussion on the health eff ects of 
radiofrequencies, especially on wireless technologies such as 
mobile phones, began at the beginning of 1990s. At the end 
of contradictive discussions, the International Agency for 
Research on Cancer (IARC) classifi ed mobile phones as 2B 
(IARC 2011). Although many of the contradictive studies on 
the health eff ects of mobile phone exposure exist, adequate 
studies are still not available on the side-eff ects of RF emitted 
from wireless internet equipment such as Wi-Fi. 

 Recently, one of the most popular topics related to the 
health eff ect of wireless technologies was neurodegenera-
tive disease such as Alzheimer ’ s Disease (AD), which is one 
of the most important health problems among developed 
countries. However, studies on the eff ects of RF and AD are 
still insuffi  cient. Arendash et   al. (2010) claimed that long-

  Table I. Primer/probe sequences of the miR analyzed by quantitative RT-PCR.  

miR name Primer/probe sequence * 

rno-miR-26b-5p rno-miR-26b-5p-RT,
  5′GTCGTATGCAGTGCAGGGTCCGAGGTATTCGCACTGCATACGACACCTAT-3′  
rno-miR-26b-5p-F,
  5′GCCGCTTCAAGTAATTCAGG-3′
rno-miR-26b-5p-PR,
  5′FAM-TG(pdC)ATA(pdC)GA(pdC)A(pdC)CTATCC-ZNA4-BHQ-1-3′

rno-miR-9-5p rno-miR-9-5p-RT,
  5′GTCGTATGCAGTGCAGGGTCCGAGGTATTCGCACTGCATACGACTCATAC-3′
rno-miR-9-5p-F,
  5′GCCGCTCTTTGGTTATCTAGCT-3′
rno-miR-9-5p-PR,
  5′FAM- TG(pdC)ATA(pdC)GA(pdC)T(pdC)ATA(pdC)AG-ZNA4-BHQ1-3′

rno-miR-29a-3p rno-miR-29a-3p-RT,
  5′GTCGTATGCAGTGCAGGGTCCGAGGTATTCGCACTGCATACGACTAACCG-3′
rno-miR-29a-3p-F,
  5′GCCGCTAGCACCATCTGAAAT-3′
rno-miR-29a-3p-PR,
  5′FAM- TG(pdC)ATA(pdC)GA(pdC)TAA(pdC)CGAT-ZNA4-BHQ1-3′

rno-miR-106b-5p rno-miR-106b-5p-RT,
  5′GTCGTATGCAGTGCAGGGTCCGAGGTATTCGCACTGCATACGACATCTGC-3′
rno-miR-106b-5p-F,
  5′GCCGCTAAAGTGCTGACAGT-3′
rno-miR-106b-5p-PR,
  5′FAM- TG(pdC)ATA(pdC)GA(pdC)ATCTGCAC-ZNA4-BHQ1-3′

rno-miR-107 rno-miR-107-RT,
  5′GTCGTATGCAGTGCAGGGTCCGAGGTATTCGCACTGCATACGACTGATAG-3′
rno-miR-107-F,
  5′GCCGCAGCAGCATTGTACAGGG-3′
rno-miR-107-PR,
  5′FAM- TG(pdC)ATA(pdC)GA(pdC)TGATAG(pdC)C-ZNA4-BHQ-1-3′

rno-miR-125a-3p rno-miR-125a-3p-RT,
  5′GTCGTATGCAGTGCAGGGTCCGAGGTATTCGCACTGCATACGACGGCTCC-3′
rno-miR-125a-3p-F,
  5′GCCGCACAGGTGAGGTTCTTG-3′
rno-miR-125a-3p-PR,
  5′FAM-TGCATACGACGGCTCCCA-ZNA4-BHQ1-3′
miR-Universal-R,
  5′GTGCAGGGTCCGAGGTAT-3′

     * pdC: Substitution of C-5 propynyl-dC (pdC) for dC is an eff ective strategy to enhance base pairing. Using these base 
substitutions, duplex stability and melting temperatures are raised by C-5 propynyl-C 2.8 °  per substitution.   

  Table II. Statistical comparison of miRNA levels between the sham and 
exposure groups.  

  Sham-exp. group   2.4 GHz Wi-Fi exp. group

  miRNA   Mean  "  SD   Mean  "  SD   Adj  p   *  

  miR9-5p   1.852    "    2.225   0.543    "    0.123   0.157
  miR29a-3p   1.960    "    1.732   1.367    "    0.924   0.868
  miR106b-5p   2.743    "    2.265   0.751    "    0.218   0.010
  miR107   2.118    "    2.162   0.627    "    0.156   0.005
  miR125a-3p   1.758    "    1.114   1.535    "    0.576   0.955

     * Benjamini-Hochberg adjusted  p  values.   
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terms of explaining molecular interactions of RF. As men-
tioned above, since it is not possible to fi nd any study on 
the eff ects of RF and miRNA interactions, we investigated 
the eff ects of 2.4 GHz Wi-Fi radiation on some of the miRNA 
such as miR-9-5p, miR-29a-3p, miR-106b-5p, miR-107, miR-
125a-3p in rat brain. 

 Determination of miR-9-5p, miR-29a-3p, miR-106b-5p, 
miR-107, miR-125a-3p expression in brain may be associated 
with some diseases such as acute myeloblastic leukemia, 
alcohol dependence, Alzheimer ’ s disease, autism and dia-
betes, which are developed depending on the alteration in 
transcription of genes such as BACE1, BDNF, GAB2, PSEN1, 
PSEN2, SIRT1, SLC1A2 and VEGFA. Nelson and Wang (2010) 

observed a correlation between decreased miR-107 expres-
sion and increased neuritic plaque counts and neurofi bril-
lary tangle counts in adjacent brain tissue. However, Van den 
Hove et   al. (2014) and Van Spronsen et   al. (2013) reported 
miR-107 as epigenetically regulated miRNA linked to 
Alzheimer ’ s Disease and correlate with changes in neuronal 
development and neuronal activity. Expression profi ling fol-
lowing induction of neuronal activity demonstrated that 31 
miRNA, including miR-107, were up-regulated by homeo-
static plasticity protocols (Van den Hove et   al. 2014). Huang 
et   al. (2013) defi ned miR-107 and miR-103 as the strongest 
candidates, which are frequently deregulated in cancer. He 
et   al. (2013) stated that low-expression of microRNA-107 
inhibited cell apoptosis in glioma by up-regulation of SALL4. 
Th ey demonstrated that miR-107 was down-regulated in 
glioma tissues and up-regulation of miR-107 suppressed 
glioma cell growth through direct targeting of SALL4, leading 
to the activation of FADD/caspase-8/caspase-3/7 signaling 
pathway of cell apoptosis (He et   al. 2013). Chen et   al. (2013a) 
stated that miR-107 was located on chromosome 10 and 
was down-regulated in glioma cell lines, and they recently 
confi rmed that miR-107 expression was reduced in glioma 
tissues and cell lines. Th ey also found that miR-107 inhibited 
glioma cell proliferation, migration, and invasion (Chen et   al. 
2013a). Sharma et   al. (2013) reported decreased levels of 
circulating and tissue miR-107 in human esophageal cancer 
and observed signifi cant down-regulation of miR-107 in neo-
plastic and pre-neoplastic esophageal tissues. Tu et   al. (2013) 
defi ned miR-107 as one of tumor suppressor miRNA in head 

  Figure 2.     Comparison of sham and 2.4 GHz Wi-Fi exposure groups.  

  Figure 3.     Rat model and SAR distribution (10 g average). (a) Rat brain and longitudinal cut; (b) cerebral fl uid and transverse cut.   Th is Figure is 
reproduced in color in the online version of  International Journal of Radiation Biology .
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and neck squamous cell carcinoma and stated that miR-107 
seemed to play complicated roles in regulating stemness or 
the epithelial-mesenchymal transition of tumor cells. Chen 
et   al. (2013b) also demonstrated that p53-induced miR-107 
suppresses brain tumor cell growth and down-regulates 
CDK6 and Notch-2 expression, supporting its tumor sup-
pressor role and utility as a target for glioma therapy. In our 
study we observed that miR-107 expression in rat brain was 
3.3 times decreased in rat brain exposed to long-term 2.4 
GHz radiofrequencies radiation. Th erefore, it can be stated 
in light of the above discussion that cancer or some neuro-
degenerative disease may be triggered by or associated with 
long-term 2.4 GHz radiofrequency radiation exposure, which 
reduced the miR-107 expression in this study because of 
miR-107 defi ned as tumor suppressor and neurodegenera-
tive agent in brain or other organs. In other words, chronic 
exposure of 2.4 GHz RF radiation may be accepted as one of 
the major risk factors for brain tumors or other diseases asso-
ciated with miR-107. miR-106b-5p expression is also another 
parameter we discussed in this study. Lu et   al. (2014) inves-
tigated the role of the miR-106b and miR-93 in induction of 
autophagy and bacterial clearance in human cell lines and 
the correlation between miR-106b and autophagy-related 
gene 16L1 (ATG16L1) expression in tissues from patients 
with Crohn ’ s Disease (CD). Th ey reported that miR-106b and 
miR-93 reduced the levels of ATG16L1 and autophagy, and 
prevented autophagy-dependent eradication of intracellular 
bacteria (Lu et   al. 2014). However, they found that healthy 
colon tissues had low levels of miR-106b with isolated small 
focuses of expression in intestinal epithelia (Lu et   al. 2014). 
In contrast, approximately 80% of the colon tissues from 
subjects with active CD exhibited higher levels of miR-106b. 
Intestinal epithelia in the actively infl amed mucosae exhib-
ited the highest levels of miR-106b. Mucosae from subjects 
with inactive CD displayed a mild increase in expression 
of miR-106b with a predominantly epithelial distribution 
(Lu et   al. 2014). Sampath et   al. (2009) stated that low levels 
of expression of miR-106b might off er chronic lymphocytic 
leukemia (CLL) cells a mechanism whereby the apoptotic 
potential of p73 was repressed. Th eir fi ndings illustrated that 
the existence of regulatory mechanisms wherein critical sig-
naling pathways were modulated by miRNA in cancer cells 
(Sampath et   al. 2009). Th erefore, they reported that chemo-
therapeutic drugs that activated miR-106b could potentially 
circumvent the resistance associated with p53 dysfunction 
in CLL (Sampath et   al. 2009). Xu et   al. (2013) reported that 
miR-106b could promote the proliferation and invasion of 
laryngeal carcinoma cells by directly targeting RUNX3, and 
RUXN3 knockdown could abolish this phenotype. miR-106b 
was reported to correlate closely with skeletal muscle insulin 
resistance and type 2 Diabetes (Xu et   al. 2013). Zhang et   al. 
(2013) showed that overexpression of miR-106b resulted in 
mitochondrial dysfunction and insulin resistance in C2C12 
myotubes whereas miR-106b loss of function improved 
mitochondrial function and insulin sensitivity. Th ey also 
stated that miR-106b regulated skeletal muscle insulin sen-
sitivity and inhibition of miR-106b was capable of improv-
ing mitochondrial functions and insulin sensitivity (Zhang 
et   al. 2013). As mentioned in the studies performed on miR-

106b-5p, it is obvious that alteration in miR-106b-5p expres-
sion may be associated with some diseases. In our study, we 
observed that miR-106b-5p expression in rat brain was 3.65 
times decreased when rats were exposed to long-term 2.4 
GHz radiofrequencies radiation. Hence, it can be stated that 
some diseases may be associated with long-term 2.4 GHz 
radiofrequency radiation exposure, which also reduced the 
miR-106b-5p expression in this study because of miR-106-5p 
was defi ned as the tumor suppressor and neurodegenerative 
agent in brain or other organs. Th erefore, 2.4 GHz RF radia-
tion may be accepted as one of the risk factors for prognoses 
of some diseases associated with miR-106-5p. 

