
Biological Effects of High-Voltage Electric 
___ E~· An Update 

Volume1 ------
Keywords: 

Electric Fields 
High Voltage 
ELF Bioeffects 

Prepared by 
IIT Research Institute 
Chicago, Illinois 

f!~EPRI 
0 EPRI EA-1123 

Volume 1 
Project 857-1 
Final Report 
July 1979 



Biological Effects of 
High-Voltage Fields: An Update 

Volume 1 

EA-1123, Volume 1 
Research Project, 857-1 

Final Report, July 1979 

Prepared by 

IIT RESEARCH INSTITUTE 
10 West 35th Street 

Chicago, Illinois 60616 

Prepared for 

Electric Power Research Institute 
3412 Hillview Avenue 

Palo Alto, California 94304 

EPRI Program Managers 
H. Kornberg 

L. Sagan, M.D. 
Energy Analysis and Environment Division 



ORDERING INFORMATION 

Requests for copies of this report should be directed to Research Reports Center 
(RRC), Box 50490, Palo Alto, CA. 94303, ( 415) 961-9043. There is no charge for reports 

requested by EPRI member utilities and affiliates. contributing nonmembers. U.S utility 

associations, U.S government agencies (federal, state. and local). media. and foreign 
organizations with which EPRI has an information exchange agreement. On request. 

RRC will send a catalog of EPRI reports 

Copyright © 1979 Electric Power Research Institute. Inc 

EPRI authorizes the reproduction and distribution of all or any portion of this report and the preparation 

of any derivative work based on this report. in each case on lhe cond1t1on that any such reproduction. 

distribution. and preparation shall acknowledge this report and EPRI as the source 

NOTICE 

This report was prepared by the orga,ization(s) named below as an account of work sponsored by the 

Electric Power Research Institute Inc (EPRI) Neither EPRI. members of EPRI. the organ1zat1on(s) named 

below. nor any person acting on their behalf (a) makes any warranty or representation. express or 

implied. with respect to the accuracy. completeness. or usefulness of the 1nformat1on contained In this 

report. or that the use of any information. apparatus. method. or process disclosed in this report may not 

infringe privately owned rights: or (b: assumes any l1ab1l1ties with respect to the use of. or for damages 

resulting from the use of. any information. apparatus. method. or process disclosed In this report 

Prepared by 
IIT Research Institute 
Chicago, Illinois 



ABSTRACT 

The objective of this project was to collect and review 
the literature which has become available since mid-1974 on 
the subject of biological effects of power frequency electric 
fields. The literature published prior to that date was re
viewed as a part of a previous state-of-the-art review and 
program plan (EPRI RP-381-1). Some 2000 new entries of both 
publications and research programs in progress have been iden
tified through a computer-aided literature search. Approximateiy 
50 of these entries were selected by the authors of this update 
for in-depth consideration. This reduction was accomplished by 
considering only those entries that were deemed to be of direct 
interest, and by using several comprehensive and detailed reviews 
to guide the selection process. 

The general findings of this update confirm the conclusion 
of the 1975 review that it is highly improbable that electric 
fields from transmission lines have any significant biological 
effects on healthy individuals who encounter such fields in a 
normal way under ordinary conditions. However, further research 
is still needed in order to understand the nature and extent of 
of any effects that could be harmful. 
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EPRI PERSPECTIVE 

PROJECT DESCRIPTION 

This final report, Biological Effects of High-Voltage Electric 
Fields: An Update (EPRI Research Project 857-1}, reviews the 
literature published through early 1977, and updates EPRI RP381, 
a state-of-the-art review entitled Biological Effects of High
Voltage Electric Fields, which was published in November 1975. 
The current review, as was its predecessor, is published in two 
volumes. The first summarizes the literature and ongoing 
research concerning field measurement and exposure protocol, the 
influence of power frequency electric fields on biological 
systems, and special issues such as triglycerides and vibrational 
noise. Also included are abstracts of survey articles, detailed 
reviews of research publications, and a summary of Navy-sponsored 
Project Seafarer/Sanguine research. The second volume is a 
bibliography which includes relevant material published through 
mid-1977, as well as a summary of the most recent projects. 

PROJECT OBJECTIVES 

Since the completion of the first review, many projects have been 
initiated and much has been published on electric field 
effects. Through critical review in addition to the usual 
listing of titles, this update is intended to provide continuing 
assistance to biologists and engineers concerned with the 
biological effects of electric fields from overhead high-voltage 
transmission lines. 

PROJECT RESULTS 

As concluded in the 1975 review, the findings of this update 
indicate that power frequency electric fields have no important 
biological effects on healthy individuals who encounter such 
fields under ordinary conditions. However, the possible 

V 



occurrence of subtle as yet undetected effects cannot be 

excluded. For example, there is insufficient evidence that 

extremely low frequency (ELF} electromagnetic fields do not 

interfere with neurophysiological or cardiovascular functioning, 

or certain hematological parameters. There is also a need to 

investigate possible nonclassical biophysical mechanisms involved 

in ELF interactions. 

With the identification of spark discharge and vibrational 

perception as complicating factors in earlier experiments, 

extreme care must be taken in the development of new research 

prdtocols. EPRI, through projects involving large animals, 

honeybees, green plants, avian embryos, and cardiac pacemakers, 

is both reevaluating earlier results and addressing unresolved 

issues in the area of high-voltage electric field effects. 

Leonard A. Sagan, M.D., Program Manager 
Energy Analysis and Environment Division 
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SUMMARY 

BACKGROUND, OBJECTIVES AND SCOPE 

The state-of-the-art of the biological effects of power 

frequency electric fields was reviewed in EPRI Project No. 

RP-381-1. Literature available through mid-1974 and the re

search being conducted at the time were considered in order 

to develop the basis for a long-range research program. The 

results of this effort were published as a final report in 

November 1975, entitled "Biological Effects of High Voltage 
Electric Fields". 

The purpose of the document at hand is to update that 

previous review, and to provide continuing assistance in the 

planning and execution of biological research programs. 

Since the completion of the November 1975 review, many 

new research projects have been initiated in the area, and an 
unexpectedly large number of articles, reports and books have 

been published. Of the vast number (2000 entries) of publica
tions and research programs in progress that were yielded by 

a computer-aided literature search, approximately 50 were 

selected by the authors of this update for in-depth considera

tion. This reduction was accomplished by considering only 

those entries that directly related to power frequency electric 

fields associated with transmission lines, and by using several 

· comprehensive and detailed published reviews to guide the 

selection process. 

GENERAL FINDINGS AND CONCLUSIONS 

The general findings of this update confirm the conclusion 

of the 1975 review that it is highly improbable that electric 
fields from transmission lines have. any significant biological 

effects on healthy individuals who encounter such fields in a 

normal way under ordinary conditions. Where some possible 
effect was reported, that effect could not be clearly attri

buted to the electric fields, because the experiment or study 

did not adequately consider the influence of the biological 
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procedures of that experiment or the physical environment in 

which the study was made. As was stressed in the 1975 review, 

the neglect of such factors represents a major obstacle in at

tempting to use the results of those studies. 

However, the number of studies that do consider such fac

tors properly has increased since the publication of the pre

vious review; and these careful studies do not disclose the 

presence of any hazardous effects from the electric fields. 

Further research is still needed to reach definitive conclu

sions about the nature and extent of any harm that could result 

from transmission line technology. 

DETAILED FINDINGS AND CONCLUSIONS 

Biophysical Mechanisms 

None of the classical bioeffects mechanisms (heat or ion

ization) can be involved in any likely ELF (extremely low fre

quency, 30-300 Hz) interaction in the power line environment. 

However, some non-classical biological mechanisms may account 

for such phenomena as the effect of magnetic fields on bird 

navigation, electric field effects on fish-prey detection, or 

body current stimulation of bone growth. While the mechanisms 

of these phenomena have yet to be identified or their relevance 

demonstrated, it was suggested by several authors that further 

work in this direction pe pursued. 

Genetics 

Unlike ultra-violet and ionizing radiation, ELF radiation 

as normally experienced was found to be incapable of producing 

genetic effects. While it is conceivable that other mechanisms 

may exist, available evidence suggests that no genetic effects 

will occur in the powerline environment. 

Reproduction, Growth and Development 

The review of this area, which considered the electric 

field aspects of thepowerfrequency environment, supported 

the conclusions reached by the National Academy of Sciences. 
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Their review, as well as this one, indicated that fertility, 
growth and development would not be adversely affected by 
either the electric or magnetic field environments. 

Nervous System and Behavior 

There have been very few studies that have considered 
nervous system or behavioral effects using field intensities 
pertinent to the high voltage powerline environment, which 
suggests that additional work is needed in the range of higher 
intensity electric fields. On the other hand, in the case of 
lower electric field intensities and moderate strength magnetic 
fields, this review agrees with the National Academy of Sciences' 
conclusion that no behavioral, neurophysiological, or neuro
chemical effects can be expected to occur. 

Cardiovascular Functioning 

Present evidence is insufficient to conclude that field 
strengths within the ELF range result in hazardous changes in 
cardiovascular function. However, neither does the evidence 
allow the conclusion that these functions are not disturbed by 
ELF field exposures. 

Hematology and Blood Biochemistry 

Available data on hematological and blood biochemical para
meters are not sufficiently convincing to conclude that ELF field 
exposures evoke a stress response or other significant biological 
changes in animals or in man. A major difficulty is that hema
tological and blood biochemical manifestations of the stress 
response are subject to variations which may be induced by a 
variety of non-electric field biological or environmental 
parameters. 

General Biological Effects Studies 

Besides reviewing the publications on individual studies 
of the biological effects of power frequency electric fields, 
seventeen publications of a broader nature were also reviewed 
for this program. 
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The conclusions of all but one of these seventeen survey 

or review articles or books were that there is little likeli

hood that present fields from power lines are hazardous, al
though nearly all authors clearly state that additional studies 

are required before the matter can be put to rest. The one 
publication which takes the converse position is a 

paper by L. Young. 

OTHER ISSUES OF NOTE 

During the course of this review, several issues surfaced 

which are of less direct interest to the major emphasis of the 

program, but which are of sufficient note to be included in 

this document. 

Pro ress in the Ph sics of Interaction of Electric Field 
Environments With Bio ogical Systems 

Although this area was not examined in depth, the several 

consequential developments included: 

1. The development of uniform.measurement procedures 
for the electric fields beneath power lines or in 
laboratory simulators; 

2. The discovery that animals can perceive the pres
ence of electric fields by hair or feather mechan
ical movement via electric field forces; and 

3. The realizatjon that more 60 Hertz body current is 
experienced by humans when touching readily avail
able household appliances than by standing in the 
fields produ~ed by nearby ERV transmission lines. 

