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FOREWORD

This report summarizes activities over the past year (1973)

associated with the Federal Government's multiagency program, being

coordinated by the Office of Telecommunications Policy (OTP) , to assess

the biological effects of nonionizing electromagnetic radiation. It

covers the period following that reported by OTP in March 1973.*

This program was recommended by the Electromagnetic Radiation

Management Advisory Council (ERMAC) which was established in 1968-69

to advise the Director, Telecommunications Policy, on possible side

effects and the adequacy of control of electromagnetic radiations

associated with the use of the spectrum.

The purpose of this cooperative undertaking is to ensure the well

being of man and his environment without unnecessarily restricting his

use of the electromagnetic spectrum and the many benefits it provides .

* Office of Telecommunications Policy Report, "Report on 'Program for

Control of Electromagnetic Pollution of the Environment: The Assessment

of Biological Hazards of Nonionizing Electromagnetic Radiation"1,

March 1973.
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I. INTRODUCTION AND SUMMARY

This document summarizes activities pertaining to the multiagency

Federal Government program, being coordinated by the Office of

Telecommunications Policy (OTP) , to evaluate the biological effects

of nonionizing electromagnetic radiation (EMR) , with emphasis on

the portion of the spectrum between 0 and 3000 GHz . It covers

activities and progress in Calendar Year 1973, and is intended to

present an overall picture of the Program. Facets of the Program

activities are also reported by individual agencies.

This program, consisting of individually funded agency undertakings,

was recommended by the Electromagnetic Radiation Management Advisory

Council (ERMAC) to the OTP in 1971, following a review of the subject

and associated activities within the Federal Government. Their report,

"Program for Control of Electromagnetic Pollution of the Environment:

The Assessment of Biological Hazards of Nonionizing Electromagnetic

Radiation," December 1971, outlined the need for such a program, its

objectives, priorities and general framework, including recommended

roles of individual agencies and departments, consistent with their

missions and responsibilities.

In January 1972 the program was approved and coordinated by OTP with

cognizant agencies for implementation in Fiscal Year 1974, and earlier

insofar as practicable.

The objectives are:

o To determine what effects these radiations have on living

organisms under different conditions of exposure—that is, the

effects of various frequencies, waveforms, energy levels, and

exposure durations, as well as biological considerations of

age, sex, health, etc.

o To determine the clinical significance and assess the hazard,

if any, associated with any observed effects with reference to

realistic exposure environments.

o To establish a rational scientific basis and guidelines for

developing appropriate remedial and/or control measures which

may appear warranted.

While it is known that some of these radiations at sufficiently high energy

levels can have adverse effects due to heating, this program emphasizes the

study of exposures at lower power density levels, particularly over extended

periods of time.

Activities during 1972 centered on fiscal planning and establishing

mechanisms to ensure adequate coordination of this multiagency undertaking.
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Principal activities during 1973 were concerned with establishing a

soundly based research activity of reasonable volume, appropriately

oriented toward the program objectives, to serve as a foundation for future

efforts. A considerable portion of the effort went into the development of

exposure facilities and associated instrumentation and techniques for

dosimetry and electromagnetic field measurements needed for this research.

Additionally, some of the agency programs progressed to a stage where it is

possible to review and assess preliminary results which will enable future

efforts to be focused in more specific areas.

During the year, work was conducted in the principal program areas

reported last year. Review of these activities indicates that the relative

distribution of effort generally corresponds to the recommended program

priorities as regards areas of biological effects research and frequency

spectrum. At this early stage there are no definitive, scientifically

confirmed results to report, however the work performed thus far has

indicated the possibility of effects requiring further study.

Internationally, progress was made in establishing cooperative activities

and technical exchange in this area. For example, an international

symposium was held In Warsaw and a collaborative activity is being developed

with the U.S.S.R.
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II. THE RESEARCH PROGRAM

Our previous report indicated the program was to comprise some 112

projects concerned with the following principal areas wherein most

of the past year's effort has been concentrated (Ref. Figs. 1 and 2):

Genetic, hereditary and developmental studies

Nervous system

Behavioral studies

General health

Mechanisms of EMR interaction with living organisms

Ocular effects

Metabolism, endocrinology and biochemical studies

Cytology/histology/morphology

Instrumentation, measurement techniques, and facilities

Absorption/dosimetric studies

Environmental and safety studies

During the year, several of the 112 projects planned were modified or

consolidated and new projects were undertaken. In some cases, research

commenced somewhat later than originally anticipated for various reasons,

e.g., unavailability of funds and exposure facilities, and efforts

required to resolve problems associated with experimental setup. Other

projects were completed or terminated during the course of the year.

In general, effort follows the recommended guidelines in terms of

frequency and biological priorities, practical and operational needs,

and the basic program objectives.

Figure 3 illustrates the distribution of project efforts in key areas

of investigation by frequency spectrum and has been used in overviewing

the program effort. This distribution reflects the recommended spectrum

priorities with concentration of effort at microwave frequencies . It

should be noted that attempts to obtain absolute totals from this

presentation can be misleading because individual projects are often

concerned with several related areas. Consequently, a given project

may appear in more than one category.

At this stage, effort is somewhat dispersed in a multiplicity of projects

which are generally smaller and are not as readily relatable to one

another as might be desired. This is typical of the formative stage of

a coordinated undertaking among different organizations. In view of the

multifaceted questions to be answered, a certain amount of diversity is

helpful in uncovering effects over a wide range of possibilities. The

point is being reached however, where better focusing and close

interactions among individual efforts are necessary to resolve the

questions raised in preliminary research; but this should not be at the

expense of those intellectual "outriggers" which can provide additional

insights .
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Although progress is being made, there is a continuing need for better

standardization of terminology, electromagnetic (EM) field measurement

protocols, instrumentation and dosimetry.

More work is needed involving chronic exposures over extended periods

of time, as well as observations for possible delayed effects following

exposure. Most of the present studies involve exposures over relatively

short periods of time. Observations in the short-term studies can

provide guidelines for the design of long-term studies, however both

are needed in each of the program research areas .

Long-term (chronic) studies involving periods up to the life span of the

animal and studies of successive generations, involve considerable cost

and dedicated exposure facilities. Such studies are not now underway.

Short of this, however, and particularly important at present, is the

need for more work with exposure durations of at least several months.

This is compatible with existing resources. This point was emphasized

in recent discussions between U.S. and Eastern European and U.S.S.R.

scientists, where it was again stated that the reported effects at low

power densities: in the foreign literature frequently do not occur until

several months of exposure have elapsed.

No firm conclusions can be made, nor should they be expected at this

early stage in the research activity. There are a few tentative

and preliminary indications, however, which at present suggest

that effects may occur — in the nervous system and behavior, normal

developmental and growth processes, and possibly in some metabolic

and biochemical', parameters — at lower levels than anticipated in the past.

It is emphasized, however, that these are preliminary observations

and not: scientifically validated results. In many cases they are based

on single experiments in a particular laboratory involving small

numbern of subjects and causal relationships between the EM fields and

the ob.',jrvatio.is are not yet clearly established.

In overview, the activity in several key areas is briefly summarized

below. Additional information, including details of specific experiments

and resultant observations, is contained in agency reports on facets of

the program and various other publications resulting from the research

efforts. Some of these are referenced in Appendix B.

Nervous System and Behavioral Studies

Study of possible effects in these areas was strongly emphasized as a

research priority by the ERMAC.

A substantial number of individual projects included studies of nervous

system and/or behavioral effects. Approximately half of these were

concerned with both. Some nervous system studies were also oriented so
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as to investigate mechanisms of interaction, neuroendocrine/biochemical

Interactions and other related considerations — i.e. energy absorption,

thermal/thermoregulatory responses, and instrumentation problems, including

suitable field measurement probes and electrodes for use in radio frequency

(RF) fields.

This work was supported primarily by the Department of Defense (DOD) and

Health, Education and Welfare (HEW) , with the Environmental Protection

Agency (EPA), National Science Foundation (NSF) , and Veterans Administra

tion (VA) each supporting a project.

As Figure 3 illustrates, most of these studies are at microwave frequencies

and ELF, because of the Navy's studies associated with their project

SANGUINE which would operate at ELF frequencies. There are also a few

studies in the HF and VHF region. This distribution is reasonable at

present. The microwave frequencies are of considerable interest because:

they are widely used for a variety of purposes and therefore involve

exposures of substantial populations; they involve directed power; the

probabilities for interactions are greater than in other spectrum regions;

molecular and rotational couplings are possible; and modulations can

introduce additional possibilities of interactions. In future studies, the

low and medium frequency ranges should not be overlooked since some high

powered systems which expose the public operate here, as does AM broadcasting.

Most of the current studies involve relatively low power levels. However,

the need to establish upper and lower thresholds for any observed effect

may require varying power density over a considerable range. It is quite

conceivable that an effect may be observed at a rather high level which

disappears or becomes insignificant with decreasing energy deposition.

Such information is helpful in establishing levels of confidence with

respect to possible hazards associated with a given observation, particularly

when it relates favorably to realistic levels of operation.

Both continuous and modulated waveforms are being employed in these studies.