 In summary, we observed that 2.4 GHz Wi-Fi radia-
tion emitted from wireless internet equipment altered the 
expression of two of fi ve miRNAs investigated in this study. 
Our results showed that miR-106b-5p and miR-107 expres-
sion were decreased by RF radiation while miR-9-5p, miR-
29a-3p and miR-125a-3p expressions were not altered. We 
found that miR-106b-5p and miR-107 expression decreased 
3.6 and 3.3 times in the exposure group, respectively. Th ere-
fore, we state that 2.4 GHz RF radiation emitted from wireless 
equipment may be associated with prognoses of some brain 
diseases because of the relation between some diseases and 
alteration in miR-106b-5p and miR-107 expression. However, 
we note that this is the fi rst animal study to investigate the 
eff ects of radiofrequencies on miRNA expression. Th e results 
of this study may be replicated at a larger group of animals. 
Further investigation on the biological aspects of microRNAs 
dysregulation in brain may help us better understand the 
pathogenesis of many diseases.             
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a  b  s  t  r a  c t

Electrocardiogram  and arterial  pressure measurements  were  studied  under  acute exposures  to WIFI
(2.45  GHz)  during one  hour in adult  male  rabbits.  Antennas  of WIFI  were  placed  at  25 cm at  the  right
side  near  the  heart. Acute exposure of rabbits to WIFI  increased heart frequency (+22%)  and  arterial
blood  pressure  (+14%).  Moreover,  analysis  of ECG  revealed  that  WIFI  induced  a  combined  increase  of  PR
and  QT intervals.  By contrast, the  same exposure failed  to alter  maximum  amplitude  and P  waves.  After
intravenously  injection  of dopamine  (0.50  ml/kg)  and epinephrine (0.50  ml/kg) under  acute  exposure to
RF  we found that, WIFI  alter  catecholamines  (dopamine,  epinephrine)  action  on heart variability  and
blood  pressure  compared  to  control.  These results suggest  for the  first  time,  as  far as we  know,  that
exposure  to  WIFI  affect heart  rhythm,  blood pressure, and  catecholamines  efficacy  on cardiovascular
system;  indicating  that radiofrequency  can act  directly  and/or  indirectly on  cardiovascular system.

© 2015  Elsevier  B.V.  All rights  reserved.
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1. Introduction

Due to the constant evolution of new technologies more and
more people are exposed at home or at work to different frequen-
cies of electromagnetic fields (Feychting et al., 2005). In fact, there

∗ Corresponding author.
E-mail address: linda-saili@hotmail.com (L. Saili).

is  an increase in  the use of WIFI (wireless fidelity) devices 2.40 GHz
by local networks (Brunel, 2004). Increasing evidence suggests
that electromagnetic field (EMF) in  the environment have many
bioeffects (Lahbib et al., 2014; Ghodbane et al., 2015) that could
affect cardiovascular system (Gmitrov, 2007) and induce oxidative
stress (Salah et al., 2013). Besides that, Abdelmelek et al. (2006)
showed an increase in norepinephrine in  skeletal muscle after static
magnetic field (SMF) exposure, indicating sympathetic hyperac-
tivity. Interestingly, Heart rate variability was  usually used for

http://dx.doi.org/10.1016/j.etap.2015.08.015
1382-6689/© 2015 Elsevier B.V. All  rights reserved.

dx.doi.org/10.1016/j.etap.2015.08.015
http://www.sciencedirect.com/science/journal/13826689
http://www.elsevier.com/locate/etap
http://crossmark.crossref.org/dialog/?doi=10.1016/j.etap.2015.08.015&domain=pdf
mailto:linda-saili@hotmail.com
dx.doi.org/10.1016/j.etap.2015.08.015


L. Saili et al. / Environmental Toxicology and Pharmacology 40 (2015) 600–605 601

quantifying the autonomic nervous system activities (Acharya et al.,
2002). Previous studies on animals and humans, demonstrated
that EMF  induced changes in heart activities. Pawlak et al. (2013)
show that the exposure of animals to  EMF increased heart rate, in
chick embryos especially from 17 days of incubation (Gaffey and
Tenforde, 1981), in rats, (Togawa et al., 1967) in  rabbits, (Gaffey
et al., 1980) in baboons, (Tenforde et al., 1983) in monkeys, and
(Jehensen et al., 1988) in humans. Moreover, Thomas and Tenforde
(2005) demonstrated the rise of blood flow under magnetic field
environment. Interestingly, magnetic exposure induced electro-
cardiogram (ECG) abnormalities (Bortkiewicz et al., 1997). Creasey
and Goldberg (1993) showed increase in heart rate and arrhythmia
in people working around electrical trains (26 kV/m). In  addition,
Braune et al. (1998) reported that exposure to  GSM signals for
35 min  increased (+10%) blood pressure in  volunteers. Vangelova
et al. (2005) found that the radiofrequency may  enhance hyperten-
sion and dyslipidemia. Cai et al. (2006) reported that radar exposure
increased the rate of ECG changes in soldiers. Interestingly, Israel
and Tomov (2000) showed high rates of hypertension in  broad-
cast and TV station operators. The chronotropic effects, classically
observed under radiofrequencies RF  could be related to  heart’s
excitability characteristic and rhythm or contraction (Elmas et al.,
2012).

The present study aimed to evaluate (i) firstly the effects of WIFI
on heart rate variability and blood pressure, (ii) secondly the phys-
iological effects of catecholamines (dopamine and epinephrine) on
heart rate under WIFI in  rabbit.

2. Materiel and methods

2.1.  Animals

In the present investigation we used adult male rabbit weigh-
ing 2.00 ± 0.50 kg (Central Pharmacy, Tunis, Tunisia). Animals were
housed in groups of six in cages at +25 ◦C, under a 12:12 h light/dark
cycle, with free access to water and commercial mash. Animals
were cared for, under the Tunisian code of practice for the care
and use of animals for scientific purposes. The experimental proto-
cols were approved by  the Faculty Ethics Committee (Faculté des
Sciences de Bizerte, Tunisia).

2.2.  Exposure system

The  animals were exposed to an access point (AP) from WIFI
device (D-Link DWL-3200 AP  with 802.11 g mode and WPA2 net-
work protection) as previously described in  Salah et al. (2013). WIFI
integrated two omnidirectional antennas that were setup for inter-
net broadcast via wireless at 2.45 GHz. The sham control rabbits
were placed under the same condition without applying RF (0 Hz).
Antennas of WIFI were placed at 25 cm at the right side near the
heart (animal in dorsal decubitus).

2.3. Experimental design

The  rabbits were divided into six groups and for each group six
rabbits and treated by  intravenous injection as follows:

Group 1. Normal healthy control.
Group 2. Normal healthy: rabbits were exposed to  WIFI one hour
(between  9 h and 13 h).
Group 3. Rabbits were intravenously injected once with
epinephrine (0.50 ml/kg).
Group 4. Rabbits were exposed to WIFI one hour (between 9 h
and  13 h)  following once intravenous injection of epinephrine
(0.50 ml/kg).

Group 5. Rabbits were intravenously injected once with dopamine
(0.50  ml/kg).
Group 6. Rabbits were exposed to WIFI one hour (between 9  h
and  13 h) following once intravenous injection (iv) of  dopamine
(0.50  ml/kg).

The variation of the frequency and the cardiac rhythm were
measured with an electrocardiogram” ECG”. The ECG was recorded
using Biopac® (MP35/30). Changes in blood pressure were mea-
sured using a pressure transducer connected to  a  chart recorder.

2.4.  Analytical procedures

Records  of changes in heart rate were done using a  device con-
sists of a  software Biopac Student Lab 3.7.1, Biopac acquisition unit
(MP35/30) with the associated cables, transformer BIOPAC, BIOPAC
of electrode cables (SS2L), a  computer, three vinyl disposable elec-
trodes subject (EL503). The electric phenomena hearts materialize
on the ECG by a  base line broken by a  P  wave, a complex QRS and a  T-
wave. We  measured the intervals PR, QT, RR, and P  wave, beats heart
per minute (BPM) and maximum amplitude after each exposure to
WIFI  (2.45 GHz, 1 h) and before each injection of catecholamines
(dopamine, epinephrine).

2.5.  Statistical analysis

Statistical  analysis of data was  performed using analysis of
variance (ANOVA) for comparison between groups. Values for (*)
P < 0.05, (**) P <  0.01, (***) P <  0.001 were considered statistically sig-
nificant. The data are shown as a  mean ±  standard error of  the mean
(SEM).

3. Results

Our investigation reported that acute exposure to  WIFI device
induced an important reduction of the RR interval duration com-
pared to  controls, indicating an increase of heart frequencies.
Moreover, we observe an increase PR and QT intervals (Fig. 1A–C).
WIFI may  influence the activity of nodal tissues especially auriculo-
ventricular nodes. By contrast, the same exposure failed to alter P
wave (Fig. 1D).

The  present data showed that WIFI radiation (2.45 GHz) induced
an increase of heart beats of animals. However, amplitude of
the electrocardiogram remained unchanged during WIFI exposure
compared to  controls (Fig. 2A and B). In addition, we  observe
that acute exposure of rabbits to WIFI (2.45 GHz) during one hour
induced an important increase in  blood pressure compared to con-
trols as shown in Fig. 3.

Our  investigation showed that the single injection of dopamine
(0.50 ml/kg, iv) induced an increase of the RR, QT intervals dura-
tion and decreased the PR interval and P  wave of electrocardiogram
compared to controls. Moreover, injection of dopamine under acute
exposure to  RF (2.45 GHz, 1 h) induced an important decrease in
the length of the RR and QT intervals and an important decrease in
the duration of the interval PR compared with rabbits given only
dopamine, whereas P wave remained unchanged (Fig. 4A–D).

The  administration of dopamine under WIFI exposure (2.45 GHz,
1 h)  induced an important increase of beats per minute and
decreased the maximum amplitude, compared to the rabbits
injected only dopamine as reported in  Fig. 5.

The epinephrine injection induced a  decrease of RR, PR,  QT inter-
vals duration and P wave of electrocardiogram compared to control.
Contrary, combined treatment with epinephrine (0.50 ml/kg, iv)
and WIFI induced an important increase in  the length of RR and QT
intervals. The same treatment provoke an important decrease of the
duration of interval PR and P wave compared to  control (Fig. 6A–D).
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Fig. 1. The effects of acute exposure to WIFI (2.45 GHz, 1  h) on: (A) the RR intervals (!t R-R) and (!t R-R WIFI), (B) PR intervals (!t P-R) and (!t P-R WIFI), (C)  QT intervals
(!t Q-T) and (!t Q-T WIFI), (D) P  wave of electrocardiogram in rabbits (!t P) and (!t P  WIFI). Values are given as the mean ± SEM for groups of six animals. WIFI exposed
rabbits were compared with control rabbits.

Fig. 2. The effect of acute exposure to  WIFI (2.45 GHz, 1 h) on: (A) BPM control and
BPM WIFI, (B) max control and max WIFI. Values are given as the mean ± SEM for
groups of six animals.

The epinephrine injection induced an important increase in
beats per minute and decreases the maximum amplitude com-
pared to control. In case of rabbits treated with epinephrine
(0.50 ml/kg, iv) under RF radiation (2.45 GHz), we observed an
important decrease of beats per minute and the maximum

amplitude compared to the rabbits injected only epinephrine
(Fig. 7A and B).

Single  injection of dopamine (0.50 ml/kg) decreased the arterial
pressure compared to control. By contrast, single administration of
epinephrine (0.50 ml/kg) increased the arterial pressure. In case of
rabbits treated with dopamine and epinephrine under RF exposure
the arterial pressure return to  the normal state. WIFI (2.45 GHz,
1 h)  exposure alters the classical responses observed following the
administration of both catecholamines as showing in Fig. 8

4.  Discussion

Our investigation point that acute exposure to WIFI induced
an increase in  heart rate and arterial blood pressure; showing a
modulatory effects of RF on the cardiovascular system regulation.
Interestingly, catecholamines (dopamine and epinephrine) bioef-
fects on cardiac rhythm and vasomotricity were altered by  WIFI in
rabbits.

Exposure to new wireless technologies will be inevitable in our
domestic life. The development of new technologies such as WIFI,
which allows data transfer through a  microwave field (2.4 GHz) and

Fig. 3. Effects of acute exposure to  WIFI on  blood pressure of rabbits on: PAt control and PA WIFI. Values are given as the mean ± SEM for groups of six animals.
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Fig. 4. Effects of single injection of dopamine on  the component of electrocardiogram in rabbits under acute exposure to  WIFI (2.45 GHz, 1 h). Values are given as the
mean ±  SEM for groups of six animals.

with a  transmission rate from 1 to 50 Mbps (Valberg et al., 2007);
can have serious consequences on public health and multiple bioef-
fects (Sage and Carpenter, 2009). Our results show clearly that WIFI
increased heart rate and arterial blood pressure probably via direct
and/or indirect pathways. The direct effects of RF  could be related
to their action on Ca++ and Zn++ homeostasis especially on diva-
lent mineral flux modulated by  EMF  as shown previously by Amara
et al. (2007). Interestingly, Pilla et al. (1999) demonstrated that
static magnetic fields (SMFs) in the range of 0–200 mT accelerate
Ca++/calmodulin-dependent myosin light chain phosphorylation.
In order to  demonstrate the whole mechanism and the implication
of K+ channel in the heart responses induced by  RF, electrophysio-
logical studies of RF  will be programmed for future investigations.

The  indirect pathway will deal with the modulatory effects of
RF on autonomic nervous system, plasma catecholamines, and glu-
cocorticoides.

In  fact, Abdelmelek et al. (2006) showed an increase in  nor-
epinephrine in skeletal muscle following SMF  (128 mT)  exposure;
indicating sympathetic hyperactivity. The sympathetic hyperactiv-
ity classically observed following EMF exposure explain in  part our
data reporting an increase of heart rate (HR) and arterial blood pres-
sure under WIFI exposure. Similar investigation by  Braune et al.