Spark Discharge 

This review identified numerous studies in which short
duration electrical shocks in the absence of electric fields 
were used to study behavioral and physiological responses. 
Where such shocks were repeated over prolonged periods, severe 

physiological effects were observed. Since several studies 
concerning the effects of electric fields, notably on mice, 
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also inadvertently included a prolonged series of shocks, the 

reported positive effects more likely arose from the inadvertent 
shock discharges than from the electric field. 

Triglycerides 

An early preliminary study conducted on a very small number 
of human subjects exposed to magnetic fields in the order of 1 G 
at 45 Hz developed results which caused a concern that the ex
posure to magnetic fields could increase triglyceride levels in 
humans. However, the review of seven subsequent studies, sever
al of which are quite definitive, ~learly establishes the absence 
of such an effect. 

Terminology Difficulties 

To avoid further confusion, it seemed desirable to avoid 
the use of the term "dosimetry" to cover the topic, "Electric 
Field Measurements and Interactions with Biological Systems." 
In the case of ELF electric or magnetic field interactions, 
there is no physical evidence to support the concept that the 
biological effect is proportional to the product of the time
duration of the exposure and field intensity. Further, the 
electric field interaction of ELF is considerably different 
than that experienced under ionizing or microwave irradiation 
conditions. 

Inadequacy of a Simple Electric Field Effects Criterion 

This review reconfirmed that considerable inaccuracies 
existed in trying to use the electric field as the sole evalua
tion criterion. Principal errors using this simple criterion 
arise because the induced current is a function of the geometry 
and size of a subject, as well as the type of media in which 
the subject is immersed. A more useful criterion would be the 
current density and electric field internal to test subjects. 

Limits on Field Intensity Exposure 

In conducting the review, it was apparent that some con
fusion existed about the applicability of existing safety 
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standards for electric and magnetic fields and body currents. 
In one case, it was suggested that the maximum allowable field 
intensities associated with microwave irradiation be automati
cally extended into the ELF region. However, papers are cited 
which show that this is scientifically inappropriate because of 
the frequency/wavelength dependence of the electromagnetic 
coupling. 

Maximum allowable 60-Hz field intensities in the order of 
150 V/m were also suggested as·a standard. However, such low
intensity fields produce body currents which are orders of magni
tude below those produced when a person contacts a household 
appliance or is perhaps undergoing some electromedical treatment. 

Vibration and Sound 

Vibrational perception thresholds were identified which are 
close to the reported vibration levels experienced by test ani
mals exposed to electric fields. In one notable case, the 
reported positive effects were attributed to the electric field, 
although the animal subjects also experienced vibrational levels 
near perception. One important study identified, in anecdotal 
fashion, the extreme difficulty in suppressing acoustical and 
vibrational clues. This is of special importance when inter
preting the results of behavioral and nervous system studies. 

Cardiac Pacemakers 

The results of a recent study indicated that electric and 
magnetic fields from overhead transmission and distribution 
lines are not a problem for the vast majority of patients with 
implanted cardiac pacemakers. However, pacemaker operation can 
be non-hazardously modified by pickup from fields from almost 
all classes of transmission lines in certain rare instances 
where a very sensitive pacemaker model is implanted with an 
unconrrnon lead configuration. On the other hand, a much higher 
percentage of patients may experience this same non-hazardous 
pacemaker modification through direct contact with electric 
household appliances or manufacturing equipment. 
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SECTION 1 

INTRODUCTION 

BACKGROUND AND OBJECTIVES 

This document is an update of a state-of-the-art review 

on the biological effects of power frequency electric fields 

that was conducted in EPRI Project RP-381-1 and was published 

in November 1975. In that review, literature and ongoing 

research that was available through mid-1974 was considered to 

develop a basis for a long-range research program. Since the 

completion of that review, many new projects have been initiated 

on the biological effects of power frequency electric fields, 

and a large number of articles, books and reports have been 

published on the subject. Consequently, this document update 

was initiated to provide continuing assistance in the planning 

and execution of the EPRI biological research program. 

SCOPE 

This review concentrates on publications dealing with ef

fects of electric fields in the 50 to 60 Hz or power frequency 

range on humans and animals. 

Except for an updating summary, the electric and magnetic 

field environment developed by transmission lines, laboratory 

simulators, and the physics of the field interaction with bio

logical systems are discussed only in the context of protocols 

employed in different research studies. Because of the very 

large number of papers available on the subject of 60 Hz power 

frequency, it was also necessary to de-emphasize or omit cer

tain areas, including: de electric and de magnetic biological 

effects; corona-related effects such as ozone, acoustical noise 

and radio noise; therapeutic and diagnostic areas; and effects 

of frequencies above 100 Hz, While the importance and signifi

cance of work originating in Eastern Europe is recognized, a 

review of this Soviet block work is not included, but may be 

conducted at a later date when good English translations become 
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available. The extensive arguments presented in various public 
hearings are not addressed here either, both because of the ex
tent of these materials and also because the bulk of the mater
ials is basically constituted of advocacy positions. Special 
topics, such as plant, pacemaker and insect studies, are not 
addressed in any depth in this review because they are being 
addressed in EPRI ongoing programs (see companion Bibliography, 
abstracts of ongoing research). No revision of the long-range 
research plan presented in the earlier review is considered here, 
but this issue may be addressed during some future workshop in
volving participants such as biologists, medical practitioners, 
engineers and various agency representatives. 

APPROACH 

This literature search update relied on computer accession 
lists beginning in early 1974 and ending in early 1977. A re
lated computer accession list was used to identify ongoing 
research programs. Also, information was obtained that was 
not generally available through personal contact. 

Some 150 publications or ongoing research projects were 
initially identified as being of possible interest. By taking 
advantage of several comprehensive and detailed reviews pub
lished subsequent to the RP-381-1 review, and concentrating 
only on possible effects in the power frequency range, these 
were reduced in number to about 50 entries of interest. Those 
finally-selected entries were then reviewed in detail by both 
a senior biologist and a senior electric engineer. Limited 
translations of some western European articles were also made. 

ORGANIZATION 

This report is intended to build upon material which ap
peared in the past state-of-the-art review on EPRI Project 
·RP-381-1 (Bridges 1975). Included were: a review of survey 
articles, transmission line environments and physical coupling 
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mechanisms to biological systems, results of experimental stud

ies on the effect of electric fields on biological systems, and 

the development of a comprehensive research program plan. 

In contrast to the last state-of-the-art review, where 

detailed comprehensive survey or review articles were almost 

entirely lacking, some 17 "review or survey articles" were 

identified. These are introduced in Section 2, entitled 

"Summary of Survey Publications," along with a tabular summary 

of the principal aspects of the surveys. A detailed and sepa

rate review of each of these surveys appears in Appendix A. 

Previously, electric field environments associated with 

transmission lines and the physics of interaction of these 

environments with biological systems were considered in de

tail. Consistent with the planned de-,emphasis of this area, 

only a summary of new developments in this area is provided 

in Section 3. This summary assumes that the reader is familiar 

with the more comprehensive treatment in this subject area 

which appeared in the earlier state-of-the-art review. The 

intent of this Section is to bring the biologist and other 

workers in the field up to date with new developments and to 

summarize the impact of the progress. Since this area was de

emphasized, no detailed review of pertinent publications was 

conducted. 

Section 4 presents a review of developments in determining 

the biological influence of power frequency electric fields. 

This section summarizes the very detailed reviews of some 49 

publications identified to be of interest, and also draws upon 

the material which appears in other comprehensive reviews since 

the publication of the earlier state-of-the-art review. The 

selected works reviewed in detail in this effort appear in 

Appendix B. Each publication was studied separately by a Senior 

Electrical Engineer and a Senior Biologist. Each review, there

fore, summarizes the work which was conducted from either the 

physical or biological viewpoint. To maintain objectivity, each 

1-3 



L 

review is provided first with a summary and then a separate 
critique. This will allow the reader to formulate his own 
conclusions. Summary charts of Navy-sponsored ELF biological 
and ecological research (Projects Seafarer/Sanguine) are pre
sented in Appendix C. 

Section 5 addresses various concerns or issues which 
surfaced during this state-of-the-art review. These issues 
range from the possibility of spark discharges influencing 
biological test results to the effect of electric fields on 
patients with implanted pacemakers. 

A bibliography and a summary of ongoing projects consti
tute Volume II of this report (bound separately). 
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Section 2 

SUMMARY OF SURVEY PUBLICATIONS 

In this state-of-the-art review, seventeen publications 

have been identified as surveys or reviews of the biological 

effects of electromagnetic fields· from power lines. Some of 

the publications are very broad in scope, while others focus 

on more limited aspects of the problem. However, in both. 
1 

quantity and quality, they exhibit an increased awareness of, 

and continuing research on, the problem area -- in contrast to 

the situation indicated in the previous state-of-the-art review 

(Bridges 1975). There were only four articles of comparable 

breadth therein (Reiter 1972, Schmitt 1973, Kaufman 1974, and 

Wilson 1974), and they were based on the sparse data available 

through mid-1974. 

The conclusions of all but one of the seventeen current 

publications were that there is little likelihood that the 

present fields from power lines are hazardous. The publica

tions are listed in Table 2-1, along with brief paraphrased 

conclusions and comments, where appropriate. More detailed 

information on each publication is contained in Appendix A. 

There is a small minority of scientists and laypersons who 

do not agree with the authors of these publications. However, 

their findings have not surfaced in any type of scientific jour

nal, at least not in the form of survey or review publications. 

Rather, the bulk of their findings are presented in briefs filed 

by intervenors opposing the installation of high voltage trans

mission lines, or, less frequently, have appeared as sensational 

articles in the press. 

An example of the more sensational articles appeared in the 

"National Enquirer" ("Ultrahigh" 1976). It cited only the posi

tive results found by the Soviets on switchyard workers. Frequent

ly, more balanced articles also appear in the press such as the 

"Suburban Trib" ("Experts" 1977), wherein the viewpoints of those 
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I\.) 

I 
I\.) 