It is important that the role of various modulations be emphasized. In

this connection, a somewhat greater effect has been attributed to pulsed

vs continuous wave (CW) radiations in some of the research literature.

Preliminary observations in several current studies suggest that under

certain conditions effects may occur — in the form of changes in certain

behavior and electrophysiological activity (electroencephalographic (EEG)

recordings) which appears to be associated. It is emphasized that the

validity, biological significance, necessary exposure conditions, and

underlying mechanisms are at present unclear. However, work to date,

and Eastern European reports stressing the significance of such effects

for which we lack confirmatory evidence, provide important impetus for

additional work to resolve these questions .

There remains a need for studies designed to investigate possible

chronic effects associated with lower exposure levels over relatively

long periods of time, i.e., months to years. It is necessary to continue

investigations of acute effects of shorter and, perhaps, higher levels
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of exposure since this can provide bench marks and guidelines as to

biological variables of interest for longer term studies.

Genetic, Hereditary and Developmental Studies

During 1973, a fairly large number of projects dealt with this

general area of research. Some of these were also concerned with micro-

mechanisms or biochemical/biophysical interactions.

Investigations of possible chromosomal and mitotic effects and disturbances

in the normal growth and development processes predominated. The former

included studies of both somatic and germinal tissues, with perhaps a

slightly greater emphasis on mutagenesis and potential hereditary effects.

A few studies dealt with fertility and reproduction and some were also con

cerned with possible endocrine /biochemical effects, e.g. nucleic acids.

The principal animal subjects were small rodents. Several studies employed

microorganisms, bacterial systems and cell cultures. A few used insects

and avian eggs. Studies in the ELF region associated with the Navy's Project

SANGUINE employ a wide variety of organisms including plants . This reflects

a broad approach to answer environmentally oriented questions associated with

this proposed communication system.

As in most areas, the majority of these projects are at microwave frequencies,

with a substantial number in the ELF region. Frequencies in and around

the microwave region are an appropriate primary direction, particularly

in this area of investigation, in view of the greater possibility of

interactions occurring at the molecular level with higher quantum energies .

At present there is no clear evidence of effects at low power levels , while

there clearly can be effects at sufficiently high levels (e.g., considerably

in excess of current U.S. safety levels). This requires a careful "backing

down" from levels at which effects can be observed. Some early studies have

suggested the possibility of effects on the normal growth and development

processes and an experiment with mice, although at relatively high levels,

raised the possibility that teratogenic effects may occur. Again, it

should be emphasized that these are very preliminary and inconclusive

observations at this stage. Work will continue in these areas.

Mechanisms of EM Interaction With Living Organisms

This is an important area of study concerned with determining how energy

in the EM field is transferred to the organism—and relating different

modes of "coupling" to effects.

A primary direction in these studies is to determine whether there are

biologically significant mechanisms of interaction other than gross or

microheating or to prove that none exist. This is needed to: guide the

design of experiments looking for functional effects; shed light on the

question of possible effects from long term, low-level exposures and any

delayed effects; and establish the validity of possible "nonthermal"

effects. It is also important for hazard assessment — to enable the

prediction or extrapolation of hazards.
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These studies of interaction processes make use of a variety of biological,

clinical and physical techniques and involve investigations at different

levels of biological organization, i.e., molecular, membrane, cellular,

tissue, etc. Thus they Include studies at both macro- and microscopic levels.

At present, the macroscopic electrical properties of tissues are better

understood and work in this area is further advanced than is the case at

the microscopic level.

Computer and phantom (synthetic) models are being developed and refined

to enable more precise determination of local energy deposition under

various exposure conditions.

Local concentrations of energy deposition could affect certain body

chemicals which could, in turn, become manifest in more readily

observable behavioral or functional changes such as alterations in the

normal growth and development processes, etc. The complexity of inter

relationships, biological redundancy, and the existence of numerous

"alternatives" or compensatory mechanisms makes observations of subtle

chemical changes quite difficult.

Studies of effects involving cell membranes and their properties,

particularly neuronal, are important here and require more emphasis in

future studies.

While there are currently only a few studies primarily investigating

mechanisms of EM interactions , a number of studies in other program

areas (e.g., nervous system, metabolic/biochemical, etc.) include a

substantial effort directed toward uncovering pertinent mechanisms.

The study of mechanisms is a difficult area of basic research with very

few hypotheses at the present time. These studies need to be conducted

in parallel, and to be reciprocally interactive, with more phenomenologically

oriented studies — both providing and taking guidelines from findings

in other areas.

Ocular Effects

Studies of ocular effects have been predominantly concerned with cataracto-

genesis and lenticular changes .

Almost all of the current studies are at microwave frequencies and

most involve acute exposures (over relatively short periods) at relatively

high power .densities (e.g. well above 10 mw/crn^) . While it is known

that EMR around and above 100 raw/cm can produce ocular changes in

laboratory animals, the effects of various EMR exposure conditions are

not yet sufficiently understood — e.g., dose dependence for various
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frequency ranges and effects of various waveforms — nor is the rela

tionship of laboratory observations to man.

Studies of ocular effects are being conducted by the Army, Navy, Bureau

of Radiological Health (BRH) , and VA. There is a reasonable amount of

work in this area and considerable interagency collaboration, including

an ad hoc committee on microwave ocular effects (BRH and DOD) as well as

several jointly funded projects.

In addition to establishing thresholds and relationships of electro

magnetic variables to ocular effects in more acute, higher dose experiments,

there is an outstanding need to determine whether effects of repeated

exposures to relatively low level ("subthreshold doses") over extended

periods of time can produce ocular effects, and whether there are delayed

or late-occuring effects—long after either acute or chronic exposures .

Metabolic, Endocrinology and Biochemical Studies

This is a large composite area of activity involving many seemingly diverse

studies in seve::al different technical fields and disciplines. However,

these areas are related in that they involve processes fundamental to the

proper functioning of the organism and are indicators of its condition

and response to the external environment. Changes in levels or activity of

enzymes, hormones, or other basic body chemistries and their impact on

metabolic processes are of interest here. Some of the studies are strongly

oriented toward investigating possible mechanisms of EMR interactions.

Careful experimental design and hypotheses are critical because of

difficulties in detecting very subtle changes in view of the body's ef

ficient homeost.itic and compensatory mechanisms. Disruption of a specific

enzyme, for example, may be extraordinarily difficult to detect when

several others can "do its job" such that the effect of its loss is not

readily discernible in observable and measurable metabolic function.

Although there is little to report at this time in the way of research

observations, a few studies have suggested the possibility of variations

in oxygen metabolism and other biochemical parameters.

The ELF studies in this area employ a wide variety of organisms, including

plants and soil microorganisms, consistent with the ecological focus of

studies associated with SANGUINE.

Epidemiology, Clinical Studies and General Health

These areas are discussed together because there frequently tends

to be a commonality of approach—namely, the integrated study of

effects on the organism as a whole v.s. a specific subsystem or

parameter. Of course, this is not always the case since an

epidemiological or clinical study can be designed to examine a

particular phenomenon, e . g . , ocular effects, cancer, etc. However,

most typically, these studies afford a broad overview, "screening" kind of

approach which has the potential of detecting subtle effects on general

health and well being. Thus, they can be an effective part of an overall
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effort to identify effects. At a later stage these studies may be

designed to look for specific effects based on laboratory observations;

thereby helping to establish relevance to man in actual exposure

situations .

Epidemiological and clinical studies are primarily concerned with man

whereas both human and animal studies, involving multiple parameters

indicative of general physical condition, are included in the general

health category. At present, there are few studies in these areas.

Meaningful epidemiological studies can be difficult to design and, in

some cases, require a considerable commitment of resources for extended

periods of time. In general, the prospect of specific, definitive findings

from studies of retrospective data is not optomistic because of difficulties

In establishing exposure histories and the variability of available medical

records . Prospective studies with well defined populations and suitably

matched controls appear more promising.

Most of the epidemiological studies (noted in Figure 2) were not implemented

beyond the planning stage for a variety of reasons including difficulties

in establishing appropriate populations, control groups and/or protocols,

problems with availability or quality of records, funding, and other

difficulties. In essence, beyond one almost completed and rather specific

study of a possible relationship between paternal exposures and the in

cidence of Down's Syndrome in children, for which data is being statistically

analyzed, there is only one ongoing study. This involves the collection,

monitoring and evaluation of health records of people working with electro

magnetic pulse (EMP) sources (a very specialized situation involving multiple

frequency bursts of very narrow pulse widths with rapid rise time) . Ad

ditional studies, one involving naval personnel and another involving a

particular military base, are being contempated.

Studies involving clinical examinations include one concerned with eye

examinations for possible ocular changes and another involving annual

physical examinations of a small number of people working at an ELF test

site. Clinical data have been taken in the course of another Navy study of

ELF fields.

Other studies of general health involving multiple parameters, include ELF

frequencies and an EMP study with daily exposures of rodents over a

relatively long period (e.g., one year).

Current Status

As mentioned previously, during 1973 some changes occurred in terms of

specific projects, as would be expected in the development and evolution

of a research program. New projects were undertaken, some were completed,

and other efforts were revised to pursue directions suggested by the

ongoing research. This does not represent a substantive change in the
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overall program directions, priorities, or in the proportional distribu

tion of activities in terms of spectrum or areas of investigation (program

areas) as can be seen in Figures 4 and 5 which indicate the structure

and nature of current program activities (for Fiscal Year 1974) .