(1998) pointed for the implication of sympathetic tone induced by
EMF  in hypertension. The present investigation reported that acute
exposure to WIFI provoked a  decrease in  the RR interval, indicating
a tachycardia explaining the hypertension. By contrast, Jehensen
et al. (1988) showed an increase (+17%) of the length of  the RR inter-
val after ten minutes of SMF  exposure in  healthy volunteers. The
PR interval reflects the time that electrical impulse takes to travel
from the auriculo-ventricular node and enters to the ventricle. The
increase in the PR interval supported that the conduction system of
the  heart was  altered. It is  in  accordance with Blanchi et al. (1973)
when mice were exposed to 100 kv/m (50 Hz); the QRS duration and
the PR interval were each lengthened by 19.50%. While, the acute
exposure to  WIFI increased the QT interval; showing that the time
for both ventricular depolarization and repolarisation was larger.
Otherwise, the heart is a  contractile organ that can generate its own
rhythm (Elmas et al., 2012). Arber and Lin (1985) showed that con-
tinuous exposure of neurons to  microwaves for 60 min  inhibited
spontaneous activity and prolong the refractory period following
depolarization. An increase of K+ current could be implicated as a
cause for prolongation of refractory period (Seaman and Wachtel,
1978; Arber and Lin, 1985) as reported in our investigation by the
prolonged PR and QT intervals.

Fig. 5.  Effects of single injection of dopamine on  the beats per minute (BPM) and maximum amplitude (max) in rabbits under WIFI (2.45 GHz, 1 h).



604 L. Saili et al. / Environmental Toxicology and Pharmacology 40 (2015) 600–605

Fig. 6. Effects of single injection of epinephrine on the component of electrocardiogram under WIFI (2.45 GHz, 1 h). Values are given as the mean ± SEM for groups of six
animals.

Fig. 7. Effects of single injection of epinephrine on the beats per minute (BMP) and maximum amplitude (max) in rabbits under acute exposure to WIFI (2.45 GHz, 1 h). Values
are  given as the mean ± SEM for groups of six animals.

Fig. 8. Effects of epinephrine and dopamine injections on  blood pressure under acute exposure to  WIFI (2.45 GHz, 1 h). Values are  given as the mean ± SEM for groups of six
animals.
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Our data demonstrate that single injection of epinephrine
increase heart rate associated to a decrease in the RR, QT, PR inter-
vals and even the P-wave. Moreover, single injection of dopamine
decreased heart rate and increased RR, QT, PR intervals and even the
P-wave. Acute exposure to WIFI (2.45 GHz during one hour) alters
epinephrine and dopamine effects classically observed on heart
rate, arterial blood pressure and the most studied intervals. This
data report clearly that the action mechanism of epinephrine was
abolished through RF. We  can therefore say  that RF  emitted by WIFI
act probably on the receptors, thereby altering the ligand–receptor
binding. In fact, Chiabrera et al. (2000) showed that the proba-
bility of binding could be  modified by  the electric component of
the RF. Previous study reported that exposure to 50-Hz magnetic
field decreased the binding affinity of the 1B receptor subtype of
serotonin (Masuda et al., 2010). Behari et al. (1998) shows that AM
radio radiation alters Ca2+ binding in the membrane, Na+K+-ATPase
activity.

Our studies point that WIFI is not completely safe at home near
the animal or human body because it employ harmful radio waves.
But it is  safer compared to  cellphone that it is  close to our brain dur-
ing communications. WIFI signals are everywhere. If you switched
off your WiFi at night, you are still exposed to the WIFI signals
coming in from neighbors but we have a  significant reduction of
the bioeffects of WIFI with distance from the router. Future inves-
tigations will focus on the long term bioeffects of WIFI placed at an
important distance from the animal or the human.

5. Conclusion

These results suggested that exposure to WIFI (2.45 GHz) affect
HR variability leading to  tachycardia and hypertension. The WIFI
alter the physiological action of catecholamines on cardiovascu-
lar system perhaps via the disruption of the interaction between
ligand-receptors in rabbit.

Transparency document

The  Transparency document associated with this article can be
found  in the online version.
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The P300 component of event-related potentials (ERPs) is believed to index attention and
working memory (WM) operation of the brain. The present study focused on the possible
gender-related effects of Wi-Fi (Wireless Fidelity) electromagnetic fields (EMF) on these
processes. Fifteen male and fifteen female subjects, matched for age and education level,
were investigated while performing a modified version of the Hayling Sentence Completion
test adjusted to induce WM. ERPs were recorded at 30 scalp electrodes, both without and
with the exposure to a Wi-Fi signal. P300 amplitude values at 18 electrodes were found to
be significantly lower in the response inhibition condition than in the response initiation
and baseline conditions. Independent of the above effect, within the response inhibition
condition there was also a significant gender X radiation interaction effect manifested at
15 leads by decreased P300 amplitudes of males in comparison to female subjects only
at the presence of EMF. In conclusion, the present findings suggest that Wi-Fi exposure
may exert gender-related alterations on neural activity associated with the amount of
attentional resources engaged during a linguistic test adjusted to induce WM.

Keywords: Wi-Fi; P300 ERP component; Hayling; gender; EMF.

1. Introduction

Concern of health effects due to EMF, specifically radiofrequency (RF) exposure is
currently arising. Numerous studies have investigated the potential effects of EMF,
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mainly those emitted by GSM mobile phones (Global System for Mobile communi-
cations) on cognitive functioning.

In a recent meta-analytic review [1], taking into consideration 19 studies, it was
concluded that EMFs may have a small impact on human attention and working
memory without clarifying the exact nature of this impact. In particular, it has
been reported that human attention measured by the subtraction task was mildly
affected in regard to decreased reaction time. Additionally, working memory being
measured by the N-back test seems to be affected. The significant effects concerning
the N-back test for working memory showed discrepant effect sizes: under condition
0-back, target response time was lower under exposure, while under condition 2-back,
target response time increased. The number of errors under condition 2-back for non-
targets appears to be higher under exposure. At other levels of the N-back test, no
significant effect sizes were detected.

Event-related potentials (ERPs) are one of the most informative and dynamic
methods of monitoring the information stream in the living brain. Because of the
high time resolution, ERPs allow the investigation of the time course of auditory pro-
cessing down to the scale of milliseconds. The P300 component of ERPs is thought
to reflect attentional operation resources when working memory (WM) updating is
engaged [13, 33, 48]. The P300 amplitude is thought to index attentional processing
of target stimulus events — phenomena that appear related to memory process-
ing, while the P300 peak latency is proportional to the time required to detect and
evaluate a target stimulus [18, 36, 48].

As far as the effects of EMFs on the P300 component are concerned, the existing
literature is rather conflicting. During an oddball task no effect has been found
on the P300 component under the exposure of pulsed, GSM or Universal Mobile
Telecommunications System (UMTS) signals [31, 55]. However in another study
which examined the effects of electromagnetic fields emitted by GSM mobile phones
on the human P300 component during an auditory task, results suggested that
mobile phone exposure may affect neural activity [22].

A series of studies by our team provided evidence that it is necessary to examine
the possible impact of EMF on brain activity separately for males and females, in
order to unveil the possible confounding effects of gender and its interaction with
EMF [24, 41, 46].

As far as Wi-Fi signals are concerned, due to the fact that daily public exposure
to such signals increases rapidly, several investigations on its potential adverse health
effects and dosimetry studies are ongoing [11, 17], although the exposure level is low
compared to other sources [37].

In view of the above considerations, it can be hypothesized that the electro-
physiological brain activity, as reflected by P300, in association with cognitive task
operations, could be of value in identifying possible pathophysiological alterations
evoked by Wi-Fi signals and their connection with gender. Thus, the present study
was designed to determine whether the presence of Wi-Fi signals affects the patterns
of P300 ERP component elicited during a Hayling Sentence Completion test adjusted
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to induce working memory (WM) operation [3, 5, 6]. Contemporary neuropsycho-
logical views define WM as the capacity to keep information “online” as necessary
for an ongoing task [2, 10]. Accordingly, WM is thought to be in the service of com-
plex cognitive activities, such as reasoning, monitoring, problem solving, decision
making, planning, and searching/shifting the initiation or inhibition response, thus
comprising (among others) a central executive system [19, 38, 40].

2. Materials and Methods

2.1. Participants

Thirty healthy individuals (15 men and 15 women, mean age = 23.76 ± 1.67 years,
mean education = 16.9 ± 1.06 years) participated in the experiment. The partic-
ipants were homogeneous with regards to age and educational level and had no
history of any hearing problem. Informed consent was obtained from all subjects.

2.2. Hayling sentence completion test

The modified version of the Hayling Sentence Completion test used in the present
study is made up from three different conditions: response initiation, response inhi-
bition and baseline. In the response initiation condition, participants completed
auditory presented sentences with a word clearly suggested by the context. In the
response inhibition condition, participants produced a word that made no sense in
the context of an auditory-presented sentence from which the last word was missing.
Finally in the baseline condition, subjects were asked to repeat the last word of the
presented sentence. The sentences were presented through earphones to the partic-
ipants and the administration order of the three conditions was counterbalanced.
The duration of the sentences was from 3–5 s. After the presentation of each sen-
tence, there was a 500-ms EEG recording period, then a warning stimulus (100-ms
duration, 65 dB, 500 Hz) was given, followed by an interval of 900 ms; the warning
stimulus was then repeated. Individuals were instructed to give their response after
the conclusion of the second warning stimulus. Each condition of the task contained
30 sentences. Before the ERP recording, there was a training period for each condi-
tion of the Hayling test in order for the participants to comprehend the nature of a
correct response.

It should be noted that the task design involved the 1600-ms period after the
participants had heard the sentence and before they were required to respond, in
order to avoid interference during the recording session. The onset of ERP recording
was 500 ms after the end of the auditory presentation of the sentence (Table 1).

2.3. EMF exposure

The subjects performed the tasks twice, with and without radiation, with an interval
of two weeks between the measurements. The order in which the subject was exposed
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Table 1. Sequence of events in each experimental trial.

Sequence of Action Duration of Action

Auditory sentence presentation 3–5 s
EEG recording 500 ms
Warning stimulus* 100 ms
ERP recording∗,† 1 s
Warning stimulus repetition 100 ms
Response onset Within 5 s
Period between response completion and

onset of next sentence presentation
4–9 s

Notes: ∗Simultaneous onset of warning stimulus and of ERP
recording.
†Peak amplitudes were measured relatively to the mean ampli-
tude of the 100 ms pre-stimulus baseline period; latency mea-
surements were computed relatively to warning stimulus onset.

at the EMF (exposure at the first or second visit) was random. The EMF was emitted
by a Wi-Fi access point that was operating at 2.45-GHz frequency. The access point
was present at both tasks and the subjects were blinded to the presence or absence
of the radiation. The Wi-Fi signal was radiated by a dual dipole antenna, with 20-
dBm power and orthogonal frequency-division multiplexing (OFDM) modulation.
The access point was placed at a distance of 1.5 m from the head. The field strength
was 0.49 V/m at the point where the subjects’ head was standing. According to
Kapareliotis et al. [29] there is no evidence that a Wi-Fi signal causes interference
at the EEG recording at the distance of 1.5 m from the EEG electrodes.

The experiment was conducted in a Faraday room, which screened any electro-
magnetic interference that could affect the measurements. The attenuation of the
mean field was more than 30 dB.

2.4. Recordings

Electroencephalographic (EEG) activity was recorded from 30 scalp Ag/AgCl elec-
trodes (F7, FC5, C3, CP1, P3, Fpz, Afz, Cz, O1, O2, F8, FC6, T4, CP2, P4, CP6,
T6, F3, FC1, T3, CP5, T5, FP1, FP2, Fz, Pz, Oz, F4, FC2, C4) based on the Inter-
national 10–20 system of electroencephalography [26]. Linked ear lobes served as
reference. Electrode resistance was kept constantly below 5 kΩ. The bandwidth of
the amplifiers was between 0.05–35 Hz in order to avoid interference of the power
supply network’s signal, which is at 50 Hz. Eye movements were recorded with the
use of electro-oculogram (EOG) and recordings with EEG higher than 75 µV were
excluded. The evoked biopotential signal was digitalized at a sampling rate of 1 kHz
and was averaged by a computerized system.

The signals were recorded for a 1500-ms interval, which means 500 ms before the
first warning stimulus (EEG) and 100 ms after that (ERP).
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2.5. Data transformations

For each question, 1500 data points, each corresponding to time segments of 1 ms
duration for each electrode, were saved. This procedure was done separately for each
EMF condition. The final data for analysis for each subject and condition consisted
of 1500 amplitude values for each electrode, expressed in µVolts corresponding to
the 1500 ms of the time period [46], 500 ms before the onset of the first warning
stimulus (EEG), and 1000 ms after the onset (ERP).

