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NON-IONIZING RADIATION 

A survey of activities concerning various kinds of 
non-ionizing radiation in different countries 

1. Introduction 

The World Health Organization has become interested over the last five years in the health 
implications from the growing use of devices producing non-ionizing radiation. They include 
equipment and devices for consumer use, ind~strial, medical and research applications. They 
emit ultraviolet (UV), infrared (IR) and visible light, microwaves, radiofrequency waves, and 
coherent light (laser). Ultrasonic ~missions do not belong to the electromagnetic spectrum, 
but are included in many health programmes concerned with non-ionizing radiation because they 
raise similar heal th p_r..o.blems. 

2. Activities of WHO in non-ionizing radiation 

The involvement of WHO in the health implications of non-ionizing radiation is closely 
related to its general environmental programme. The general programme is mainly concerned 
with the health effects on the general public and on occupational personnel of chemicals and 
physical factors in the environment. 

In the past, there was only a little involvement with non-ionizing radiation. This was 
largely due to the gaps in knowledge concerning their health effects, and the lack of informa
tion concerning their magnitude of exposure and the extent of pollution of our environment. 
However, even now it is estimated that exposure to non-ionizing radiation involves a large 
proportion of the population in some industrialized countries. This exposure is expected to 
increase sharply in the future as the use of devices emitting non-ionizing radiation becomes 
more widespread due to increased urbanization and the economic and special incentives- to 
promote the growth of this industry. 

Some of the health effects of non-ionizing radiation, particularly those occurring at low 
levels of exposure, and the mechanism causing them, are often not known. It is known, however, 
that non-ionizing radiation interacts with the biological systems and can cause various 
physiological effects including subclinical and clinical damage. There is a need for further 
clarification of the risks associated with exposure.and determination of the relationships 
between effects and exposure. 

In WfIO's view, the rapid growth and proliferation of applications producing non-ionizing 
radiation should be accompanied by proper preparedness to solve the problems that may arise. 
At present, apparently very little is being done in this direction and there. is a lack of 
sufficient research and development to evaluate the risks and assess the magnitude of human 
exposure. -

The issue of this document does not constitute 
formal publication. It should not be reviewed, 
abstracted or quoted without the agreement of 
the World Health Organization. Authors alone 
are responsible for views expressed in signed 
articles. 

Ce document ne constitue pas une publication. 
II ne doit faire l'objet d'aucun compte rendu ou 
resume ni d'aucune citation sans l'autorisation de 
!'Organisation Mondiale de la Santa. Les opinions 
exprimees dans les articles signes n'engagent 
que leurs auteurs. 
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The following preliminary activities were undertaken by WHO: 

(1) 
1 A study undertaken in 1971 to review the literature concerning: 

(a) trends and extent of use; 

(b) biological effects; 

(c) instrumentation and survey methodology; 

(d) public health and control measures. 

(2) Convening of a working group in 1971 to review uses, biological effects, protection 
standards and.to identify areas of insufficient knowledge. 

(3) Publication in 1972 of a chapter on non-ionizing radiation in the WHO monograph on 
"Health hazards of the human environment". 

2 (4) A preliminary survey in 1972-1973 of the various institutions and people engaged 
in programmes and studies relating to health effects of non-ionizing radiation. 

(5) Sponsoring in 1973 an International Symposium on Biological Effects and Health 
Hazards of Microwave Radiation.3 The symposium was jointly sponsored by the Department 
ofHealth, Education and Welfare of the United States of America, the Scientific Council 
to the Miniser of Health and Social Welfare of the Polish People's Republic, and the 
World Health Organizat~on. 

The symposium was attended by 60 participants from 12 countries and observers from 
five international and national organizations. Its purposes were: 

to review and evaluate the information on the biological effects and health hazards -
of microwave radiation; 

focus attention on those areas where additional information and new approaches are 
needed and promote quantitative research in them; 

promote future exchange of information by identifying and achieving contacts among 
the various researches and organizations involved. 

Some 40 papers were presented and organized in five sessions. They concentrated on 
thermal and non-thermal biological effects of microwave radiation, dose measurement and 
analysis of results, and assessment of occupational exposures and of exposures to the 
general public. The symposium was concluded with the presentation of session reports by 
the various session chairmen. They summarized the main points of interest, and in some 
cases, included conclusions and recommendations. Their reports were discussed and the 
recommendations adopted by the symposium. It is planned to,publish the proceedings of 
the symposium in 1974. 

1 
The study was undertaken by a WHO consultant, Mr J. c. Villforth, Director of the United 

States Bureau of Radiological Health. See Appendix v. 
2 

Appendix I includes a copy of the questionnaire sent out to institutions during this 
survey. • 3 

Appendix VI includes the recommendations of the symposium and the WHO Secretariat. 
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It was known that several groups in various parts of the world were working on public 

health aspects of non-ionizing radiation. However, to ascertain and contact these groups 

proved to be a formidable task. Often the identification of addresses of relevant scientists 

recognized from the literature was unsuccessful. It is therefore fully recognized by the WHO 

Secretariat that the evaluation of the survey is far from providing full answers, or perhaps 

has even ·failed to be fully representative. ~e Jnternational_SY_!lposium on Biological Effec!s 

of Microwaves provided many valuable leads to scientists and institutions involved in this 