Author & Year 

Adey, 1977 

Arnaez, 197 5 

Atoian, 1977 

BPA, 1975 

Bridges, 1977 PES 

Cabanes, 1976 

Connnittee on Bio-
sphere Effects of 
ELF, 1977 

Jones, 1976 

Kornberg, 1976 

Leardini, 1976 

Morgan & Shah, 
1974 

Naval Electronics 
Systems Command, 
1977 

Phillips, 1977 

Reiter, 1975 

Royal Swedish 
Academy, 1976 

Sheppard and 
Eisen bud, 1977 

Young, 1974 

TABLE 2-1 

SUMMARY OF REVIEWS OR SURVEY ARTICLES 

Title 

Brain Interactions With Weak Electric 
and Magnetic Fields. 

Los Trabajos en Tension en la Problematica 
del Campo Electrico. 

Are There Biological and Psychological Effects Due 
to Extra High Voltage Installation? 

Electrical Effects of Transmission Lines. 

Environmental Considerations Concerning the Biological 
Effects of Power Frequency (50/60 Hz) Electric Fields. 

Effects of Electric and Magnetic Fields on Living 
Organisms, and, in Particular, Man. 

Biological Effects of Electric and Magnetic Fields 
Associated With Proposed Project Seafarer. 

Background Information on High Voltage Fields. 

Biological Effects of Electric Fields. 

Unipede Report on Effect of AC Electric Fields 
on Human Beings and Animals. 

EHV and the Environment--The Tip of the Iceberg? 
and--l.n Engineering Guide. 

Seafarer ELF Communication Systems Draft Environmental 
Impact Statement for Site Selection and Test Operations. 

Biological Effects of Static & Low Frequency Electromag
netic Fields: An Overview of United States Literature. 

Biological Effects of Electric, Magnetic and 
Electromagnetic Fields 

Biological Effects of Electromagnetic Fields. 

Biological Effects of Electric and Magnetic Fields 
of Extrem·ely Low Frequency. 

Pollution by Electrical Transmission. 

References 
Remarks & Paraphrased Conclusions Cited 

This is an introduction to weak, 12 Hz field effects 6 
and studies. No conclusions. 

This Spanish author reviewed Soviet, Spanish and U.S. studies 6 
on humans. The problems found in Spain are resolvable. 

There is no need indicated for crash programs or public concern. 72 

Investigations for possible effects are inconclusive to date. 58 

Soviet and Spanish results might have been caused by noise. 56 
Controversy is rooted in poorly conducted experiments. 

The author reviewed European studies. Biological effects, if 145 
any, are inconsistent, unimportant and reversible. 

Seventeen experts and 38 consultants contributed to this exten
sive review. (Seafarer) ELF magnetic fields have little likeli
hood of causing serious biological effects. 

The EPA investigator addressed the inconsistencies in the Soviet 
studies on switchyard workers. The Soviet-reported adverse 
effects were caused by some factor unique only to the switchyards. 

Whenever positive results are noted, they can be ascribed to 
factors other than the electric field. 

Effects of electric field exposure, if any, are weak and often 
overshadowed by other environmental factors. 

This is a good survey of issues and general transmission line 
design options. No conclusions. 

No significant adverse effect is expected for (Seafarer) ELF 
electric and magnetic fields. 

Intermittent and repeated exposures to strong 60 Hz electromag
netic fields from existing lines have no obvious adverse effect. 

This reviewer heads a large Eur0pean working group on the sub
ject area. Electric field effects may exist but play only a 
peripheral role in the context of other environmental influences. 
He ·urges that premature conclusions be avoided and emphasizes 
the need for improved protocols. 

Best used as a source for European references because higher 
frequency effects are emphasized. 

The two researchers considered in-depth literature up to early 
1976. No evidence exists that the public health has been jeo
pardized in the slightest by artificial (ELF) electromagnetic 
fields. 

This author frequently criticizes the total environmental im
pact of transmission lines. It would seem more prudent and 
more considerate of human values to see that these (ELF elec
tric field) hazards are carefully and impartially studied before 
any more of the big lines are built. 
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opposed to the installation of high voltage power lines, people 

directly affected by condemnation of land, personnel with the 

power company, and experts with the Environmental Protection 

Agency, are quoted in a comprehensible fashion. 

After a careful review of the literature, the only publi

cation appearing in any kind of scientific journal which par

tially reflects the viewpoints of the intervenors are the book 

(Young 1973) and position paper (Young 1974) by Louise B. Young. 

While this position paper (as well as the material on electric 

field) contains too few references to be considered as a survey 

or general review, a summary of this article is also included 

in Appendix A. 

2-3 



Section 3 

NEW DEVELOPMENTS IN 60-Hz ELECTRIC FIELD ENVIRONMENTS 
AND BIOLOGICAL INTERACTIONS 

In this section, a brief state-of-the-art update is pre

sented on the electric field environments associated with 

transmission lines, related laboratory field simulators, field 

measurement techniques, and the physics of electric and mag

netic field coupling with biological systems. It is assumed 

that the reader is familiar with the more comprehensive treat

ment of the subject area presented in the earlier state-of-the
art review (Bridges 1975). Only minimal effort was planned in 

this subject area because the emphasis in the present work is 

on reviewing papers on the biological effects of the fields. 

Consequently, no attempt has been made to discuss all of the 

relevant work -- which appears to be on the order of some 100 

publications of direct or peripheral interest that appeared 
since mid-1974-- or to provide separate detailed reviews, as 

has been done for the biological effects studies. 

FIELD MEASUREMENTS, PROCEDURES AND PREDICTIONS FOR HVAC LINES 

One of the difficulties in interpreting the literature on 

biological effects of electric fields is that, in the past, the 

various experimenters did not measure the electric fields in the 
same way. Because of this lack of uniform measurement procedure, 

one was never certain of the actual quantitative nature of the 

electric field or other aspects of the environment. 

Early in 1976, EPRI took the first step in remedying this 

situation by providing guidelines for the proper measurement of 

electric fields beneath power lines. Using this base and draw

ing on other sources of information, such as the ongoing research 
on this subject matter at the National Bureau of Standards 

(Misakian 1975-1978), the Electrostatic and Electromagnetic 
Effects Working Group of the IEEE Power Engineering Society 

developed a test procedure to standardize instrumentation and 
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measurements in this area entitled: "Recommended Practices for 
the Measurement of Electric and Magnetic Fields from Alternating 
Current Overhead Power Lines" (Misakian 1976 , Working Group 1977). 

Considerable activity has taken place in measuring the 
fields beneath HVAC lines. Two publications (Fern 1977, Tell 
1977) are mentioned to exemplify such activity. 

Since the last state-of-the-art review was published, 
further refinements have been made to improve the estimation 
of fields beneath high voltage ac power lines. In general, 
there is good agreement between various theoretical computa
tion methods and actual measurements. Such analytical pro
cedures are summarized in a recently published EPRI handbook 
(Transmission 1975). A more complete discussion of the pres
ent state-of-the-art in this area has been discussed in depth 
elsewhere (Bridges 1976). 

ENVIRONMENTS ASSOCIATED WITH HVDC LINES 

Considerable effort is underway in terms of ongoing pro
grams to better define the environments associated with high 
voltage de lines. The Bonneville Power Administration (BPA), 
in a program conducted for EPRI (Capon 1974-1976), is expected 
to issue a handbook shortly, which contains considerable basic 
information on the environments associated with high-voltage 
de lines. Additional effort in this area is now being con
ducted by General Electric (Deno 1977-1980) and HydroQuebec 
(Maruvada 1975-1977). These efforts will be supported by 
studies at BPA (Bracken 1976-1979) which will allow better 
calculation of the environments near the ground and by a pro
gram recently initiated at Westinghouse to develop electric 
de field and air ion current measurement instrumentation 
(Kilar 1977-1978). 

In certain instances, considerable confusion has existed 
regarding the environmental effects of high-voltage de lines 
versus those associated with high-voltage ac lines. In the 
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case of high voltage ac lines, the time-varying electric field 

typically induced body currents to flow, in the order of 10-

100 µA. On the other hand, in the case of high-voltage de lines, 

the induced currents are practically zero. However, some body 

current does flow, which arises from the presence of air ions. 

Such body currents are expected to be in the order of a few 

microamperes or less (Bridges 1975 unpubl.); However, this con

fusion between ac effects and de effects has resulted in auto

matically extending criteria developed for high-voltage ac lines 

to high-voltage de lines. Such an extension is not theoretically 

correct. Further work in the area has been suggested (Bridges 1976). 

INFLUENCE OF AIR IONS ASSOCIATED WITH HVAC POWER LINES 

While the possibility of positive or negative air ions 

causing biological effects is controversial (Bridges 1975), 

it has been established that air ion concentrations are also 

an indicator of small particulates within the air (Cobb 1968). 

Further, there are some studies (Altman 1971) which seem to 

demonstrate that certain kinds of insects may be sensitive to 

variations in air ion concentrations, although these conclu

sions also appear to be open to question. 

Nevertheless, it is quite clear that the presence of high 

voltage power lines and, in particular, high voltage de lines, 

can greatly influence the naturally occurring distribution of 

air ions. As mentioned in the earlier paragraphs, several 

studies are now underway to characterize this distribution 

from high voltage de lines. However, in the case of high volt

age ac lines, little or no activity is taking place. 

Chalmers (1952) published data which suggest,-that high

voltage ac power lines also influence the air ion environment. 

The most definitive results have been published by G. Hauf 

(1974) who showed that, in the presence of strong 60 Hz elec

tric fields within the laboratory on the order of 25,000 V/m, 

the air ion concentration is drastically reduced. 
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It can be concluded, therefore, that the state-of-the-art 
regarding air ions as associated with strong ac fields has 
not received the emphasis comparable to that now being con
sidered for high voltage de lines. While such a priority is 
well justified, special consideration may have to be given to 
this particular problem area when dealing with possible effects 
of ac electric fields on insects, or to explain inconsistencies 
between two otherwise comparable sets of experiments on ac 
electric field effects. A plausible rationale is that strong 
ac field divergences may sweep out air ions, aerosols, or air
borne bacteria which may create minor physiological variations 
between controls and exposed animals, 

IMPROVEMENTS IN DEFINING EXPOSURE 

As opposed to the finding in the earlier survey (Bridges 
1975), many biologists and experimenters are beginning to de
vote considerable effort to defining the actual exposures 
better for both laboratory test purposes and comparison of 
literature results. This is evident in the National Academy 
of Sciences Review (Committee 1977) and also the recent book 
by Sheppard and Eisenbud (1977). 