The program currently consists of approximately 114 projects, the majority

represent continuing efforts and approximately 40 new projects are

included. Individual agency's undertakings and the distribution of

effort in key program areas are illustrated in Figure 4.

Figure 5 illustrates the areas of the spectrum in which these studies are

being conducted. As can be seen, the major concentration of this work

continues to be at microwave frequencies . Particular regions of emphasis of

individual agencies' efforts are also apparent. These reflect those

agencies' responsibilities and concern with existing and planned equipments/

systems.
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III. AGENCY ACTIVITIES AND PROCRAM SUMMARIES

The level of activity related to this Program effort within most of

the agencies increased somewhat In 1973. It is also encouraging that,

in most cases, despite budgetary decreases in other and related areas,

agency funding for this effort has shown some gains. However, overall

funding has been lower than desirable with respect to the development

of sufficient new approaches, facility requirements, and attracting new

investigators. This area is not yet a well recognized, established

scientific field or discipline and interdisciplinary capabilities are

required to solve problems of considerable technical complexity in a

realistic time frame.

Funding for Fiscal Year 1973 was approximately $6 million and the current

estimate for Fiscal Year 1974 is approximately $7 million. By comparison,

recommended levels were $10.6 million for the first full year of coordina

ted effort (FY 74) and $15.2 million for the second (FY 75).

The program is based on independently funded efforts by participating

agencies. Current pressures in the economy have caused FY 1974 to be a

year of tight budgets with extreme competition for priorities and

funds among even established, higher-priority programs. As a result, it

has been a difficult time In which to initiate or even amplify this program

activity in terms of the full resources required. Accordingly, while

efforts to obtain increased budgetary resources continue, it may be nec

essary to accommodate a more graduated buildup of funding to the requisite

levels. This emphasizes the need to maximize the effectiveness of efforts

undertaken—including better focusing of activities and closer coordination

of individual projects within given areas of research. Even so, the

unavoidable effect will be that work will have to be conducted over a more

protracted period of time.

Activities, accomplishments and principal directions of some of the major

agency programs are illustrated in their summaries, as follows.

HEW/Bureau of Radiological Health (BRH)

The Food and Drug Administration (FDA)has responsibility to develop

and enforce equipment performance standards which limit emissions (including

nonionizing and ionizing radiations) from devices used in the practice of

medicine, by industry, and by consumers. Its BRH has been delegated this

responsibility since the passage of the Radiation Control for Health

and Safety Act of 1968. As a result, research efforts in nonionizing

radiation (radio spectrum) have been concentrated on instrumentation

development for both dosimetry and field measurements and on

investigating biological effects, particularly at low levels.

Most of the biological research was at 2450 MHz, used in most microwave

ovens, with a few studies involving lower frequencies. This work includes
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investigations of possible effects on fetal development, genetic studies,

ocular effects (cataractogenesis) ,, behavior and electrophysiological

activity in the central nervous system, and associated problems of developing

better dosimetric methods. Additionally, efforts have been made to develop

a suitable epidemiological study. Additional information, including some

preliminary research observations, is summarized in the FDA submission, "Justi

fication of Appropriation Estimates for the Committee on Appropriations -

FY 1975,* the 1974 Annual Report on the Administration of the Radiation Control

for Health and Safety Act of 1968, issued July 19, 1973, and is reported in

other research publications.

In 1973, progress was made in expanding laboratory instrumentation

to conduct biological effects studies utilizing some of the more recent

BRH advances in measurement and control of exposure sources . Work

also continued on instrumentation development for field measurements and

dosimetry at additional (lower) frequencies used in diathermy.

A number of additional studies utilizing research grants, interagency

agreements and negotiated contracts are planned for initiation in 1974.

HEW/National Institute of Environmental Health Sciences (NIEHS)

The research program of NIEHS on the health effects of nonionizing

radiation is concertrated in the areas of neurological effects, develop

mental effects and dosimetry, at the microwave frequencies of 1-10 GHz.

The neurological studies are at the neuronal level, with primary emphasis

on the interaction of the electromagnetic field with neural activity.

The developmental studies are concerned with the effects of microwaves

on the nonral development of embryos during the early stages of

embryogenesis . Of particular concern are differentiating cell systems,

which have been shown to be particularly sensitive to the influence of

imposed fac ".ors . The study of dosimetry is a necessary part of these

activities. Accurate measurement techniques and mathematical modelling of

the systems to determine the energy absorption without artifacts are, of

necessity, a major part of the research effort.

Environmental Protection Agency (EPA)

the EPA's nonionizing radiation program gained momentum during 1973.

The program consists of two basic parts: environmental measurement studies

carried out by the Office of Radiation Programs (ORP) , and biological

research conducted by the Office of Research and Management (ORM) . The

environmental measurement function became operational during the year

and the health effects research program recovered from the disruption

caused by the transfer of EPA's Twinbrook Research Laboratory studies to

Research Triangle Park, North Carolina.

Activities in the environmental measurement area included the estab

lishment of a facility to support the development of a mobile monitoring

capability. An interagency agreement was initiated with the Army to

provide space for the support facility which is located at the Walter Reed

Army Institute of Research, Forest Glen Annex, in Maryland. Instrumenta

tion efforts started by preparing for measurements of both high intensity

*to be published by the Congress
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field levels near specific types of sources and the lower, ambient

radiation levels typical of locations where exposures are the

result of many sources. Development was begun for a semi-automated

system for measuring environmental levels of radio frequency and micro

wave radiation. The principle components of the system are a spectrum

analyzer, a minicomputer system to control the spectrum analyzer and

to acquire and reduce data, and an omni-directional antenna system. The

spectrum analyzer, with a frequency range of 1 kHz to 18 GHz was used to

characterize the environment of the facility site and to do a field

study on large, ground based air-traffic-control radars. A microwave

hazard survey of several airborne radar units was accomplished in the fall.

Environmental levels of radiation in the near vicinity of a high power

UHF broadcast installation were calculated on a computer available

through the Army interagency agreement. Another interagency agreement

was established with the Department of Commerce, Office of Telecommunications,

ITS, for antenna development and calibration. Contracts were awarded for

the minicomputer system (scheduled for arrival during January 1974) and a

mobile monitoring van to house the measurement system. Plans were made late

in the year for conducting measurements at several satellite communications

system installations In collaboration with the Army's Environmental Hygiene

Agency and for a series of high intensity field measurements around AM

standard broadcast stations. A spectral activity study of the high

frequency band (3-30 MHz) was completed during the summer to gain an

insight to optimum sampling times for environmental RF exposure in this

frequency range. Information on transmitter locations and source para

meters, e.g., transmitter power, effective radiated power, frequency, and

pulse repetions rates, continued to be generated through an interagency

agreement with the DOD Electromagnetic Compatibility Analysis Center.

With regard to studies of possible hazards to biological systems, a

2.45 GHz exposure chamber and ancillary equipment became operational and

a microwave calibration program was instituted. The major parts of an X-

band exposure system were acquired and design of the related chamber begun.

Two-model computer programs for RF cross section and field strength dis

tribution in multilayered dielectric spheres were set up and operated.

Biological studies concentrated on mechanisms of EM interaction.

Efforts to confirm Canadian reports that microwave radiation can Inhibit

growth of bacteria (E. coll) were unsuccessful. Exposure of various strains at

frequencies of 1.7, 2.45, and 68-74 GHz failed to elicit any response.

No effect was observed in isolated rat liver mitochondria exposed to 2.45

GHz radiation with respect to rate of respiration, respiratory control,

ADP/0 ratio, and energy-linked transport of calcium. Initial observations

of effects of 1.7 and 2.45 GHz upon quarternary structure of bovine serum

albumin were later shown to be artifacts. Chromosome aberations were

observed in lung, kidney, and thyroid cells from hamsters irradiated at

2.45 GHz at power densities down to 15 mW/cm . Neurobiological studies

remained in abeyance during the greater part of 1973, but successful

recruitment allowed planning of new studies at the end of the year. In

the latter part of 1973, teratological studies were also initiated.
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POD /Army

Initial studies of behavioral effects at five microwave fre

quencies between 0.75 and 3 GHz on fixed ratio performance of rats

were completed. Results showed a definite frequency dependence of time

to work stoppage of exposed animals. Further work is planned to examine

possible species specificity of results. Development of prototype

electrodes and thermistor probes for use in microwave fields has been

completed. Evaluation of these devices is in process and indications

are that they are superior in performance to any such devices currently

available. Studies of ocular effects of microwave radiation are con

tinuing with both single and chronic high-level exposures . Contract

effort is being utilized to compile all available world literature on

biological effects of nonionizing electromagnetic radiation. A contractual

study of effects of microwave radiation on mammalian serum protein is con

tinuing with indications of changes which at present cannot be definitely

linked to microwave exposure.

It is planned to continue work in the areas noted above. In addition,

work will be done on attempting to better control and measure the micro

wave field in which experimental animals are exposed. Specifically,

problems of pertubation of the field by exposure cages, absorption of

energy in relation to complex geometrical shapes, and dielectric constants

of biological materials are to be studied.