fiel • It-·i? intended to con't"i'nue-wi•th-the"effort so far and fillup -t~inevi tabl~• gap°; in 

~~~~-~1!_empt. 
------ ~- .............. ~ 

Altogether 48 institutions were contacted in 14 countries, including four international 

organizations. The response to the questionnaires was enthusiastic, with over 90% of those 

contacted answering them. 

3.2 Objectives 

The objective of the survey was to identify those working in the field of non-ionizing 

radiation. The information collected included: 

(a) types of research carried out in the different countries; 

(b) types and numbers of products and sources emitting non-ionizing radiation; 

(c) criteria, standards or guidelines associated with the control of exposure; 

(d) available instrumentation and calibration facilities to detect and measure these 

radiations; and 

(e) information about national public health programmes concerned with the control of 

exposure to the public'or occupational groups. 

It is intended that collaboration with those contacted will continue so as to aid the 

Organization in developing and implementing its programme in this area. 

3.3 Evaluation 

The evaluation of this preliminary survey provided the following information:
1 

(1) The majority of contacted institutions in the various countries were interested 

in health effects relating to microwaves and radiofrequency waves, lasers, and ultra

sonics. Thus ou\ of institutions of 14 countries 10 indicated interest in microwaves, 

eight in lasers and three in ultrasonics. In five countries interest was indicated in 

other sources of non-ionizing radiation such as electrostatic and magnetic fields, 

mechanical vibrations, heat and piezoelectric effects • 

interest was indicated in non-ionizing radiation. 
In two countries only unspecified 

1 
Table 1 at the end of section 3.3 is a summary of the analysis of the separate replies 

while Appendix II contains more detailed information about them. 
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(2) Institutions from eight countries have been carrying out research related to health 
effects and had some public health programmes relating to microwaves. In five countries 
there was research and programmes relating to radiofrequency waves, and, in four, to 
lasers. In two countries research was done on ultrasonics and in three, on other 
sources of non-ionizing radiation. 

(3) In three countries there was available information on types and numbers of sources 
of microwave radiation, and in two, on laser sources. 

(4) Standards or guidelines on microwave radiation were indieated by institutions from 
seven countries. However, information from the literature indicates that in two of the 
remaining countries there were some standards although the institutions contacted did not 
answer t,his question. In the case of laser, radiation standards or guidelines were 
indicated only in four countries. 

(5) Calibration facilities for measuring instruments relating to microwave radiation 
were available in three countries and guidelines in one. 

(6) Several of the contacted institutions gave information about others doing work in 
their country on non-ionizing radiation. Appendix III of this report provides this 
information. 

(7) About 400 reports and abstracts were received by WHO, and a bibliography of them 
is given in Appendix IV. Close to 2500 titles of reports and publications were also 
received. However, in the light of available detailed bibliographies it was decided 
not to compile another one at this stage. 

Four of the respondents went beyond answering the questions and provided valuable 
information on further needs and on existing gaps in knowledge. Eight replies emphasized 
that existing knowledge of the biological and health effects of non-ionizing radiation is 
insufficient and needs to be improved so as to keep up with the rapid technical development 
of devices. The need for international coordination concerning priorities and research in 
different countries so as to avoid duplication and achieve better effectiveness were expressed 
by two. The need for research on the effects of a combination of different types of radiation 
and of combined effects with other environmental factors was emphasized by two replies. 

Two replies expressed the opinion that it would be an important task for an international 
organization like the World Health Organization to assume the initiative in this field. 
They indicated the following priorities: standardization of concepts; promotion and improve
ment of the necessary exchange of information; promotion of standard methodology and 
comparability of results; and coordination of international research. They felt that at 
present a substantial portion of experimental and clinical results on biological and health 
effects of non-ionizing radiation have been unsatisfactorily documented due to lack of 
internationally accepted standard methodology. 

4. Conclusions 

In conclusion it may be said that the evaluation of these replies and of the preliminary 
work by the World Health Organization concerning non-ionizing radiation indicates that: 

(a) Non-ionizing radiation may involve health implications of pathological changes and 
genetic effects to the exposed individuals. At present the population at risk is 
largely the exposed occupational workers. As the magnitude and extent of exposure of 
the general public in industrialized countries to non-ionizing radiation appear to be 
increasing rapidly, there may be increasing potential health problems. 
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(b) There is generally a scarcity of information from most count.rie'.'> concerning trends 
and extent of use of devices and sources as well as valid estimates of public exposure. 
There is need for reliable assessment of the magnitude of exposure to non-ionizing 
radiation by establishing a system of-inventory of devices and applications and estimates 
of human exposure. Such information should provide the basis for public health programmes 
to control exposure to non-ionizing radiation. 

(c) Promotion of the establishment of internationally acceptable nomenclature and 
definitions of quantities and units, and of comparable methodology of dosimetry and the 
processing of the results are necessary steps to achieve quantitative research and 
assessment of the health problems involved in non-ionizing radiation exposure. 

(d) There is need for stimulation and coordination of research in instrument development 
and survey methodology. 

(e) More knowledge is needed on the. absorption processes of non-ionizing radiation, on 
the mechanisms causing biological effects, and on the effects on man. There is parti
cularly a need for more clinical and epidemiological studies of human populations concer
ning effects of high and low energy fluxes of non-ionizing radiation under different field 
conditions and concerning cumulative, delayed and genetic effects. 

(f) There is need for stimulation and coordination of international research on bio
effects and effects on human health as a basis to more meaningful international criteria 
and standards of exposure and. to better .medical applications. 

_j 



TABLE 1. SUMMARY OF INFORMATION PROVIDED BY QUESTIONNAIRES 

Country Intere9t Research 
Information Standards or guidelines Calibration facilities 
on sources 

1. Australia 
Microwaves Microwaves 

Lasers 

Microwaves Microwaves ? 
2. eaaada · r.a·sers Microwaves 

Ultra9onics 
Radiofrequency waves 

3. C.eohoslovakia. Non-ionizing radiation 
Microwaves Microwaves Microwaves 

Radiofrequency Radiofrequency Electromagnetic waves (EM) 

4. Democratic 
Microwaves Microwaves 

Republic of 
Lasers Radiofrequency 

Germany 
Radiofrequency Lasers 

Mechanical vibrations Mechanical vibrations 

5. Federal Non-ionizing radiation 
Republic of Microwaves 
Germany Priority to: lasers 

6. Finland Non-ionizing radiation Microwaves 

7. Franca 

8. India 
Non-ionizing radiation 

9. Netherlanda 
Microwaves 

Radio frequency 
Microwaves 

10. Poland 
Microwaves Microwaves Microwaves Microwaves 

Radiofrequency Radiofrequency 

Microwaves 
11. Sweden Lasers Lasers Lasers 

Ultraviolet and infrared 

Microwaves Microwaves Microwav8s 
12. United Kingdom Lasers Lasers Lasers 

La·sers 

Ultras...tl. Ultra9'ill>lil<L 
Lasers Radiofrequency 

Mir.r<:>WllV88 • Microwaves 

13. United States 
Lasers Lasers Microwaves Microwaves 

of America 
Radiofrequancy Radiofrequency Lasers Lasers 

Microwaves 

UV, IR and visible light UV, IR and visible light 

'In~ Ultraso\11'ld'" 

Microwaves Microwaves 

14. USSR 
Lasers Lasers Microwaves 

EM EM Lasers 

Mechanical vibrations Mechanical vibrations 

- ·- ,. -
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APPENDIX I 

There is agreement on the potential of non-ionizing radiations for acute, chronic and 
possible long-term effects, but the health effects are only partially known. The magnitude of 
exposure and extent of pollution of our environment by non~ionizing radiations have not been 
systematically evaluated. It is estimated, however, that it has reached very large proportions 
in some industrialized countries. , Pollution is expected to be even more widespread in the 
future due to increased urbanization as well as the increasing number and variety of devices 
employing non-ionizing radiation. There is scarcity of information and some controversy of 
opinion concerning such effects as non-thermal, delayed biological injuries and cumulative 
physiological and pathological changes. 

The World Health Organization is interested in the health effects of non-ionizing 
radiations, including ultrasonics, and giving priority to microwave and coherent electromagnetic 
radiations (lasers). I understand from reading' the literature that you are presently engaged 
in research in these areas. I would be grateful if you will assist WHO by providing us with 
any information on the following aspects of microwave and laser radiations which apply to your 
country: 

(1) What are the main interests of your institute? 

(2) Have you done any studies on health effects? 
of your work. 

And if so, please send us reprints 

(3) Have you done, or do you plan any studies on health effects of other forms of non-
fonizing radiations than microwave and lasers? And if so, please give us more details. 

(4) Do you have information, or references, concerning types and numbers of products 
and sources emitting such non-ionizing radiations? We are also interested in whatever 
information is available on future trends. 

(5) What criteria, standards or guidelines associated with the control of exposure from 
such radiations are employed in your country? 

(6) What instruments and calibration facilities are available to detect and measure 
these radiations? 

(7) What public health programmes concerned with the control of exposure to the public 
or occupational groups are employed in your country? 
departments? 

And by what governmental 

(8) Are there other institutes in your country which are conducting research associated 
with health effects or dosimetry of non-ionizing radiations? If so,' what are the names 
and addresses of these institutes? 
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APPENDIX II 

SUMMARY ANALYSIS OF REPLIES TO WHO QUESTIONNAIRE ON ACTIVITIES BY 
DIFFERENT COUNrRIES CONCERNI:NG NON-IONIZING RADIATION 

1. Australia 

2. 

Commonwealth X-Ray and Radium Laboratory, 30 Lonsdale Street, Melbourne C.I., Victoria 
(Mr D. J. Stevens, Director) 1 

Special interest in safety standards with respect to the use of microwaves and lasers. 

Canada 

National Research Council of Canada, Division of Mechanical Engineering, Control Systems 
Laboratory, Ottawa (Dr J. A. Tanner, Head) 

Special interest in biological effects of microwave and radiofrequency waves on plants 
and animals including non-thermal effects. Organized an Ad Hoc CoJ:llllittee on Biological 
Effects of Non-ionizing EM Radiation. 

Radiation Protection Bureau, Lasers, Microwaves and Ultrasonics Section, Environmental 
Health Directorate, Health Protection Branch, Department of National Health and Welfare 
Ottawa (Dr s. K. Ghosh, Head) 

The Radiation Emitting Devices Act was proclaimed in June 1972 to regulate radiation 
emttting. Regulations are being enacted for microwave ovens which include standards of . 
design, construction, functioning, radiation leakage, radiation measuring instrument, 
and warning signs. Radiation leakage should not exceed 10 mw/cm2 5 cm from the surface. 

3. Czechoslovakia 

Institute of Hygiene and Epidemiology, Department of Industrial Hygiene and Occupational 
Diseases, Laboratory of Electromagnetic Waves, Srobarova 48, Prague 10 (Dr Karel Marha, 
Director) 

This laboratory is the coordinating centre for research and hygiene on non-ionizing 
radiation. Various studies are conducted on measurement techniques and biological 
effects of microwaves and rf. A periodic bibliography on biological and health effects 
of non-ionizing radiation is being prepared. A survey of microwave and rf devices, 
including exposure records was carried out. Regulations on maximum acceptable exposure 
to electromagnetic waves for the general public and occupational workers were issued in 
1970 by the Ministry of Health. Measuring instruments of Czech and Russian design for 
the 30 kHz to 300 mHz are used. Surveillance and supervision of occupationally exposed 
workers to microwaves is carried out by the Ministry of Health. A programme of 
epidemiological surveillance of population exposed to electromagnetic radiation is under 
preparation. 

1 
Name of person contacted. 

-

-
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- 4. 
Democratic Republic of Germany 

'• 

-

German Central Institute of Industrial Medicine, East Berlin 

Research is chiefly conducted on biological effects of microwaves and rf. Studies are 
also carried out on biological effects of lasers, mechanical vibrations and physical 
factors of the environment. Use is made of Soviet, Czech and German Democratic Republic 
measuring instruments for microwaves and rf. 
no public health programmes. 

There are no facilities for calibration and 

s. Federal Republic of Germany 

6. 

Federal Health Office, Division of Radiation Hygiene, Ingolstadter Landstrasse 1, 
8042, Neuherberg (Professor F. Kossel, Director) 

Interest is in health effects and protection from non-ionizing radiation with priority 
to microwaves and lasers. Although preliminary evaluation of the situation and concern 
for control measures exist, there are no immediate public health programmes. Within the 
long term it is planned to establish laboratories to be concerned with research and 
regulation of EM and laser radiation and ultrasound. , 

Physi~s Institute of Johan Wolfgang Goethe University, 6 Franfurt Main, Robert Mayer 
Strasse 2 (Professor Werner Martienssen) 

Interest is mainly in laser applications. 

Finland 

Institute of Occupational Health, Haartmaninkatu 1, Helsinki 29 (Professor M. J. Karvonen, 
Director) 

Interest is in health aspects and prevention of harmful effects from non-ionizing radiation. 
Limited studies were carried out on occupational workers exposed to microwave radiation. 
There are no standards or criteria and United States recommendations were applied. There 
are no calibration facilities. Limited public health programmes are concerned with 
periodic examinations of occupational persons· exposed to dangerous electromagnetic 