Further, many experimental protocols are emphasizing the 
coupling and induced current phenomena. Examples of this in
clude ongoing work at Ba_t_telle Northwest (Phillips 1976-1978) 
where major emphasis has been placed on determining the re
lationship between the induced body currents and fields on 
rats, mice, and pigs, to the free or unperturbed field. In 
a recently completed program by IIT Research Institute (Bridges 
1975-1978; Bridges & Frazier 1977), major emphasis was placed 
on determining the relationship between body current distribu
tions within small primates to those within a human. Work is 
also underway at IITRI to develop a method of measuring in vivo 
these internal current and voltage distributions (Bridges 
1976-1977). 
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Other work relating to internal body current distribu
tions has recently been published by Deno (1977) and Shih 
(1977). These studies are consistent with the results de
veloped on the IIT Research Institute program relating to the 
current distributions in primates and humans (Bridges & Frazier 
1977). An important aspect of this work was to demonstrate 
that body currents arising from household appliances (Bridges 
1977PES; also see Section 5) can be higher than those·· induced 
from power lines 

On a theoretical basis, there has been no lack of interest 
in attempting to predict the internal body current and volt
age distributions for either simple objects or complex human 
shapes. A representative sample of such references in this 
area are presented (Spiegel 1976; Spiegel 1975; Massoudi 1975; 
Chen 1975; Neuder 1975), although-this is not intended, by 
any means, to suggest completeness. However, a major diffi
culty exists with many of these methods because they either 
do not consider variations in internal body conductivities, 
or cannot accommodate the known value for the resistance of 
human tissues in any detail, 

PROTOCOL IMPROVEMENTS - - PHYSICAL POINT OF VIEW 

From a physical point of view, many improvements are 
currently being incorporated in the overall biological pro
tocol. These include the improved measurements techniques 
discussed previously, but more importantly the entire role 
of the physical aspects as affecting the conduct of the pro
gram. For example, in a project which is investigating the 
effects of electric field on miniature Hanford swine (Phillips 
1976 EPRia), it was discovered during the feasibility study 
that these animals can perceive electric field at field in
tensities around 30 kV/m. In a companion program, in which 
the effects of electric fields on small laboratory animals 
are currently being investigated, it was similarly noted that 
rats could perceive the electric field in the order of 80 kV/m 
(Phillips 1977 ERDA). Similarly, it was also noted that pigeons 
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could perceive the electric field in the order of 45 kV/m 
(Graves 1977 PES). At least in the cases of the swine and 
pigeons, it is now established that the detection mechanism 
is via hair or feather electromechanical stimulation--pilo
erection. These perception thresholds thereby establish the 
maximum upper limit of field intensities which may be used to 
study the effect of the electric field only. 

Also on the aforementioned programs, considerable effort 
was undertaken to design the exposure simulation facilities 
properly. This included theoretical analyses supported by 
actual measurements on prototype field exciters. 

However, a review of many of the recently published papers 
which appear in Appendix B indicates the above examples still 
appear to be more the exception than the rule, regardless of 
whether either negative or positive results are reported. If 
positive results are found, then the work is severely critized 
for lack of attention to proper physical and protocol procedures. 
On the other hand, if negative results are found, then the work 
is limited in its usefulness since many of the environmental 
parameters of interest have not been delineated. 

This lack of attention to all the physical aspects, aside 
from the even more complex biological aspects, is the root of 
the controversial nature of many of the reported positive results. 
These are clearly pointed out in the reviews in Appendix B; they 
include the possibility of ozone and mini-shocks which could 
radically influence the test results. To a lesser extent, it has 
been found that little attention has been paid to temperature 
control, humidity, air ions, acoustical noise, and vibration. 
Even more subtle effects, such as the presence or absence of the 
earth's static electric field or the earth's magnetic field, might 
also have a role. 
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The importance of these side effects, which are incidental 

to the generation of the electric fields for laboratory tests, 

is further developed in this document in the section on Special 

Issues. In that sect~on, the problem of spark discharge is 

considered. Several references are cited in which a variety 

of positive effects have been reported, ranging from altera

tion of activity to the inducing of gastric ulcers by means 

of electric shocks. The extreme difficulty in suppressing 

acoustical side effect clues incidental to the generation of 

ELF fields has been reported by Tucker (1977). Further noted 

is the fact that no real effort to date has been made to measure 
and suppress any incidental vibrations. 

IMPACT OF PROGRESS TO DATE 

The comprehensive scientifically correct attention to 

physical details, although limited to a few of the exemplary 

programs, will provide great incentive for others to follow 

suit. This helps eliminate the inconclusive results of many 

of the projects which have been reviewed here, regardless of 

whether a positive or negative effect has been reported. 

However, a number of papers reviewed here suggest that 

further emphasis and refinement of controlling the physical 

· environment under laboratory simulation conditions is needed, 

particularly in the areas of acoustical clues, vibration, the 

presence of air ions or particulates in the air. Extreme 

measures needed to suppress the acoustical clues, as cited in 

anecdotal fashion by Tucker (1977), suggest that in many of 

the experiments where some positive behavioral effect has been 

reported in response to an ELF field exposure, the results 

noted may have arisen from barely perceived acoustical sound 

or vibration. This viewpoint is reinforced since in no other 

experiment, other than Tucker's, has any real significant ef

fort been reported to eliminate beyond question all possi

ble clues about the presence or absence of the field by some 

auditory or vibrational perception mode. 
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The discovery that animals can perceive the presence of 
the field by hair stimulation or piloerection is an important 
milestone and can be used to guide the biological protocols 
of future experiments in an intelligent fashion. These newly 
discovered perception levels are summarized in Figure 3-1 which 
also includes some of the earlier perception thresholds pre
viously noted in the literature. For comparison purposes, 
various electric field environments associated with the dif
ferent operating voltages of transmission lines are also pre
sented. The ranges of equivalent electric field necessary to 
produce a body current in humans comparable to that produced 
by touching electrical appliances or by using an electric 
blanket are also included. This figure shows that the most 
likely case for a human to perceive the presence of an electric 
field would be to touch an insulated object, such as a car on 
rubber tires near a transmission line, via the spark discharge 
mechanism. Significantly, the field intensity required to in
duce the maximum body current comparable to that experienced by 
humans from household appliances is several times larger than 
the field intensity beneath most typical EHV lines. 

The fact that the maximum body current experienced by humans 
when touching household electrical appliances is several times 
the body current induced from fields associated with transmission 
lines as normally encountered provides some assurance that no 
significant biological effects exist. However, this observation, 
along with the results of a number of long-term studies on humans 
such as by Kouwenhoven (1967) and Strumza (1970), is impaired be
cause no one has developed the time history of the actual exposure 
levels on a statistical basis. The more recent switch-yard study 
by Roberge (1976) defined the range of exposed field levels more 
precisely but did leave open to question a number of details 
regarding the statistics of the time duration of the exposures. 

However, in spite of the limitations, it is useful to make 
a comparison of these data in a way which indicates the underlying 
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uncertainties. The approximate range of the electric field 
exposure for tests on humans is indicated by the thickness of 
the various cross-hatched regions in Figure 3-2. The horizontal 
length of these lines or regions suggests the approximate time 
history of exposure. In many cases only a plausible upper bound 
for the exposures can be identified and this is indicated by a 
single upper bound line. For comparison, the range of durations 
and equivalent field levels associated with household electrical 
appliances are shown in Figure 3-3. Note that for appliances 
the time duration of the exposure period and equivalent electric 
fields are roughly comparable to human exposure to transmission 
line fields. This suggests that the so-called biological effects 
of fields from electrical power lines are only a small subset of 
broader questions concerning possible influences of ELF currents, 
voltages, and fields on humans living in an industrialized society. 
If body current or internal current density can be taken as the 
principal criterion, then the worst-case exposures in an industrial 
society occur not from the transmission lines, but from household 
appliances or industrial equipments. However, it can be argued 
that the time history of such exposures is also relevant and the 
absence of appropriate statistics weakens the use of such data. 
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Section 4 

REVIEW OF DEVELOPMENTS IN DETERMINING THE INFLUENCE OF 
POWER FREQUENCY ELECTRIC FIELDS ON BIOLOGICAL SYSTEMS 

This section reviews developments in determining the ex
tent of the influence of electric fields on biological systems. 
The review is divided into five major biological effect areas 
of interest: biophysical mechanisms; genetics; reproduction, 
growth and development; nervous system and behavior; and cardio
vascular functioning, hematology and blood biochemistry. 

This section represents the major emphasis of the state-of
the-art review. Some eighty-eight reviews were made at IITRI 
specifically for this update. The subject books, papers and 
reports are abstracted in Appendices A and B, and the ongoing 
work is simi~arly described in the Bibliography that is a 
companion to this document. 

The extensive evaluations made by the National Academy of 
Sciences (Committee 1977), some of which considered electric 
field effects, were used as a basis for this review. Data and 
reviews available in other surveys, such as the text by Sheppard 
and Eisenbud (1977), were also integrated into the subject review. 
Well over one hundred publications and programs that appeared 
after publication of the previous state-of-the-art review 
(Bridges 1975) are encompassed in this document. 

BIOPHYSICAL MECHANISMS 

A major difficulty in demonstrating that ELF fields have 
biological effects is that none of the classical bio-effects 
mechanisms can be involved. Specifically, it has been proven 
that ELF fields are, except for the most intensive fields, non
ionizing, and sufficiently small that thermal effects can be 
ignored. However, the presence of reported biological effects, 
some of which are becoming widely accepted, such as the effect 
of magnetic fields on bird navigation, has stimulated specu
lation about other, more plausible mechanisms. Further, if 
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the search for such mechanisms succeeds, this would be an aid 

in determining not only where innocuous biological effects 

occur, but more importantly, the level at which hazardous ef

fects begin. 

The biophysical mechanisms by which low frequency electro

magnetic fields can couple with biosystems have been reviewed 

recently in a report of the National Academy of Sciences 

(Committee 1977), in the Environmental Impact Statement for 

Project Seafarer (Seafarer 1977) (an underground ELF trans

mitting system for communication with submarines), a monograph 

(Sheppard 1977), a special journal issue (Neurosci. Res. 1977), 

and a review (Jaffee 1977). The following summary of the 

state-of-knowledge on biophysical mechanisms is based on the 

conclusions of these sources. 

Exposure Levels and Effects 

Electromagnetic fields and currents can be coupled to 

biosystems via several mechanisms, each of which can lead to 

microscopic effects and then to macroscopic effects, as shown 

in Table 4-1. 