POD/Navy

Navy personnel can be exposed to nonionizing radiation from radar,

communications equipment, and other electronic gear. A principal

objective of the Navy program is to establish safe exposure levels

and tolerance times, and to define the nature of possible biological

effects of exposures to microwave and other radio frequency and magnetic

fields .

It has been suggested that microwave radiations at levels of exposure

which are less than required for thermal injury may produce psychomotor

disturbances. For this reason, microwave studies will emphasize

neurophysiological and psychological studies. Other areas of study

include: endocrinology and metabolism, multiple stresses, embryology,

development, and sensory systems — particularly the evaluation of

cataractogenesis . In support of Project SANGUINE, effects of extremely

low frequency (ELF) electric and magnetic fields on man and other ecologically

representative organisms are being investigated. Possible effects of

electromagnetic pulses (EMP) of very short duration but very high peak

power are being evaluated.

The Navy program consists of both intramural and extramural activities .

Approximately 39 projects are underway at four naval laboratories and 23

civilian institutions, as well as several joint efforts with other agencies.
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The current program emphasizes low-level exposures . Because the

nervous system, both central and autonomic, Is believed to be the

most sensitive to microwave radiation, effort is concentrated in

behavioral, neurophysiological, neurochemical, and neurohistological

studies. Efforts are also being made to establish thresholds for ocular

effects in terms of dose regimen, frequency and power. Biochemical

and histological studies of lens tissue cultures are being conducted

together with electronmicroscopy of exposed lenses . ELF electric

and magnetic fields exposures over several weeks are being studied.

Rats and monkeys are trained with complex operant conditioning tech

niques and exposed to low levels of microwave irradiation to evaluate

the combined effect of psychological stress and microwave radiation.

Some preliminary observations in these early studies are noted,

as follows. It is emphasized that these observations have not been

independently reproduced or verified and are largely based on single

experiments. CW, S Band (3000 MHz) irradiations at levels as low as 5

ma/cxs?- for 30 minutes have indicated alterations in behavioral baselines

in rats trained to a very demanding paradigm. Similar changes are not

observed in animals trained to simpler tasks. Possible decreases in

brain oxygen consumption were observed following microwave irradiation

of cats' heads. Mongolian gerbils exposed to ELF magnetic fields for

for long periods of time appear to exhibit a two-fold increase in the

stored lipid in the liver parenchymal cells. Other observations with

ELF exposures include the following: metabolic activity in chicken

eggs appears to be depressed although no apparent effect was observed

on hatchability or the resulting chick; possible delays in the onset

of mitosis and a decrease in the streaming activity in slime

mold; and a possible delay in the onset of metamorphosis in tadpoles

raised in ELF fields. Work is continuing to establish the validity

and significance of these observations.

POD /Air Force

A power absorption meter was developed wiich allows accurate deter

mination of energy deposition versus frequency. Power absorption

measurements were made in the HF band. Absorption was determined to be

only 10 percent or less, which suggests it may be possible to relax

exposure safety criteria in this frequency range. Cardiac pacemaker

EM interference studies were completed. Test reports were prepared and

provided to the FDA. A multiple frequency exposure facility was completed

which has the capability of producing simultaneous exposure to three frequency

ranges (3-30 MHz, 40-400 MHz, and 1-10 GHz). Primate exposure studies

were initiated using parameters appropriate for multiple frequency Air

borne and Warning and Control System (AWACS) environment. A "near field"

synthesizer developed by the National Bureau of Standards was delivered

and installed.
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Preliminary studies indicate that for frequencies of 50 MHz and below,

the H field magnetic vector is more biologically significant than the

E field electric vector .contrary to the belief of some investigators.

Additional studies are under way to validate this finding.

A contract was let to determine the biological effects of very low

frequency (VLF) radiation from the frequency range utilized by Strategic

Air Command Control Communications Net. Preliminary data indicate that

very little of this VLF radiation couples to the biological target.
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IV. ASSOCIATED ACTIVITIES

ERMAC

During the year, the ERMAC continued to follow and overview activities

in the Program, providing advice and recommendations to OTP on program

needs, strengths and weaknesses, research directions, as well as

standards and other related matters. A major activity was reviewing

and evaluating the status of the program as a whole, which was com

pleted in September. A summary of their comments is included as

Appendix A. Additionally, the ERMAC was consulted throughout the year on

various matters pertaining to biological effects, particularly on

several proposed standards .

Side Effects Working Group

The interagency Side Effects Working Group continued to meet regularly

and to function as the principal intragovernmental coordinating

mechanism for the Program effort. This group is organized within the

structure of the Interdepartment Radio Advisory Committee (IRAC) which

advises OTP on the use of the radio spectrum within the Federal Govern

ment. The working group provides a forum for the exchange of informa

tion pertaining to the Program activities and treats related matters of

common concern and interest.

Activities in 1973 included the following:

o Revised and updated project resumes covering specific

research activities in each agency to reflect FY 74

undertakings .

o The Ad Hoc Technical Subcommittee, formed in 1972,

organizes informal discussion /seminars among investi

gators in various program research areas to

promote the exchange of ideas and discuss common

problems. Two such meetings were held in 1973, address

ing the areas of (1) behavioral studies and (2) biophysical/

biochemical mechanisms of EM interaction with living

organisms .

o Reviewed various safety standards proposed during 1973 and

provided comments to the proposing agency.

o Completed a survey and documented EM field measurement facilities

and capabilities within the Government , which could be made

available on an interagency basis to determine EM fields in situations

involving exposures or suspected hazards . Procedures were

established for accessing and maintaining the resultant infor

mation, with EPA serving as the focal point. This information

has been referenced in the OTP Manual of regulations and
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pertinent information relating to Government use of the

spectrum.

o Initiated a similar effort to identify and document exposure

facilities and their capabilities . This can provide a basis

for determining additional facility requirements

as well as ensuring optimum utilization of existing

resources .

Pertinent Legislation and Standards

Interest and concern in the Government, scientific community, and

public continued to be evidenced in 1973 by new and carried-over

proposed legislation, activity vis-a-vis safety standards,

and by numerous inquiries pertaining to biological effects, potential

hazards;,,and the Program.

A 8 discussed in the previous summary report, existing legislation

and orders with relevance include the following:

o The "Radiation Control of Health and Safety Act of

1968", (PL 90-602), administered by HEW.

o The "National Environmental Policy Act of 1969" (NEPA) ,

(PL 91-190).

o Reorganization Plan No. 3 of 1970, which established the

Environmental Protection Agency (EPA) which has authority

to establish environmental standards .

o The "Occupational Safety and Health Act of 1970" ,

(PL 91-596), administered by the Department of Labor.

Two pieces of proposed legislation mentioned in last year's report were

not acted upon. One, "The Radiation Protection Act of 1972' (Schweiker

Bill) , has been reintroduced as the "Radiation Protection Act of 1973" -

S.2724. The second, the "Amendment to the Radiation Control for Health

and Safety Act" (Tunney Bill) - S.3487, may be reintroduced in 1974.

On November 27, 1973 Senator Ribicoff introduced the Energy Reorganiza

tion Act of 1973" - S.2744. This bill and its companion bill in the

House (Hollified Bill) include provisions pertaining to environmental pro

tection in general, transmission of energy, biomedical research, and

research in underground electric power transmission and could, therefore,

have relevance in this area.
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Standards activities during 1973 included the following;

o DOL/OSHA-The Occupational Safety and Health Administration

(OSHA) of the Department of Labor published a proposed

standard for "Telecommunications" (29 CFR 1910, new

subpart T) in the Federal Register in August 1973. Included

were safety criteria for exposures associated with "Microwave

Transmission" (Section 1910.345), which represented a

significant departure (lowering permissible exposure levels)

for this occupational group from the existing OSHA standard

(29 CFR 1910.97) applicable to all occupational exposures.

After careful review OTP and several other agencies submitted

comments to OSHA which, for the most part, recommended

modifying this portion of the proposed standard to adhere to

OSHA's existing exposure safety standards for these EH

radiations. Final OSHA action on this standard was pending

at the close of 1973.

o ANSI-As noted in last year's report, the American National

Standards Institute (ANSI), C95.1, 1966 safety standard

(based on 10 mw/crn^) was due for reaffirmation, revision or

withdrawal during 1973 under ANSI protocol. It being the

general feeling of the cognizant subcommittee that there was

insufficient new evidence to warrant a change, a draft

incorporating some minor modifications, was circulated to

the ANSI members for their vote. Final action was still

pending at the close of 1973.

o NATO-The matter of safety standards for nonionizing EMR has

been under consideration by several different subgroups within

the NATO organization. During the past year several different

exposure limits were proposed including the recommenda

tion that adoption of a uniform NATO standard at the

present time would be premature until a better under

standing of biological effects is available. This matter

remains under consideration.
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International

There was notable growth In the area of international exchange during

1973, both in terms of actual interchange, and planning for future

cooperative activities.