radiation, some protection to young occupational workers, and the establishment of 
recommendations and instructions concerning exposure. 

7. France 

National Institute of Health and Medical Research, Ministry of Public Health and Social 
Security, 3 rue Leon-Bonnet, Parisl6e 

No public health programmes for the near future in non-ionizing radiation. 

8. India 

Central Public Health Engineering Research Institute, Nehru-Marg, Nagpur 3 (Dr G. K. Seth, 
Scientist) 

No public health programmes for the near future in non-ionizing radiation. Access to 
the Indian National Physical Laboratory in New Delhi and to Bhabha Atomic Research Centre, 
Trombay, Bombay if there is a need for instrumentation, calibration and research concerning 
non-ionizing radiation. 
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9. Netherlands 

Philips Research Laboratories, N.V. Philips Gloeilampenfabriken, Eindhoven (Dr H. J. Vink, 
Director; Mr L. F. Defize, Safety Expert) 

A manufacturer of microwave and radiofrequency wave appliances. 

10. Poland 

Institute of Biostructure, Medical Academy, Chalubinskiego 5, Warsaw 
(Professor K. Ostrowski, Director) 

Mainly interested in thermal and non-thermal biological effects of microwave radiation. 
Various researches were carried out in this area. 

Institute of Occupational Medicine of the Textile and Chemical Industries, Department of 
Physical Factors, Ul Kawfzynskiego 40, Lodz (Professor Jerzy Nofer, Director) 

The work and research was concentrated on health effects of micro- and radiofrequency 
waves. Field and clinical studies of biological effects were carried out on occupational 
workers, both on a routine and on a research basis. Combined effects of radiofrequency 
waves and other environmental factors were also studied. Since June 1972 there are new 
Government regulations concerning microwave exposure, namely: 

(a) 2 2 for the general public - 10 µW/cm for continuous exposure and 100 pw/cm for 
intermittent exposure; 

2 (b) for occupational groups - 10 to 100 pw/cm for continuous exposure and 100 to 
1000 pW/cm2 for intermittent exposure. 

Various measuring instruments and calibration facilities are available. The public 
health programmes are aimed at occupational workers. They include the measuring of dose 
to exposed workers combined with periodic medical examinations. 

11. Sweden 

The Research Institute of the Swedish National Defence, S-104 50 Stockholm 80 
(Dr Bengt Kleman) 

Work was done on health effects from laser radiation. There are no standards concerning 
exposure to non-ionizing radiations. Concerning lasers there are guidelines issued by 
Arbetarskyddsstyrelsen which adopt the American threshold values, and by the military 
authorities for the use of laser range finders. No calibration facilities are available. 
Health hazards for non-ionizing radiation are studied by a Committee appointed by the 
Swedish Institute of Radiation Protection (see Appendix IV). 

Sahlgren Hospital, Department of Ophthalmology, Gotenburg, Sweden (Dr Bjorn Tengroth, 
Acting Head) 

Work was done mainly on health effects from lasers. There is concern about health 
effects of microwaves, and of ultraviolet and infrared radiations on occupational work.ers. 

-

~. 
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- 12. United Kingdom 

-

. -

Department of Health and Social Security, Alexander Fleming House, Elephant and Castle, 
London SEl (Dr John L. Kilgour, Principal Medical Officer) 

Ten projects were reported on researches concerning effects of ultrasounds on chromosomes 
or tissues. 

National Physical Laboratory, Division of Optical Metrology, Ministry of Technology, 
Department of Trade and Industry, Teddington, Middlesex (Mr J.M. Burch) 

Research is carried out on all kinds ofstandards including measuring the output power and 
energy of pulsed laser sources. Calibration facility is available. 

Safety Services Organization, Chief Safety Officer, Procurement Executive, Ministry of 
Defence, Block A-B Station, Square House, St Mary Cray, Orpingto~ Kent, BR5 3RE 

Keeps up to date with information concerning safety from non-ionizing radiation. Codes 
of Practice were issued about laser systems and intense radiofrequency radiations. 

13. United States of America 

Bell Laboratories, 600 Mountain Avenue, Murray Hill, N.J. 07974 (Dr M. M. Weiss) 

Engaged in research and development of non-ionizing radiation in communications technology. 
No direct research was carried out on health effects. 

Executive Office of the President, Office of Telecommunications Policy, Washington, D.C. 
20504 (Mr D. M. Jansky) 

The office is responsible for initiating a$ 63 million five-year programme of all research 
programmes in the whole·range of electromagnetics radiation by the United States Government. 
The programme is coordinated by an interagency working group. Information is available 
on types and number of products and sources. The National Bureau of Standards of the 
Department of Commerce is the source of instrumentation and calibration. 

New England Institute, Ridgefield, Connecticut (Dr G. H. Mickey) 

Research done on biological effects (including non-thermal) of exposure to radio
frequency and microwave fields. The objective is to determine threshold levels at which 
genetic damage can be detected. 

Northern Illinois University, Dekalb, Illinois 60115 (Professor Sidney Mittler) 

Research was carried out on possible mutagenic effects from radiowaves with emphasis on 
low frequencies • 

Polytechnic Institute of Brooklyn, Department of Electrical Engineering and Electrophysics, 
Long Island Graduate Center, Route 110, Farmingdale, N.Y. 11735 (Professors. w. Rosenthal) 

Research done on biological effects of microwave radiation, mainly on cataractogenic 
effects and on low level effects on heart rate respiration and temperature. In some 
experiments effects of microwaves and infrared were compared. 
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Randomline Inc., York and Moreland Roads, Willow Grove, Pennsylvania 19090 
(Dr Allan H. Frey, Technical Director) 

Research mainly on biological effects of rf energy. 

Texas, A. & M. University, Department of Electrical Engineering, College Station, 
Texas 77843 (Professor A. J. Giaroloa) 

United States Air Force, Department of the Air Force, United Stat-es Air Force School of 
Aerospace Medicine (AFSC), Brooks Air Force Base, Texas 78235 (Colonel E, R. Goltra) 

The United States Air Force has a radiofrequency and a laser programme. It is also 
concerned with other sources. Under the radiofrequency field research was conducted on 
biological effects of the HF band. Other frequencies are to be examined in the future, 
The laser research programme is directed to establish safe exposure levels and includes 
studies on health effects. Other research includes biological effects of high intensity 
light flashes. UV, IR, heat and sound. Information is available on types and number 
of products relating to radiofrequency but not to laser radiation. Calibration and 
instrumentation is available from the United States Bureau of Standards. (The following 
recommended safety levels of electromagnetic radiation is known from the literature. It 
was adapted by the United States Army and Air Force for all frequencies: 

continuous exposure 10 mw/cm2 
2 limited occupancy 10-100 mw/cm 

The exposure duration is determined through the following formula: 

2 PD is power density in mW/cm.) 

minutes= 
6 000 

PD 

United States Army Medical Research and Development Command, MAJ, MSC, CH, Radiobiology 
and Microwave Branch, Washington, D.C. 20314 (Dr E. N. Dodd, jr) 

Interest chiefly in hazards and effects of microwave and rf radiation. 
Walter Reed Army Institute of Research. 

Associated with 

United States Department of Health, Education and Welfare, Public Health Service, Food and 
Drug Administration, Washington, D.C. 2024, United States of America (Dr John C. Villforth, 
Director, Bureau of Radiological Health) 

The Bureau carries out a national programme designed to control unnecessary exposure. 
It conducts an electronic product radiation control programme. 
supports research, develops criteria and standards and codes and 
activities are concerned with the whole range of electromagnetic 
ultrasonics. Special emphasis is given to health effects. 

It plans, conducts and 
provides training. The 
radiation and with 

Performance standards exist for microwave ovens covering design, construction, functioning, 
radiation leakage and measuring instrument. Radiation leakage should not exceed 
1.0 mw/cm2 5 cm from the surface at the time of purchase, and 5 mw/cm2 thereafter, 
Performance standards for other microwave or laser products are being developed. 

-

-
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United States Department of Health, Education and Welfare, P.O. Box 12233, Research 
Triangle Park, N.C. 27709 (Dr D. I. McRae, National Institute of Environmental Health 
Sciences) 

The Institute has programmes to investigate the health and biologicai effects of microwave 
radiation. 

United States Department of the Army, Walter Reed Army Medical Center, Washington, 
D.C. 20012 (Dr J. C. Sharp) 

The main interest is to investigate biological effects and hazards of microwave radiation. 
Some work on epidemiological investigafion of exposed populations were supported by 
the Institute. Information on types and number of devices is available. 

United States Department of the Navy, Bureau of Medicine and Surgery, Research Division, 
EMR Project Office, Washington, D.C. 20390 (Dr_E. Postow) 

Interest is chiefly in hazards of electromagnetic radiation from 1 H2 to UV. The Uni'ted 
States Navy thus supports a research programme in_ four naval laboratories and 10 
universities and institutes. Current United States Navy guidelines for perso~nel saf~ty 
in the 10 MHz to 100 MHz region is 10 mW/cm2~ For short exposures less than'30 seconds, 
fields of 300 mJ/cm2 are often permitted. 

Current United States Army-Navy Safety Stand~rd :for eye exposure in the o:4 to 1.4 micron 
region are: 

10-7 joule/cm2 for Q sw'ftched lasers. 

10-6 joule/cm2 .. for non-Q switched lasers 

10-6 skin exposure multiply b'y ld5 

The standard for CO2 lasers (10.:.6 microns) :ls 0.1 V.:att/cin2. 

United States Environmental Protection Agencv, Eastern Environmental Radiation Laboratory, 
Radiation Bio-effects Research Branch, Montgomery, Alabama 36101 (Mr Jame~ Everts, Chief) 

Research is mainly on biological effects of -mi.crowaves, largely on cytoge~e:ti~ st~d._ies. 

United States Naval Weapons Laboratory, Head, Medical Research Team (Code ESM) 1 Dahlgren, 
Virginia 22448 (Dr William C. Milroy) 

The main interests are tti'e b_iological effects of· non-ionizing radiation as related to 
human safety and hazard evaluation. 

University of Michigan, Department of·Electrical ahd Computer Engineering, Radiation 
Laboratory, 2216 Space Research Building, 2455 Hayward 8t,'Ann' Arbor, Michigan 48105 
(Professor R. E. Hiatt, Director) 

Work is largely on development of measuring equipment for microwave radiation within an 
irradiated biological specimen, 
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University of Pennsylvania, The Moore School of Electrical Engineering, Department of 
Biomedical Electronic Engineering, Philadelphia, Pennsylvania 19104 (Dr H.P. Schwan) 

Current research activity in non-ionizing radiation includes: microwaves - absorbing 
properties in tissues, models of interaction with man, thermal and non-thermal effects, 
and standards. Ultrasound mechanisms of absorbtion in tissues and macromolecules, and 
diagnostic visualization techniques. Related research such as on electrical properties 
of cells and tissues, behaviour of electrodes and haemodynamics is also carried out. 

University of Rhode Island, Department of Electrical Engineering, Kelley Hall, Kingston, 
Rhode Island 02881 (Dr G. Polk) 

Research carried out on biological effects of extremely low fr~quencies (100 Hz), at 
microwave frequencies and physiological and psychological effects of acoustic radiation. 

University of Rochester, School of Medicine and Dentistry, Department of Radiation, 
Biology and Biophysics, Rochester, New York 14620 (Professor S. M. Michaelson and 
Dr M. W. Miller) 

Research done largely on effects of UV on biological systems. 
biological effects of microwave and rf radiation. 

Some work done on the 

University of Washington, School of Medicine, Department of Rehabilitation Medicine, 
CC814 University Hospital, Seattle, Washington 98195 (Professor A. W. Guy) 

Research is largely related to biological effects and medical applications of electro-
magnetic radiation. Some limited studies on biological effects of ultrasound. 

University of Wisconsin, College of Agricultural and Life Sciences, Madison, 
Wisconsin 53706 (Professor W.R. Gardner) 

Research done on possible effects of extremely low frequency electric fields on plants 
and microorganisms. 

14. USSR 

Academy of Medical Sciences, Institute of Labour, Hygiene and Occupational Diseases, 
31 Meyerovskii Proezd, Moscow E-275, 105275, USSR (Dr N. F. Izmerov, Director) 

Research was carried out on biological effects and techniques of measurement of electro
magnetic fields, and physical factors of the environment, mechanical vibrations and 
climatic factors. Partial information is available on radiation sources, various 
instrumentation is available for measuring microwaves and high frequency fields but there 
are no calibration facilities. There are guidelines for public health programmes, but 
no programmes at present. It is planned to prepare standards on high frequency and 
laser radiation, and if needed, on 50 Hz alternating fields. (The following recommended 
maximum permissible intensities for radiofrequency radiation is known from the 
literature: 

-

-



-

-

1965 - General public and prolonged occupational exposure 

/ 
2 . / l_mW cm for all frequencies, and 15-20'min day )300 MHz 

2 . . ' 
0.1 mW/cm for )300 MHz 2-3 h/day 

2 
?•Ol mW/cm for )300 MHz 6_ h/day 

20 V/m for 0.1-30 MHz 

. 5 v/m for 30-300 MHz) 

15. International and nongovernmental organizations 
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International Commission on Radiological Protection, Clifton Avenue, Sutton, Surrey, 

United Kingdom (Dr F. D. Sowby, Secretary-General) 

The ICRP considered the addition of 
it was. dec_ided not to undertake any 
not sufficiently competent with its 

non-ionizing radiation to its· activities. However, 

such work at present because it considered itself 
.,\:.-: ', · l,{ 

present composition. 

International Labou~ Off:ice, Occupat:i.~~ai Safety and Health Branch, Conditions of Work 

and Life Department, International Labour Of:Hce, CH 1211, Geneva 22, Switzerland 

Work was done ·on ~n~ironmentai factors, iricluding n~ri-ionizing radiation, and their' effects 

on man. The long-term programme includes the preparation of a code of practice relating 

to health and safety a~pects of radiofrequency emitting equipment. 
' . , • • , • , • I • • , 

International Electro technical Commission, 1211 Gen'eva 20, Switzerland (Dr C. J. Stanford, 

General Secretary) 

. _Guidelines were prepared on safety aspects of microwaye cooking appliances and measurement 
' .... • . . . . . ! ~ . '_1; . ; . .. . ·.. ' • 

of radiation leakage from them.· t · · 

International Telecommunication Union, Place ~es Nations, Geneva, Switzerland (Dr M. Mili, 