Most accepted electromagnetic field induced bio-effects 

can be explained as being consequences of either stimulated 

firing of individual neurons (muscle contraction, electro

sleep, perception, etc.) or of heating (electroheating, body 

temperature rise, metabolic changes, etc.). Heating effects 

may be produced by electric currents that flow resistively 

or by any mechanism that couples field energy to local col

lisional energy. The threshold at which thermal effects be

come significant is roughly at field strengths such that the 

local rates of field released energy and metabolic energy are 

equal. This implies a threshold for current density of about 

1 mA/cm2 (Committee 1977) for humans, a level far above that 

to which a person would be exposed in a powerline environment 

(see Table 4-2). The threshold for single neuron firing is 

estimated to range from about 0.1 to 1.0 mA/cm
2 

for various 
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TABLE 4-1 

STil1ULI AND COUPLING MECHANISMS THAT MAY LEAD 
TO MICROSCOPIC AND MACROSCOPIC ELF BIOEFFECTS 

Stimuli 

Electric Field, Magnetic Field or Conduction Current 

Coupling Mechanisms 

Current, 
Conduction 
Eddy Currents 
Displacement 
Grounding 

Microscopic Effects 

Heating, 

Voltage, 
Induced EMF 
Conduction 
Field Gradient 
Hall Effect 

Forces or 
Electrostatic 
Ferromagnetic 
Paramagnetic 
Diamagnetic 
Ponderomotive 

Neuron Tripping, Subthreshold 

QM 
Superconductivity 
Tunneling 
Long Range Order 
Quantized Flux 
Pigment Systems 

Coordinated Neuron 
Neuron Processes, Processes, 

Electrochemical Processes, 

Steric Processes 
(Reaction Rate, 
Surface Recognition) 

Macroscopic Effects 

Chemical 
Transport 
Processes, 

Chemical Alignment 
or Processes 

Fibrillation, Muscle Contraction, Pacemaker Interference, Perception, 
Piloerection, Electrosleep, Electroanesthesia, Electrovision, Electro
hearing, ca+2 Binding to Brain Cells, Behavior, Mitotic Cycle, Growth 
Control, Fish-Prey Detection, Navigation, Orientation, Biorhythm, Weight 
Gain, Fat Metabolism, Inter-response Time, Reaction Time, 02 Metabolism, 
Blood Clotting, DNA & Fiber Alignment, Enzyme Reaction Rates, Chemical 
Separation, Species Balance, Immunology, Fertility or Genetics. 
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STIMULUS 

E 
Electric Field 

B 
Magnetic Field 

Conduction 

Single Neuron 
Firing Threshold 

Suggested Threshold 
for Body-Heating via 
Low-Frequency Body 
Current 

TABLE 4-2 

TYPICAL HUMAN CURRENT DENSITIES AND EFFECT THRESHOLDS 

CURRENT 

Displacement= Grounding 
Current 

Eddy 

Two Point Contact 

ERECT HUMAN IN POWERLINE ENVIRONMENT 

0.16 ~ in 10 kV/m 60 Hz Field cm2 
(Sheppard 1977) 

0. 013 µA in Head for 1 G 60 Hz Field cm2 

(Committee 1977) 

0.16 mA2 Hand-to-Foot Conduction, 10 V 
cm Potential, Very Good Contact, 

in Torso 

mA 0.1-1.0 --2 cm 

mA 1.0 --2 cm 

(Adapted from Keesey 1970) 

(Committee 1977) 

(Committee 1977) 



conditions, which is also well above typical current levels 
induced in the powerline environment. Yet, some well docu
mented phenomena, such as electrically stimulated fracture 
repair, electrically controlled growth processes, bird navi
gation, electrically perturbed Ca+2 binding to brain cells 
and others occur at current density levels well below 0.1 rnA/cm2 , 
and hence seem to require explanation in terms of other micro
scopic effects (see Table 4-1). The existence of these effects 
suggests the possibility that non-thermal, sub-neuron firing 
currents may lead to observable effects in response to devel
oped body currents which can arise either from the time-varying 
fields associated with transmission lines or from the larger, 
yet imperceptible, appliance leakage currents. 

In the subsequent discussion, the classes of ELF field 
interaction mechanisms are reviewed, and major macroscopic 
effects are cited where evidence for a mechanistic interpreta
tion is available. In experimental setups and in powerline 
environments, the EM stimuli often consist of a combination 
of exposures to electric and magnetic fields and to electrical 
c.onduction currents. However, for ELF fields, one can experi
mentally arrange for separate exposure to E, B, or to elec
trical conduction. 

Coupling Mechanisms 

Current Mechanisms. Most of the studies reported in the ELF 
frequency range involve an electrical current type mechanism~ 
such as thresholds for current perception, heart fibrillation, 
electrosleep, electroanesthesia, muscle contraction, :growth 
control for bones and cells, etc. Such currents can be produced 
inside a biosubject in three major ways (see Table 4-2). A 
60-Hz magnetic field can produce an eddy current (internally 
induced current) in a conducting subject. For a sphere having 
a radius of 5 en (human head), a 1-G, 60-Hz field would produce 
a total EM field of about 190 µV, and a current density of about 
0.013 µA/cm 2 (Committee 1977). Again, 60 Hz electric field dis
placement currents can lead to ohmic currents in a biosubject. 
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For a subject grounded at one point in a 60-Hz vertical electric 

field, such as a man standing on moist ground, a capacitively 
linked grounding current will pass through the body to the 
ground. A well-grounded man in a 10 kV/m, 60 Hz E field will 
pass about 200 µA, with an average current density of about 
0.16 µA/cm2 through the trunk of the body (Sheppard 1977). 
Finally, there is two-point or multipoint conduction of cur
rent through a subject, including electrode implantation, 
cardiac pacemakers, fibrillation or shock studies, and expo
sure to electric fields, especially in conductive media, such 
as seawater. For a potential of 10 V applied between a man's 
hand and foot, assuming very good skin contact, the current 
passed is about 10 mA (Keesey 1970). For a torso of 15-cm 
radius, the average current density would be about 160 µA/cm2 . 
Thus, even a very weak conductively coupled E-field exposes 
subjects to much larger currents than does a 10-kV/m power 
line gradient in air. 

From analysis of a wide variety of neurological phenomena, 
it appears that most neurons can be induced to fire by a local 
current density of between 0.1 and 1.0 mA/cm2,provided that 
the frequency of the current is less than about 1000 Hz, and 
the duration of the exposure is at least several milliseconds 
(Conunittee 1977). In the usual model of axonology, a nerve has 
unly two states: resting and firing. A stimulus applied to 
a resting neuron, not strong enough to cause it to fire, has 
no effect. However, some data, as discussed by Scott (1975), 
suggest that exposure of resting neurons to such subthreshold 
currents can result in neuron "adaptation" which can alter 
the sensitivity of a neuron to subsequent stimuli (Cooley 1966). 
Such sensitivity changes may be due to selective diffusion of 
charged chemical species in the vicinity of the membrane 
surface. 
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The thresholds for some neuron phenomena are very fre

quency dependent, as is shown in Figure 4-1 for visual and audi

tory phenomena. Dalziel (1972) demonstrated similar frequency 

dependencies for muscle control and current perception effects. 

The thresholds for the stimulation of CNS effects are especially 

low for currents in the frequency range of from about 2 to 20 Hz, 

the "brain wave region." Related effects include the inhibi
tion of Ca ion binding in CNS cells (Adey 1977), primate inter

response time (Galvas-Medici 1976), human cognitive behavior 

(Hamer 1968), and EEG traces (Waibel 1975). 

It is not known precisely why these minima occur in the 
thresholds for CNS and perceptual neuron firings. One possi
bility is that the sensitivity of individual neurons is strongly 

frequency dependent. Indeed, some solutions of the Hodgkin

Huxley equations (Committee 1977, Scott 1975) for model mem

brane systems suggest strong frequency dependence due to 
interaction of capacitive and inductive dispersion terms 
(Adelman 1976). Alternatively, the frequency dependence of 

CNS function may be due to coordinated properties of the 

network of CNS neurons. Brain alpha rhythm, for instance, 

occurs at about 10 Hz, and the coincidence with excitation 
threshold minima at the same frequency seems more than acci

dental. If it is the case that the 10 Hz sensitivity is due 
to coordinated cell phenomena, then it is plausible that there 

may be CNS effects at current levels below the thresholds for 
single neuron firing. Theories involving the response of co
ordinated cells to EM stimulus have been proposed (Grodsky 1977, 

Frohlich 1977). 

I · · · f C +2 b" d" b . n reviewing recent experiments o a in ing to rain 
cells under the influence of ELF fields, the National Academy 
of Sciences found that if the data are valid, there is signifi
cant evidence for cell coordination over comparatively long 

distances. 
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Cerebral calcium binding is sensitive to ELF fields ... 
(with) frequency and amplitude windows in the fre
quency domain 6-16 Hz ... (and) field magnitude 10-
60 V/m in air. This corresponds to in situ bulk 
tissue gradients of around 10- 7 V/cm-.- Compare this 
sensitivity with the 10-a V/cm in the most electro
sensitive fish species. (This) would require an 
unusual degree of molecular cooperativity not yet 
demonstrated and extending over several cellular 
dimensions. 

Some fish, including catfish and sharks, routinely detect 
unperturbed fields in the order of 1 µV/m (or about 10-4 µA/cm2) 
generated by prey (Kalmijn 1966, Bullock 1973, Committee 1977, 
Sheppard 1977). Though these fields are extraordinarily small, 
the result fits within the general framework of neuron firing. 
The sensitivity is apparently the result of three factors. 
First, the fish live in conductive media, so that small volt
age gradients drive more substantial currents than similar 
fields would in air. Second, these fish have evolved special
ized electroreceptive organs that, in effect, funnel the con
ducted currents to single neurons, thus sampling the field 
over a length much longer than that of the neuron itself. 
Third, apparently in response to the environment, these fish 
have evolved a neuron threshold firing level that is lower 
than that of land animals (Committee 1977). These factors 
account for the high sensitivities, More work remains to be 
done to determine how widespread the electrosensitive adapta
tion is among water-living creatures. 

Another family of current induced bio-phenomena involve 
the stimulation and control of bone and cell growth (limb 
regeneration, egg development, etc.) usually using de cur
rents (Becker & Spadaro 1972, Jaffe 1977), though ac currents 
have also been used (Bassett 1974 Sci, Norton 1972): Accord
ing to Bassett (1974), the effect due to ac currents should 
be minimal as he states: 

First, osteoblastic activity characteristically is 
observed near the -electrode that is held cathodic 
under de conditions, while osteoclastic activity may 

4-9 



be present under mild anodic conditions. Second, 
there is a threshold current of 3-5 µA necessary to 
stimulate osteogenesis in these systems. An opti
mal stimulus exists in the range of 10-25 µA, Third, 
deleterious effects appear when currents larger than 
50 µA are employed. Fourth, in most cases, under 
pulsed or ac conditions a polarity dependent cellu
lar response (osteoblastic vs osteoclastic) is not 
observed. 