In order to optimize the signal-to-noise ratio for each subject, each channel ERP
amplitudes were averaged using the voltage over the 100-ms pre-stimulus epoch as
the baseline. An algorithm was used for identifying the amplitude and latency of the
positive peak between 220 and 500 ms after the onset of the first warning stimulus.
The sLORETA software was used to calculate and compare the relevant scalp maps
[43, 47].

2.6. Statistical analysis

The values of the P300 amplitudes at the 30 leads were subjected to multivariate
analysis of variance (MANOVA) with the three Hayling conditions (A, B and C),
the two radiation conditions (OFF and Wi-Fi exposure) and the gender (male and
female) as the between subjects factors. The effects of the interactions between the
factors were also taken into consideration. In cases where statistically significant
effects were discovered, multiple post-hoc pairwise comparisons were applied with
Bonferroni corrections. Statistical significance was set at the 0.05 level.

3. Results

Figure 1 shows the ERP waveforms at the FPz lead averaged over all measurements
and over the three different Hayling conditions. The perpendicular dotted lines show
the time window (220–500 ms) within which the P300 component was sought. The
subjects’ ERP patterns at the specific electrode are characteristic of the patterns at
virtually all the electrodes. The pattern of the ERPs at condition B is quite distinct
from the ones at conditions A and C. There is, for all the conditions, a clearly
defined P300 component. Post-hoc comparisons showed that the P300 amplitude
values at condition B are lower than at both conditions A and C, while conditions
A and C are practically equal. Specifically, differences between conditions A and
B achieve statistical significance at 18/30 leads, which (as Fig. 2 shows) form a
cohesive network.

Exclusively within Hayling condition B, a significant Gender X Radiation inter-
action effect is manifested. The nature of this interaction is clarified in Fig. 3 which
shows the mean P300 amplitudes at the CP6 lead for male and female subjects at
the presence and absence of the Wi-Fi signal. In the absence of the Wi-Fi signal,
male subjects had greater P300 amplitudes than female subjects, but the difference
was not statistically significant. Switching the Wi-Fi signal on significantly reduces
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Fig. 1. Average ERP waveforms at the FPz lead for the overall measurements and for the three
different Hayling conditions. The perpendicular dotted lines show the time window within which
the P300 component was sought.

Fig. 2. Comparisons of the P300 component between conditions A and B. Leads at which differ-
ences are statistically significant are shown in red.
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Fig. 3. Mean P300 amplitudes at the CP6 lead for male and female subjects at the presence and
absence of the Wi-Fi signal at Hayling condition B.

the P300 amplitudes of the males, while that of the females is enhanced. As a con-
sequence, at the “on” condition, the P300 amplitude of the males is significantly
lower than that of the females. The behavior depicted in Fig. 3 is the same for the
other leads. As a result of this pattern, while at the “off” condition, there were no
significant differences of the P300 amplitudes between males and females (except for
electrode AFz), at the “on” condition (as post-hoc pairwise comparisons with Bon-
ferroni corrections proved) significant differences were observed at 15/30 electrodes
(Table 2). These leads, as well as the corresponding activation maps, where statis-
tically significant differences between the two genders occur, are shown in Fig. 4.

4. Discussion

There is a significant interaction effect of the gender X radiation that is exclu-
sively manifested in Hayling B condition; this is due to the relative reduction of the
amplitudes for the male subjects at the “on” in comparison to the “off” radiation
condition and the relative increase in the respective values for the female subjects.
As a result, the P300 amplitudes of males are significantly lower than of females at
15 electrodes at the “on” condition.

The comparison between experimental conditions of a modified version of the
Hayling Sentence Completion test adjusted to induce WM showed a reduced acti-
vation of the P300 component during the inhibition condition (B), than at both
the initiation (A) and baseline (C) conditions, while conditions A and C are prac-
tically equal. The Hayling condition effect was significant at 18 of the 30 leads over
widespread areas of the scalp.

The results of the present study may be interpreted in the light of the psy-
chophysiological and brain-imaging studies related to the P300 ERP waveform and
the Hayling test. It has been suggested that P300 originates from task conditions
involving working memory operation [13, 33]. In addition, P300 amplitude is thought
to be sensitive to the amount of attentional resources engaged during the execution
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Table 2. Mean ± standard deviations of the P300 component for male and female subjects at
the “off” and “on” radiation condition in Hayling condition B. p-values in bold denote statistically
significant differences.

OFF ON

Leads Male Female p-values Male Female p-values

F7 0.74 ± 5.14 2.58 ± 4.57 0.31 1.77 ± 4.50 2.34 ± 4.73 0.74
FC5 2.56 ± 3.19 2.34 ± 4.55 0.88 1.12 ± 2.82 2.79 ± 4.25 0.23
C3 5.62 ± 5.45 2.77 ± 5.34 0.16 1.79 ± 6.53 5.64 ± 4.72 0.08
CP1 2.73 ± 3.34 2.37 ± 4.96 0.81 0.51 ± 2.45 3.43 ± 4.16 0.03
P3 2.89 ± 3.78 2.11 ± 4.82 0.63 0.28 ± 2.41 2.84 ± 3.46 0.03
Fpz 2.25 ± 3.63 2.08 ± 4.57 0.91 −0.25 ± 2.60 3.12 ± 4.17 0.02
Afz 0.62 ± 4.38 4.69 ± 5.71 0.04 1.83 ± 5.37 2.94 ± 6.29 0.62
Cz 1.38 ± 3.76 3.63 ± 5.17 0.18 0.74 ± 4.43 2.40 ± 5.42 0.38
O1 2.88 ± 3.55 2.18 ± 4.61 0.65 0.52 ± 2.61 3.19 ± 3.51 0.03
O2 2.55 ± 3.73 1.36 ± 3.75 0.39 −1.18 ± 2.83 2.65 ± 3.75 0.00
F8 2.54 ± 3.78 0.90 ± 4.67 0.30 −0.21 ± 3.18 1.89 ± 3.24 0.09
FC6 1.21 ± 3.56 2.94 ± 4.59 0.26 0.26 ± 4.48 3.38 ± 5.11 0.09
T4 1.55 ± 3.60 2.86 ± 4.49 0.38 −0.09 ± 6.02 3.73 ± 4.03 0.05
CP2 2.70 ± 3.67 2.19 ± 4.59 0.74 0.40 ± 2.92 2.91 ± 5.06 0.12
P4 2.94 ± 3.89 1.94 ± 4.72 0.53 0.76 ± 2.65 2.97 ± 3.93 0.09
CP6 7.04 ± 5.96 4.48 ± 4.90 0.21 1.70 ± 5.59 7.70 ± 6.38 0.01
T6 2.14 ± 3.74 2.38 ± 4.54 0.88 −0.36 ± 3.13 3.47 ± 4.66 0.02
F3 1.62 ± 3.60 1.82 ± 4.48 0.89 −0.78 ± 3.55 1.70 ± 3.05 0.05
FC1 2.29 ± 3.62 2.88 ± 4.07 0.68 0.50 ± 3.00 3.17 ± 3.96 0.05
T3 2.18 ± 3.87 2.01 ± 4.54 0.92 −0.35 ± 2.85 2.93 ± 4.59 0.03
CP5 2.53 ± 3.59 1.84 ± 4.50 0.65 0.22 ± 2.34 2.67 ± 4.21 0.07
T5 1.78 ± 3.47 1.38 ± 4.32 0.78 −0.50 ± 2.01 2.03 ± 3.51 0.03
FP1 0.71 ± 4.31 3.92 ± 6.09 0.11 2.47 ± 5.62 3.72 ± 7.92 0.63
FP2 1.24 ± 5.21 5.06 ± 5.85 0.07 3.26 ± 5.98 2.27 ± 7.31 0.69
Fz 6.09 ± 7.28 4.27 ± 5.96 0.46 3.29 ± 4.84 3.50 ± 2.86 0.89
Pz 2.50 ± 3.88 1.89 ± 4.50 0.70 0.60 ± 2.11 2.18 ± 4.10 0.21
Oz 2.83 ± 3.63 1.05 ± 4.08 0.22 −0.34 ± 2.76 2.16 ± 3.40 0.04
F4 1.50 ± 3.73 3.37 ± 5.28 0.27 0.11 ± 3.87 2.61 ± 4.87 0.14
FC2 2.48 ± 2.99 3.22 ± 4.33 0.59 −0.09 ± 3.01 3.44 ± 4.37 0.02
C4 2.67 ± 3.81 2.74 ± 4.02 0.96 0.19 ± 4.04 4.42 ± 4.67 0.01

of a task [25, 35]. It is postulated that difficult processing tasks that induce high
cognitive demand limit attentional resources to resist inhibitory control and produce
smaller P300 components [48].

Studies attempting to identify the cerebral generators of the P300 provide evi-
dence that P300 is seen simultaneously, with uniform latency, over widespread areas
of the scalp [54] and suggest also, either that it is produced by multiple, relatively
independent generators, or that it is a reflection of a central integrated system with
widespread connections and impact throughout the brain [14, 44]. However, it is
believed that frontal generators are more involved in automated orienting, while
temporoparietal generators are more responsive to stimuli, requiring more effort
[58].
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Electrode amplitudes Activation maps 
Wi-Fi signal OFF

Wi-Fi signal ON 

Fig. 4. Comparisons of the electrode amplitudes (left) and activation maps (right) of the P300
component between male and female subjects at the presence (top) and absence (bottom) of the
Wi-Fi signal at Hayling B condition. Red color denotes statistically significant differences between
the two genders.

In reference to the Hayling test, Collette et al. [9] applied PET methodology and
found a greater frontal activation during the inhibition than the initiation condition.
They attributed the greater activation in the inhibition condition to the complexity
of the procedure that involves additional cognitive processes than the processes in
the initiation condition that includes planning, semantic search, manipulation of
information, selection and evaluation of the response.

Conversely, Nathaniel-James et al. [42] using also PET during the application
of another version of the Hayling test, found increased activity in prefrontal areas
during the initiation as compared to the inhibition condition. A potential explana-
tion provided by the authors is that the initiation condition might rely less on high
levels of linguistic processing and more on low levels of word production, generating
a functional pattern that could lead to higher frontal activation.

The inconsistency between the findings of the two studies was thought to result
from differences in the modified forms of the Hayling test applied in the studies
[9]. The Hayling test measures executive functioning and in this regard, although it
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has been suggested that the prefrontal cortex possesses a pivotal role in executive
control [32, 57], research evidence emphasizes the importance of additional brain
areas, such as broad cortical and subcortical networks, including thalamic pathways
[27]. This broader view might result from the fact that the tests applied for assess-
ment of executive functioning are complex and induce a wide range of skills, thus
complicating efforts to identify a unitary interpretation framework.

In the EMF “off” condition, female subjects had significantly lower P300 ampli-
tudes than male subjects. The obtained results may be interpreted in terms of
the “neural efficiency hypothesis”, which postulates a more efficient use of brain
resources in people who are more skilled (trained) than those less skilled [20]. This
is in accordance with the notion that a linguistic-related executive functioning has
a stronger effect on women than on men [7, 28, 30], and indicate that attentional
resources processing when WM updating is engaged during a go and no-go linguistic
task undergoes stronger facilitation in women than in men. It is worth noting that
previous studies demonstrated also that P300 amplitudes were greater in males than
females, supporting the notion that the P300 is sensitive to gender. For example,
Oliver-Rodriguez et al. [45] studying facial attractiveness and its emotional compo-
nent, found that P300 amplitudes were greater in male participants.

The relationship between gender and the P300 has been controversial, as some
studies found no gender differences [8, 23, 39, 56, 59]. These contradictory findings
are difficult to explain. One hypothesis could be based on the account that the
difference between the two genders concerning the P300 patterns is attributable to
the size and geometry of the head rather than to actual biological and physiological
differences [21]. Other possible explanations are seasonal variation [12] and emotion
[39, 59]. Furthermore, it has been suggested that hemispheric asymmetry and/or
brain lateralization might contribute to these differences [34, 49, 56].

The effect of RF exposure (reduction of amplitudes of the P300 for males and
the reverse patterns for females) are in accordance with several studies of our team,
regarding gender-related differences in the EEG under 900 MHz and 1800 MHz EMF
exposure, similar to that of mobile phones, although the present cognitive task
differed from the previous one [24, 41, 46]. Also, Smythe and Costall [53] have
reported sex-dependent effects of EMF exposure on the human memory during a
memory task.

Emerging evidence provides plausible mechanisms for the explanation of these
differences. In particular, central nervous system effects of EMFs have been con-
sidered to be secondary to damage to the blood–brain barrier (BBB) permeability
[50–52]. It is reasonable to consider the existence of gender-related blood barrier
differences, a fact which would explain the fundamental differences between males
and females in the intrinsic cognitive processes and in the way they are affected
by different types of electromagnetic radiation. Other studies indicate that EMF
exposure affects melatonin release. Specifically, a reduced excretion of the urinary
metabolite of melatonin among persons using a mobile phone for more than 25
mins per day has been demonstrated [4]. In a study of pubertal individuals, it has
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been found that nocturnal and diurnal 6-sulfatoxymelatonin excretion is higher in
girls [16].