Secretary General) l'', 

.,, 
In relation to non-ionizing radiation this organization has indicated interest in radio

frequency fields related to telecommunications. However, it has not received from 

Members any information or reports on routine or research work relating to effects of 

non-ionizing radiation. 
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OTHER INSTITUTIONS CONCERNED WITH NON-IONIZING RADIATION 

Battelle Northwest, P.O. Box 999, Biology Department, Battelle Pacific Northwest Laboratories, 
Richland, Washington 

Bradford University, Langarth, Woodland Grove, Weybridge, Surrey KT13 9EQ, United Kingdom 
(Dr J.C. Gallagher) 

Clinic for Occupational Diseases, Vysehzadska 49, Praha 2, Czechoslovakia (Dr Jana Pazderova) 

Czechoslovak Institute of Aviation Medicine, Post Office 19, 16060, Prague 6, Kovpakova 1, 
Czechoslovakia (Mr z. Frank) 

Ecole Polytechnique, Department of Electrical Engineering, 2500 Marie Guyard, Montreal, Quebec, 
Canada (Professor R. G. Bosisio) 

Electromagnetic Research Laboratory, Bureau of Medicine and Surgery, Bethesda, Maryland 

French Naval Centre for Applied Biophysical Studies and Research, Section Cellular Biology, 
Hospital of Army Instruction, Sainte-Anne, 83 Toulon-Naval, France (Dr B. Servantie) 

Georgia Institute of Technology, Experiment Station, Systems and Techniques Department, Atlanta, 
Georgia 30332 

German Central Institute for Occupational Medicine, Moldnerstrasse 40-42, 1034 Berlin, 
Democratic Republic of Germany (Dr J. Kupfer) 

Holaday Industries, Inc., 1001 2nd Street South, Hopkins, Minnesota 55343 

Horikawa-Cho Works, Toshiba Electric Co.,, Ltd., Tube and Semi-conductor Division, 72 Horikawa
Cho, Kawasaki, Japan (Mr Taro Suzuki) 

Institute of Biophysical Research, Viamonte 1634, Buenos Aires, Argentina (Dr A. Portela) 

Laboratory of Cellular Biology, Faculty of Medicine, Nimes Section, Avenue Kennedy, 30 Nimes, 
France (Dr L. Miro) 

Marquette University, Department of Electrical Engineering, 1515 Wisconsin Avenue, Milwaukee, 
Wisconsin 53233, United States of America (Dr T. K. Ishii) 

Medical College of Virginia, Department of Biophysics, Box 2877, Richmond, Virginia 23219 

Narda Microwave Corporat~on, Plainview, Long Island, New York 11803 

National Research Council of Canada, Radio and Electrical Engineering Division, Ottawa, 
Ontario, KIA OR8, Canada (Dr A. L. van Koughnett) 

Polish Central Institute of Labour Protection, Pl. Konstytugji 2, Warsaw, Poland 
(Dr H. Kucia-Korniewicz) 

Polish Military Institute of Aviation Medicine, ul. Krasinskiego 54, 01-755 Warsaw 86, Poland 
(Dr s. Baranski) 

-
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- Polish Military Medical Academy, ul. Szaserow 28, Warsaw 60, Poiand (Dr M. Siekerzynski) 

Polytechnic Institute of Brooklyn, Department of Electrical Engi~eering and Electrophysics, 

Long Island Graduate Center, Farmingdale, N.Y. 11735 

Quenns University, Department of Anatomy, Kingston, Ontario, Canada (Dr C. Romero-Sier'ra:) 

Rutgers Medical School, Institute for Mental Health Sciences, P.O. Box 101, Piscataway, 

New Jersey 08854 (Professor L. Goldstein) 

Tokyo Medical College Hospital, 6-7-I, Nishishinjuku Shinjuku-ku, Japan (Dr K. 'Yagi) 

Tufts University, Medford, Massachusetts 02155, United States of America (Dr K. H~ Illinger) 
' ,)' 

Tulane University, Physiology Department and Veterans Administration Hospital, New Or'ieans, 

Louisiana, United States of America 

University Clinic, Belohradska 130, 1200 Praha, 2 Vinohrady, Czechoslovakia 

(Dr Eliska Klimkova-Deutschova) 

University of Alberta, Department of Electrical Engineering, Edmonton, Alberta, Canada 

(Dr W. A.G. Voss) 

University of Arkansas, Department of Psychology, Fayetteville, Arkansas 72701 

University of Bradford, Postgraduate School of Studies in Electrical and Electronic 

Engineering, Bradford, Yorkshire BD7 lDP, United Kingdom (Dr D. B. Smith) 

University of California, Department of Electrical Engineering, Berkeley, California 94720, 

United States of America (Dr C. Susskind) 

University of California, School of Medicine, Center for Health Sciences, Los Angeles, 

California 90024, United States of America (Professor W.R. Adey) 

University of London, Queen Elisabeth College, Physics Department, Campden Hill Road, 

London W8 7AH, United Kingdom (Dr E. H. Grant) 

University of Manchester, Department of Surgery, The Royal Infirmary, Manchester, United 

Kingdom (Mr H. D. Baillie) 

University·of Manitoba, Department of Electrical Engineering, Winnipeg, Manitoba R3T 2N2, 

Canada (Dr M.A. K. Hamid) 

United States Department 'of Labor, Occupational Safety and Health Administration, Washington, 

D.C. (Mr David Lee) 

United States Environmental Protection Agency, Criteria and Standards Division, Office of 

Radiation Programmes, 5600 Fishers Lane, Rockville, Maryland 20852, United States of America 

(Dr W. A. Mills) 

United States Naval Aerospace Medical Research Laboratory, Biomedical Division, Pensacola, 

Florida 32512, United States of America (Dr D. E. Beischer) 

United States National Bureau of Standards, Electromagnetics Division, Boulder, Colorado, 

United States of America (Mr R.R. Bowman) 
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United States National Institute of Environmental Health Sciences, P.O. Box 12233, Research 
Triangle Park, N.C. 27709 

United States Veterans Administration Hospital, Laboratories of Experimental Neuropsychology, 
4801 Linwood Boulevard, Kansas City, Missouri 64128, United States of America 
(Dr D.R. Justesen) 

USSR Institute of General and Communal Hygiene, Kirova 7, 252021 - Kiev, USSR 
(Dr J. D. Dumanskij) 

USSR Institute of Industrial Hygiene and Occupational Diseases, 2-aja Sovietskaja 4, Leningrad, 
USSR (Dr T. V. Kalada) 

Zaret Foundation Inc., P.O. Box 388, 1230 Post Road, Scarsdale, New York 10583, United States 
of America (Dr M. M. Zaret) 

-

-
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INTRODUCTION 

Radiation as generally defined refers to energy propagated through space or through a material medium. Non-ionizing radiation is the term that refers to all those forms of radiation whose primary mode of interaction with matter is other than ionization (the production of ion-pairs, directly or indirectly in its passage through matter). These radiations are a part of the continuum of the electromagnetic spectrum (Fig. 1). The non-ionizing portion of the electromagnetic spectrum extends from the low energy region up through a photon energy of about 100 electron volts. It includes the high frequency radiations used in communications and broadcasting; the microwave radiations used in radar, television broadcasting, and industrial applications; the infrared radiation used in heatlamps, the visible light used in some lasers; and ultraviolet radiation used in germicidal and "black" lights. For the purpose of this report, non-ionizing radiation will also include mechanical yibrations such as sonic, infrasonic and ultrasonic energy. 

Man has been exposed to ionizing radiation from naturally occurring sources; discharges of nuclear power plants; industrial applications; medical diagnosis and therapy; or from consumer products such as television receivers. In many countries the design, manufacture and use of these sources are under the regulatory control of national and local radiation programm~s so that the exposure to man is limited. 

Non-ionizing radiation may be produced by a variety bf electronic devices such as microwave ovens, lasers, ultrasonic cleaners, ultraviolet lights and medical diathermy equipment. These devices are the product of the electronic age and have only been available in significant quantities in recent years. The laser was invented 11 years ago and now over 50 000 are used in the United States of America as common tools in research, industry, engineering and medicine. The microwave cooking ovens have only been available in the last few years and there are now over 100 000 of them in the United States of America. Modern technology has developed hundreds of other new sources of radiation that are used beneficially; for example, there are approximately 5400 plants in the United States of America manufacturing an estimated 30 000 different types of electronic products. The electronic product industry is expanding both the number of manufacturing plants and the variety of products. Although these products offer immeasurable benefits to the public, they also create potential hazards to health through uncontrolled or excessive radiation emissions. Also, the number of microwaves, television and radio transmitters are rapidly increasing; for example, in 1968 there were 6 400 000 authorized transmitting devices in the United States of America - exclusive of military systems. 

There is a scarcity of information regarding potential biological injuries from exposure to radiation from many devices that emit non-ionizing radiation. Research in this field requires basic and long-term studies of large numbers of animals and, when available, epidemiological studies of humans.· The results of preliminary studies on animals show that microwaves of sufficient energy can cause chromosomal abnormalities, cataracts and alterations in protein syntheses. Ultrasonic vibrations intense enough to be of therapeutic value potentially could also cause tissue damage. It is vital that knowledge of the health effects of such exposures to man be developed if meaningful standards are to be used to control these radiation emissions. 

While it must be recognized that this new technology and its public health problems are presently the product of the developed countries, the usefulness of the devices will soon result in the peoples of all nations having the potential to be exposed; therefore it is prudent for the World Health Organization to take the initiative and develop a programme that will provide, during the early stages of the growth of these new industries, for the protection of the health of the worker, the researcher, the patient and the general public from non-ionizing radiation. 

-
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COSMIC 

ELECTRIC POWER 

Type of Wavelength rang~ Frequency range Energy range 
radiation (metres) (hertz) (eV) 

Electric power .. - 3 X 105 0 - 10
8 0 - 4 0 1 X 10-l 

Radio waves 3 X 104 - 3 X 10-4 104 - 1012 4.1 x 10-ll - 4.1 x 10-3 

Infrared 3 X lQ-3 - 7.6 X lQ-7 1011 - 4 X 1014 4.1 X 10-4 - 1.6 

Visible 7·.6 X 10-7 - 3 0 8 X 10-7 4 X 1014 - 7.9 X 1014. 1.6 - 3.3 

Ultraviolet 3.8 X 10-7 - 3 X lQ-9 7 0 9 X 1014 - 1017 3.3 - 410 

X-rays 1 0 2 X 10-7 - 4 0 1 X 10-l7 2.5 X 1015 - 7.3 X 1024 10 - 3 X lOlQ 

Gamma rays 1.5 X 10-iO - 1.2 X 10-l3 2 X 1018 - 2,5 X 1021 8 X 103 - 107 

Cosmic rays 1.2 X lQ- 7 - --- 2 0 5 X 1015 - --- 10 - ---

.! Ranges are approximate; no exact end points exist. 
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TRENDS AND EXTENT OF USE 

The public health significance of any particular source of radiation is related to a number 
of factors. These include: (a) radiation leakage from the devices; (b) the number of 
devices that are in use; (c) the anticipated growth rate; (d) the population at risk, the 
length of exposure and the number and kind of user (for example, housewife or industrial worker); 
and (e) relative toxicity or biological effects of the radiation. 

The health significance of ionizing radiation has been the subject of intense study for 
several decades; however, much less has been invested in research relating to the complex fields 
of non-ionizing radiations. Approximately $1 billion has been spent in bio-effects research 
on ionizing radiation in the United States of America in the last decade, whereas only several 
million dollars have been invested on non-ionizing bio-effects and most of this has been related 
to radiation used in radar. 

The public health significance of any particular source of radiation must consider that 
the device is capable of producing radiation that is incidental to its use or may emit radiation 
by design. Such devices include, but are not limited to: 

(a) devices used in the home, such as microwave ovens; 

(b) devices used in commerce and industry, such as lasers, microwave communications 
devices and ultrasonic generators; 

(c) devices used in medicine for diagnosis and therapy, such as diathermy and ultra
sonic equipment; and 

(d) special devices used for educational, research and defence purposes, such as 
radar. 

One of the difficulties in making accurate assessment of the magnitude of the public health 
significance of any particular source of radiation is the need for considering the simultaneous 
action of a number of separate radiation sources - as well as chemical and biological agents -
which, together, could have a total health effect on an individual .or population group greater 
than the sum of the individual effects. 

When considering the public health significance of any single source of radiation, one 
must be mindful of the number of electronic products in use. 

Because of the rapid growth of the electronic industry and because the market for these 
devices is constantly changing - because of the new technology - it is impossible at present 
to obtain the world picture on the use of non-ionizing radiation; however, estimates of a 
number of selected electronic devices in use in the United States of America are shown in the 
following table. A more detailed discussion on the sources of non-ionizing radiation in the 
United States of America is contained in Annex A. 

The following electronic product applications also have special public health interest in 
light of their growth potential: 

(a) Microwave devices - although currently low in number, the application and use of 
microwave devices are increasing rapidly in ·both homes and industry. Microwave and 
shortwave diathermy is expected to undergo an expansion of 80% during the four-year period 
since 1969. The communications electronic market in general is expected to undergo 
substantial growth. Microwave relay, radar and other navigational aids for both commer
cial and private use are expected to have a growth of almost 100% by 1972. 

-
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ESTIMATES OF SELECTED ELECTRONIC PRODUCTS IN USE IN THE UNITED.STATES OF AMERICA 
JANUARY 1970 

Product 

Infrared ovens (commercial) 

Microwave ovens 
Commercial 
Domestic 

Microwave heating (industrial) 

Microwave diathermy units 

Microwave communications transmitters 

Radar 
Stationary 
Pleasure boats 

Transmitters 
Commer,:;ial AM 
Commereial FM 
Educational FM 
Commercial television 
Educational television 
Amateur 
Citizens' 
Aviation services 
Industrial services 
Transportation services 
Marine services 
Public safety services 

Television translators and boosters 

Laser 
HeNe 
Ruby 
Nd glass 
CO2 
Argon 
YAG 

Ultrasonic 
Medical diagnostic 
Medical therapeutic 
Welders 
Cleaners 

Estimated total numbe~ 

15 000 

45 000 
50 000 

300 

15 000 

66 000 

5 500 
7 500 

4 300 
2 200 

400 
700 
260 

300 000 
3 000 000 

200 000 
1 700 000 

. 500 000 
200 000 
700 000 

2 200 

50 000 
2 000 
1 000 
1 500 
1 250 
1 000 

3 000 
3 000 

Few thousand 
Tens of thousands 

~ This is the estimated total number of products, not facilities. 
It should be kept in mind that many facilities - especially industries 
utilize more than one of an item. 