Thus, in the case of ac body currents having no de component, 

it can be concluded from Bassett (1974), as well as other theo

retical considerations, that bone or growth modification is 

not likely to occur for moderate levels of ac body currents. 

This viewpoint is supported by the material reviewed by 

Jaffe (1977). 

For large values of ac body current, it is more likely 

that effects may be seen. For example, Bassett (1974, 1974 Sci), 

using a pulsed magnetic field having a duration of 0.15 ms 

and repetition rate of 65 Hz, was able to observe an effect 

at an ac current density of about 40 µA/cm 2 at an internal 

field intensity of 20 mV/cm (assuming an internal tissue re

sistance of 500 n-cm). The possibility exists, however, that 

at this level of internal field, some form of rectification 

might well occur for this highly asymmetrical pulse leading 

to a net de component (Bridges 1961). As noted in Table 3, 

the current density in a human exposed to a 10 kV/m field is 

more than 100 times less--only 0.16 µA/cm 2 . 

On the other hand, in the case of HVDC lines, the possi

bility exists that some de body current may flow in humans 

when standing near these lines. Although these currents have 

yet to be measured or calculated, they are expected to be 

quite small, less than 1 µA total (Bridges 1976)--more than 

100 times less than that experienced beneath ac lines--and 

can also be expected to reverse in polarity due either to wind 

shifts or simply walking to the opposite side of the line 

(Bridges 1976). In the case of de body-current clinical 

laboratory studies, there are a number of well-documented 
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publications. For example, reports on electrically stimulated 
fracture healing include clinical case histories of human pa
tients as well as laboratory studies on small animals. These 
effects have usually been produced by about 3 to 50 µA/cm 2 of 
de current densities administered continuously over times 
ranging from several days to several months. 

However, the effects observed may be related to factors 
other than current density. Jaffe notes that, 

It is clear that clinically significant healing can 
be induced by implantation of cathodes delivering 
direct current in the order of 10 µA. It is also 
clear that the new bone forms in the immediate vi
cinity of the cathode. These facts suggest that 
bone healing is mediated by electrolyte products 
rather than by field effects. 

This suggests that in the absence of electrodes, such as will 
be the case for normal humans and for the ranges of de body 
currents studied by Jaffe, little or no effects would develop. 

It should be mentioned here that the studies on bone 
growth and growth control phenomena are discussed here only 
in context of biophysical mechanisms. As such, only a few of 
the many references available in this area are cited. For 
further coverage, see, for example, Becker & Spadaro (1972), 
Jaffe (1977), Becker (1972), and Liboff (1974). 

Voltage Mechanism. For a system through which a current is 
flowing, it is usually equivalent to discuss either the current 
density or the associated electric field since they are related 
by j = oE, where o is the conductivity of the medium, j is the cur
rent density and Eis the electric field. However, for nerves, 
it is essential to note that an impulse does not transmit 
charge or current in the conventional sense along the fiber. 
The impulse is a polarization wave, and current flow is 
largely t.ransverse to the fiber through the membrane. The 
voltage difference between the two sides of the membrane is 

0 
usually about 70 mV over a distance of about 70-200 A, for an 
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.average field of about 104 kV /m. It is difficult to under
stand how such a large localized field can be substantially 

affected by a weak ELF modulation (Sheppard 1977). 

Forces. A variety of different ELF field-mediated forces can 
interact with components of living organisms. However, there 

are very few, if any, cases that can be cited where the field

induced force leads unequivocally to a macroscopic bio-effect. 

One obvious case for consideration is the interaction of 

ferromagnetic elements within key biological chemicals with 

~agnetic fields. Hemoglobin, for instance, contains an essen

tial iron atom, and many investigators (mostly Soviet) have 

studied such properties as: hemoglobin's oxygen carrying 

capacity, rates for blood clotting, proportions of various 

blood cell types present and others, in the presence of strong 

magnetic fields. While there is some evidence for effects, 

the amount of energy present in the field interaction seems 

to be insignificant--at least in magnetic fields comparable 

to the powerline environment, 

It seems plausible that orientation and navigation phe
nomena in many species may take advantage of the earth's polar 
magnetic field. Though·man, apparently, cannot consciously 

perceive weak magnetic fields (Tucker 1977), the same may not 

be true of other organisms. Abundant evidence exists that 

the earth's magnetic field plays a major role in the behavior 
of homing pigeons and in the navigation of migrating birds 

(Southern 1972), orienting snails (Brown 1966), and organisms 
under conditions when other navigational clues are absent. 

Recent evidence has been presented that at least one micro
organism does orient by using the earth's magnetic field 

(Blakemore 1975). The search for key natural ferromagnetic 

biological compounds continues, though several other plausible 
mechanisms for obtaining navigational information from the 

magnetic field exist. 
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Weaker strength magnetic field forces can be exerted on 

paramagnetic (net permanent magnetic dipole moment) and dia
magnetic (zero permanent dipole-opposing induced magnetic 
dipole moment) substances. At present, it seems unlikely 

that paramagnetic or diamagnetic forces contribute to macro

scopic ELF effects because the energies involved in these 

interactions are very small compared to the energy available 
in thermal molecular collisions at room temperature. 

The electric field interacts with charges via electrical 

multipole moments. Ions in solution can readily migrate in 
response to a uniformly-applied field; though these move

ments are slow because they must compete with the randomizing 
effects of collisions with other substrates (at thermally 

controlled rates), these selective diffusion processes may 

play a role in growth control and other processes. However, 

it seems more likely that these effects would be maximal in 
de fields, wherein the net ion drift would be greater (i.e., 
not cancelled during each field cycle). 'However, in a region 

where ac magnetic and electric fields are orthogonal, sus
pended particles experience a force related to their conduc
tivity and shape. This process, electromagnetophoresis, has 

been used to separate particles (Kolin 1960) in a 6000 G field 

at 60 Hz. 

In non-uniform fields, even molecules with zero net charge 

can experience a net force if they possess an electric multi
pole moment. These forces arise from the uneven force on each 
component charge due to differences in the strength of the 

local field. Protein separation by electrophoresis is an 
example of this process. Dielectrophoresis can cause selec
tive diffusion even for non-uniform 60-Hz E-fields. Dielectro

phoresis has recently been used to separate living and dead 

yeast cellJ (Pohl 1968). 

Electric fields can also exert forces on neutral compo
nents via induced dipole moments. In strong non-uniform ac 
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fields, such forces can lead to irreversible changes (Schwan 
1969). However, such forces seem unimportant because the 
internal fields are small compared with the thresholds for 
activity. The threshold at which the energy of these inter
actions equals the local thermal energy effects is propor
tional to R- 312 , where R is the radius of the component. 
Thus, larger objects are easier to polarize and experience 
larger forces (Sher 1963). 

Experimental evidence for the effect of forces can be 
direct or indirect. The net alignment of asbestos fibers 
(Timbrel 1975) or DNA strands in solution produced by ELF 
field forces can be determined by light scattering experi
ments (Degen 1972). 

Hair on the external surface of an organism may experience 
significant force (piloerection), and may oscillate in an ap
plied ac field, leading to perception and behavioral effects 
(Phillips 1976 EPRI). It is difficult to estimate the sig
nificance of ELF field forces on processes sensitive to steric 
factors. Whereas the energies involved are often small, even 
small distortions of surfaces involved in chemical recognition 
processes may drastically change reaction rates. Shifts of 
even 1 R size in the active sites of some enzymes can change 
their character. Also, whereas the energies of interaction 
between powerline-like fields and biosystems are very small 
in comparison with covalent bonds, they may not be small in 
comparison with conformational energies of liquid crystals 
(Baessler 1969, Little 1977) or structured water. 

Quantum Mechanical Mechanisms. There exist some possible quan-
tum mechanical (qm) ELF field bioeffect mechanisms that have no 
analog in classical physics or common experience. They involve 
room temperature superconductivity, energy barrier tunneling, 
long range order, quantized flux, and other processes. If some 
organic compounds were to behave as room temperature superconductors, 
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many exotic possibilities would become apparent. The hypothe

sis of a room temperature superconductor is not new (Little 

1964), and some recent work has been supportive (Cope 1974). 

Interesting possibilities include extreme sensitivity to mag

netic fields by Josephson Junction type mechanisms and long 

range coordination of cellular states. 

Another possible qm effect involves the interaction of 

visible pigments in the eyes of birds with the ambient mag

netic field in such a way as to yield a visible signal. Mag

netic field stimulated vision has been documented (Adrian 
1977), and such a mechanism would help to account for bird 
navigation (Leask 1977). 

The status of possible qm mechanisms is that they are 
interesting conjectures that remain to be verified (Committee 

1977). 

GENETICS 

Agents such as ionizing radiation, heat and ultraviolet 

light produce genetic mutations by breaking bonds in the DNA 
chemical structure. A single UV light photon (quantum local

ized energy) contains sufficient energy to break one typical 

covalent bond, and a single gamma ray can break several. 

Since photon energy is proportional to the frequency of radi

ation, a single photon of ELF radiation falls many orders of 

magnitude short of the energy required to break a covalent 
bond. Thus, if ELF radiation could produce mutations, it 
would have to be by a mechanism unlike those of gamma rays 
and UV light. Of course, at very high total energy absorp
tion levels, temperature effects could cause covalent bond 
breakage, irrespective of photon energy. However, the total 
field energies available in the powerline environment fall 
far short of those required to produce thermal genetic ef

fects by breaking covalent bonds. 

Genetic effects have been reported following exposure of 

subjects to electromagnetic fields between de and microwave 
frequencies, even at very weak field strengths. However, in 
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reviewing the results of about 26 studies, the National Academy 
of Sciences (Committee 1977) concluded for the Seafarer electro
magnetic environment that, 

On both theoretical and experimental grounds, we be
lieve that ELF fields are not likely to constitute a 
genetic hazard. The few experiments that have indi
cated possible effects have generally been poorly 
designed and have not yielded the same results on 
repetition. 

Table 4-3 summarizes recent studies on genetics. 