An International Symposium on Biological Effects and Health Hazards

of Microwave Radiation was held in Warsaw, Poland in October. This

symposium, co-sponsored by the World Health Organization, U.S. Depart

ment of Health, Education and Welfare (BRH) and Polish Ministry of

Health, included approximately 50 invited participants from various

countries, and afforded a first substantial opportunity for contact and

exchange between Eastern and Western investigators. The resultant

dialogue and rnpport should enhance international cooperation in the

future .

Progress was made in efforts to develop a collaborative activity with

the U.S.S.R. under the U.S .S .R. /U.S . agreement to cooperate in the area

of environmental health, for which Dr. Rail of NIEHS is the U.S.

coordinator. Preliminary discussions and technical Information exchange

took place as a basis for developing a collaborative agreement. Further

meetings to develop specific undertakings are planned for 1974-75.

Additionally, 4:he matter of biological effects and potential hazards of

nonionizing EMR, particularly associated standards, has been the subject

of discussion in a number of international forums, i.e., the International

Radio Consultative Committee (CCIR) of the International Telecommunications

Union (ITU) , the International Radio Scientific Union (URSI) , and the

World Health Organization (WHO) , as well as in individual contacts with

administration;; of various countries.

Other

o In addition to the aforementioned, a number of other

organizations and professional groups have activities

in this area — i.e., the National Council on

Radiation Protection and Measurement (NCRP) which, until

recently, has been primarily concerned with ionizing radiation

has established a subcommittee on nonionizing radiation

which has been reviewing the matter of standardization

of terminology and units of measurement.

o Preliminary discussions were held with representatives

of the electrical power industry to discuss research

needs and activities pertaining to possible biological

effects from EM fields such as are associated with

electrical power generation and transmission.
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o Meetings - Several meetings, symposia and conferences in

1973 which treated the subject of biological effects of

nonionizing radiation include the following:

Symposium and Workshop on the Effects of Low Frequency

Magnetic and Electric Fields on Biological Communication

Processes, Snowmass-at-Aspen, Colorado, co-sponsored by

the NSF, Neuro-Electric Society, International Institute

for Medical Electronics and Biological Engineering, Marquette

University, and the Medical College of Wisconsin, February 18 -

24, 1973.

Society of Automative Engineers (SAE) Workshop on EM Pollution,

Rockville, Maryland, co-sponsored with BRH and EPA, May 7-8,

1973.

The IEEE International Microwave Symposium, Boulder, Colorado,

June 4-6, 1973.

The IEEE International Electromagnetic Compatibility Symposium,

New York City, N.Y., June 20 - 22, 1973.

Symposium on Biomedical Aspects of Nonionizing Radiation and

Facility Dedication, Naval Ordnance Laboratory, Dahlgren,

Va., July 10, 1973.

Third International Congress of the International Radiation

Protection Association, Washington, D.C., September 9 - 14,

1973.

The Symposium on Microwave Power, Loughborough University of

Technology, U.K. , sponsored by the International Microwave

Power Institute, September 10 - 13, 1973.

Conference on Electrically Mediated Growth Processes, New York

Academy of Sciences, New York City, N.Y. , September 19 - 21, 1973.

International Symposium on Biologic Effects and Health

Hazards of Microwave Radiation, Warsaw, Poland, co-sponsored

by HEW/BRH, the Polish Ministry of Health and the World

Health Organization, October 15-18, 1973.

IEEE National Telecommunications Conference, Atlanta, Georgia,

November 26-28, 1973.
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FIGURES





FIGURE 1. PROGRAM AREAS: AREAS OF INVESTIGATION

No.

1. Genetic/Hereditary/Developmental

Chromosomal

Mitotic

Reproduction/Fertility

Embryology

pre- and postnatal development, etc.

2. Nervous System

CNS

Sensory

Neurochemical-Neuroendocrine

Single cell - membrane phonomena

3. Behavioral/Psychological

4 . Gross Physical Condition/General Health

(specifics, as appropriate)

5. Epidemiology

(specifics, as appropriate)

pro- and retrospective

6. Clinical Examinations

(specifics, as appropriate)

7. Mechanisms of EM Interaction (with molecules, tissues, body systems, etc.

micro-

macro-

8. Other Areas

A. Ocular

B. Cardiovascular

C . Metabolism/Endocrinology/Biochemical

D . Thermal/Thermoregulatory/Lethality

E . Cytological/ Histological/Morpholoeical

F. Other Effects: Blood, GI, Respiratory, Motor, Physical

Endurance^ Stress, Biological Clocks/

Rhythms, Disease, etc...





9. Ins trumentatlon/Techniques / Calibration

A. Bioresearch: EM measurement, special biomedical instrumen

tation, exposure and calibration facilities

B. Field Measurements : equipment, methodology, etc.

10. Absorption/Dose

A. Analytical/Mathematic/Theoretical

B. Experimental: animal, phantom, model

11. Environmental and Safety Studies

A. Environmental Surveys

B. Population Studies

C. Hazard Assessment/Safety Standards

12. Special Features

Specifics, such as:

- Multiple Frequencies

- RF with other stressors and environmental factors

(e.g. drugs, ionizing radiation, disease, etc.)

- RF heating vs. other heat sources

- Chronic vs. short term effects studies

- Compare differences due to sex, age, and other biological factors

- Literature Studies

- Therapy
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APPENDIX A

SUMMARY OF ERMAC OVERVIEW OF THE PROGRAM TO ASSESS

BIOLOGICAL EFFECTS OF NONIONIZING RADIATION

The Office of Telecommunications Policy has encouraged an interactive

program between concerned Government agencies based on independently

funded programs of research into biomedical effects of nonionizing

radiation.

The status and progress of the current Program effort has been

overviewed by the ERMAC from the perspective of the basic Program

objectives. Activities in various areas of investigation were

examined in an attempt to determine the extent to which they, and the

directions they portend, will provide answers needed to achieve those

objectives in a practical time frame. The review was predicated on the

understanding that we are, as yet, in the formative stages of establish

ing a cohesive, coordinated research effort of reasonable critical mass

in a relatively new and complex interdisciplinary field.

Program Objectives:

It is the purpose of this Program to establish a rational scientific

foundation for use in determining potential hazards to man and his

environment in order to assure their protection while avoiding unneces

sary restriction of man's ability to use this energy.

This requires that:

a. Biological effects of electromagnetic radiation (OHz-3000 GHz) be

determined as a function of frequency, intensity and duration of

exposure .

b. The health or ecological significance of any effects be determined.

c. Appropriate control measures including safety criteria and standards

be determined and developed, as may be warranted.

Findings of ERMAC Overview:

o The present funding level for the program as a whole ($6.0

million, as compared to the originally recommended $10.6

million) is too low with respect to current and foreseeable

needs and is not responsive to the level of public, professional,

or governmental concern. The present level of effort requires

amplification if answers are to be produced in a realistic

time frame.

° There has been a buildup of activity in many of the

currently recognized critical program areas.

o The relative distribution of effort by major areas of

activity is reasonably appropriate with respect to program

objectives and priorities as outlined in the ERMAC program

recommendations of December 1971.

SEPTEMBER 1973
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o The research effort in most areas of investigation is ex

cessively fragmented. It consists of a number of diverse,

currently unrelated individual efforts. This is frequently

characteristic of a new and complex field at an early stage.

However, better focusing, coordination and integration of

resources is necessary as the program progresses to ensure

meaningful results .

o Most of the current research appears to be concerned

with key priority areas, namely: genetic effects, central

nervous system effects, gross physical effects, and under

lying mechanisms of interaction, (with emphasis on power levels

below 10 mw/cm ) at microwave and other frequencies

associated with major electronic systems.

o The portions of the above work likely to yield

results in the near term Cl-3 years) v.s. longer

term (2-10 year period) are estimated to be approximately equal.

o In general, most of the current work involves the short term

effects of brief exposures; including multiple exposures over

relatively short periods of time. Greater emphasis is needed

on repeated and continuous exposures over longer periods of

time (particularly during the most vulnerable periods of the

animalTs life), and on observation for latent effects. Truly

long-term (chronic) exposures involve a considerable commitment

of resources and time but consideration should be given to

how this might be accomplished in the future (perhaps by the

use of some dedicated facilities) and some planning of para

meters of interest, protocols, etc. should be initiated.

o The distribution of effort with respect to frequency within the

various program areas, roughly follows the overall frequency

priorities recommended in the basic program. Concentrations

of effort are apparent in the microwave region (particularly

at 2.45 GHz) and at ELF with some work in the VHF, less at

HF and very little in the LF and MF regions. While this is

appropriate for the present, future considerations should

not overlook the LF and MF regions which include a variety

of high powered systems and extensive use for AM broadcast.

o There is a need for greater emphasis on the role of pulsed or

other modulated radiations as well as more comparative studies

.of these modes with CW radiation.

o Instrumentation and methodologies to characterize the EM field

and its interaction with exposed material continues to present

difficulties and many unresolved problems remain. There is

a pressing need for sensors and instrumentation (i.e. implantable
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electrodes) to measure biological parameters of interest which

can be dependably used in KF fields without producing field

distortions or concentrating the energy. Standardization of

terminology and measurement protocols are needed to permit

comparison of experiments and more uniform definition of expo

sure in non-experimental situations. Work is also urgently

needed on factors to permit scaling from one life form to

another .

o Although definitive results are not to be expected at this

early stage of the program, there have been some tentative

and as yet unverified observations of effects in certain

nervous system and behavioral indicators, developmental

processes, and in some other areas. The validity, circum

stances, causal relationships, and significance of these

observations have yet to be determined but they underscore

the need for additional research. Effort should be focused

sharply on resolving these questions.

