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In recent years, the increased use of radiofrequency radiation in 

communications, .navigational technology, medical diathermy, manufacturing 

industries, and microwave ovens has raised the concern regarding potential 

biological effects and health hazards of the exposed occupational and. 

general populations. Investigators, mainly in the United States and Eastern 

European countries,. have reported biologic effects in human and animals 

resulting from exposure of radiofrequency radiation. Various safety and 

health standards and protective measures for exposure to radiofrequency 

were established due to the differences in research·approach finishing 

and interpretations (1). 

Definition of Radiofrequency 

Radiofrequency consists of the portion of the non-ionizing electro-

magnetic spectrum from O. 0 3 megahertz (MHz) to 300 gigahertz ( Gl:Jz) ( 2) • 

Microwaves are generally defined to be within the frequency range of 100 

MHZ to 300 GHz (2,3). 

Typical sources of longwavelength frequency (0.03 - 100 MHz) energy 

are electronic oscillators· (3). The sources of microwave energy are 

klystrons, magnetrons, oscillators and semiconductor transmitting devices 

(IMPAT'r diodes) (3). Radio waves propagate in a vacuum or through a number 

of dielectric media, i.e., air, water and tissue (2). The. energy, when 

transmitted, is categorized into two discrete modes known as continuous 

wave and pulsed (2). 

· Nature of the Hazard 

The amount of power emitted by a radiofrequency source and the amount 

of energy absorbed by tissue is usually measured in watts per unit area, 
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i.e., 
2 

W/cm (4). The amount of energy absorbed depends upon the electrical 

properties of the tissues, especially their dielectric constants -and con

ductivity (5,6). Those biologic tissues which have a high .water content 

will absorb relatively greater amounts of radiation energy than tissues 

with low water content, such as rat (5). The greater the frequency of the 

radiation, the less is its depth of penetration, i.e., frequencies in the 

10 GHz range or.higher are unable to penetrate beyond the skin, whereas 

those of less than 150 MHz frequency pass through the body with very little 

loss of energy (6). 

The thermal effects are produced by conversion of the radiation energy 

into heat. Body temperature increase during exposure to radiation depends 

on l) the frequency of radiation; 2) duration of exposure; 3) the intens,ity 

of field strength, 4) the thickness of skin and subcutaneous tissue; 5) the 

specific area of the body exposed; and 6) the thennal regulatory capacity 

or the efficiency of heat elimination (2). 

Biologic Effects on Humans and Animals 
Low Radiofrequency Radiation (0.03 MHz - 100 MHz) 

The bi~logic effects of low radiofrequency (~30 MHz) have been 

reported by very few researchers (7,8). Bollinger conducted a short term 

(1 hour) biomedical study of the exposure of monkeys of low frequency 

radiofrequency radiation at 10.5, 19.3 and 26.6 MHz. No biological 

2 . 
. effects were observed at power density of 100 to 200 mW/cm under these 

experimental conditions (9). Frey reported, at the relative low average 

power, individuals exposed to the radar radiation resulted in acoustic 

response (1~). Studies by Guy et al and Sommer et al presented the 

explanations for this observation (11,12). The acoustic response is due 

to the stimulation of the cochlea through the electromechanical field 

forces by air on bone conduction. 
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Biologic Effects on Humans 

Microwave Radiation (100MHz to 300 ·GHz) 

Investigators in the::_soviet Union reported studies of occupational 

2 
workers exposed to microwave power density below 10 mW/cm. The findings 

revealed the reversible functional changes in the nervous, cardiovascular 

'--
and blood systems which lead to a characteristic complex of symptoms (13,14). 

In reproduction system, in Rumania, a survey was reported of workers exposed 

2 
to power densities of 10-100 mW/cm. In 31 workers studied; 70 percent of 

workers were:.found with decreased sex function and spermatogenesis (15). 