While Coate and Negherton (1970) reported effects for 
Drosophila melanogaster given 48 hour exposure to 45-or 75-Hz 
10-20 V/m electric fields with 1.0-2.0-G magnetic fields, no 
effects were found by Bender (1977) or Mittler (1972) under 
comparable conditions. Getz and Getz (1977) found no genetic 
effect on Drosophila raised in 9.6-kHz, 2.5-G magnetic fields. 
Portnov (1975) found that 24 hour exposure of Drosophila to 
330 kV/m static electric field increased sex-linked recessive 
lethal mutations but that the result was independent of field 
strength--an unlikely prospect. Riviere (1975) found that 
bacterial mutation frequencies were not affected by continuous 
exposure to 200 kV/m fields. For mammals, Knickerbocker, et al. 
(1967) found that 

... no untoward effect of exposure (to about 1500 
hours of 60 Hz, 160-kV/m electric field) was ob
served in the exposed animals, nor was there an ef
fect on their ability to reproduce. Male progeny 
were ... slightly lower in weight (perhaps) because 
of electric shocks from the water bottle. 

Another review (Bridges 1975) noted that Knickerbocker's pro
tocol precluded such shocks and that the weight difference was 
attributed by Knickerbocker to placement of the progeny of the 
exposed group in a region where more heat loss occurred. The 
National Academy of Sciences report found the results of 
Marino, Becker and Ullrich (1976), involving growth effects 
on three generations of mice exposed to 60-Hz, 10-kV/m elec
tric fields, to be weakened by 
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Investigator 

Krueger, 1975 

Heller, 1959 

Takashima, 1966 

Hamrick, 1973 

Gann, 1974 

Riviere, 1975 

Coate ilnd Ne.ghert:nn, 
1970 

Bender, 1977 

Mittler, 1977 

Gatz and Gatz, 1977 

Petrov, 1975 

Knickerbocker, 1967 

Marino, Becker & Ulrich, 
1976 

Baum, 1975 

TABLE 4-3 

SUMMARY OF GENETIC EFFECTS RESEARCH 

System 

Chicken 

Garlic root tip 

Bare DNA 

Bare DNA 

Wet subcutaneous 
cell culture 

Bacteria 

Drosophila 

Drosophila 

Drosophila 

Drosophila 

Drosophila 

Mice 

Mice 

Rats 

Stimulus 

12 weeks of exposure 
60 Hz, 3.4 kV/m,1.4 G 

5 minute exposure 
27 MHz 

ELF to microwave, 
300 V (peak to peak) 

microwave (2450 MHz) 

60 Hz, 600 kV/m 

continuous exposure 
10, 50 or 200 kV/m 

48 hr exposure to 45 or 
75 Hz, 10-20 V/m, 1.0-
2.0 G 

48 hr exposure to 45 or 
75 Hz, 10-20 V/m, 1.0-2.0 G 

5 days exposure to 45 to 
75 Hz, 10 V/m, 1.0 G 

continuous exposure to 
9.6 kHz, 2.5 G 

24 hr exposure, 50 Hz, 330 kV/m 

6.5 hrs per day exposure for 
10.S months, 160 kV/m 

3 generations, 60 Hz, 10 kV/m 

94 weeks, 447 kV/m pulsed 

Result 

No effect 

Effect noted 

No effect 

Only thermal 
effects 

No effect up to 
200 kV/m 

No effect 

Effects reported 

No effect 

No effect 

No effect 

Effect noted 

No effect 

Effects noted 

No effect 



... an obvious flaw in the experiment: mice in the 
vertical fields were exposed to steady-state induc
tively coupled microcurrents of 5 µA. (Coilllllittee 
1977) 

Mol'.'.eover, Baum (1975) found no genetic effects on rats exposed 
for 94 weeks to 447 kV/m pulsed electric fields, and the National 
Academy of Sciences judged that Krueger (1975) 

... recorded no consistent effect of either (60 Hz, 
1.6 kV/m electric, 1.0-2.0 G magnetic) field on fer
tility, hatchability, or sex ratios (in chickens). 

While Heller and Teieira-Pinto (1959) found that 27-MHz 
power could lead to chromosomal aberrations in garlic root 
tips, the power levels used were high enough to produce thermal 
effects. Takashima (1966) found no effects on bare DNA ex
posed in a frequency range from ELF to microwave, and Hamrick 
(1973) reported only thermal effects on bare DNA under micro
wave exposure. 

In suilllllary, unlike UV and ionizing radiation, ELF radia
tion cannot produce genetic effects by breaking covalent bonds 
in a single interaction. While it is conceivable that other 
mechanisms, such as steric factors, selective diffusion or 

\ 

nervous responses leading to altered metabolism might lead to 
a genetic effect, available evidence suggests that no genetic 
effects will occur in the powerline environment. 

REPRODUCTION, GROWTH AND DEVELOPMENT 

Table 4-4 summarizes the studies on fertility, reproduction, 
and growth or development that have been reported since our 
1975 review. All but two (Le Bars and Andre 1976, Cerretelli 
and Malaguti 1976) were reviewed by the National Academy of 
Sciences Review Committee in connection with the proposed 
project Seafarer. Their conclusions were summarized as follows: 

A review of the literature indicates that fertility, 
growth, and development would not be adversely af
fected by the electric and magnetic fields produced 
by Seafarer. A wide range of animal subjects has 
been exposed to electric fields of different inten
sities under a variety of conditions. The reported 
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TABLE 4-4 

SUMMARY OF STUDIES OF EFFECTS ON FERTILITY, REPRODUCTION, GROWTH, OR DEVELOPMENT 

Investigator a 

Noval, et al., 1976 

Mathewson, et al., 1976 

Krueger & Reed, 1975 

Marino, et al., 1976 

Marino. et al.' 1976 
in press 

Le Bars & Andre, 1976 

Le Bars & Andre, 1976 

Bankoske, et al., 
(in Committee 1977) 

JES 

Cerretelli & Malaguti, 
1976 

Krueger, et al., 1975 

Giarola & Krueger, 1974 

Durtee, et al., 
(197 5-Part I) 

Durfee, et al., 
(1975-Part IV) 

Subjects 

Rats 

Rats 

Female Mice 

Male & Female 
Mice 

Male Rats 

Female Rats 

Rabbits 

Meadow Voles 

Male Rats 

Male & Female 
Chickens 

Chickens 

Male & Female 
Chickens 

Male & Female 
Chickens 

Field 
Intensity 

,0001-.1 kV/m 

.002-.1 kV/m 

.005 or . 1 kV/m 

10 or 15 kV/m 

15 kV/m 

50 kV/m 

50 kV/m 

50 kV/m 

100 kV/m 

1.6 kV/m or 1.2 G 

3.5 kV/m, 1.3 G 

.001-3,5 kV/m or 
1-30 G 

5 G 

Frequency 

45 Hz 

45 Hz 

45 or 75 Hz 

60 Hz 

60 Hz 

50 Hz 

60 Hz 

45 or 60 Hz 

60or75Hz 
45, 60, or 
75 Hz 

60 Hz 

Exposureb 

30-51 days 

28 days {C) 

Up to 36 days (C) 

Conception to 
maturity, 3 
generations (C) 

1 mo (C) 

Up to 100 days in
cluding gestation 
(8) 

Up to 100 days (8) 

4 weeks 

Various periods 
(0.5 or 8) 

12 weeks {C) 

28 days {C) 

Prior to incubation 
up to 4 weeks of 
age (C) 

Prior to incubation, 
to hatching {C) 

a (Committee 1977) indicates that the information was taken from the National Academy of Sciences review. 

b (Number) indicates the number of hours of exposure/day, {C) indicates continuous exposure. 

Relevant Measuresc 

{+) Growth 

(-) Growth 

{-) Growth 

{-) Number of litters & litter size 

{+) Growth 

{-) Growthd 
{-) Estrus cycling 
(-) Number of implantations and 

survival of implants 

{-) Growthd 

{-) Growth 
{-) Behavior and appearance of F 1 

{+) Number of mating• & pregnancies 
{-) Gonadal morphology 
{-) Spermatogenesis 
{-) Embryo survival, morphology 

(+) Egg production 
(-) % Fertile Eggs, % Eggs Hatched 
(-) Chick or embryo morphology 

{+) Growth 

(-) Hatchability, embryonic survival· 
{-) Early posthatching growth and 

development 
(-) Prematuration growth & development 
{+) Embryo metabolism (5 GB field) 

(-) Hatchability, embryo growth 
{-) Embryo metabolism 

c (-) indicates that no effect was reported or occasionally that one parameter or one exposure condition out of a number yielded a statistically 

significant difference but the original investigators concluded that this was by chance. {+) indicates that the investigators reported an 

effect for one or more of the exposure conditions. 

dDifferences in growth of control and exposed rats and rabbits were observed after but not prior to an inadvertent infection in the animal colonies. 



effects are comparable in magnitude with natural 
biologic variabilities, related temporal factors, or 
normal biorhythms that are not otherwise accounted 
for. Intervening factors, such as microshocks and 
poor experimental design, can account for many of 
the reported observations. 

Basically, our review supports the conclusions reached by 
the NAS Committee. This can be illustrated by pointing out 
certain features in the studies on which our conclusions were 
based. These are more extensively reviewed in Appendix B. 

Studies Involvin~ Exposure to Intensities 
of Less Than 10 V/m . 

The studies in which Noval, et al. (1976) observed growth 
differences between unexposed rats and rats exposed to low
voltage (0.1 kV/m or less), 45-Hz vertical electrical fields 
involved a special procedure, i.e., the animals were shielded 
from natural or ambient electromagnetic fields. Such a model may 
be more sensitive to a specific experimental manipulation; how
ever, there is always the question of whether the effects ob
tained are predictive of what would occur in a normal environment. 
Thus, the primary question regarding the effects reported by 
Noval and his associates is whether the growth differences 
would occur under conditions in which the animals were not 
shielded from ambient or natural electromagnetic fields. The 
essentially negative results obtained in growth studied by 
Mathewson, et al. (1976) seem to indicate that they would not, 
or at least would not for exposure periods up to 28 days, the 
maximum exposure period studied by Mathewson. The no-effect 
conclusion is further strengthened by the evidence that mice 
exposed to ELF horizontal fields within this range of inten
sities did not show effects on growth (Krueger & Reed, 1975). 

With respect to the growth effects reported for studies 
with chickens, a review of the methods reported by Krueger and 
his coworkers indicate that their cage design was such that 
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birds exposed to electrical fields could have received micro

shocks while eating or drinking or when touching the cage sides. 