Recommendations ;

o The importance of determining the following is reemphasized:

a. The effects of long term low level exposures and

thresholds for any effects.

b. Effects of different EM exposure regimes (frequencies,

intensities, modulations, time, multiple frequencies, —

including EMP) ;

c. The effects of EM exposures in combination with other

environmental and biological factors, e.g., age, sex, etc.

d. The possible existence of effective mechanisms of inter

action in addition to or other than thermal deposition.

o To avoid excessive diffusion of effort and dissipation of

resources, continuing coordination of the various program

areas will be necessary. Toward this end, it is suggested

that:

1. The need for effective program management within each

agency be reemphasized as a step toward resolving the

issues outlined herein.

2. OTP and ERMAC meet soon with the principal agency program

officers to discuss the above observations, comments and

concerns, and solicit their views.
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3. Thereafter, ERMAC hold reviews of activities in each

significant program area (across agency lines). Specialized

subcommittees should be considered to assist in the

scientific evaluation of work in these areas . These

reviews should consist of presentations by those directly

involved in, and responsible for, the research after meet

ing with each other to prepare their view of the status,

significance and directions of this research. This should

serve a twofold purpose:

a. The interaction among the actual participants will,

of itself, help achieve a more cohesive and focused

effort.

b. It will provide an opportunity for evaluation in

greater technical depth and for encouraging a

more coordinated approach to this work.



APPENDIX B

PUBLICATIONS AND PRESENTATIONS

The following are some reports, articles and presentations, etc.,

associated with the program efforts which were published or presented

in 1973. Items are based on intramural and extramural activities

grouped by agency program affiliation. Multiagency support of extramural

activities is noted where information was available. This is not

an all inclusive compilation nor does it correspond directly to work

performed during Calendar Year 1973 due to the normal phasing of reporting

and publishing cycles . Many articles and reports based on activities

during 1973 are yet to be prepared, currently in preparation or have been

submitted for publication and will appear during 1974. The information,

referenced here reflects, in greater detail, activities and progress in

some of the program areas cited in this report.

HEW/BUREAU OF RADIOLOGICAL HEALTH

Taylor, E.M., Guy, A.W. , Ashleman, B., and Lin, J.C. , "Microwave Effects

on Central Nervous System Attributed to Thermal Factors ," IEEE G-MTT Int.

Microwave Symp. Digest, Boulder, Colo., (abstract) pp. 316-317, June 1973.

(also supported by Navy and NIH)

Chou, C.K., and Guy, A.W., "Effect of 2450 Microwave Fields on Peripheral

Nerves , " IEEE G-MTT Int . Microwave Symp . , Boulder, Colo., (abstract) pp.

318-320, June 1973. (also supported by Navy and NIH)

Guy, A.W. , "Quantitation of Induced EM Field Patterns in Tissue and

Associated Biological Effects," In: Int. Symp. on Biologic Effects and Health

Hazards of Microwave Radiation, Warsaw, Poland, Oct. 1973. (Proceedings

in press), (also supported by NSF, Navy & USAF)

Lin, J.C, Guy, A.W. , and Kraft, G.H. "Microwave Selective Brain Heating,"

J. Microwave Power, 8, pp. 275-286, Nov. 1973.

Guy, A.W. , Lehmann, J.F., and Stonebrige, J.B. , "Therapeutic Applications

of Electromagnetic Power," Proc. IEEE, Special Issue on Industrial,

Scientific and Medical Applications of Microwaves, in press .

Taylor, E.M. , Ashleman, B.T., Guy, A.W. , and Lin, J.C, "Some Effects of

Electromagnetic Radiation on the Brain and Spinal Cord of Cats," to be

presented at the New York Academy of Sciences Conference on Biological

Effects of Nonionizing Radiation, New York City, Feb. 1974.

Guy, A.W., Chou, C.K., Lin, J.C, and Christianson, D., "Microwave Induced

Acoustic Effects in Mammalian Auditory Systems and Physical Material,"

to be presented at the New York Academy of Sciences Conference on

Biological Effects of Nonionizing Radiation, New York City, Feb. 1974.

(also supported by NSF and Navy)
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Taylor, E.M. , and Ashleman, B.T. , "Analysis of Central Nervous System

Involvement In the Microwave Auditory Effect," Brain Research, in press,

(also supported by NSF and Navy)

Results of Clinical Surveys for Microwave Ocular Effects, A Lecture by

Col. Budd Appleton, U.S. Army, published by FDA/BRH, FDA 73-8031, Feb. 1973.

Rabinowitz, J.R. '"Possible Mechanisms for the Biomolecular Absorption of

Microwave Radiation with Functional Implications," IEEE Int. Microwave

Symp. Digest, Boulder, Colo., (abstract) pp. 314-315, June 1973. (also

supported by the Navy)

Langley, J.B., Yeargers, E.K. , Sheppard, A.P. & Huddleston.G.K. , "Effects of

Microwave Radiation on Enzymes," In: 1973 Symposium Microwave Power,

Longhborough, U.K., Sept. 10-13, 1973.

Michaelson, S.M. , "Thermal Effect of Single and Repeated Exposures to

Microwaves: a Review," Proceedings of the Int. Symposium on Biologic

Effects and Healtn Hazards of Microwave Radiation, Warsaw, Poland,

Oct. 15-18, 1973. (in press) (U. of Rochester Rept. No. UR-349-317 .) (also

supported by the AEC)

Publications & Presentations by FDA/BRH Staff

Calorimetric Calibration Method for a Commercial Power Monitor for Use

With High-Power Microwave Generators, FDA 73-8010, 1973.

"Effects of Microwave Exposures on the Central Nervous System of Beagles,"

(letter to the Editor, Journal of Microwave Power) .

Swicord, M.L., Bassen, H., & Abita, J., "A Broadband, Minature Electric

Field Probe," to be presented at the New York Academy of Sciences Con

ference on the Biological Effects of Nonionizing Radiation, New York City,

Feb. 1974.

Ho, H.S., "Contrast of Dose Distribution in Phantom Heads due to Aperture

and Plane Wave Sources," to be presented at the New York Academy of Sciences

Conference on the Biological Effects of Nonionizing Radiation, New York

City, Feb. 1974.

"External Fields Around Microwave Diathermy and Problems of Measurement,"

In: the American Industrial Hygiene Association Conference, 1973.

"Microwave Oven Survey Instruments and Their Peculiarities," In: the

American Industrial Hygiene Association Conference, 1973.

"Microwave Power Density Calibration Employing the Power Equation Concept,"

International Radio Scientific Union-IEEE Group on Antennas and

Propagation Meeting, August, 1973.

Silverman, C. , "Nervous and Behavioral Effects of Microwave Radiation in

Humans," Amer. J. of Epidemiology, 97 (4), pp. 219-224, 1973.
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Rugh, R. , Ginns, E.I., & Leach, W.M. , "Are Microwaves Teratogenic?," In: Int.

Symp. on Biologic Effects and Health Implications of Microwave Radiation,

Warsaw, Poland, Oct. 1973. (Proceedings in press).

Carpenter, R.L., "Assessing Microwaves as a Hazard to the Eye: Progress

and Problems," In: Int. Symp. on Biologic Effects and Health Hazards of

Microwave Radiation, Warsaw, Poland, Oct. 1973. (Proceedings in press).

The Biological Effects of Microwave Radiation, Seminar in Radiation

Biology, at George Washington University, Washington, D.C., 1973.

Leach, W.M. , "Biological Research for Consumer Product Safety Seminar:

Microwave Ovens," In: Fifth Annual National Conference of Radiation

Control , Portland, Oregon, May 6-10, 1973, DHEW Publication No. FDA 74-

8008, Oct. 1973.

"Development of Non-Ionizing Radiation Protection Standards (Bioeffects

Considerations)," Course in Environmental and Occupational Medicine

for Industrial Physicians, New York University Medical Center, N.Y. 1973.

"Effect of Chronic, Low-Level Microwave Radiation on the Incidence of

Cataract Formation," presented at the 8th Joint Meeting of the Pro

fessional Associations of the U.S. Public Health Service, Phoenix,

Arizona, 1973.

Haidt, S.J., McTighe, A.H., '*The Effect of Chronic, Low-Level Microwave

Radiation on the Testicles of Mice," IEEE G-MTT Int. Microwave Symp.

Digest, Boulder, Colo., (abstract) pp. 324-325, June 1973.

Ho, H.S., Ginns, E.I., & Christman, C.L., "Environmentally Controlled

Waveguide Irradiation Facility" IEEE G-MTT Int. Microwave Symp. Digest,

Boulder, Colo •> (abstract) pp. 255-256, June 1973.

Ginns, E.I., Rugh, R. , Ho, H.S., Leach, W. , Gillespie, L. , Budd, R. , &

Hazzard, D.G. , "Microwave Biological Effects Under Reproducible Dosimetric

and Environmental Conditions," In: 1973 Symposium on Microwave Power

Loughborough, U.K., Sept. 10-13, 1973.