Microwaves have been shown to cause cataracts in experimental animals 

- (16). In 1948, Hirsch and Parkers noted cataracts in a microwave generator 

worker exposed to 1.3 - 3 GHz radiation at power densities exceeding 100 

2 
mW/cm at times, for _a total of 2 hours during 3 days (17). Zaret reported 

selected cases of microwave cataracts in man (18). A microwave researcher 

was exposed to an average power density of 500 mW/cm
2

, with peaks as high 

as 4 W/cm2 over a period of 3 to 4 weeks, .:exposures lasted from a few 

seconds to 2 minutes. A cataract developed in one exposed eye (18). From 

chronic low dose exposure of microwave radiation, a radar engineer was 

2 
reported developing cataracts after a maximum exposure of 1 mW/cm over 

a period of 18 months. Approximately 20 years intervened between the 

exposure and the appearance of cataracts (18). 

Many investigators reviewed the reports of microwave induced cataracts 

in man and concluded that the detection of cataract coincide only accidently 

in time with the exposure to microwave and, it might be due to other causes 

such as ·uveitis or congenital clouding (2,17,19). 
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Microwave radiation effects on hematopoietc tissue and blood system 

of experimental animals have been studied extensively. Howev~r, few researches, 

were reported for microwave induced hematologic changes in man, because the 

durations and.field intensities of exposure are not easily to be measured. 

In 1945, L;idman and Cohn reported ureticulocytosis•has been noted in some 

radar workers (20}. In 1960, Sokolov and Ariyevich noted changes in 

reticulocytes in radar workers who were exposed to high frequency of micro

wave radiation (21}. In 1966, Baranski and Ezerski studied a group of 

people occupationally exposed to microwaves. They found changes in 

leukocytes in persons exposed to high irradiation for more than 5 years (21}. 

Biologic Effects .on Animals 

Carpenter and ·coworkers reported radiation of microwave at 2450 MHz 

pulsed or continuous waves can cause lenticular opacification (16). 

More information will be provided on biologic_al effects on 

animal. 
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Safety Standards 

The current federal standard (~FR 1910.97) for electromagnetic radi

ation is based on American National Standards Institute standard of 1966 

(ANSI C95.l-1966) entitled" Safety Levelof Electromagnetic Radiation 

with Respect to Personnel." For normal environmental conditions and for· 

·incident electromagnetic energy of frequencies from 10 MHz .to 100 _GHz, the 

radiation protection guide is 10 mW/cm
2 

as averaged over any possible 0.1 

hour period; i.e. power density of 10 mW/cm
2 

for periods of 0.1-hour or 

. 2 
more; and energy density of 1 milliwatt-hour per centimeter square (mWh/crn) 

during any 0.1-hour period. This guide applies whether the radiation is 

continuous or.intermittent. 

In 1974, the American National Standards -Institute published an 

updated "Safety Level of Electromagnetic Radiation with, Re~pect to Per

sonnel" (ANSI C95.l-1974). For normal environmental conditions and for 

incident electromagnetic energy of frequencies from 10 MHz to 100 GHz, the 

radiation protection guide is 10 mW/cm
2

, and the equivalent free-space 

electric and magnetic field strengths are approximately 200 volts per. 

meter root mean square (V/m RMS) and 0.5 ampere per meter root mean square 

(A/m RMS), respectively. For modulated fields, the power density and the 

squares of the field strengths are averaged over any 0.1 hour period; none 

of the following levels should be exceeded as averaged over any 0.1 hour 

period. 
. 2 2 

Mean Squared Electric Field Strength: 40,000 V /m; Mean Squared 

Magnetic Field Strength: 0.25 A
2
/m

2
; Power Density: 10 mW/cm

2
; Energy 

2 
·· Density: 1 mWh/cm. This guide applies whether the radiation is continuous 

or intermittent. The recommendations are made to prevent possible harmful 
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effects to humans resulting from exposure to electromagnetic (EM) radiation 

in frequencies from 10 MHz to 100 GHz. They apply to all radiation orig:-

inating from radio stations, radar equipment, and other possible sources of 

electromagnetic radiation such as that used for communications, radio

navigation arid industrial and scientific purposes .. This standard is not 

intended to apply to the deliberate exposure of patients for medical 

procedures or for therapeutic purposes. 