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(b) Lasers - the total laser market, largely industrial, is increasing at about 35% 
annually. More than half of the present laser sales are helium-neon devices. 

(c) Ultrasonic devices - are used in medicine for both therapy and diagnosis. A common 
therapeutic procedure is ultrasonic diathermy in physical therapy. In dentistry, ultra
sonic energy of rather low frequency (50 KHz) is generated in a hand-held device for 
cleaning the teeth. The current diagnostic applications of ultrasound involve just 
about all the specialities; however, it is finding widespread use in obstetrics for 
foetal cephalometry, placental localization, detection of intrauterine life and for 
diagnosis of multiple pregnancy. It is also being used in cardiology, neurology and 
ophthalmology. Industrial ultrasound is used for cleaning, machining, welding plastics, 
drying fine powder, emulsification and detecting flows in materials. The use of ultra
sound is anticipating a rapid growth in the order of 80-90% between 1968 and 1972. 

Although non-ionizing radiations are the product of the electronic industry of the developed 
countries, it must be recognized that this involves the industries of many nations, all of which 
are competing for the future market. Annex Bis a list of some of the non-United States 
manufacturers known to produce generators of radiation. It is apparent that if the biological 
effects of these radiations are not well understood and criteria for standards not developed, 
competition among the manufacturers could result in the production of devices without adequate 
attention to radiation protection; for example, if a manufacturer, who produces a particular 
microwave heating device, feels that the device should inborporate two electrically independent 
interlocks to reduce the chance for exposure of the operator, he might be at an economic dis
advantage-over another manufacturer who feels that a single interlock is sufficient. Thus 
public health might be compromised unless the principles of protection are incorporated while 
the industry is in its infancy. This will depend on uniform standards that are based on sound 
public health criteria. The criteria must develop from an understanding of the biological 
effects of these relatively new radiations and state-of-the-art technology. At present there 
are no international standards on criteria in the non-ionizing radiation area, and there is no 
international group that has assumed the leadership in the development of health effects 
criteria. 

BIOLOGICAL EFFECTS OF NON-IONIZING RADIATION 

General 

The non-ionizing portion of the electromagnetic spectrum starts at the high energy region 
of about 1017 Hz and extends down through the UV, visible, infrared, microwave, to the low 
frequency range of the spectrum of 106 Hz or lower where biological effects from radiated 
energy are doubtless well documented. This range of at least 11 decades of energy includes 
entirely different phenomena, interactions and biological effects than are contained within 
the ionizing region. It is, of course, the effects on man that are of concern'to the public 
health community. These effects are quite varied depending on the portion of the spectrum one 
is dealing with. 

A thorough appraisal of the frequency of biological injury arising from electronic product 
radiation cannot be provided at this time. In many instances, this requires a long-term 
commitment to conduct both epidemiological studies of human populations and supportive animal 
studies. The fact that there is no unique consequence following exposure to radiation compli
cates further the difficulty of establishing the extent of biological injury to human popula
tions. The delayed effects of .radiation will continue to be diffi.cul t to evaluate, and the 
combined effects of different radiations or radiation and other environmental insults may be 
greater or different than the effect of each insult alone. 

-· 
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For laser radiation, the levels that constitute a hazard are difficult to establish because of the variations in the types of laser and variations in biological factors. Different wave-lengths, intensity levels, pulse durations and pulse repetition rates all influence directly the possibility of tissue damage. Biological factors applicable to all tissues, such as pigmenta-tion, vascularity and spectral absorption of the energy, influence the degree of damage to a particular organ. For the eye, the pupil size, ccnvergencing power of the cornea and lens and distance from the lens to the retina all influence the threshold level for damage. Because of the multiplicity of these factors, it is impractical to establish one threshold value for biological damage for all types of laser systems and conditions of operation. Current guides are based on the minimum dose required to produce a visible lesion. Unfortunately, very little is known about the possible cumulative effects produced by repeated subthreshold exposures of the eye or skin. 

At present, threshold values for visible lesions produced ori the critical organ, the eye, approximately are: 

Q-switches ruby laser 
Pulsed ruby laser 
Continuous white light 
CO2 laser 

at 0.07 J/cm2 on the retina 
at 0,8 J/cm2 on the retina 
at 6.0 w/cm2 on the retina 
at 0.2 w/cm2 on the cornea 

Light levels below those producing visible lesions may also produce some permanent damage, such as partial "bleaching" of the pigment of one particular light colour. 

The other area of concern besides the eye is the skin. Naturally it is not as sensitive as the eye, and if damaged most injuries are more easily repaired; however, it too is subject to great damage from laser impact when energy densities approach several J/cm2 • 

Limited surveys conducted in the United States of America on the basis of manufacturers' codes of good practice in cooperation with the State of California resulted in 4% of lasers exhibiting some retinal injury. Massachusetts' survey reported 2% damage and New Jersey reported 2%. 

2 
Microwaves 

In a somewhat different manner, the biological effects produced by microwave depend on factors such as the frequency of the radiation, intensity of the beam, length of exposure, dielectric constant and thermal conductivity of the tissue. The depth of penetration of the radiation decreases with increases in frequency (or decrease in wavelength). At frequencies less than 150 MHz the body is more transparent to microwave radiation, with less absorption. Between 150 and 1000 MHz, the energy is absorbed in the deeper tissues. From theoretical considerations and experiments on phantoms it has been shown that the proportion of energy absorbed is approximately 40% of the incident energy arriving at the body surface for frequencies in this range. This range is potentially the most hazardous with respect to internal heating, because at these frequencies there is little or no heating of the skin where thermal reception would warn the exposed individual of danger. Radiation at frequencies between 1000 and 3000 MHz is subject to varying degrees of penetration and is absorbed in both superficial and deeper 
tissues, depending upon tissue characteristics. The lens of the eye is a critical target organ at frequencies around 3000 MHz, at which production of cataracts is an important consideration. This is also the range of the more common frequencies used for commercial and home microwave ovens (915 and 2450 MHz), industrial heating and radar systems (100 through 100 OQO MHz). 
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At frequencies below about 30 MHz, resonant heating is less likely to occur and RF energy 
penetrates all body organs, Radiations at all frequencies may produce non-thermal effects 
which are field dependent. These. effects may be concerned with changes in the central nervous 
system and peripheral nervous system. In studying subjects occupationally exposed to 
frequencies of less than 30 MHz, the Russian observers have found symptoms of headaches, 
insomnia, irritability, fatigue, deviations of brain waves and slight enlargement of the thyroid 
gland, among others. There is controversy over the validity of these observations, and the 
questions arising from these controversies need resolution, The appearance of reports on 
behavioural effects in animals when exposed to microwave levels and an apparent association of 
mongolism in the offspring of fathers who had worked with radar equipment in the United States 
of America have added to the overall interest. 

Because of the uncertainties concerning the possible effects of certain variables, an 
exposure level of 10 mW/cm2 has beeh generally accepted for occupational exposure of limited 
duration. (The United States American National Standards Institute Committee C-95 allow 
exposure for frequencies of 10 MHz to 100 CHz, up to 1 mW h/cm2 for any 0.1 h period. For 
periods of 0.1 h or more, the level is 10 mw/cm2.) The permissible power densities for micro
wave radiation at frequencies between 300 and 300 000 MHz have been established in the 
Soviet Union at: 

10 µW/cm 2 for a working day 
100 µw/cm 2 for two hours daily 
1000 µW/cm 2 for 15 minutes daily 

The USSR is also the first to propose exposure standards for.low frequency electromagnetic 
radiation. For the industrial population, these levels are: 

Electrical 

Medium-wave (100 KHz - 3 MHz) 20 v/m 
Shortwave (3 MHz - 30 MHz) 5 v/m 
Ultra-shortwave (30 MHz - 300 MHz) 5 v/m 

Mag:netic (100 KHz - 1.5 MHz) 5 Ajm 

For the general population, permissible power densities for 300 MHz - 300 000 MHz are 1 pW/cm2• 

It should be kept in mind that, except for the USSR standard, these exposure levels are 
for the occupationally exposed individual and not for the general population where individuals 
with circulatory system difficulties may be exposed, or where extremes of temperature and 
humidity may be found. Such modifying factors could influence the biological effects of these 
radiations. 

3 
Ultrasonics· 

The term ultrasound denotes mechanical vibrations at frequencies above the limit of human 
audibility. It is not an electromagnetic radiation, but because of the public health concern 
for its use, it should be included in any discussion of non-ionizing radiation. 

Ultrasound is usually produced by driving an electromechanical "transducer" with a 
powerful oscillator. The lower frequency of ultrasound is about 20 KHz, the current state of 
the art of transducer puts the practical upper limit at about 10 MHz. 

The interactions of ultrasonic waves may involve complex properties of the propagating media 
and the nature of.the waves. The waves may be focused, dispersed, reflected, transmitted, 
refracted or absorbed. 
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The interactions of ultrasound in tissue have been studied; 
interactions are amazingly complex, much further study is needed. 
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however, because these 
Several thousand progeny 

of mothers who had been subjected to ultrasonic diagnostic procedures during pregnancy were 
observed. No deleterious effects of the offspring could be detected. No long-term follow up 
studies however have been done for those receiving ultrasonic energy for medical purposes. 
Intensities much higher than for medical diagnosis have been used experimentally on mice and 
showed a resultant change in litter size and a concomittant increase in foetal abnormalities. 
These effects may be caused by one of the biophysical mechanisms of interaction; that is, 
heating, cavitation, or "direct" effect. Experimental biological studies at reasonably low 
exposure intensities .(as opposed to clinical studies) suggest strongly that there is an 
undetected component of biological damage associated with diagnostic exposure. There may be 
a probability of subtle long-term effects or repairable acute changes following exposure to 
diagnostic intensities of ultrasonic energies. 

In cases where ultrasound. emanates into air, as in certain industrial applications, the 
probability of damage to tissue .is lower than in the case of -direct contact because air is a 
poor coupling medium for ultrasound. The dangers of airborne heating damage, systemic 
effects and psychological effects necessitate caution even in the case of.airborne ultrasound. 
Such ultrasound may be emitted by machinery not normally intentionally causing airborne 
ultrasound; thus surveillance in the near environment of the devices may be necessary. 

4 
Other radiations 

Ultraviolet radiation is produced by arcs and incandescent sources operating at high 
temperatures •. The envelope of closed sources may filter out most of the ultraviolet radiation 
produced. Of the transmitted ultraviolet, two portions of the spectrum are. of public heal th 
interest. Wavelengths_.· between 1900 and 3000 A (far ultraviolet) are mutagenic and may be 
lethal to cells. Wavelengths above about 3000 A (near ultraviolet) appear not to be mutagenic 
and are lethal at doses that are very high. i.n comparison with lethal doses in the 1900-3000 A 
range. Skin cancer, however, may result from repeated near ultraviolet exposure. ~en~tration 
of ultraviolet beyond the skin of mammals is negligible. Wavelengths below about 1900 -A 
(vaccuum ultraviolet) are absorbed by air and water, so exposure to biological tissue must be 
performed in vacuo. 

Eye burns from industrial applications have been documented and reported by State Health 
Departments in the United States of America as a result of exposure to ultraviolet light. 
Population exposure results from a wide range of apparatus used in homes, industries, ·places of 
entertainment, health clubs and scientific and aedical environments. Some typical uses of 
ultraviolet include cosmetic and therapeutic sunlamps, disinfection,.· sterilization and analytical 
instruments. 

The penetrating ability of visib_le light is slight except for transparent materials, such 
as water, glass and the lens and humors of the eye. Pulsating light at certain frequencies 
has been reported as a potential source of producing psychophysiological effects. Because of 
its narrow depth of penetration, visible light, in general, does not manifest itself as a 
potential hazard; however, there are situations in which it can become hazardous. Probably 
the one greatest danger is that of high intensity light, which may cause transient loss of 
visual function (flash blindness) or irreversib]e thermal injury of the retina. 

Visible light presents little biological h~zard per se except to the eye. There appear 
to be three predominant factors controlling the potential of the hazard to the eye: (1) inten
sity, (2) pupil dilation (that is, the area of exposure), and (3) length of exposure. If these 
factors are controlled to keep the absorbed energy below the threshold of thermal burning 
(reported to be between 40 and 50 calories/cm2 per minute), no visible lesion would be expected; 
however, damage or injury might still result. 
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A disease that can cause brain damage - hyperbilirubinemia - often occurs in new-born 
premature infants. Clinically it is noted as a jaundiced condition. It can be treated by 
exposing the infants to relatively high intensities of blue light. The treatment may pose 
certain risks, and visual and extravisual effects of. this phototherapeutic treatment are not 