5. Conclusions

To the best of our knowledge, this is the first attempt to investigate the imme-
diate effects of Wi-Fi signals upon brain operation, specifically on the P300 ERP
component. Our investigation revealed that P300 amplitude values are decreased
for males and increased for females during exposure while performing a Hayling
Sentence Completion task. These gender-related differences provide further support
to previous studies of our team conducted under different exposure conditions and
different auditory tests. As far as the different Hayling tasks are concerned, results
show significantly decreased amplitude values for the response inhibition condition
in a large area of the brain.
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Abstract 
The present study investigated the influence of electromagnetic fields, similar to that emitted by Wi-Fi system, 
on brain activity. Fifteen female and fifteen male subjects performed a short memory task (Wechsler test), both 
without and with exposure to a 2.4GHz Wi-Fi signal. For each subject, radiation condition and electrode, the 
amplitude in the frequency domain of the EEG signal was calculated from the recordings of 30 scalp electrodes, 
using the Fourier transform.  
The presence of radiation had no effect on the energies of alpha and beta band of male subjects, while it reduced 
these energies of female subjects, resulting in significantly lower energies, as compared to those of males. 
Delta and theta band energies did not experience any noteworthy effect from gender, radiation condition and 
their interaction. Conversely, there was a significant interaction effect (gender x radiation) on the energies of 
alpha and beta rhythms. 
Interestingly, this pattern was observed for a number of electrodes, which formed two distinct clusters. one 
located at right- anterior and the second at occipital brain areas.  
The present data support the idea that Wi-Fi signal may influence normal physiology through changes in gender 
related cortical excitability, as reflected by alpha and beta EEG frequencies. 
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1. INTRODUCTION 

A lot of research has been done in the last years on the possible effects of Radio Frequency Electromagnetic 
Fields (RF - EMF) on biological matter. The majority of this research regards the potential health impacts of cell 
phones and other mobile communication emitters. 

There are several studies involving subjects who perform various tasks while exposed to RF [1-6], which 
conclude that some aspects of cognitive function and some measures of brain physiology may be affected by the 
exposure to RF of the type emitted by cellular phones. Interestingly, the RF effect was found to be gender related 
[7, 8].  

Based on the reviewed publications examining possible biological effects of RF exposure, the evidence suggests 
that the exposure to RF affect the human brain and its subsequent output in the form of cognition and behavior. 
This assumption is in line with recent reviews by Cook et al., (2006) and Valentini et al., (2007) [9, 10]. 
However, there are also reports contradicting this assumption Kleinlogel et al., (2008) [11].  

Very common and constantly increasing sources of RF exposure are wireless networks that allow high-speed 
internet access and services, such as Wi-Fi. Inevitably, there has been concern about possible health effects from 
such exposure; however little research has been devoted to investigate the possible effects of Wi-Fi signal on 
biological systems. 

Most of the studies that have been conducted, investigating the biological effects of Wi-Fi on humans, are 
mainly dealing with the amount of energy absorbed in human tissue and therefore limited in the measurement of 
the Specific Absorption Rate (SAR). There are also dosimetry studies ongoing, measuring RF levels around the 
globe, including that coming from wireless local area networks (WLANs) [12] and others which indicate that the 
exposure level is low compared to other sources [13]. Another approach, involved experimental procedures for 
whole-body RF exposure of animals in order to investigate the possible effects of Wi-Fi signal on biological 
systems [14].  

In view of the above considerations, it can be hypothesized that the electrophysiological brain activity, as 
reflected by Electroencephalography (EEG) – alpha, beta, theta, delta bands –  in association with cognitive task 
operations, could be of value in identifying possible pathophysiological alterations evoked by Wi-Fi signals and 
their connection with gender. Thus, the present study was designed to determine whether the presence of Wi-Fi 
signal affects the patterns of EEG activity elicited during a short memory task (Wechsler test). 

2. METHODS 

2.1. Participants 

Thirty healthy individuals (15 men and 15 women, mean age = 23.76 ± 1.67 years, mean education = 16.9 ± 1.06 
years) participated in the experiment. The participants were homogeneous with regards to age and educational 
level and had no history of any hearing problem. Informed consent was obtained from all subjects.  

2.2. Experimental setup and Measurement Procedure 

The subjects were evaluated with the digit span Wechsler Auditory test. A warning stimulus of either high (3000 
Hz) or low frequency (500 Hz) was presented through earphones to the subjects, who were asked to memorize 
the numbers that followed. The warning stimulus lasted 100msec. A one second interval followed the onset of 
the warning stimulus and then the numbers to be memorized were presented by a female voice. At the end of the 
number sequence presentation, the same signal tone was repeated. The signals were recorded for a 1500msec 
interval, which means 500msec before the warning stimulus (EEG) and 1000msec after that (ERP), as described 
in previous articles [8, 15]. The numbers were recalled by the subject in the same (low frequency tone) or in the 
opposite order (high frequency tone) than that presented to the participant. The total task consisted of 52 
repetitions for a period of about 45min. The subjects performed the tasks twice, with and without radiation, with 
an interval of two weeks between the measurements. The order in which the subject was exposed at the EMF 
(exposure at the first or second visit) was random. The EMF was emitted by a Wi-Fi access point that was 
operating at 2.4 GHz frequency. The Wi-Fi signal was radiated by a dual dipole antenna, with 20dBm power and 
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OFDM modulation. The access point was placed at a distance of 1.5m from the right part of their head. The field 
strength was 0.49V/m at the point where the subjects’ head was standing. According to E. Kapareliotis et al. [16] 
there is no evidence that a Wi-Fi signal causes interference at the EEG recordings at the distance of 1.5m from 
the EEG electrodes. 

The experiment was conducted in a Faraday room, which screened any electromagnetic interference that could 
affect the measurements. The attenuation of the mean field was more than 30 dB. 

 

 

Figure1. Experimental Setup 

The electrophysiological signals were recorded with Ag/AgCl electrodes. Electrode resistance was kept 
constantly below 5 kΩ. EEG activity was recorded from 30 scalp electrodes (FC6, FC2 F8, F4, Fz, AFz, Fp2, Fz, 
Fp1, P3, T3, FC1, FC5, F3, F7, T6, P4, CP6, CP2, T4, C4, O2, Oz, O1, Pz, Cz, T5, CP1, CP5, C3) based on the 
International 10-20 system of Electroencephalography [17], referred to both earlobes. Linked ear lobes served as 
reference. The bandwidth of the amplifiers was set at 0.05 – 35 Hz. Eye movements were recorded with the use 
of electro-oculogram (EOG) and recordings with EEG higher than 75 μV were excluded. The evoked bio 
potential signal was submitted to an analogue-to-digital conversion, at a sampling rate of 1 KHz and was 
averaged by a computerized system.  

2.3. Data Transformation 

For each question 1500 data points, each corresponding to time segments of 1msec duration for each electrode 
were saved. In order to optimize the signal to noise ratio for each subject and each channel all EEG values were 
average referenced on the basis of the grand average across the 52 repetitions of the EEG values. This procedure 
was done separately for each EMF condition. The final data for analysis for each subject and condition consisted 
of 1500 amplitude values for each electrode, expressed in μVolts corresponding to the 1500msec of the time 
period [8, 15], 500ms before the onset of the first warning stimulus (EEG), and 1000 ms after the onset (ERP). 

For each subject, each radiation condition and each electrode, the amplitude in the frequency domain was 
calculated using the Fourier transform (FFT) (EEG). This analysis confirmed the expected pattern of the spectral 
distribution of the signals, with the appearance of peaks within the range of the four basic rhythms d (0–4 Hz), θ 
(5–7 Hz), a (8–13 Hz) and b (14–30 Hz) in all EEG series. 

https://www.researchgate.net/publication/243773467_The_10-20_Electrode_System_of_the_International_Federation?el=1_x_8&enrichId=rgreq-e3ae830a-0313-4f6f-8e28-81551f852942&enrichSource=Y292ZXJQYWdlOzI2NzgxNjg1OTtBUzoyMDg2ODU1NzkxNDkzMTJAMTQyNjc2NTkyNzAzMw==
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2.4. Statistical analysis 

The EEG energies were log-normalized so that their distribution for all the electrodes and both experimental 
conditions did not deviate from normality. For each band, the energies at the thirty electrodes were subjected to 
multivariate analysis of variance with gender (male-female) and radiation condition (on-off) as the independent 
factors, followed by post-hoc pair wise comparisons with Bonferroni corrections. The significance level was set 
at 0.05. 

 

3. RESULTS 

Multivariate analysis of variance did not reveal any significant effect of gender, radiation condition and their 
interaction on the energies of the delta and theta bands. Conversely, there was a significant interaction effect 
(gender x radiation) on the energies of the alpha and beta band. The nature of this interaction effect can be 
clarified by Figure 2, which shows the average values at the alpha band for male and female subjects, for the two 
radiation conditions at electrode F8. As this figure shows, at the absence of EMF the alpha band energies of the 
two genders are practically the same. The presence of radiation did not have any effect on the energy of male 
subjects, whereas it reduced the energy of female subjects, resulting in a significantly lower energy, as compared 
to the energy of male subjects.  

 

Figure 2. Average values at the alpha band for male and female subjects, for the two radiation conditions at electrode F8 

The same pattern was observed for a number of electrodes (FC6, F8, Fp2, Fpz, C4, O2, Oz and O1). As Figure 3 
shows these electrodes form two distinct clusters, one located at right- anterior and the second at occipital brain 
areas. Interestingly, analysis revealed that the beta band energies have practically the same behavior. 
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Figure3. p-values of the differences between male and female subjects in the absence and presence of the Wi-Fi signal  

3. SUMMARY - DISCUSSION 

The comparison between experimental conditions showed that the presence of radiation did not have any effect 
on the energies of the alpha and beta band of male subjects, while it reduced these energies of female subjects, 
resulting in significantly lower energies, as compared to the energies of male subjects. 

Additionally, the energies of the delta and theta bands did not experience any significant effect from gender, 
radiation condition and their interaction. Conversely, there was a significant interaction effect (gender x 
radiation) on the energies of the alpha and beta rhythms. 

Interestingly, this pattern was observed for a number of electrodes, which formed two distinct clusters, one 
located at right-anterior and the second at occipital brain areas.  

The results of the present study may be interpreted in the light of the psycho physiological and brain-imaging 
studies related to EEG functional anatomy. The quantification of EEG was proven a useful and appropriate 
method in measuring the level and topographical distribution of cortical activation during cognitive task 
performance. In general, the functional significance of varying brain activity can be seen in the vicinity to the 
underlying neural circuits. For instance, it is assumed that alpha band activity reflects an increased excitability 
level of neurons in the certain cortical areas, which may be related to an enhanced information transfer in 
thalamocortical circuits and is strongly correlated with working memory as well as with long-term memory 
engramms [18-21]. Beta bursts being related to cortico-cortical interactions shift the system to an attention state 
that consequently allows for gamma synchronization and perception [22-24]. 

The effect of Wi-Fi exposure (significant interaction effect -gender x radiation-on the energies of the alpha and 
beta bands)  are in accordance with previous studies of our team regarding gender related differences in the EEG 
under EMF exposure of 900MHz and 1800MHz similar to that of mobile phones [8, 15, 25, 26, 5, 7]. Also 
Smythe and Costall (2003) [27] have reported sex-dependent effects of EMF exposure on human memory during 
a memory task. 

Although, the biological basis for these sex differences remains elusive, emerging evidence provides plausible 
mechanisms for the explanation of these differences. In particular, central nervous system effects of EMFs have 
been considered to be secondary to damage to the blood–brain barrier (BBB) permeability [28-31].At this point 
is reasonable to consider the existence of gender-related blood-barrier differences, a fact which would explain 
the fundamental differences between males and females in the intrinsic cognitive processes and in the way they 
are affected by different types of electromagnetic radiation [32-34]. Furthermore research also indicates that 
EMF exposure affects the melatonin release, specifically it has been demonstrated a reduced excretion of the 
urinary metabolite of melatonin among persons using a mobile phone for more than 25 min per day [35]. This 
observation would be better understood taking into account that in a study of pubertal individuals it has been 
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found significantly higher total, nocturnal and diurnal 6-sulfatoxymelatonin excretion in girls [36]. 