In 1976, the American Conference of Governmental Industrial Hygienists 

(ACGIH} published threshold limit values (TLV's) for microwave energy in 

the frequency range of 100 MHz to 100 GHz (31). The TLV for occupational 

microwave exposure where power densities:are known and expos)lre time is 

controlled is as.:follows: 1) for average power density levels up to but 

2 
not exceeding 10 mW/cm, total exposure time shall be limited to an 8-hour 

workday (continuous exposure); 2) for average power density levels from 

10 mW/cm
2 

up to but not exceeding 24 mW/cm
2

, total exposure time shall be 

' 
limited to not more than 10 minutes for any 60 minute period during an 

8-hour workday (intermittent exposure); 3) for average power density levels 

in excess bf 25 mW/cm2 , exposure is not permissable. In_ addition, for 

repetitively pulsed sources the average power density may be calculated 

by multiplying the peak power density by the duty cycle. The duty cycle 

is equal to pulsed duration in seconds times the pulse repetition rate. 

The Notice of Intended Change for TLV for 1976 included microwave 

energy (31). These TLV's refer to microwave energy in the frequency range 

of- 300 MHz to 300. GHz. The TLV for occupational exposure to microwave 

energy, where power density or field intensity is- known and exposure time 

is controlled, is as follows: 1) for exposure to continuous wave (CW) 
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. 2 
sources, the power density level shall not exceed 10 mW/cm for continuous 

exposure, and the tota.l exposure time should be limited to an 8-hour work~ 

.day, .at 
2· 

10 mW/cm, the power density is approximately equivalent to free-

space magnetic field strength of 0.5 A/m RMS; 2) exposures to CW power 

density levels greater than 10 mW/cm
2 

are permissible up to a maximum of 

· · 2 . 2 
25 mW/cm based upon an average energy density of 1 mWh/cm · averaged over 

any 0.1 hour period; 3) for repetitively pulsed microwave sources, the 

average field strength or power density is calculated by multiplying the 

peak-pulse value by the duty cycle. The duty cycle is equal to the pulse 

duration in seconds times the pulse repetition rate in Hertz. .Exposure 

during an 8-hour workday shall not exceed the following values which are 

average over any 0.1 hour period:· 
. . .. 2 

Power Density - 10 mW/cm; Energy 

Density - 1 mWh/cm
2

; Mean Squared Electric Field Strength - 4.0,000 v2
;m2

; 

2 2 
and Mean Squared Magnetic Field Strength - 0.25 A /m; 4) exposure is not 

permissible in CW or repetitively pulsed fields with an average density in 

2 
excess of 25 mW/cm or approximate equivalent free-space field strength of 

300 V/m or 0.75 A/m. 

2 
Great Britain adopted the 10 mW/cm standard for radio-frequency 

radiation e:>..-posures for the general public as well as the military and 

industry (32). In Sweden, in 1961, the recommended maximum permissible 

intensity "within areas where personnel are occasionally to be found is 

. 2 2 
10 mW/cm for all occurring frequencies" (33). The 10 mW/cm standard 

is also accepted in the Federal Repulic of Germany and France as the.maximum 

sate level (34,35). 

In the US5'R, the microwave personnel exposure standards, promulgated 

in 1959 by the USSR Ministry of Health, specify a maximum safe exposure for 
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an unlimited period of time of 0.01 1.n W/cm; 0.1 mW/cm exposure 1.s 

. 2 

permitted for a period of 2 hours in a 24-hour period; and up to 1 mW/cm 

is permitted for 20 minutes in a 24-hour period (36)~ 

In 1972, Poland established the new microwave personnel exposure 

standards (37). Michaelson summerarized.the new Polish standards and 

standards of ccmntries mentioned above in Advisory Group for Aerospace 

Research arid Deve°lopment (AGARD) Lecture, 1975 (38) (Table I). 
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TABLE I 

·· Personnel Exposure Standards for Microwaves 

Maximum 
Permissible 
Power Density 
(rnW/cm2) 

10 

1 

0.1 

0.025 

0.01. 