clear. The whole question involving the safety of phototherapy and illumination in nurseries 
is being investigated by the United States National Academy of Sciences and the Illuminating 
Engineering Research Institute. 

Special effects 

Electromagnetic interference has been studied and reported in some detail since implanted 
cardiac pacemakers were first developed. Most of the literature concerns these products and 
frequency ranges that the person would most likely come in contact with in a normal daily 
existence. Implanted pacemaker dysfunction has been observed near electrocautery and diathermy 
apparatus, radar and communications systems, electric shavers, spark coils and gasoline engine 
ignition systems. With the recent and anticipated expansion of the use of microwave ovens in 
residences, hospitals and commercial food servers, it is necessary to consider this product's 
possible additional interference with pacemaker function. 

INSTRUMENTATION AND SURVEY METHODOLOGY
5 

One of the perplexing problems associated'with the control of non-ionizing radiation is 
the lack of available survey or monitoring instruments that will allow the public health control 
specialist or the manufacturer to determine accurately the magnitude of exposure from radiation 
from a particular source. The radiation biologist has an equally difficult time measuring 
the amount of energy that is absorbed in the biological system under investigation. Therefore 
in the past, many experiments were conducted by calculating the energy that was expected to be 
absorbed in the system. In the non-ionizing region of the electromagnetic spectrum, the 
radiation may be reflected, refracted, absorbed and may not follow the inverse square law. 
Therefore, relying on calculations to determine energy deposited may be an entirely unsatis
factory process. This may account for some of the inconsistency in the reported results of 
biological experiments. 

For those radiations where there are survey instruments, such as the microwave field, 
extreme care must be taken in interpreting the readings. Until recently, microwave instru
ments have been designed for measuring the "far field" or some distance from the source of 
antenna. The use of these far field instruments close to the source ("near field") will result 
in incorrect readings. Most microwave instruments are also frequency and direction dependent. 
There are also gaps in the electromagnetic spectrum where no survey instruments are available. 
Some effort has been directed recently to overcoming these problems, but until commercially 
available instruments are readily available, public health workers will be limited in their 
ability to control these radiations. 

In those situations where measuring instruments do exist, the investigation is usually 
faced with the problem of not having access to a calibration facility or the facility may not 
be equipped for the frequency desired. Calibration of microwave instruments must be done in 
an anechoic environment to limit interfering reflections. Such chambers and calibration 
facilities are not readily available or may not be tied into a national system of secondary 
standards. 

The same principles also apply to ultrasonic radiation. Existing instrumentation for 
determining power is less suited for field surveys; for example, piezoelectric probes, 
radiation pressure meters, thermistormetry and so forth, 

-
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The principles of public health protection that are applicable to any environmental or 
occupational hazard are applicable to the control of sources of non-j_onizing radiation. 
Unfortunately because of the relative newness of these radiations and because of the 
continuous adaptation of their potential to ever-increasing numbers of new applications in 
medicine, industry, consumer products and communications; the research into the biological 
effects of non-ionizing radiation - and the subsequent formulation of criteria - has lagged 
behind other aspects of their technology. Therefore, standards are apt to be arbitrary, 
contradictory, or in many cases non-existent. The concern for this problem can best be 
expressed by a statement by a former United States Surgeon General, Leroy Burney, in an 
address before the 1958 National Air Pollution Conference: 

"In law the suspect is innocent until his guilt is proven beyond reasonable doubt. 
In the protection of human health such absolute proof often comes later. To wait for 
it is to invite disaster, or to suffer unnecessarily through long periods of time." 

Because the potential for biological damage from the existing applications of non-ionizing 
radiation exists, public health agencies should not wait to develop control programmes. It 
is extremely important that the electronic product industry be made aware of the concerns of 
public health agencies early in the design or conception of a non-ionizing radiation emitting 
device. The importance of this leadtime becomes clear when considering that certain consumer 
electronic products, such as microwave cooking ovens, may be produced at rates of hundreds of 
thousands of units per year. 

Criteria 

The framework on which sound public health control programmes must be based consists of 
the criteria of biological effects on man. These criteria are based on animal experimentation, 
observations of known over-exposures to man, and epidemiological studies. Fortunately in this 
field there have not been excessive exposures to large population groups, but this means that 
there is limited data on which to develop criteria. Research in other areas has not been 
adequately funded; therefore there is little more than a limited awareness of the effects of 
biological systems. The different end effects of the radiations have also confused the 
picture; for example, in ·the microwave frequencies some researchers have looked only to the 
pathological changes that result from the more obvious "thermal" effects of the radiation, 
and others have looked only to the subtle behavioural effects. Information on the long-term 
genetic effects, and synergistic effects with other environmental insults, may be lacking or 
limited at best. 

Since the answers to these questions will require time to be developed, the public health 
agencies will have to establish standards with only limited understanding of the criteria. 
There is, however, enough general understanding of the eff~cts that it would not be prudent 
to delay the adoption of control measures: 

Control of the source 

The most effective control over the emissions of non-ionizing radiation is control of 
devices. Generally this takes the form of performance standards for the products that limit 
stray or unwanted leakage radiation; limit the inadvertent exposure to the operator because 
of the failure of a component; or limit the flux of radiation in the primary beam through 
quality control during manufacturing. It should be recognized that the degree of control 
depends on the nature of use of the product; for example, an electronic product used for 
industrial purposes. This is because there is no control over the use of the.device in the 
home, whereas the use in industry should come under the control of the industrial safety or 
medical programme. 
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The control of the source should also include standards for installation and facility 
design. Some microwave devices may need to be installed in screened or shielded rooms, not 
only to protect personnel from radiation, but also to prevent interference with other electrical 
or communications towers, may need to be located so they do not directly expose population 
concentrations. 

Control of the use 

For those electronic products where the primary beam of radiation cannot be fixed or 
enclosed, or where the use of the product is intentional application to humans - as in medical 
diathermy or ultrasonic diagnosis - attention should be given to control of the user. This 
may be done by requiring t~e user to be licensed, or in some other way demonstrate that he is 
aware of the potential hazards and has competence in the use of the source, This is 
increasingly important in the medical area; for example, medical diathermy is capable of 
producing cataracts, and if the application of this energy is left to the untrained technician, 
serious consequences could result. Under certain applications, particularly in industry, 
there are personal protective devices, such as screens and goggles, that should be worn by 
the user. 
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ANNEX A 

SOURCES OF NON-IONIZING RADIATION IN THE UNITED STATES OF AMERICA~ 

General 

The non-ionizing radiation sources encompass several types of radiation and many different 
types of devices. Those items which tend to be in highest priority from a health standpoint 
are high-powered laser, microwave and ultrasonic devices. The use of these items is 
increasing greatly in industry, science and medicine. Various devices are also being 
utilized or developed for domestic appliances such as microwave ovens and ultrasonic dish
washers, 

Ultraviolet 

It is probably reasonable to estimate that these devices number in the tens or hundreds 
of thousands and are increasing. Typically, ultraviolet light sources are used in cosmetic 
and therapeutic sunlamps, disinfection, sterilization and analytical instruments. These 
devices are widely used in homes, industries and scientific and medical environments. 

Microwave 

Microwave radiation is emitted from a variety of devices including diathermy units, ovens, 
heating devices, television, communication and radar units. One estimate indicates that 
about one in six of the approximately 7000 hospit?-is in the United.States of America may have 
microwave diathermy units (approximately 1206 units). A second source indicates that 3625 
domestic microwave diathermy units (2450 MHz) were shipped by the Burdick Corporation of 
Milton, Wisconsin, during 1964-1968 inclu~ive. The Burdick units are the only microwave 
diathermy units produced for medical purposes in the United States of America. This source 
further estimated that a 20-year longevity of these devices should be conservative. On that 
basis, if it is assumed that most units in the United States of America are of domestic origin 
one might estimate the current inventory of microw_ave diathermy un·i ts to be in the neighbourhood 
of 10-15 000 units. 

Microwave ovens were first introduced in the late 1940s and originally sales were directed 
toward food service establishments. A 1966 survey_indicated that there were approximately 
7700 microwave ovens (1-2 kW) in food service establishments. Thus, approximately 2% of 
these establishments had microwave ovens; however, commercial microwave oven sales are 
predicted to increase to about 14 mill.ion dollars by 1970. It has further been indicated 
that since 1965, monthty·sales have approached 1000 ovens with the majority of these going to 
the vending trade. If this is true, then an estimated inventory of commercial ovens for 
January 1970 should be close to 45 000 units. A linear extrapolation based on sales of 1000 
units per month would produce an inventory estimate of approximately 100 000 units by 1975. 

Table 1 shows the 1966 distribution of microwave ovens in public eating places and 
institutions. From 
with microwave ovens 
factories, plants or 
hospitals (5.9%) and 

this tabl~ certain of the eating places tend to have higher percentages 
than the others. These are hotels, motels or tourist courts (4.3%), 
mills (5.3%), other public eating places (includes vending) (5.2%), 
colleges, universities, professional or normal schools (4.0%). 

~ Based on USPHS Bureau of Radiological Health Report BRH/DEP 70-29 "Electronic Product ' 
Inventory Study" by Jesse Y. Harris; November 1970. 
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FIG. 1. SHIPMENTS OF DIATHERMY EQUIPMENT 1963-1967 
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Table 2 shows a positive correlation between the gross value of food sales and the 
percentage of both public and institutional establishments utilizing microwave ovens in 1966. 
In the public eating places the percentage with microwave ovens ranged from 0.7% in the less 
than$ 20 000 gross sales group to 11.5% in the$ 300 000 and over group. In the institutions 
it ranged from 1.2% in the less than$ 20 000 group to 8.7% in the$ 300 000 and over group. 
The much smaller total number of institutions, however, reduces the confidence one can place 
in these sample statistics. This is illustrated in the fact that the$ 20 000 to$ 49 999 
sample group had only 0.7% and the$ 50 000 to$ 99 999 sample group had no microwave ovens. 

The relatively high percentage of microwave ovens in the category "Factories, plants or 
mills" in Table 1 is probably related to their use with vending operations. Over 60% of 
industrial respondents to the USDA survey indicated the use of vending machines for soups, 
other hot canned foods and sandwiches. 

Assuming one magnetron is used per commercial oven, about 12 000 magnetrons per year are 
going into these units according to previously mentioned estimates. If all of the remaining 
non-military magentron shipments go into home microwave ovens (which is unlikely), this would 
be about 8000 units per year. On this basis there appears to be a wide gap between the 
estimates of the sales of ovens and heating devices and shipments of the magnetrons which are 
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the essential components. The Department of Commerce statistics on items identified as 

industrial dielectric heating equipment and commercial electronic stoves and ovens actually 

show a drastic reduction in the dollar values of shipments from 1963 through 1966 (Fig. 2). 

These items were dropped from the statistics after 1966. Estimates of sales of home micro

wave ovens through August of 1968 are given in Table 3, 

TABLE 1. MICROWAVE OVENS IN PUBLIC EATING ESTABLISHMENTS AND 
INSTITUTIONS WITH FOOD SERVICE 1966 

Number of Number of Percentage with 
establishments microwave ovens microwave ovens~ 

Public eating places 

Separate eating places 201 734 3 800 1.6 
Separate drinking places 51 644 500 0,8 

Drug or proprietary stores 12 013 100 0.3 

Retail stores 22 820 200 0,8 

Hotels, motels, or tourist 
courts 16 558 800 4.3 

Recreation and amusement 
places 19 411 200 0.7 

Civic, social or fraternal 
associations 4 355 100 1.1 

Factories, plants or mills 6 784 800 5,3 
Other public eating 

establishments 8 429 400 5.2 

.TOTAL 343 749 6 900 1,6 

Institutions 

Hospitals 5 931 600 5.9 
Sana tori a, convalescent or 

rest homes 5 118 100 1.6 
Homes for children, the aged, 

handicapped or mentally ill 4 092 0 o.o 
Colleges, universities, 

professional or normal 
schools 2 766 200 4,0 

Other institutions 9 738 0 o.o 

TOTAL 27 645 900 2.2 

GRAND TOTAL 371 394 7 700 1. 7 

~ Those having one or mor·e. 
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TABLE 2. MICROWAVE OVENS BY SIZE OF BUSINESS IN EATING ESTABLISHMENTS 1966 

Gross food sales (percentage having microwave ovens) 

Less $ 20 000 $ 50 000 $ 100 000 $ 300 000 
than te to to and 

$ 20 000 $ 49 999 $ 99 999 $ 299 999 over 

Public eating 
0.7 0.7 1.8 4.8 11.5 establishments 

Institutions 1.2 o.7 o.o 4.9 8.7 

FIG. 2. SHIPMENTS OF INDUSTRIAL DIELECTRIC HEATING EQUIPMENT 