It is concluded that Wi-Fi may influence normal physiology through changes in gender related cortical 
excitability as it is reflected by the alpha and beta EEG frequencies. 
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Influence of Smartphone Wi-Fi Signals on
Adipose-Derived Stem Cells

Sang-Soon Lee, MD, PhD,* Hyung-Rok Kim, MD,* Min-Sook Kim, MS,* Sanghoon Park, PhD,†
Eul-Sik Yoon, MD, PhD,* Seung-Ha Park, MD, PhD,* and Deok-Woo Kim, MD, PhD*

Abstract: The use of smartphones is expanding rapidly around the
world, thus raising the concern of possible harmful effects of radio-
frequency generated by smartphones. We hypothesized that Wi-Fi
signals from smartphones may have harmful influence on adipose-
derived stem cells (ASCs). An in vitro study was performed to as-
sess the influence of Wi-Fi signals from smartphones. The ASCs
were incubated under a smartphone connected to a Wi-Fi network,
which was uploading files at a speed of 4.8 Mbps for 10 hours a
day, for a total of 5 days. We constructed 2 kinds of control cells,
one grown in 37°C and the other grown in 39°C. After 5 days of
Wi-Fi exposure from the smartphone, the cells underwent cell pro-
liferation assay, apoptosis assay, and flow cytometry analysis. Three
growth factors, vascular endothelial growth factor, hepatocyte
growth factor, and transforming growth factor-β, were measured
from ASC-conditioned media. Cell proliferation rate was higher in
Wi-Fi–exposed cells and 39°C control cells compared with 37°C
control cells. Apoptosis assay, flow cytometry analysis, and growth
factor concentrations showed no remarkable differences among
the 3 groups. We could not find any harmful effects of Wi-Fi elec-
tromagnetic signals from smartphones. The increased proliferation
of ASCs under the smartphone, however, might be attributable to
the thermal effect.

Key Words: Adipose-derived stem cell, electromagnetic,
smartphone, Wi-Fi, growth factor, proliferation, apoptosis

(J Craniofac Surg 2014;25: 1902–1907)

The use of mobile phones is expanding rapidly worldwide, and
possible harmful effects of radiofrequency (RF) energy gener-

ated by mobile phones are of great concern to public health.1
Traditional mobile phones were used mainly for voice com-

munication, and the close location of the RF-emitting phone to
the head raised concerns about the relation between mobile phone
use and brain tumor.2,3 Recently, popularized smartphones are also
used for voice communication, but people tend to spend more time
compared with tradition mobile phones for the purpose of data
communication. Smartphones make use of more than 2 frequency

bands of RF, with 2.4-GHz Wi-Fi being the most commonly used
signal for data transmission. Data transmissions through Wi-Fi
signals are popular because of easy availability of free access points
and unlimited data usage. Power output of 2.4-GHz Wi-Fi signals
is restricted to 100 mW in many countries, which is less than
those of other bands of RF signals supplied by mobile carriers
(100–500 mW).4 However, there has been concern that Wi-Fi signals
might have harmful influence on human health. In addition, a recent
study supported this idea of possible harmful effects of Wi-Fi signals.
It showed that Wi-Fi signals from laptop computers had harmful
effects on human sperm.5

The amount of RF exposure is inversely related to the square
of the distance from the source.4 If the distance from the RF-
emitting device is the main factor responsible for the biologic
effects without consideration of tissue vulnerabilities, skin and sub-
cutaneous tissues will be the most affected tissues. Many studies
have been conducted regarding the biologic effects and safety issues
related to RF energy. The immune system, brain tissue, bacteria
cells, and prenatal exposure have been extensively studied to deter-
mine biologic response to RF exposure.1,6–10 However, only few
studies have been undertaken on embryonic stem cells,11–13 and
no report has been done regarding the effect of RF on adipose-
derived stem cells (ASCs).

The ASCs are multipotent cells involved in tissue repair and
regeneration. These cells can undergo adipogenic, chondrogenic,
osteogenic, and neurogenic differentiation.14 In addition, ASCs pro-
duce various cytokines such as vascular endothelial growth factor
(VEGF), hepatocyte growth factor (HGF), and transforming growth
factor-β (TGF-β).15,16 Moreover, there is a growing opinion that a
large part of the beneficial effects of cell therapy are due to the se-
cretion of cytokines.15–18

We used ASCs to investigate cellular responses to Wi-Fi
signals for the following reasons. Superficial locations of the cells will
receive more RFenergy than other cells in the human body. The ASCs
grow rapidly in vitro culture, and these rapidly growing cells will be
more vulnerable to harmful external stimuli. Multipotent cells will
display latent characteristics of differentiated cells in the body and
can be studied further for the effect of RF on the differentiation poten-
tial of ASCs.

To assess the influence of Wi-Fi signals from a smartphone,
we performed an in vitro study. The ASCs were incubated under
a smartphone connected to a Wi-Fi network sending gigabytes of
file data.

MATERIALS AND METHODS

Isolation of ASC
Human abdominal fat tissues were obtained from 5 patients

who underwent abdominoplasty or breast reconstruction surgery.
The study was approved by the institute of review board of Korea
University Ansan Hospital. Informed consent was taken from all
patients for use of their tissues.
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Subcutaneous fat was washed with phosphate buffered saline
(PBS) and cut into small pieces of less than 1 mm using scissors.
Adipose tissues were then treated with PBS containing 0.05% of
collagenase type I (Sigma-Aldrich, St. Louis) under gentle agitation
for 1 hour at 37°C.

The digested fat was centrifuged at 300 g for 10 minutes, and
the ASC fraction was washed with PBS containing 1% of penicillin/
streptomycin (Gibco, NY). The sample was centrifuged again at
300 g for 5 minutes. The supernatant was discarded, and cell pellet
was resuspended in Dulbecco modified eagle’s medium (DMEM;
Hyclone, Logan, UT) containing 10% of fetal bovine serum
(Hyclone, Logan, UT) and 1% of penicillin/streptomycin and then
filtered through a 70-μm nylon mesh. The filtered cell fraction was
incubated overnight, and adherent cells were collected. The cells
were further cultured for passage 3 and used for the next step.

Incubation of ASCs and Wi-Fi Signal Exposure
The ASCs were plated on culture plates at a density of 1.5 !

103 cells/cm2. The cells were maintained in DMEM containing 10%
of fetal bovine serum and 1% of antibiotics at 37°C, in 5% of CO2
environment. Twenty-four hours after cell plating, the cells were
incubated under a smartphone (SHW-M110S; Samsung, Seoul,
Korea) connected to a Wi-Fi local area network (IEEE 802.11 g,
2.4 GHz). The smartphone worked actively, uploading files at
600-KB/s speed for 10 hours a day, for a total of 5 days. Distance
from the bottom of the smartphone to the adherent cells was 2 cm
(Fig. 1). The mean power density of Wi-Fi signals was 26 μW/cm2,
and the calculated specific absorption rate (SAR) was 240 mW/kg.
The SAR is defined as σE2/ρ (W/kg), where E is the electric field
strength, σ is the electric conductivity (S/m) for the frequency, and
ρ is the sample density (kg/m3).

After 5 days of exposure, the ASCs were harvested for prolif-
eration, apoptosis, and flow cytometry analysis. The culture media
were cryopreserved for growth factor analysis.

In the preliminary study, we found that the temperature of the
culture media under the working smartphone rose approximately
2°C in 2 hours. Thus, we categorized 2 groups of control cells: cells
incubated at 37°C were defined as normal temperature control, and
cells incubated at 39°C were defined as high temperature control.
Temperature changes of the culturemediawere serially recorded using
a temperature probe inside the culture dish.

Cell Proliferation Assay
Cell proliferationwas assessed usingCell CountingKit 8 (CCK-8;

Dojindo, Japan) and total DNA measurement. For CCK-8 assay,
ASCs were incubated in 96 well culture plates. The culture medium
was changed with 100 μl of serum-free DMEM before the assay.

The cells in serum-free medium were added with 10 μl of CCK-8 so-
lution and incubated for 2 hours at 37°C. Absorbancewasmeasured at
450 nm using a microplate spectrophotometer (uQuant; BioTek, VT).

For the total DNA measurement, ASCs were homogenized in
Trizol (Gibco, NY), mixed with 120 μl of chloroform by shaking
vigorously, and then incubated for 15 minutes at room temperature.
The sample was centrifuged at 3000 g for 15 minutes, and any re-
maining aqueous phase was removed. The remaining sample was
added with 180 μl of 100% ethanol and then centrifuged. The pre-
cipitated pellet was washed with sodium citrate/ethanol solution
and centrifuged again. The pellet was suspended with 1 mL of
70% ethanol, centrifuged, air dried, and resuspended with 20 μl of
8-mM sodium hydroxide. Absorbance was measured at 260 nm using
a spectrophotometer (ND-1000; Nanodrop Tech, DE).

Quantification of Apoptosis
Cell death was detected using Cell Death Detection ELISA

plus kit (Roche, Mannheim, Germany). Briefly, the cells were incu-
bated with 200 μl of lysis buffer for 30 minutes. After centrifuga-
tion at 200g for 10 minutes, 20 μl of the lysate was transferred
into a strepavidin-coated 96-well microplate. Immunoreagent of
80 μl was added to each well and incubated for 2 hours. Unbound
compounds were removed by washing with buffer supplied with
the kit. 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
solution of 100 μl was added to each well, and the samples were
incubated for 20 minutes. 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) stop solution of 100 μl was added to each well, and
absorbance was measured at 450 nm.

Growth Factor Analysis
The ASCs were incubated in 60-mm culture plates with 3 mL

of growth medium under the influence of Wi-Fi electromagnetic
waves. The supernatant was centrifuged at 300 g for 5 minutes
and then filtered. Concentration of the following cytokines were
measured using sandwich ELISA kits (R&D Systems, Minneapolis,
MN): HGF, TGF-β1, and VEGF.

An activation step was preceded for TGF-β1: 100 μl of the
supernatant was mixed with 20 μl of 1 N of hydrochloric acid and
neutralized with 20 μl of 1.2 N of sodium hydroxide/0.5 M of 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid.

Assay diluents RD1W was added to a 96-well microplate
coated with specific monoclonal antibody, followed by the addition
of 50 μl of the standard and supernatant samples to each well. After
2 hours of incubation, each well was washed with washing buffer.
Peroxidase conjugated specific antibody was added to each well
and incubated for 2 hours. After washing, substrate solution was
added to each well and incubated for 30 minutes. Stop solution
was added, and absorbance was measured at 450 nm.

Surface Antigen Analysis
We performed flow cytometry analysis for 2 mesenchymal

stem cell markers, CD73 and CD105, and 2 negative markers, CD45
and CD31.

Cells were collected and centrifuged at 300 g for 5 minutes,
and the pellets were resuspended in PBS. Aliquots containing 1 !
105 cells were incubated with fluorescence-conjugated anti-CD105,
anti-CD73, anti-CD45, and anti-CD31 antibodies (BD Bioscience,
San Jose) for 1 hour at room temperature. The cells were precipi-
tated by centrifugation at 300 g for 5 minutes and washed in
PBS. The 4 surface antigens were analyzed using the flow
cytometry system (FACSCalibur; BD Bioscience, San Jose) with
CellQuest Pro software.

FIGURE 1. Study design for exposure of ASCs to Wi-Fi signals from a
smartphone. The ASC culture plate was located under the smartphone, and the
cells were incubated under the influence of a 2.4-GHz Wi-Fi electromagnetic
field in a CO2 incubator. The smartphone uploaded data files at a rate of 4.8
Mbps to a laptop connected to a wireless router.
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Statistical Analysis
Statistical analysis was performed with SPSS 12.0 software

(SPSS Inc, Chicago, IL). Two nonparametric tests were used for
analysis. The Friedman test was used to determine the differences
among the 3 groups, and the Wilcoxon signed-rank test was used
for post hoc comparison. A P < 0.05 was considered statistically
significant.

RESULTS

Temperature Change of Culture Medium
The temperature setting of the CO2 incubator was 37°C. A

temperature probe was soaked in culture medium of the 60-mm cul-
ture plate. The temperature of the culture medium rose after the
smartphone started to upload data and reached a steady state in
2 hours. The temperature change of the medium under the smart-
phone was 2.0°C. The temperature changes of the medium on the
smartphone and beside the smartphone were 1.9°C and 1.2°C, respec-
tively (Fig. 2).

Cell Proliferation Assay
Wi-Fi–exposed cells showed a higher proliferation rate than

37°C control cells. Both CCK-8 assay and total DNA amount
results were statistically significant (P< 0.05). However, cells incu-
bated in the 39°C environment also showed increased cell prolifer-
ation in the 2 tests compared with 37°C control cells (P < 0.05).
There were no significant differences between Wi-Fi–exposed cells
and 39°C control cells (Figs. 3, 4).

Quantification of Apoptosis
Apoptosis assay showed a decreasing tendency of cell death

in both Wi-Fi–exposed cells and 39°C control cells compared with
37°C control cells. However, the P value was not statistically signif-
icant (P > 0.05) (Fig. 5).