Frequency 
(MHz) 

10-100,000 

100-100,000 

300-300,000 

300-300,000 

Country or 
Agericy · 

U.S.* 
ANSI 
NIOSH 

ACGIH 

Army/Air Force 

Poland 

USSR*** 

Poland 

USSR 

Czechoslovakia 

Poland 

USSR 

Czechoslovakia 

Specifications 

2 
1 mWh/cm, 24h 
8 h workday 

2 
10 mW/cm TL~ - 8 h 
10-25 mW~cm, 10 min/h 
25. mW/cm - ceiling value 

2 
10-55 mW/cm . 2 2 
min= 6000/(mW/cmY 

.· 2 . 2 
0.2 mW/cm -10 mW/cm 
(8 h - 11. 5 s) (SF)** 

I 2. I 2 1.0 mW cm -10 mW cm 
(8 h - 4.8 min) (NSF) 

15-20 min/day 

2 
0.2 mW/cm, 8 h (SF) 
24 h (NSF) 

2-3 h/day 

8 h (CW). 

24 h (SF) 

8 h 

8 h (pulsed) 

*Also with slight modification-. Canada, United Kingdom, German Federal Republic, 
Netherlands, France, Sweden. 

2 
· 2 

**SF= stationary field (hr= 32/W/m );NSF= nonstationary field (hr= 800/W/m. 
***MPE x 10 for exposure to movable beam or antenna. 

From reference 38. 
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Occupations potentially associated with radiofrequency and microwave 

radiation exposures include the following (13,30): 

Air crewmen 

Drug steriliz_ers 

Food sterilizers 

Furniture veneering operators 

Maser operator (microwave 
amplification by stimulated 
emission of radiation} 

Metal welders 

Microwave radiation generating 
workers 

Microwave diathermy operators 

Microwave oven maintenance workers 

Microwave radiation testing 
technicians 

Plastic welders· 

Radar mechanics 

Radar operators 

Radar testing technicians 

Radio transm.,ission operators 

Television transmission operators 

Tempering steel workers 

According to the National Occupational Hazard Survey of the National 

Institute of Occupational Safety and Health, 1976, the estimated occupa

t_ional e:>qjosure is 10,000 to 50,000 for longwavelength radiofrequency 

r.adiation, and 5,000 to 10, 00_0 for microwave radiation. 

-10-



REFERENCES 

1. Michaelson SM: Thermal effects of single and repeated exposures to 

microwaves;...-A review, in Biological Effects and Health Hazards of 

Microwave Radiation--Proceedings of an Interna.tional Symposium, 

Warsaw, October 15-18, 1973. Warsaw,· Polish Medical Publishers-, 

pp. 1-14 ~- ·,. 

2. Michaelson SM: Radio-Frequency and microwave energies, magnetic and 

electric fields, in Ecological and Physiological Foundations of 

Space Biology and Medicine, vol 2, _book 2, chap 10. National 

Aeronautics and Space Administration, 1975. 

3. Zenz C (ed): Occupational Medicine--Principles and Practical 

Applications. Chicago, Year Book Medical Publishers Inc. , 197 5., 

p. 368. 

4. · Schiff SO: The biological effects of microwaves on mammalian 

sensory structures. Dept. of Health, Education, and Welfare, 

Public Health Service, Food-and Drug Administration, Bureau of 

Radiologic Health, Order No. FDA 3179-75(E), 1976. 

5. Johnson, CC, Guy AW: Non-ionizing electromagnetic wave effects 

in biological materials and systems. Proc IEEE 60:692-718, 1972. 

6. McRee, DI.: Environmental Health Perspectives, pp. 41-53, 1972. 

7. Kholodor YA: The effect of electromagnetic and magnetic systems. 

Moscow Academy of Sciences, 1966 (NASA TT-F-465, 1967). 

8. Michaelson SM: Human exposure to non-ionizing radiant energy potential 

hazard and safety standard~. Proc IEEE 60:389-421, 1972. 

9. Bollinger JN: Detection and evaluation of radio frequency electro

magnetic radiation induced biolgoical damage in Macca mulatta. Final 

report. San Antonio, Texas, Southwest Research In.stitute, 1971, pp. 38. 