AND COMMERCIAL ELECTRONIC STOVES AND OVENS, 1963-1966 
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TABLE 3. HOME MICROWAVE OVEN SALES THROUGH AUGUST 1968 

Year Rough totals 

1968 to date 2 000 

1967 3 500 

1966-1965 6 000 

1964 and prior 10 500 

TOTAL 22 000 
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Recent estimates of market trends for home microwave ovens indicate that the market will 
grow from its$ 2 million value in 1965 to$ 100 million in 1975. It is further estimated 
that during that 10-year period nearly one-half million units will be sold. Indications 
that Japanese firms are seeking approval for export to the United States of America of a more 
economical home microwave oven adds to·the credibility of a massive increase in the use of 
microwave ovens in United States' homes; however, there still appears to .. be a gap. If these 
industry predictions come to pass, it will mean a phenomenal in·crease in microwave oven pro
duction after 1970. From current information, the United States inventory of home microwave 
units will be in the neighbourhood of 50 000 units as of January 1970. Based on an avera~e 
oven price of$ 500 and the quoted market predictions, a mathematical formula was derived to 
describe the anticipated exponential sales trend: 

t 
Annual oven sales= 4000 e •

391 

where tis the number of years after 1965. Estimated yearly sales obtained utilizing this 
model are shown in Table 4. If these predictions are true_,_ then some anticipation of this 
should be indicated in the Department of .Commerce quarter:/-y reports on shipments of magnetrons 
(Fig. 3). The average yearly non-military shipments of magnetrons have increased since 1965 
from 10 000 units per year to about 20 000 units per year for 1966, 1967 and 1968. 

TABLE 4. ESTIMATED ANNUAL SALES OF HOME MICROWAVE OVENS (1965-1975) 
BASED ON AN EXPONENTIAL MODEL 

Year 
Home microwave 

oven sales 

1965 4 000 
1966 5 908 
1967 8 720 
1968 12 880 
1969 19 040 
1970 28 400 
1971 41 520 
1972 61 320 
1973 92 000 
1974 132 800 
1975 200 000 
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FIG. 3. SHIPMENTS OF MAGNETRONS 1960-1967 

100 

• 75 

• 
• 

50 

25 

NON-DEFENSE 
)( 

0 
1960 1965 1970 

YEAR 

Microwave power for industrial heating purposes is presently in an 
though the industry again appears to be predicting exponential growth • .!! 
tend to produce an average power of about 25 kW per unit as compared to 

experimental stage, 
Industrial units 

about 1-2 kW for 
commercial ovens and about 0.5-1 kW for domestic ovens. Power levels range from 1-200 kW 
for industrial units depending on the application. Some of the present uses of microwave 
heating in industry are shown in Table 5. Most articles discussing microwave power use tend 
to resemble "get on the bandwagon" type advertising campaigns. Solid statistical facts are 
difficult to obtain. One of the larger producers of this equipment estimates that there are 
approximately 270 units presently installed and the current rate of production is approximately 
five units per month. They estimate that there will be approximately 600-800 units in use 
in 1974. 

~ "Survey of Selected Industrial Applications of Microwave Energy", United States Public 
Health Service Report BRHjDEP 70=10, May 1970. 
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TABLE 5. SOME INDUSTRIAL USES OF MICROWAVE HEATING 

Wood drying 

Paper drying 

Film drying 

Ink drying 

Potato-chip cooking 

Chicken processing 

Pre-cooked bacon 

Baking 

Plastic curing 

Sterilization 
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Microwave equipment is also used in non-destructive testing. The estimated value of 
flaw detection and thickness measuring devices utilizing microwaves is between$ 500 000 and 
$ 1 000 000 excluding moisture gauges and microwave dielectrometers. There are probably 
fewer than 200 units (exclusive of moisture gauges and dielectrometers) in the United States 
of America. 

Various remote control devices are reported to be microwave activated. Such items as 
television remote control devices, remote control garage door openers and burglar alarms fall 
into this category. No inventory information was obtained on these devices. Their extremely 
low power and relatively short operating cycle make them of relatively low priority as public 
health problems. These devices may, however, total in the millions of units. 

Microwave communications transmitters are used mainly in the telecommunications industry. 
There is a total of 65 904 transmitters in the United States of America with an average of 
about s:i,.x frequencies per transmitter. The total number of frequencies is 386 054. Many 
new and novel uses are being developed for microwave power which may have future potential for 
widespread use. One such device is a microwave blood warmer. Although only five units are 
presently in hospitals undergoing a testing period, the manufacturer feels that in the near 
future most hospitals may utilize them. Other items such as microwave powered helicopters, 
high-speed trains and rockets, though indicated to be possible, may be more futuristic. 

Radar units come in a wide range of power levels and are utilized in both fixed ground 
installations such as airports and in mobile stations such as marine or air transportation 
units. Table 6 shows the current inventory of fixed radar installations in the United States 
of America. Fig. 4 shows the 1960-1967 shipment of klystrons, which should have some 
bearing on the production of radar during that time. 

TABLE 6. INVENTORY OF FIXED RADAR INSTALLATIONS 1969 

Agency Number of units 

Air Force 1 452 
Army 1 684 
Marine Corps 203 
Navy 727 
FAA 1 003 
NASA 21 
CG & Treasury 139 
Weather Bureau 96 

TOTAL 5 325 
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FIG. 4. SHIPMENTS OF KLYSTONS 1960-1967 
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The mobile units probably far outnumber the fixed; however, complete inventory 
information has not been obtained to date. 

The Coast Guard Auxiliary made an inventory survey of equipment carried aboard recrea
tional boats in 1967 which indicated an estimate of over 7000 radar units on recreational 
boats. Over 18% of the boats in class 3 (40-65 ft) were equipped with radar units. This 
information is summarized in Table 7. 

TABLE 7. INVENTORY OF RADAR ON RECREATIONAL BOATS 1967 

Total number 
Total radars 

Total in in sample Extrapolated 
Class of boat in class 

sample total radars 
(1967) 

Number Percentage 

1 (16-26 ft) 1 200 000 2 405 5 0.2 2 400 

2 (26-40 ft) 149 000 2 444 35 1.4 2 140 

3 (40-65 ft) 14 000 398 73 18.3 2 560 

-
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Radio and low frequency radiation emitte,rs, usually include transmitting devices; however, 
this frequency has also been utilized in medical diathermy units. A historical summary of 
the total number of broadcast stations on the air (1960-1969) is given in Table 8. 

Radio low frequency diathermy units continue to be used in many settings including 
hospitals, physicians' offices, treatment centres and athletic departments of secondary 
schools, colleges or universities. ,They are handled by all types of personnel. Also they 
are used by other disciplines not identified with organized medicine. Although no inventory 
estimates are presently available it might be estimated that there are several thousands ,of 
these devices in the United States of America. 

Broadcast stations, boosters and transmitters in' safety and special radio services make 
the greatest contribution to the observed ambient radiation levels in the radio frequency 
range. Table 8 shows the inventory of brciadcast stations and other transmitters from 1960 
through 1969. The 30 April, 1969, inventciry indicates a total of 6613 radio and 855 tele
vision broadcast stations. In 1967 there were 2026 television translators and boosters, and 
a total of over six million transmitters in safety and special radio services. 

Surveys of licensees in the Amateur Radio Service indicate that between 50-60% are active 
at any one time - meaning possessing a: tr-ansmi tter capable of immediate operation. Thus, of 
the approximately 300 000 amateur transmitters about 150 000 would be classified as active. 
The maximum legal power for amateurs is 1000 watts and surveys in the past have indicated an 

- average power level of aroun<;I. 300 watts. 

,, 

-

The average power of mobile units utilized in Forest Industries ranges from 25-100 watts. 
Power output of the land station transmitters range from 60-250 watts and transmitter towers 
are elevated from 25-600 ft above the ground. This industry also uses a few hand carried 
sets of approximately one-half watt output when patrolling or fighting forest fires. 

Although broadcast stations are regulated by the Federal Communications Commission this 
is mainly to prevent mutual interference of broadcast activities. The various regulations 
reflect this philosophy. For inst:ance, no minimum antenna height is specified for tele-, 
vision transmitters; however, both maximum height and power are specified to limit trans
mission area. Table 9 gives a summary of specifications for various broadcast stations. 
The specifications for UHF television stations (channels 14 through 83) could lead to ground 
level radiation in excess of 2 mW/cm2:. Further, it is possible that radiation levels in tall 
buildings in the vicinity of buildings supporting transmitter towers may be considerably 
higher than 2 mw/cm2 • Although radio frequency radiation is generally considered less of a 
biological hazard than microwave radiation, Russian workers claim to have observed biological 
effects in the environs of various broadcast transmitters. 

UNF transmitters appear to possess the greatest pot~ntial for producing biological 
hazards. Since they are relatively few in number, the environs 'of these transmitters might 
be a feasible subject for possible preliminary physical and later epidemiological surveys. 
Statistics as of 31 December 1968, indicate that 109 (approximately 22%) of the 496 UNF 
television broadcast stations on the air, authorized or applied for· as of that date, employ 
or propose an effective radiated power greater than 1 mW. Further study of this situation 
appears warranted. Other types of broadcast stations would appear to be less of a public 
health problem due to the lower power levels and the longer wavelengths of the radiations, 
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TABLE 8. UNITED STATES BROADCAST STATIONS (TOTAL ON AIR) 1960-1969 

1960 1961 

Commercial AM 3 483 3 602 
Commercial FM 741 889 
Educational FM 165 186 
Commercial television 579 553 
Educational television 47 54 
Television translators 

and boosters 233 279 
Transmitters in safety 

and special radio 
services - -

Amateur and disaster 
services 

Citizens 
Aviation services 
Industrial services 
Land transportation 

services 
Marine services 
Public safety services 

* 
** 

Includes 25 educational stations. 

1962 1963 1964 1965 

3 745 3 860 3 976 4 025 
1 012 1 120 1 181 1 343 

201 221 243 262 
571 581 582 589 

59 70 79 92 

487 1 028 1 415 1 762 

- - - -

*** 
Includes 15 educational stations on nonreserved channels. 

Includes eight educational stations on nonreserved channels. 

1966 1967 

4 075 4 135 
1 515 1 708 

291 318 
613 626 
108 127 

1 894 2 026 

5 615 953 6 053 894 

292 194 283 412 
2 561 363 2 718 505 

169 034 196 723 
1 400 231 1 551 410 

446 214 489 835 
149 629 174 454 
597 288 639 555 

1969 

4 250* 
1 993** 

370 
678*** 
177 

-

-
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TABLE 9. BROADCAST TRANSMISSION STANDARDS 1968 

Type station 

AM radio 

Local 

Regional 

Clear channels 

FM radio 

Noncommercial 
Class A 
Class B 

Class C 

Television 

Channels 2-6 
Zone I 
Zones II and' 

III 

Channels 7-13 
Zone I 
Zones II and 

III 
Channels 14-83 

Zone I 
Zones II and 

III 

Service area 

Small communities 
Centres of populations and 

surrounding areas 
Large area coverage, particularly 

at night 

Schools, and so forth 
Radius about 15 miles 
Radius about 40 miles 
Radius about 65 miles 

Coherent electromagnetic radiation 

Operating 
power level 

(kW) 

0.25 - 1,0 
0.5 - 5.0 

10.0 - 50.0 

0.01 - 0.1 
0.10 - 3.0 
5.00 - 50.0 

25.00 - 100.0 

- 100 

- 100 

- 316 

- 316 

- 5 000 

- 5 000 
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Maximum antenna 
height 

(ft above 
average terrain) 

300 
500 

2 000 

1 000 

2 000 

1 000 

2 000 

1 000 

2 000 

This category of products includes both laser and masers. Both are relatively new 
products for general industrial use. Lasers have undergone an extensive research and 
dev·elopment stage which has produced many promising uses such as those listed in Table 10. 

Table 11 contains estimated sales of laser products from 1963 through 1968. During this 
period an estimated 18 000 lasers were sold in the United States of America, with 'Helium -
Neon lasers amounting to about 62% of the total units sold. Ruby lasers made up about 12% 
and the remainder were rather evenly divided between the later arrivals including Nd Glass, 
CO2, Argon and YAG. The cumulative laser·sales through 1970 could be in the neighbourhood 
of 50 000 units based on current statistics a~d trends. The inventory of operable devices 
should be considerably less, however. Information on useful life of the various laser 
devices would be required to estimate the inventory from annual sales data. 
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Type 

Helium-Neon 
Ruby 
Nd glass 
CO2 
Argon 
YAG 

TABLE 10. MAJOR USES OF LASER DEVICES 

Commercial functions Military functions 

Displays Communications 
Data processing Countermeasures 
Education Fire control 
Geodesy Navigation 
Industrial processes Ranging 
Medical equipment Tracking, guidance and target 
Metrology designation 
Meteorology Reconnaissance and surveillance 
Recording 

TABLE 11. UNITED STATES SALES OF LASER PRODUCTS 1963-1968 

Estimated number of lasers Cumulative 
through 1968 

1963 1964 1965 1966 1967 1968 Number Percentage 

200 500 1 150 1 800 2 700 4 700 11 150 62 
175 250 325 350 425 550 2 075 12 

25 50 130 200 300 450 1 155 6 
- - 25 125 550 800 1 500 8 
- - 60 150 425 700 1 335 7 
- - 10 75 200 500 785 5 

An inventory estimate of 9400 commercial laser units in the United States of America 
has been made for 1968. This estimate is about 50% of the cumulative total sales estimate 
through 1968 given in Table 11. 

Sales have apparently been increasing annually at an exponential rate (70% annually) 
since 1963 according to an EIA survey. The dangers of extrapolation of an exponential 
model too far into the future is obvious however, an estimate of sales in excess of 10 000 
units per year may be reasonable for 1970 (Fig. 5). 

Ultrasonics 

-

-

Althoµgh ultrasonics is a relatively new energy source, its versatility has led to its 
widespread employment in various industrial, medical, scientific and consumer products. The 
most important and successful industrial applications for ultrasonics can be divided into two 
distinct categories: (1) applications utilizing low power for measurement and control; and 
(2) applications utilizing high power to modify the material by the dissipation of energy. 
The low power nondestructive test applications utilize the higher frequencies. Procedures 