Growth Factor Analysis
Wi-Fi exposure had no influence on the growth factor secretion

of ASCs. The TGF-β1 concentrations in 37°C control cell medium,
39°C control cell medium, and Wi-Fi–exposed cell medium were
1253 (142), 1219 (130), and 1198 (64) pg/mL, respectively. The
VEGF concentrations were 247 (60), 265 (80), and 255 (92) pg/mL
in each group. The HGF concentrations were 62 (7), 64 (8), and

61 (5) pg/mL in each group. There were no significant differences
in growth factor concentrations among the 3 groups (Fig. 6).

Surface Antigen Analysis
Flow cytometry analysis showed no differences in the fre-

quencies of CD105, CD73, CD45, and CD31 positive cells among
the 3 groups. Two stem cell markers (CD105 and CD73) were con-
sistently stained positive, and 2 negative markers (CD45 and CD31)
were almost undetectable in all cell groups (Fig. 7; Table 1).

DISCUSSION
Wi-Fi communication is based on the pulses of RF signals

with no RF between bursts.19 The fraction of time for RF signal
transmission (duty cycle) is usually low; thus, time-averaged power
output becomes far lower than peak output power (100 mW in many
devices). When Wi-Fi devices are not transferring data, there are
only beacon signals that correspond to a duty cycle of 0.01%. The
duty cycle increases when a user transmits data through Wi-Fi,
and the RF power output of Wi-Fi client is 10 times higher during
uploading than downloading.4 In this study, we continuously

FIGURE 2. Temperature changes of culture media around the smartphone
working in a Wi-Fi network. The temperature rose as the phone started
working; the peak temperatures were 1.2°C to 2.0°C, which were higher than
baseline.

FIGURE 3. Growth rates of ASCs measured by CCK-8 level in 3 different
conditions. The relative growth rate of Wi-Fi–exposed cells was significantly
higher than control cells incubated in the 37°C environment. However, control
cells incubated at 39°C showed the same results. *Significant difference for
P < 0.05.

FIGURE 4. The total DNA amount of cultured cells, which reflect that cell
replication was significantly higher in both Wi-Fi–exposed cells and control cells
incubated at 39°C. *Significant difference for P < 0.05.
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uploaded file data from the smartphone at a rate of 600 KB/s, which
means that RF exposure to cells (SAR of 125 mW/kg) would be
much more than that of ordinary use in downloading applications
or web surfing.

The RF produces heat when absorbed in tissues or water.
The RF signals between 2.4 and 2.5 GHz are also used in micro-
wave ovens of which the power is 10,000 times greater than that
of Wi-Fi. In our study, the temperature of the medium rose approx-
imately 2°C when the smartphone uploaded data through Wi-Fi
signals. Absorption of Wi-Fi signals by the culture medium would
contribute to the elevated temperature of the medium. However,
direct transfer of thermal energy from the heated smartphone might
be another cause of thermal elevation of the medium.

Cellular response to RF exposure includes DNA damage,
generation of heat shock proteins, apoptosis, and gene/protein ex-
pression changes.1 Cytogenetic DNA damage is the most concerned
problem of RF energy. However, there is a lack of evidence for pos-
sible DNA damage after exposure to RF energy below the basic
restrictions for the human body (SAR of 2 W/kg). Many experimen-
tal studies have reported that exposure of mammalian cells to RF
did not result in increased cytogenetic damage.20–23 Other studies
have reported possible cytogenetic changes, but the powers of RF
were much larger than the restricted values for body exposure.24,25

Heat shock proteins are a group of proteins that are expressed
in response to stress conditions such as heat, cold, exposure to toxic
chemicals, and other environmental insults.1 These proteins are
known to contribute to heat tolerance and perform essential func-
tions for cell survival under stress conditions.10 These proteins have
been proposed as possible stress markers of RF exposure, and there
have been a large number of studies on the relation between RF ex-
posure and heat shock protein release. However, most research did
not support the role of nonthermal RF radiation in the generation
of cellular stress proteins.10,26 Strict temperature control is essential
for studying the nonthermal effects of RF on heat shock protein re-
lease. However, some studies with positive results seemed to have
had difficulties in preventing temperature changes.27,28 Our study
was planned to make an experimental setup similar to the normal
conditions of Wi-Fi signal exposure during smartphone use, and
the steady control of temperature was not intended. The warming
of cutaneous tissue nearby the phone itself was regarded as an influ-
ence of smartphone and Wi-Fi signals.

Apoptosis of RF-exposed cells was investigated in many
studies, and most of them revealed that the apoptosis was not in-
creased in the RF-exposed cell culture model. However, recently
published studies on human sperm, which was incubated under a
laptop computer connected with a 2.4-GHz Wi-Fi network, showed
increased apoptosis measured by the terminal deoxynucleotidyl
transferase dUTP nick end labeling assay. The sperms are heat sen-
sitive; thus, the experimental results could be influenced by the heat
from the laptop. Our results showed that apoptosis was not in-
creased, but the growth rate was increased in both Wi-Fi–exposed
cells and 39°C control cells. This enhanced cell proliferation can
be attributable to the thermal effect from the smartphone. Hyper-
thermia in the physiologic range can enhance cell proliferation
and differentiation depending on the cell type.29 However, prolifer-
ation of ASCs has not been shown to be enhanced by hyperthermia

FIGURE 5. Apoptotic cell death measured by histone-associated DNA
fragmentation was relatively low in both Wi-Fi–exposed cells and control cells
incubated at 39°C. However, there was no statistical significance (P > 0.05).

FIGURE 6. Growth factors released by ASCs incubated under 3 different
conditions. There were no significant differences in growth factor
concentrations among the 3 groups (P > 0.05).

FIGURE 7. Flow cytometry analysis of ASCs incubated under 3 different
conditions. The surface antigen expressions of the 3 cell groups showed similar
patterns.
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in the physiologic range in other studies; thus, it will serve as a clue
for studying the influence of hyperthermia on the proliferation and
differentiation of ASCs.

Many studies have attempted to identify gene expression
changes of various cells after RF exposure. Most studies were per-
formed with the microarray technique and reported some changes
in the messenger ribonucleic acid level.10,26,30,31 However, micro-
array methods have high false-positive rates, and changes in the
messenger ribonucleic acid level may not be expressed in the protein
level. We tried to observe gene expression changes in the protein
level. Concentrations of 3 outstanding cytokines were measured,
and the expression levels of 4 CD markers were analyzed. The ASCs
produce a significant level of angiogenic cytokines, which is the most
important ASC characteristic that differentiates from fibroblasts.16

The VEGF and HGF are angiogenic cytokines, and the levels of se-
cretion were not changed by Wi-Fi exposure form the smartphone.
The TGF-β1 plays an important role in fibroplasia and immune mod-
ulation and shows different activities on different types of cells or
cells at different developmental stages. The TGF-β1 concentration
of the ASC culture medium was approximately 1200 pg/mL and
was not changed by experimental conditions. Some reports have pos-
tulated that specific therapeutic actions of ASCs such as collagen
synthesis and whitening are mediated by TGF-β1.32,33 However,
the concentration of TGF-β1 (1200 pg/mL) in the ASC conditioned
media was much lower than the human serum level (40 ng/mL).34

Freshly isolated plastic adherent cells from adipose tissue un-
dergo remarkable changes in CD marker expression. The CD31,
CD34, and CD45 expression rates rapidly fall as culture time
progresses, and CD73, CD90, and CD105 expression levels dramat-
ically increase.35 After 3 passages of culture, flow cytometry analy-
sis of ASCs exhibits a CD31-, CD34-, CD45-, CD73+, CD90+, and
CD105+ pattern. In our study, Wi-Fi signals from the smartphone
did not influence the surface marker expression pattern of ASCs.

We did not induce adipogenic, osteogenic, and chodrogenic
differentiation of ASCs under Wi-Fi exposure, which remains to
be examined in a further study.

CONCLUSIONS
We could not find any harmful effects of emitting Wi-Fi

signals from a smartphone on human ASCs. The enhanced prolifer-
ation of ASCs under the smartphone, however, might be attributable
to the thermal effect.
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RF Radiation–Induced Changes in the
Prenatal Development of Mice
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The possible effects of radiofrequency (RF) radiation on prenatal development has been investigated
in mice. This study consisted of RF level measurements and in vivo experiments at several places
around an ‘‘antenna park.’’ At these locations RF power densities between 168 nW/cm2 and
1053 nW/cm2 were measured. Twelve pairs of mice, divided in two groups, were placed in locations
of different power densities and were repeatedly mated five times. One hundred eighteen newborns
were collected. They were measured, weighed, and examined macro- and microscopically. A progres-
sive decrease in the number of newborns per dam was observed, which ended in irreversible infertility.
The prenatal development of the newborns, however, evaluated by the crown-rump length, the body
weight, and the number of the lumbar, sacral, and coccygeal vertebrae, was improved. Bioelectromag-
netics 18:455–461, 1997. ! 1997 Wiley-Liss, Inc.

Key words: RF radiation effects; prenatal development; mice development

Five years ago the ‘‘antenna-park of Thessalo- controlled laboratory conditions, might add a certain
amount of uncertainty; therefore, these experimentsniki’’ progressively developed on the top of the nearby

mountain Chortiatis, 1.5 km away from a small village should be considered preliminary.
of the same name. Today, almost 100 commercial TV
and FM-radio broadcasting transmitters in the VHF

MATERIALS AND METHODSand the UHF bands are situated there. The antennas
are installed on towers well visible from a large part We used a total of 36 mice (18 females and 18
of the village. Living so close to the antennae and the males), 2 months old and sexually mature (BALB/c/f
vast amount of RF power they transmit, which is of the breed colony). Breeding colony virgin males and fe-
order of 300 kW, the people of the village Chortiatis, males were obtained from the ‘‘Theageneion Antican-
anxious for their health, encouraged the author to un- cer Institute of Thessaloniki.’’ The use of these experi-
dertake a research program. mental animals was approved by the Veterinary Service

The hypothesis that RF radiation may adversely of the Municipality of Thessaloniki, according to the
affect the health of the animal organism is still under provisions of the laws 1197/81 and 2015/92 and the
consideration in public and scientific forums. One of Presidential Decree 160/91 of the Greek Democracy.
the critical issues seems to be the RF effects on the Upon arrival, all experimental animals were quaran-
reproductive process [Chernoff et al., 1992]. Numerous tined for 2 weeks to discover and to allow them to
studies dealing with this subject ended up with seem- acclimatise the mountain environment, an altitude
ingly contradictory results. Therefore, an ‘‘in vivo’’ ranging between 570 (position h) and 730 m (position
study on experimental animals sensitive to RF radia- d) above sea level. All the mice were healthy at the
tion, was chosen. Based on the relevant literature, this end of this period and showed no signs of illness during
research investigated RF radiation effects on the repro-
ductive system, particularly on prenatal development.
The mouse was selected as the experimental animal, *Correspondence to: Ioannis N. Magras, Department of Anatomy, His-

tology, and Embryology, School of Veterinary Medicine, Aristotle Uni-because it is easily manipulated in the environment in
versity of Thessaloniki, 540-06 Thessaloniki, Greece.which the experiments had to take place. Of course,

experimenting at the mountain sites, far from the easily Received for review 9 June 1996; revision received 30 January 1997

! 1997 Wiley-Liss, Inc.
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TABLE 1. Light–Dark Cycle during the Experimental Matings

Day Night

Gestation Date Min Max Min Max

1st 25.5–16.6 14.28 14.47 09.13 09.32
2nd 21.6–12.7 14.37 14.48 09.12 09.23
3rd 6.9–29.9 11.54 12.45 11.15 12.06
4th 7.10–28.10 10.45 11.35 12.25 13.15
5th 23.11–13.12 09.34 09.55 14.05 14.26

the course of the study. Tap water and certified feed
(Greek Sugar Factory) were freely available.

The mice were maintained under natural lighting,
both during the daytime and at the night (Table 1).
Twelve Plexiglas cages transparent to RF radiation,
were placed at several locations with one female in
each cage. Each female was caged with one male for
12 h. Vaginal smears were taken the next morning and
successful mating was identified by the presence of
sperm. The day on which evidence of mating was ob-
served was considered to be the first day of gestation.
The litters were collected in the first 2 h after delivery
and were moved to the laboratory for examination.
After a period of recovery, the same mating procedure
was repeated for each dam. Five experimental pregnan-
cies were carried out in a period of almost 6 months.

The first pregnancy of the experimental animals
took place in eight selected positions (a–h, Fig. 1),
some close to the ‘‘antenna-park’’ and some near the
village of Chortiatis. Then the experimental animals
were moved to two positions, because these positions
presented almost the same RF radiation levels with
those initially selected and the experiment could be
managed more effectively. Six dams (labelled as group
A), initially placed at positions a, b, c, and d, with
their males, were moved to the position d (Refuge of
Hypaithrios Life). The other six dams (labelled group
B), with their males, initially placed at positions e, f,
g, and h were moved to position h (Public Primary
School of Chortiatis). These two positions were se-
lected because the most important living conditions,
i.e., light, temperature, ventilation, food, etc., were the
same.