10. Frey AH: Human auditory system response .to modulated electromagnetic 

energy. J Appl Physical 17:689-92, 1962. 

-11-' 



~ .. 

11. Guy AW, Taylor EM, Ashleman B, Lin JC: Microwave interaction with 

auditory systems of human and rats. Proceeding IEEE G-MTT 

International Microwaves Symposium, Boulder, 1973, pp. 331-23. 

12. Sommer HC, Ron Gierlse HG.: Hearing Sensation in electric fields. 

Aerosp Med 35:834-39, 1964. 

13. Klirnkora-Deutschora E: Neurologic finding in persons exposed to 

microwaves. Proceeding of International Symposium, Warsaw. 

1974, p. 268. 

14. Glaser AR, Dodge CH: Biomedical aspects of radio frequency and micro

wave radiation--A review of selected Soviet, East European, and 

Western references, in Biologic Effectsof Electromagnetic Waves (A. 

Compilation of Selected Papers of the USNC/URSI Annual Meeting), 

Johnson CC, Shore ML (eds). In press, December, 1976. 

15. Lancranjan I: Gonadic function in workmen with long-term exposure to 

microwaves. Health Physics 29:381-83, 1975. 

16. Carpenter RL, Biddle DK, Van-Ummersen: Biological effects of microwave 

radiation with particular reference to the eye. In Proceedings, Third 

· International Conference on Medical Electronic (London) 3:401-408, 1960. 

17. Hirsch FG, Parker JT, Arch Indus Hyg Occup Med 6:512-17, 1952. 

18. Zaret MM: Selected cases of microwave cataract in man associated with 

concomitant annotated pathologies, in Biological Effects and Health 

Hazards of Microwave Radiation--Proceedings of an International 

Symposium,.Warsaw, October 15-18, 1973, Warsaw, Polish Medical Pub

lishers, pp. 249-301. 

19. 1 RB Cataract Secondary to microwave radiation 
Kwiz GH, Einaug er : 

AM J Opthalmol 66:866-69, 1968. 

20. Lidman BI, Cohn C: Effects of radar emanations on the hematopoietic 

system. Air Surg Bull 2:448-49, 1945. 

21. Sokolov VV, Arigervich MN: Changes in the blood under the influence 

of SHF-UHF on the organism. Grig Tr Prof Zabel AMN SSSR 1:43-46, 1960. 

-12-



,,;;• 

More references will be cited •. 

..,.13_ 



, ... . · 

I 

1-

30. Gafaffer WM (ed): Occupational Disease--A Guide to Their Recog::dtion. 

PHS bulletin No. 1097. U.S. Dept. of Health, E<Iucation, and Welfare, 

Public Health Service, 1964, pp. 263-62 . 

. · 31. American Conference of Governmental Industrial Hygienists: TLV' s--. 

Threshold Limit Values for Physical Agents Adopted by ACGIH for 1976. 

Cincinnati, ACGIH, 1976, pp. 57-94. 

32. British Post Office. Safety Preca,utions Relating to intense Radio

frequency Radiation. London, Her Majesty's Stationary Office (i 960) . ·· 

33. Clemedson CJ: Biological effects of microwave radiation and possible 

risks from radar. T Milt Halsov (Sweden) 86:69, 1961. 

34. Korner HJ: Potential radiation hazard in radar installations. Zent 

Arbeitsmed Arbeitsschutz 17:1-5, 1967. 

35. Swanson JR, Rose VE, Powell CH:. A review of international microwave 

exposure guides. Am Ind Hyg Assoc J 31:623-629, 1970. 

36. Petrov IR ·(ed) : Influence of microwave radiation on the organism of 

man and animals. Leningrad, Meditsina Press (1970) (NASA-TTF-708). 
37. Czerski P, Piotrowski: Proposals for specification of allowable 

levels of microwave radiation. Medycyna Lotnicza (Polish) No. 39, 

1972, pp. 127-39. 

38. Michaelson SM: Protection guides and standards for microwave exposure, 

in Radiation Hazards, AGARD Lecture Series No. 78 (September, 1972), 

pp. 12-1 to 12-6. 

-14- f. 
t ,. 