Carpenter, R. L. & Hagan, G. J. , Ferri, E., "Use of a Dieletric Lens in

Microwave Irradiation of Animal Subjects," In: 1973 Symposium on Microwave

Power, Loughborough, U.K., Sept. 10-13, 1973.

"Pitfalls in the Assessment of Microwave Radiation as a Hazard," Pro

ceedings of the Third International Congress of the International Radiation

Protection Association, Washington, D.C. , Sept. 9-14, 1973.

We Want You to Know About Microwave Radiation (Pamphlet), FDA 73-8049,

1973.

Microwave Oven Survey Manual, FDA 73-8016, 1973.
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HEW/NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES

McRee, D.I., "Environmental Aspects of Microwave Radiation," Environmental

Health Perspectives, pp. 41-42, Oct. 1973.

McRee, D.I. , "Biological Effects of Microwave Radiation," presented at

the 66th Annual Meeting of the Air Pollution Control Association, June 24-

28, 1973, Paper No. 73-94.

McRee, D.I., "Determination of Energy Absorption of Microwave Radiation

Using the Cooling Curve," In: 1973 Symposium on Microwave Power,

Loughborough, U.K., Sept. 10-13, 1973.

ENVIRONMENTAL PROTECTION AGENCY

Tell, R. A., "Environmental Nonionizing Radiation Exposure: A Preliminary

Analysis of the Problem and Continuing Work Within EPA," In: Environmental

Exposure to Nonionizing Radiation: Session Proceedings, (Annual Meeting

of the American Public Health Association) Doc. No. EPA/ORP 73-2, U. S.

Environmental Protection Agency, Wash., D.C.,1973.

Hankin, N.N., & Janes, D.E., Nonionizing Measurement Capabilities: State

and Federal Agencies, EPA 520/2-73-001, U.S. Environmental Protection Agency,

Wash., D.C., August 1973.

Rowe, W.D., Janes, D.E., & Tell, R.A. , "An Assessment of Adverse Health

Effects of Telecommunications Technology," In: 1973 National Telecommunications

Conference , November 26-28, Atlanta, Georgia.

Lappenbusch, W.L., Gillespie, L.J. , Leach, W.M., & Anderson, G.E., "Effect

of 2450 MHz Microwaves on the Radiation Response of X-irradiated Chinese

Hamsters," Radiation Research, 54 (2), pp. 294-303, May 1973.

Kinn, J.B., & Tell, Richard A., "A Liquid-Crystal Contact-Lens Device for

Measurement of Corneal Temperature," IEEE Transactions on Biomedical

Engineering, BME-20 (5), pp. 387-388, Sept . 1973.

POD/ARMY

Hawkins, T.D., Grove, H.M.,Heiple, T.W., and Schrot, J., "Lethal Effects

of 3000 MHz Exposure in a Rat and Behavioral Performance Decrements

(Rat) as a Function of Wave Length and Power Density," In: Walter Reed Army

Institute of Research Report for July 1972 - Jan. 1973 (Project No. DA-l-J-

662712-AJ-21) March 1973.

Note: Additional papers in the process of publication at the time of

preparation of this report will be available in the future. The

Walter Reed Army Institute of Research can provide a listing.
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POD/U.S.NAVY

Reno, V.R. , and Beischer, D.E., Microwave Reflection, Diffraction and

Transmission by Man: A Pilot Study, Naval Aerospace Medical

Research Laboratory, Pensacola, Fla., NAMRL-1183 , 1973.

Reno, V.R. , & Beischer, D.E., "Microwave Reflection, Diffraction and

Transmission by Man," presented at Symposium on Biomedical Aspects of

Nonionizing Radiation, Naval Weapons Laboratory, Dahlgren,

Va., July 1973 .(Proceedings in press).

Beischer, D.E., & Reno, V.R., "Microwave Reflection and Diffraction by

Man," presented at the International Symposium on Biologic Effects and

Health Hazards of Microwave Radiation, Warsaw, Poland, 15-18 October,

1973. (Proceedings in press).

McLees, B.D., & Finch, E.D. , "Analysis of Reported Physiologic Effects

of Microwave Radiation," Advances in Biological and Medical Physics,

14, pp. 163-223, 1973.

Glaser, Z.R. , Bibliography of Reported Biological Phenomena ('Effects')

and Clinical Manifestations Attributed to Microwave and Radio-frequency

Radiation, BUMED Report, AD//770621, June 1973.

Frey, A.H. , & Messenger, R., "Human Perception of Illumination with

Pulsed Ultra High-frequency Electromagnetic Energy," Science, 181,

pp. 356-358, July 1973.

Kramar, P.O., Emery, A.F. , Guy, A.W., & Lin, J.C. "Theoretical and Ex

perimental Studies of Microwave Induced Cataracts in Rabbits," IEEE G-MTT

Int. Microwave Symp. Digest, (abstract) pp. 265-267, June 1973.

Goldstein, L. and Sisko, Z., "A Quantitative Electroencephalographic Study

of the Acute Effects of X-Band Microwaves in Rabbits," In: Int. Symp. on

Biologic Effects and Health Hazards of Microwave Radiation, Warsaw, Poland,

Oct. 15-18, 1973. (Proceedings in press).

Schwan, H.P., "Principles of Interaction of Microwave Fields at the Cellular

and Molecular Level," ibid.

Portela, A., Vaccari, J.G. , and Llobera, 0., "Transient Effects of Low

Level Radiation on Bioelectric Muscle Cell Properties and on Water

Permeability and its Distribution," ibid.

Milroy, W.C. & Michaelson, S.M. , 'The Microwave Controversy." Int.

J. Envir. Studies, 4, pp. 121-125, 1973.

Michaelson, S.M. "Biomedical Aspects of Microwave Exposure. In: Radiation

Control for Health and Safety," Hearings Before the Committee on Commerce,

United States Senate. Mar. 8-12, iyy3.,5erlal No. 93-24, p. 13b-lb8,

U.S. Govt. Printing Ofc, Wash.,D.C, 1973.

Houk, W.M. , Michaelson, S.M. & Longacre, A., 'Thermal Regulation in Long-

Evans Rats Exposed to 2450 MHz Microwave Radiation," The Physiologist, 16 ,

p. 347, 1973 (abstract).
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Finch, E.B., & McLees, B.D., Gamma Globulin, Acetylcholinesterase, and

Chymotrypsin Following Radiofrequency Irradiation, Naval Medical Research

Institute Report No. /, December iy/J.

Bawin, S.M., Gavalas-Medici , R.J., & Adey, W.R. "Effects of Modulated Very

High Frequency Fields on Specific Brain Rhythms in Cats," Brain Research,

58, pp. 365-384, 1973. (also supported by USAF & NASA).

Guy, A.W., "Electromagnetic Interaction with Biological Materials," IEEE

G-AP Int. Symp. Digest, (abstract) pp. 192-195, Boulder, Colo., Aug. 1973.

Tyler, P.E., "Overview of the Biological Effects of Electromagnetic ....

Radiation," IEEE Trans, on Aerospace and Electronic Systems, AES-9(2),pp.

225-228,Mar. 1973.

Michaelson, S.M., & Senwan, H.P. "Comparative Aspects of Radiofrequency

and Microwave Biomedical Research," IEEE G-MTT Int. Microwave Symp. Digest »

(abstract) pp. 33')-332, Boulder, Colo. June 4-5, 1973. (U. of Rochester

Rept. No. UR 3490-243) (also supported by AEC) .

Michaelson, S.M., "Biologic Effects and Exposure Standards for Non

ionizing Electromagnetic Energies," Proceedings of the Third International

Congress of the International Radiation Protection Association, Wash., D.C.,

Sept. 9-14, 1973,

Grissett, J.D., Technique for Reducing the Ambient Electric Field

Generated by Indu :tive Voltages in Low-frequency Magnetic Field Generators,

Naval Aerospace Medical Research Laboratory, Pensacola, Fla., NAMRL-1177 ,

1973.

Grissett, J.D., "A New Technique for Computing and Analyzing Reaction Time

Histograms to Indicate Psychophysiological Stress," presented at

the 44th Annual Scientific Meeting of the Aerospace Medical Association,

Las Vegas, Nev, 7-10 May, 1973.

Beischer, D.E., Grissett, J.D. , & Mitchell, R.E. , Exposure of Man to Magnetic

Fields Alternating at Extremely Low Frequency, Naval Aerospace

Medical Rssearch Laboratory, Pensacola, Fla., NAMRL-1180, 1973.

Gibson, R.S., & Moroney, W.F., The Effect of Extremely Low Frequency Radiation

on Human Performance; A Preliminary Study," Naval Aerospace

Medical Research Lab., Pensacola, Fla., NAMRL-1195, 1973.