requiring the high power with significant energy dissipation operate best at lower frequencies -
(Table 12). "It must be kept in mind 'that the energy used in most industrial applications 
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is several million ti111es greater tha.Il .that .radiated by an average radio loudspeaker. Hence, 
for convenience, comfort and safety, the majority of industrial applications make use of 
'ultra'-sonic frequences." 

A recent market anal'ysis predicts an increas.e_ in the ul tras,onics mar_ket. from about 
$ 50 million a year in_ 1968 to about three times that by 1973. From the. summary given in 
Table 13 the greatest percentage increase is the predicted one-:hundredfo-ld increase for 
consumer products going from a $ 100 000 market in 1968_ to a $ 10 million market in 1973. 
Department of Commerce statistics show a relatively steep increase in shipments of industrial 
ultrasonic equipment from 1963 through 1967 (Fig. 6) •. 

Although no surveys could be found indicating the actual inventory of various ultrasonic 
devices, some items are estimated in Table 14. The rapidly expanding use of ultrasonic power 
tends to put some urgency in the need to study levels and biological effects of stray radiation 
from various ultrasonic devices. 
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FIG. 6. SHIPMENTS OF INDUSTRIAL ULTRASONIC EQUIPMENT 1963-1967 
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TABLE 12. TYPICAL FREQUENCY RANGE FOR VARIOUS ULTRASONIC APPLICATIONS 

Application Average frequency 
range 

Upper limit of human hearing 16 kHz 
Ultrasonic metal working and welding 16 - 25 kHz 
Ultrasonic cleaning 20 - 40 kHz 
Defoaming and degasing 3 - 30 kHz 
Control applications 16 - 45 k!Hz 
Nondestructive testing 1 - 10 MHz 

-' , 

-

/, 

• 
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TABLE 13. 

Conclusion 
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ULTRASONIC MARKET OUTLOOK - 1968-1973 (SALES VOLUME - MILLIONS OF DOLLARS) 

Use 1968 1973 
Percentage 

change 

$ $ 

Cleaning 18.0 30 + 67 
Instrumentation 15.0 30 + 100 
Medical ultrasonics 7.0 30 + 329 
Miscellaneous processes 7.0 22 + 214 
Assembly 5.0 20 + 300 
Electronics 5.0 10 + 100 
Consumer products 0.1 10 + 9 900 
Packaging 0.2 5 + 2 400 
Textiles 0.1 5 + 4 900 

TOTAL 57.4 162 + 182 

TABLE 14. ESTIMATES OF INVENTORY OF ULTRASONIC DEVICES, 1969 

Medical diagnostic ultrasonic units 
Medical therapeutic ultrasonic Units 
Ultrasonic cleaners 
Ultrasonic welders 

2 000 
2 000 

Tens of thousands 
Few thousand 

This study was conducted to determine the current and predicted national inventories of 
electronic products that may emit harmful radiations. This information, along with biological 
effects information, is required to evaluate the present and anticipated magnitude of public 
health problems associated with any of the potentially hazardous electronic products. 

Inventory, production rates and dollar market estimates have been utilized in this report 
to give some general indication of the magnitude of electronic product use for development of 
public health priorities and programme planning in the field of electronic product radiation 
control. Estimates of inventory and anticipated growth r.ate of some of the more significant 
items from the standpoint of pubiic health have been summarized. Items such as microwave and 
ultrasonic devices, though presently relatively low in number, are increasing very rapidly and 
have a wide range of applicability for future uses. Indications are that ultrasonics are 
rapidly replacing X-rays in a variety of uses. Laser sales appear to be increasing by about 
70% annually. More than half of the present laser sales are helium-neon devices. 

In the non-ionizing radiation field, resources were used to identify sources of r~diation 
that should be included in the study and to establish some priorities. After establishing 
a working list of products, other government agencies and various industry association or 
trade groups were contacted in quest for inventory or production rate data. Because of the 
time limitations and the magnitude of the problem, no attempt was made in this study to gather 
original survey information from the individual industries; however, specific individuals 
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in industry believed to be leaders in their field of technology were contacted. Information 
derived from industry surveys by other special studies was made available for this report. 

For many of the electronic products included in this study, neither inventory nor unit 
production rate data were readily available. Often, however, various sources of market 
estimates were available which gave at least some indirect measure of the inventory. Table 15 
lists market estimates for various electronic products and components for the years 1968, 1969 
and 1972. This information was extracted from the 6 January 1969 issue of "Electronics" 
magazine and includes most of the items in the study. 

TABLE 15. UNITED STATES MARKET ESTIMATES FOR VARIOUS PRODUCTS AND COMPONENTS 
1968, 1969 and ,1972 

Product and components 

Airborne, including ground links 
Land mobile 
Marine radio 
Microwave relay 
Amateur equipment 
Citizens band equipment 
Navigation, total 

Radar 
Other navigational aids (Sonar, 

Loran, Vor) 
Lasers and equipment, total 

Gas lasers 
Ruby lasers 
Semiconductor lasers 
Liquid lasers 
Laser power supplies 
Auxiliary laser equipment, including 

non-linear cystals 
Industrial operations electronic 

equipment, total 
Ultrasonic cleaning equipment 
Ultrasonic testing equipment 

Medical equipment, total 
Ultrasonic, therapeutic 
Diathermy, shortwave and microwave 
Defibrillators 

Communications equipment, total 
Radio, total 
Infrared inspection and gauging 

equipment 

Market values 
in millions of dollars 

1968 

141.3 
184.1 

21.2 
87.5 
27.2 
36.8 

1 127.1 
84.2 
39.4 

55.2 
38.4 
1.4 
4.7 
1.8 
3.7 
5.2 

1 021.4 

17.3 
18.4 

366.3 
4.8 
2.6 
2.5 

1 625.2 
498.1 
43.0 

1969 

152.6 
207.5 

24.6 
118.3 

29.8 
40.4 

1 276.0 
96.7 
61.7 

71.6 
46.8 
2.0 
7.8 
3.1 
5.8 
6.1 

1 146.8 

20.2 
23.5 

406.9 
6.0 
3.5 
3.3 

1 849.2 
573.2 
47.8 

1972 

lN.O 
220.0 

22.5 
188.0 

28.2 
51.8 

1 725.6 
170.0 
112.0 

128.3 
80.0 

4.0 
18.4 
7.5 
8.9 
9.5 

1 202.0 

29.7 
38.7 

519.0 
8 0 6 
5.0 
5.4 

2 460.2 
734.5 

59.0 

Percentage 
change 

1968-1972 

+ 37.4 
+ 24.9 
+ 53.3 
+ 114.9 
+ 40.4 
+ 40.8 
+ 53.1 
+ 101.9 
+ 184.3 

+ 132.4 
+ 108.3 
+ 185. 7 
+ 291.5 
+ 316.7 
+ 140.5 
+ 81.1 

+ 17.7 

+ 71. 7 
+ 110. 3 
+ 41.7 
+ 79.2 
+ 92.3 
+ 116.0 
+ 51.4 
+ 47.5 
+ 37.2 

-

-

-
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From Table 15 it is evident that electronics is a multibillion dollar industry. Equally 
important to the size of the industry from the public health standpoint is the expected change 
in the years ahead. The last column in Table 15 indicates the anticipated percentage change 
in market value of the products for the four years from 1968 to 1972. The general medical 
electronics market is expected to increase. Although ultrasonic devices make up only a 
small fraction of the total medical equipment market, both the diagnostic and therapeutic 
ultrasonic markets are expected to grow. 
microwave and short wave diathermy market. 

A similar rapid expansion is anticipated for the 

The communications electronics market in general is expected to undergo substantial 
growth. Several items of particular public health interest are expected to have a growth 
greater than 100% in the four-year period from 1968 to 1972. These include microwave relay, 
radar and other navigational aids such as Sonar, Loran and Vor. 
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MANUFACTURERS OF NON-IONIZING ELECTRONIC PRODUCTS 
(OTHER THAN THE UNITED STATES OF AMERICA) 

Lasers and products containing lasers 

Siemens Corporation 
Federal Republic of Germany 

Spindler & Hoyer KG 
Gottingen 
Federal Republic of Germany 

New Nippon Electric Company Limited 
Osaka 
Japan 

Asea Inc. 
Sweden 

Microwave ovens (home and commercial) 

Tokyo Shibaura Electric Company Limited 
Tokyo 
Japan 

Sharp Corporation 
Osaka 
Japan 

Mitsubishi 
(Micro Chef, Inc.) 
Shizouka 
Japan 

Husqvarna Vapenfabriks AB 
(Garland) 
Huskvarna 
Sweden 

Hirst Electric Industries Limited 
Crawley 
Sussex 
United Kingdom 

Ultrasonic products 

LKB Medical A.B. Stockholm 
(LKB Instruments Inc.) 
Sweden 

Tokyo Shibaura Electric Company Limited 
Tokyo 
Japan 

J.U.H, Krautkramer, Geseilscheft fUr Elektraphysik 
(Krautkramer Ultrasonics Inc.) 
K5ln 
Federal Republic of Germany, 

-.. , 

t. 

--
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Ultrasonic products (continued) 

Simonsen Radio 
Oslo 
Norway 

New Nippon Electric Company Limited 
Osaka 
Japan 
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A. 

RECOMMENDATIONS FOLLOWING THE SYMPOSIUM ON BIOLOGICAL 
EFFECTS AND HEALTH HAZARDS OF MICROWAVE RADIATION 

Recommendations of the symposium 

These recommendations were drafted by the participants and adopted by the symposium. 
They reflect, therefore, the viewpoint of the symposium and not necessarily of the WHO 
Secretariat. 

A.l In order to promote international coordination of research on the biological effects 
of microwave radiation there should be a continuing exchange of information, improved 
efficiency of translation services, exchange visits and closer collaboration in research 
projects and publications. 

A.2 A programme concerned with non-ionizing radiation should be developed by an inter
national health agency that could exert leadership in this field and facilitate communication 
among scientists. It was hoped that the World Health Organization would assume this 
responsibility. 

0
.3 Every effort should be made to establish internationally acceptable nomenclature and 
efinitions of physical quantities and units and to standardize measurement techniques and 
osimetry. It is recommended that an international committee be _established to work out 
rocedures for achieving these objectives. 

A.4 In order to achieve a more uniform approach to the discussion of mechanisms underlying 
biological effects, it is proposed that microwave intensities be divided into three approximate 
ranges as follows: 

A.4.1 

A.4.2 

The range above 10 mw/cm2 in which distinct thermal effects predominate. 

The range below 1 mw/cm2 in which non-thermal effects predominate. 

A.4.3 An intermediate range in which weak but noticeable thermal effects occur as 
well as direct field and other effects, the details of which have not yet been clarified. 

A.5 Further biological, medical, epidemiological and biophysical studies are needed to 
improve our understanding of the interactions of microwave radiation with biological systems 
and clarify the risks that may be associated with microwave exposure. Specific attention 
should be given to the following: 

A.5.1 

A.5.2 

A.5.3 

A.5.4 

investigation into the occurrence of cumulative effects and delayed effects; 

study of low intensity effects and possible threshold values; 

study of combined effects of radiation and other environmental factors; 

investigation of differential radiation sensitivity as a function of organ 
system and age or intrauterine development; 

A.5.5 study of effects related to cellular transformations; 

A.5.6 study of effects occurring at the molecular level; 

A.5.7 determination of absorbed energy dose and its spatial distribution. 

The desirability of conducting similar investigations in the radiofrequency range was 
emphasized. 

-

-
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B. Conclusions of the WHO Secretariat 
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B.l This symposium has fulfilled its objectives of reviewing and evaluating the available 
information, focusing attention on needed research and promoting future exchange of informa
tion. It is suggested that the following activities which follow from the discussions and 
recommendations of the symposium, should be included in the WHO programme on health aspects 
of microwave radiation. 

Assessment of the magnitude of the problem by establishing a system of inventory of 
applications and estimates of human exposure. 

In conjunction with the assessment of the above-mentioned inventory consideration should 
be given to the establishment of an international registry of microwave incidents. 
This activity should include the collection, analysis and interpretation, where needed, 
of the results of all incidents and accidents involving microwave exposure and product 
failures. 

Promotion of the establishment of internationally acceptable nomenclature and definitions 
of quantities and units and of comparable methodology of dosimetry and the processing of 
the results. 

Stimulation and coordination of international research on bioeffects and effects on human 
health as a basis to more meaningful international criteria and standards of exposure 
and to better medical applications. 

Stimulation and coordination of research in instrument development and survey methodology. 

B.2 Calibration and reference services are essential for reproducible research which needs 
to be more accurate and well defined. ,Since these are either not available or very limited, 
WHO should consider establishing an international reference centre and collaborating institu
tions to aid in the standardization of physical measurements and instruments. 

Such a system would also keep WHO informed about the results of research and other 
programmes bearing on this subject, assist, WHO in trainin~_public health personnel, and 
promote needed research in Member countries. 

B.3 Mention is also drawn to the following needs: 

Research related to the absorption processes of microwaves and the eventual definition 
of a quantity analgous to the "absorbed dose" of ionizing radiation. 

Agreement on the definition and the important parameters to be measured in assessing 
subclinical damage which is caused when the exposure is not enough to create observable 
damage immediately.· There was a diversity of opinions among the symposium participants 
concerning what to look for in assessing subclinical damage, such as a cataract precursor, 
and about what to measure. 

Further information about the mechanisms causing biological effects was emphasized as a 
necessary step before the effects can be sufficiently evaluated. Thus, a question that 
recurred frequently during the symposium was if the damage from thermal effects of micro
waves could be reproduced by equivalent heating. 
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Assessment of non-thermal effects .including their nature, the mechanisms involved, and 
the need to develop better measuring instruments and dosimetric techniques. (The 
effects are often subjective, such as headaches and fatigue, and 
from animal experiments.) 

cannot be 
~ a 

assessed 

Research at high and low energy fluxes of microwaves for continuous, pulsed and 
modulated fields and at the following levels of organization: 

molecular research to determine the basic mechanisms of alteration of molecular 
structure as a function of power density and frequency; 

cellular research to inve"stigate the effects on metabol.ic and genetic mechanisms; 

animal experimentation, and 

epidemiological and clinical investigations. 
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