Finally, all the experimental animals were moved
to position i (Laboratory of Anatomy, School of Veteri-
nary Medicine, University of Thessaloniki) about 10
km away from the Mountain Chortiatis, in the city of
Thessaloniki, for the fifth pregnancy. This relocation
was done to seek an indication of a possible reversibil-
ity of the observed phenomena. In fact, we wanted to
repeat the experiment in an environment almost free
of RF. An extra group of six couples of mice were Fig. 1. Wide area of Chortiatis, where the fist four matings took

place.mated once and used as controls in the laboratory (posi-
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tion i), far from the ‘‘antenna park’’ in a more or less
free-of-RF radiation environment.

It was extremely difficult to use RF-free controls
at the mountain sites, because it was almost impossible
to make ‘‘electromagnetically screened cages.’’ Such
a cage should ideally provide high (of the order of 30
dB) screening at the frequency range between 88.5 and
950 MHz (Commercial Radio FM band, UHF TV band,
and Mobile Communication band), and therefore
would require a very dense and well-grounded, highly Fig. 2. Comparison of the mean values { standard deviation of

number of newborns per dam and mating from all experimentalconductive external metal grid. Obviously, mice could
groups.hardly survive in such cages for about 5 months.

The litter was considered to be the experimental
unit for the analysis of data. We measured the crown-
rump length, the body weight, the number of the poste- some thymol crystals as contamination prevention).

The stained newborns were inspected for skeletal de-rior (lumbar, sacral, and coccygeal) vertebrae, the con-
genital malformations, and the ossification of the fects as well as for the degree of ossification of their

bones. The ossification of the skeleton and particularlyskeleton.
The RF power was measured in each position, of the vertebrae is an excellent and creditable indicator

of the prenatal exposure to noxious agents and can beusing an electric field meter and a low gain (4 dB)
wide-band (80–900 MHz) log-periodic antenna and a measure of development delay.
spectrum analyser. To obtain comparable results the
‘‘IEEE std. C95.3.1991’’ was used. On the third floor RESULTSof the public school, where the mice were situated, a
360 degree integration was also performed, due to the The RF power levels measured, although below

the limits proposed by the ‘‘ENV50166-2’’ and thedirectivity of the measuring antenna together with the
close proximity of the walls and metal furniture. Wher- ‘‘IEEE C95.1.1991’’ standards, are high and well

above the power levels that are likely to be measuredever iron bars or metal screens existed in front of the
windows, two series of measurements were carried out; in other European or U.S. residential areas. In fact, on

the third floor of the public primary school (positionone on each side of the screen.
The collected newborns were killed for examina- h), an average power density of 1.053 mW/cm2 was

found, equivalent to a specific absorption rate of 1.935tion. Their crown-rump length was measured, and they
were weighed and inspected under the dissecting mi- mW/kg. In the Hypaithrios Life Refuge (position d)

the average power density in which the mice werecroscope for external congenital malformations. Then
they were fixed and subsequently cleared and stained located was of the order of 168 nW/cm2. This reduced

level was due to the screening effect of the iron barsin toto by a double staining of their skeleton [Peters,
1977]. The procedure was lightly modified as follows: in front of the windows, which gave an 8–10 dB RF-

power decrease. The average power density levels inThe newborns were fixed with alcohol 86% for
3 days; their skin, eyes, and viscera were removed; position i (Laboratory of Anatomy, School of Veteri-

nary Medicine, University of Thessaloniki), where thethen they were immersed for 3 days in alcohol 100%
and for 4 days in a mixture of alcohol 100% and ether controls were placed and the fifth experimental matings

were performed, was 40 dB weaker.1:1. They were stained for 1–2 days with blue alcyan
coloration [alcohol 86% 80 ml, acetic acid 20 ml, al- The number of the littered newborns by the exper-

imental dams of groups A and B were, compared withcyan blue 20 mg] until the nonmineralised carti-
lagenous parts of the bones became blue. They were those littered by the controls, progressively reduced

from the first to the fifth pregnancy. This reduction isimmersed in alcohol 100% for 4 days. Then they were
stained for 12–24 days with red alizarin coloration more evident in group B and is clearly shown in Table

2 and in Figure 2.[KOH 1 g, H2O 100 ml, alizarin solution (alcohol 86%
saturated with alizarin red S) 0.1 ml] until the ossified On the other hand, the rest of the four measured

parameters, i.e., the crown rump length and the weightparts of the bones became red. They were immersed
in solution Mall I (KOH 1 g, distilled water 80 ml, and the number of the lumbar, sacral, and coccygeal

vertebrae increased in the newborns from groups A andglycerine 20 ml) until the transparency of their body
was completed. Finally, they were stored in a conserva- B compared with the controls. This was more evident in

group A than in group B (Table 2 and Fig. 3). Ation solution (distilled water and glycerine 1:1, with
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TABLE 2. Statistical Characteristics of All Four Measurable Parameters per Dam, per Group, and per Gestation

Litters per dam
mean { s.d. Length Weight

Mating median (cm) (gr) Vertebrae

Group A (6 dams)
1st (25.05.1995) 3.5 { 0.9 1.47 { 0.13 2.71 { 0.09 31.48 { 1.43

4.0 1.44 2.69 32.07
2nd (21.06.1995) 5.8 { 0.7 1.25 { 0.06 2.55 { 0.05 24.28 { 0.97

7.0 1.22 2.50 24.29
3rd (08.09.1995) 5.5 { 0.9 1.72 { 0.25 2.71 { 0.13 28.72 { 1.92

6.5 1.72 2.60 28.71
4th (07.10.1995)a 1.5 1.10 2.47 23.22

0.0 1.10 2.47 23.22
5th (23.11.1995)a 0.0

0.0
Mean value 3.3 1.39 2.61 26.93

Group B (6 dams)
1st (25.05.1995)a 1.2 1.19 2.53 28.57

0.0 1.19 2.53 28.57
2nd (21.06.1995) 1.7 { 0.9 1.25 { 0.04 2.60 { 0.06 28.55 { 1.14

1.5 1.26 2.58 27.26
3rd (08.09.1995)a 0.0

0.0
4th (07.10.1995)a 0.0

0.0
5th (23.11.1995) 0.2 1.05 2.50 30.00

0.0 1.05 2.50 30.00
Mean value 0.6 1.16 2.54 29.04

Controls (6 dams)
1st (23.11.1995) 8.0 { 0.07 0.96 { 0.15 2.38 { 0.02 19.59 { 0.47

7.5 0.97 2.37 19.52
Mean value 8.0 0.96 2.38 19.59

aSingle or no gestation.

thorough external and internal examination under the tion of skeletal ossification worth mentioning was ob-
served; only five cases out of 116 showed limited retar-dissecting microscope revealed only one case of exten-

sive and two cases of limited malformation. No retarda- dation. It has to be noted here, that the evaluation of
the skeleton ossification was focused in the bones of
the forelimbs and hindlimbs and in the lumbar, sacral,
and coccygeal vertebrae.

DISCUSSION

To study effects of a possibly noxious agent on
a mammalian embryo, three groups should be consid-
ered: the embryos, the dams, and the males. In this
work, all three have been studied: the infertility for
dams and males, the lethality for embryos, the teratoge-
nicity or the reduction in deformity for foetuses, or any
combinations of them. They all have been considered
by exposing male and female mice (before and during
pregnancy) to an RF-radiation environment close to
the ‘‘antenna park.’’

Infertility and lethality were assessed by countingFig. 3. Comparison of the mean values of all four measurable
parameters for all gestations. Controls (C). the number of their newborns, whereas the possible
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teratogenicity and the reduction deformity by autopsy duced testicular damage. However, interpretation of
these data with respect to damage thresholds or interac-was considered by the study of the embryonic skele-

tons. An important stage in this study was the examina- tion mechanisms is difficult. This difficulty is due to a
number of factors, including the time, intensity, ortion of the skeletons, since the ossification of the bones

is considered an excellent and creditable indicator of both, the variations in species sensitivities, and the
frequency-dependent non-uniform microwave energythe prenatal exposure to noxious agents and can be a

measure of development delay. In the beginning of absorption in tissue. Consequently, although these
findings seem to be consistent with a hypothesis thatorganogenesis, the neural tube functions as a precursor

of the cartilages and bones of the developing skeleton the RF-induced heating is associated with testicular
damages, the borderline between the ‘‘direct’’ effects[Noden and Delahunta, 1985]. Teratogenic factors of

any kind, that affect the embryonic nervous system, of radiation and the effects that are indirectly associated
with the tissue heating is not very clear.result in structural defects of the skeletal components.

Therefore, to detect the teratogenic action of a factor Our observations could also be attributed to an
intra-uterus death of the irradiated embryos in the earlyon the embryonic nervous system, it is technically con-

venient to study the foetal skeleton rather than the stages of the prenatal development, a speculation that
could not be investigated in our experimental designembryonic nervous system itself.

A very important result of this experimental study because it required a postmortem autopsy of the dam.
On the other hand, the prerequisite to these scenarios(Table 2 and Fig. 2) is a progressive decrease of the

number of the size of the litters of the dams of group is a large RF power density, whereas the power densi-
ties we measured were of the order of mW/cm2 or nW/A (position d) and group B (position h), compared with

the controls (position i) and with the breeding history of cm2, rather than mW/cm2, or in terms of specific ab-
sorption rate (SAR), mW/kg rather than W/kg. There-these mice. Mice from the BALB/c/f breeding colony

obtained from the ‘‘Theageneion Anticancer Institute fore, we cannot exclude the possibility of an indirect
nonthermal mechanism focused on the endocrinologi-of Thessaloniki’’ have been used for years in our labo-

ratory for reproduction. Repeated pregnancies with a cal axon hypophysis-gonads that causes infertility to
the males or the females [Thuery, 1991].recovery period of 1–4 weeks for over a year, had

never affected the fertility of the dams or any morpho- It should be noted here that the male experimental
animals progressively developed a very bad physiolog-logical parameters of the offspring, a fact that to our

knowledge has not been questioned in the available ical condition (rough hair, emaciation, etc.), not corre-
lated to any other sickness symptoms, during their stayliterature.

It is worth noting that the RF power density lev- at the experimental positions a–g. Therefore, despite
of the limited amount of data, the duration of the expo-els, although very different from place to place, were

very low and well below the CENELEC and IEEE sure to low intensity RF electromagnetic fields seems
to be a repression parameter. In fact, chronic or long-relevant standards. Yet, it should be pointed out that:

(a) the experimental animals lived in this environ- term exposure to low intensity electromagnetic fields
is generally associated with adverse results [Lary etment for 6 months, which is a long period of time,

(b) there was a considerable difference in power al., 1983]. The most peculiar findings of this study
were the increases in the crown-rump length, the bodydensity levels of the order of 10 dB between the two

main positions d and h and almost of 40 dB between weight, and the number of the posterior vertebrae (lum-
bar, sacral, and coccygeal) of the experimental off-d and i,

(c) there is a considerable difference between the springs compared with the controls (Table 2, Fig. 3).
It must be noted that a study of mice [Jensh etvolumes and consequently the body mass of the adult

mouse and other experimental animals used as models al., 1977; 1978a; 1978b] under low levels of irradiation
during the whole period of a single gestation (10 and 20in the international standards applied to humans.

The interpretation of our observations could fol- mW/cm2) had no effect on maternal, foetal, or placental
masses and no effect on the frequency of resorption,low various directions. The most popular view in nu-

merous studies of the relevant literature, that this is a foetal death rate, size of litter, sex of the newly born,
and their ability to perform. Other studies [Michaelsonconsequence of the overheating of the irradiated testis

[Lary et al., 1986, 1987; O’Connor, 1980)] could be et al., 1976] reported a faster development of rat foe-
tuses. This finding agrees with another report [Johnsonconsidered. On the other hand, the assumption that RF

and microwave radiation effects are limited to heating et al., 1977] that noted an increase in the weight of
newly born rats and a premature opening of the eyeshas been questioned in a series of studies [Cleary, 1988,

1990]. The exposure conditions in these ‘‘in vivo’’ after prenatal irradiation (5 mW/cm2 at 918 MHz, for
380 h), as well as an impaired ability to learn. On thestudies may suggest a thermal component of RF-in-
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other hand, other studies found lower average weight ated with health effects different to embryo-toxicity
[Salford et al., 1992; Cleary, in press].at birth. At medium power density levels (10, 20, and

The findings of this preliminary experimental50 mW/cm2, at 2375 MHz), which are above the limits
study have led to several conclusions. Of course, theimposed by CENELEC and the relevant IEEE standard,
final word to the problem in question has not been saidthe reproductive capacity of mice was somewhat im-
as yet. Therefore, more work is called for; laboratory-paired, with smaller litter size and a rise in neonatal
based simulation might provide valuable information.mortality, which is a direct function of the power flux

density [Il’Cevic and Gordodeckaja, 1976; McRee,
1980].
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