Brehl, R.J., Effects of Extremely Low Frequency (ELF) Fields on Cellular

Organelles of Liver Parenchymal Cells of the Mongolian Gerbil,

Naval Aerospace Medical Research Laboratory, Pensacola, Fla., NAMRL-1197 ,

1973. I

Brehl, R.J., Effects of ELF Magnetic Fields on Liver Triglycerides of Mice,

(in preparation, Dec. 1973) .
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deLorge , J . , Operant Behavior of Rhesus Monkeys In the Presence of Extremely

Low Frequency-Low Intensity Magnetic and Electric Fields: Experiment 2,

Naval Aerospace Medical Research Laboratory, Pensacola, Fla., NAMRL 1179,

Mar. 1973.

deLorge , J . , Operant Behavior of Rhesus Monkeys in the Presence of Extremely

Low Frequency-Low Intensity Magnetic and Electric Fields: Experiment 3,

Naval Aerospace Medical Research Laboratory Pensacola, Fla., NAMRL-1196,

Nov. 1973.

Greenberg, B., "Do Extreme Low-Frequency Electromagnetic Fields Affect Soil

Arthropods? Ongoing Studies at the Wisconsin Test Facility," Environmental

Entomology, 2, (4) , pp 643-652 , August 1973.

Symposium on "Biomedical Aspects of Nonionizing Electromagnetic Radiation",

Milroy, W.C. (Chmn.) , Naval Weapons Laboratory, Dahlgren, Va. , July 10,

1973. (Proceedings in press).

Beischer, D.E. 'Biomedical Aspects of Nonionizing Radiation, 'Tn: Symposium on

Biomedical Aspects of Nonionizing Electromagnetic Radiation,July 1973, Naval

Weapons Laboratory, Dahlgren, Va. (in press).

Michaelson, S.M., "Comparative Biology in Assessment of Electromagnetic

Radiation Bioeffects," ibid.

Schwan, H.P., "Some Guidelines for the Development of EM Radiation Standards,"

ibid

Tyler, P.E." Where We're Going and What We're Doing: A Review of EMR

bioeffects Programs," ibid.

Rozzell, T.C., Johnson, C.C. , Durney, C.H., Lords, J.L., and Olsen, R.G. ,

"A Nonperturbing Temperature Sensor for Measurements in Electromagnetic

Fields," In: 1973 Symposium on Microwave Power, Loughborough, U.K., Sept.

10-13, 1973.

Phillips, R.D., King, N.W., and Hunt, E.L. , "Thermoregulatory, Cardio

vascular, and Metobolic Response of Rats to Single or Repeated Exposures

to 2450 MHz Microwaves," ibid.

Milroy, W.C, O'Grady, T.C., Prince, E.T., "Electromagnetic Pulse Radiation:

A Potential Biological Hazzard?," ibid.

POD/U.S. AIR FORCE

Mitchell, J.C. , "Empirical Studies of Cardiac Pacemaker Interference,"

presented at Eight Annual AAMI Meeting, Wash.,D.C, 24 Mar 73.

Stavindha, W.B., et al., "The Use of Microwave Heating to Inactivate

Cholinesterase in the Rat Brain Prior to Analysis for Acetylcholine/1

Journal of Neurochemistry , Mar. 1973.



-8-

Medina, M.A., et al., "NAD Levels in Rat Brain Following Tissue Fixation

by Microwave Radiation," 1973 Proceedings, Federation of American Societies

for Experimental Biology.

Lin, J.C., Guy, A.W., & Johnson, C.C., "Power Deposition in a Spherical

Model of Man Exposed to 1-20 MHz Fields," IEEE Trans. Microwave Theory

Tech., 21, pp. 271-279, Dec. 1973. (also supported by BRH)

Lin, J.C. , Johnson, C.C. , & Guy, A.W., "Power Deposition in a Spherical

Model of Man Exposed to 1-20 MHz EM fields," IEEE G-MTT Int. Microwave Symp.

Digest, (abstract) pp. 257-259, June 1973.

Hurt, W.D., Cardiac Pacemaker Electromagnetic Interference MHz"> ,

SAM-TR-73-40, Dec, 1973.

Stavinoha, W.B., Medina, M.A. , & Dean, A. P. , Neurochemical Alternations

in Specific Brain Areas in Rodents Exposed to High Intensity Fields .

U. of Texas Medical School, San Antonio, Final report under AF contracts

F41609-71-C-0035 and F41609-73-C-008 , 1973.

Guy, A.W. , Johnson, C.C., Lin, J.C., Emery, A.F. , & Kraning, K.K.,

Electromagnetic Power Deposition in Man Exposed to HF Fields and the

Associated Thermal and Physiological Consequences*" U. of Washington,

Scientific report under contract F41609-73-C-0002, Doc. SAM-TR-73-13 ,

Dec. 1973.

Walter, W.H. , Mitchell, J.C, Rustan, P.L., Frazer, J.W., & Hurt, W.D.,

"Cardiac Pulse Generators and Electromagnetic Interference," Journal of

American Medical Association, 224 (12), June 1973.

Rustan, P.L., Hurt, W.D. , & Mitchell, J.C, "Microwave Oven Interference

with Cardiac Pacemakers," Medical Instrumentat ion, 7 (3), May-Aug 1973.

POD/DEFENSE NUCLEAR AGENCY/ARMED FORCES RADIOBIOLOGY RESEARCH INSTITUTE

Skidmore, W.D., & Baum, S.J., Biological Effects in Rodents Exposed to

Pulsed Electromagnetic Radiation. Armed Forces Radiobiology Research

Institute, Bethesda, Md., Scientific Rept. No. SR73-10, June, 1973.

Baum, S.J., "Biological Effects on Rodents Exposed to Pulsed Electro

magnetic Radiation',' In: Symposium on Biomedical Aspects of Nonionizing

Radiation, Naval Weapons Lab., Dahlgren, Va. , July 10, 1973*(in press).

Baum, S. J. , Skidmore, W.D., & Ekstrom, M.E. , Continuous Exposure of

Rodents to 10 Pulses of Electromagnetic Radiation. Armed Forces Radio-

biology Research Institute, Bethesda, Md., Report AFRRI SR73-23, Dec. 1973.

DOC /NATIONAL BUREAU OF STANDARDS

Bowman, R.R., "Some Recent Developments in the Characterization and Measure

ment of Hazardous Electromagnetic Fields," In: 1973 Symposium on Microwave

Power, Loughborough, U.K., Sept. 10-13, 1973.

Baird, R.C, "The Calibration of Microwave Hazard Meters," In: 1973 Symposium

on Microwave Power, Loughborough , U.K. , Sept. 10-13, 1973.



-9-

NATIONAL SCIENCE FOUNDATION

Guy, A.W. , Taylor, E.M. , Ashleman, B. , & Lin, J.C. , "Microwave Interaction

with the Auditory Systems of Humans and Cats," IEEE G-MTT Microwave Symp.

Digest, Boulder, Colo., (abstract) pp. 321-323, June 1973. (also supported

by BRH and Navy.)

VETERANS ADMINISTRATION

McAfee, R.D., Cazenavette, L.L. , and Holland, M.G., "Screening for

Cataracts," In: 1973 Symposium on Microwave Power, Loughborough, U.K.,

Sept. 10-13, 1973.

OTP

Report on Program for Control of Electromagnetic Pollution of the Environ

ment: The Assessment of Biological Hazards of Nonionizing Electromagnetic

Radiation. OTP, Wash.,D.C. , Mar. 1973.

Whitehead, C.T. , Statement (on Government Activities to Assess the

Biological Effects of Nonionizing EM Radiation - March 9), In: Radiation

Control for Health and Safety. Hearings Before the Committee on Commerce,

United States Senate. March 8-12. 1973. Serial No. 93-24, U.S. Government

Printing Office., Wash., D.C., 1973.

Healer, J., "Federal Program on Biological Effects of Electromagnetic

Energy," In: Environmental Exposure for Nonionizing Radiation: Session

Proceedings , (Annual Meeting of the American Public Health Association) ,

published by the EPA, Doc. No. EPA/ORP 73-2, May 1973.

Jansky, D.M., "The Management of the Radio Spectrum and its Relationship

to the Environment," In: Environmental Exposure for Nonionizing Radiation,

Session Proceedings, (Annual Meeting of the American Public Health Associa

tion) , published by the EPA, Doc. No. EPA/ORP 73-2, May 1973.

Jansky, D.M. , "Environmental Impact of Microwaves 1970 's," IEEE International

Microwave Symposium, Boulder, Colo., June 4-6, 1973 (abstract only).

Healer, J., "Biological Effects of EM Energy: The Government Program,"

luncheon address before joint meeting of the IEEE New Jersey Group

Chapters on Electromagnetic Compatibility and Bio-Medical Engineering,

21 June 1973.

Healer, J., "Research into Biomedical Effects of Nonionizing Radiation

and the Current Government Wide Program," presented in seminar on

Prospects for Research on Biomedical Effects of Nonionizing Radiation

held by a National Research Council Ad Hoc Committee, 21 March 1973.

Jansky, D.M. , "Spectrum Utilization Issues and Initiatives," presented

at the IEEE National Telecommunications Conference, Atlanta, Georgia

November 26-28, 1973.

GSA DC 74. 11177








	Front Cover
	FOREWORD 
	AGENCY ACTIVITIES AND PROGRAM SUMMARIES 
	ASSOCIATED ACTIVITIES 
	APPENDIX A: SUMMARY OF ERMAC OVERVIEW OF THE PROGRAM 