Those exposed to magnetic fields may have been subjected to 

120 Hz vibrations. Further, differences in the acoustical, 

light, or thermal environment of exposed and control birds 

were not ruled out, nor was the presence of corona. Any or 

a combination of these factors could have contributed to dif

ferences between exposed and control groups reported for growth 

(Giarola 1974) and egg production (Krueger 1975). It is note

worthy that in studies on chickens in which precautions were 

taken to avoid microshocks or the possibility of differences 

in nonexperimental variables between exposed and nonexposed 

subjects, chickens that were exposed to electrical or magnetic 

fields, within the intensity ranges reported by Giarola and 

Krueger, did not exhibit any variations in growth (Durfee 

1975-I). The latter investigators used even longer exposure 

periods and the only significant effect with respect to repro

duction, growth, or development was an alteration in embryo 

metabolism associated with exposure to a 5 G magnetic field 

which was later contradicted by more extensive studies (Durfee 

1975-IV). 

Fields of Intensities of 10 kV/m or Greater 

The primary studies that suggested effects on growth for 

animals exposed to fields within this intensity range were 

those conducted by Marino (1976 JES, and in press) with rats 

and mice. While there are no studies carried out by other 

investigators that serve as a direct contradiction to the ef

fects reported by Marino, the lack of internal consistency, 

the possibility that exposed animals encountered microshocks 

when drinking (and in some experiments when eating), and the 

possibility that the exposed animals were subjected to exces

sive ozone concentratiorts raise serious questions concerning 

the attribution of any effects obtained to the reported fields. 

Further, other studies carried out with fields of even higher 

intensities have yielded essentially negative results with re

spect to growth in several different animal models (Table 4-4). 
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The only study to indicate an effect on reproduction for 

animals exposed to fields within this intensity range was that 

of Cerretelli and Malaguti (1976). It should be noted that 

they observed a reduction in the number of matings and preg

nancies in animals exposed to the 100-kV/m fields for daily 

one-half hour sessions, but not in those animals exposed for 

daily 8-hr sessions. This fact, plus the lack of quantitative 

information or statistical analysis for the reported decrease 

in reproduction, makes it difficult to determine what signifi

cance should be attached to this report. 

In summary, none of the studies reviewed demonstrated 

consistent exposure to ELF electrical fields on reproduction, 

growth, or development that could not potentially be explained 
by failure to control other sources of variation or by the use 

of exposure conditions for which the practical relevance is 

not clear. When other sources of variation were controlled, 
the weight of the evidence indicates that for the field inten

sities and reproductive, growth, or developmental parameters 

studied, there were no effects of biological significance. 

NERVOUS SYSTEM AND BEHAVIOR 

After reviewing the literature relevant to the bioeffects 
considered in this section, the National Academy of Sciences 
Committee concluded that 

... the behavioral, neurophysiologic, and neuro
chemical effects reported for fields in air occur 
only at field strengths well above those expected 
even in the immediate vicinity of the (Seafarer) 
antenna and only at lower frequencies. 

For the purpose of the present review, investigations 
restricted to frequencies in the range of 1-20 Hz and those 

concerned solely with magnetic fields or static fields, have 
for the most part been ignored. This review focuses on elec

tric fields in the range of 45-75 Hz. The tabular summary of 
studies that fall within this category indicates that no new 
studies have been added since the NAS Review that would contra
dict their conclusions. However, as previously noted for other 
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biological parameters, there have been few studies that have 

considered nervous system or behayioral effects using a dose

response paradigm for field strengths above 0,1 kV/m or for 

exposure durations longer than several hours. Fields asso

ciated with high voltage lines could be approximately 100 times 

greater than this maximum, suggesting a need for exploration 

of exposure-response relationships within this higher inten

sity range. 

Galavas-Medici and Sagan, in an Appendix to the NAS re

port (Committee 1977), reviewed studies for which the objec

tive was to determine ELF field effects on behavior in animal 

models. Their conclusion was that the existing literature is 

inadequate not only in terms of the length of exposures that 

have been considered, but also in terms of the behavioral 

assays employed. Their recommendation was that certain operant 

conditioning procedures, especially those involving time de

pendent behaviors, be applied to the study of ELF field ef

fects. While ther~ is certainly no universal agreement 

concerning ideal behavioral assays in animal models, at this 

early stage in the study of ELF field effects, it would ap

pear that there is justification for behavioral evaluations 

involving the procedures recommended by Galavas-Medici and 

Sagan (Committee 1977), as well as by other conditioning pro

cedures such as those recommended by Soviet investigators. 

Our review also suggests that in evaluations of field 

effects on human behavior, consideration should also be given 

to alternative types of behavioral assays. The visual track

ing procedure in which a subject is required to manually track 

a moving target displayed on an oscilloscope screen might be 

considered. This procedure demands more of the subject than 

the reaction time evaluations that have been used. If ELF 

fields of the intensity and frequency range of interest here 

influence human behavior, it is obvious that these effects 

are relatively subtle, which is not to say that they are un

important. One way to optimize the action of subtle influences 
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on behavior is to increase the demands made on the subject. 
It is essential in such studies that the appropriate control 
procedures be included to allow dissociation of factors such 
as fatigue, boredom, or improvement with practice, from field 
influences, and to allow detection of the interaction of such 
factors with field influences .. The existing human behavioral 
studies have not always included such control procedures. 

In our review of field effects on the nervous system, 
the most frequently used assay has been the EEG (Table 4-5). 
In such studies, it is very important that the investigators 
consider the possibility that the pick-up current or voltages 
collected by the EEG wiring and electrodes could have con
tributed to any effects observed from exposures that were 
carried out with the recording electrodes in place. This 
has not always been considered in the interpretation of EEG 
results. Secondly, it might be suggested that advances in 
neurophysiology technology have made available more meaning
ful modes of EEG analysis than the waves/second measure used 
by many investigators. One such technique is analysis of 
the average power density for different frequency bands of 
the EEG such as employed by Westinghouse (Graves 1977 PES) 
and Silny (1976). Investigators active in neurophysiological 
research could probably suggest other even more sophisticated 
techniques. 

In addition to the studies concerned with the effects of 
ELF fields on behavior, two investigations were directed at 
determining whether an animal, given a choice between an area 
irradiated by a field and a presumably identical area that 
was shielded from the field, would demonstrate a preference 
for one or the other. The two investigations assessed such 
preference in terms of the distribution of choice (Epstein 
1976) or the distribution of time spent in the two areas 
(Phillips 1977 ERDA). The objective of such studies was to 
determine whether or at what field strengths the animal could 
detect the field. The study by Phillips and coworkers 
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TABLE 4-5 

SUMMARY OF STUDIES THAT INVOLVED MEASUREMENT OF NERVOUS SYSTEM OR BEHAVIORAL PARAMETERS 

Investigators a 

Noval, et al., 1976 

Gavalas-Medici, et al., 
1976 

Krueger and Reed, 1975 

Silny, 1976 

Silny, 1976 

Hauf, G. • 1974 
Hauf, R. • 1974 
Hauf, R. • 1976 & 1976 RGE 

Mantel, 1975 
Hauf, R. • 1976 & 1976 RGE 

Rupilius, 1976 
Hauf, R. • 1976 & 1976 RGE 

Eisemann, 1975 
Hauf, R. • 1976 RGE 

Waibel, 1975 

Fole, 1974 

Subjects 

Rat 

Monkey 

Mouse 

Cat 

Rat 

Human 

Human 

Human 

Human 

Human 

Human 

Field 
Intensity 

0.0001-0.1 kV/m 

0.001-0.056 
kV/m 

o.oos-0.1 kV/m 

60 kV/m 

80 kV/m 

1, 15, or 20 
kV/m 

3 G 

20 kV/m, 3 G 

200 µA e 

Frequency 

45 Hz 

7. 45, 60 or 
75 Hz 

45 Hz 

so Hz 

60 Hz 

SO Hz 

SO Hz 

SO Hz 

SO Hz 

50 Hz 

~ultiple references indicate multiple reportings of the same experiments 

b(+) indicates an effect was reported 

Exposure 

30-40 days 

up to 4 hd 

6 h 

8 h (two 4-h 
on with 4-h 
off) 

up to 2 hd 

3 h 

3 h 

3 h 

3 min 

Up to 30½ h 
(60-90 min rest 
after 4 h) 

Relevant Measuresb 

(+) Brain acelyltransferase 

(+) Schedule controlled behavior 
but frequency specific 

(-) Brain and serum serotonin 

(*) EEG 

(*) EEG 

(*) Reaction time 
(-) EEG 

(-) Reaction time and EEG 

(-) Reaction time and EEG 

(-) Reaction time and EEG 

(+) EEG (at time field switched on) 

(-) manual dynanometry 

(*) indicates a difference was observed between exposed and control groups or periods in one or more experiments, but the investigators 
concluded that it was within the physiologically normal range. 

(-) indicates no effect was reported 

cinforrnation taken from NAS review (Committee 1977). 

din that the same subjects were used on different days for evaluating different field intensities, the total exposure time was greater 
than shown. 

eNo field. A 200 µA conduction current was studied. 



indicated a preference for the shielded area when it was 

paired with 60-Hz fields of 90, 105, or 130 kV/m, but no 

preference was demonstrated when the option was the shielded 

area versus a 50-, 60-,or 75 kV/m field. Epstein and Ondra 

(1976) observed a significant preference for the shielded 

area over an area irradiated by 177-kV/m de field, which was 

the only field considered in their study. 

CARDIOVASCULAR FUNCTIONING AND 
HEMATOLOGY AND BLOOD CHEMISTRY 

Cardiovascular Functioning 

Cardiovascular functioning has been the object of in

vestigation in a number of studies, and those reported since 

the last review are summarized in Table 4-6. In human studies, 

more or less transient decreases (Fole 1974, Waibel 1975) or 

increases (R. Hauf 1974) in heart or pulse rate have been ob

served during or after certain ELF field exposures. In 

R. Hauf's study, an increase in pulse rate of approximately 

10 percent was observed several hours after a 2-hour exposure 

to a 20-kV/m field, but this was not manifested with shorter 

exposures (1-1/2 hours) to a less intense field (1 or 15 kV/m). 

Neither the R. Hauf (1974) ·study nor those by Fole (1974) and 

Waibel (1975) can be considened as strong evidence of altered 

cardiovascular functioning due to exposure to electromagnetic 

fields. Hauf's within-subjects experiment analysis is con

founded by the failure to rule out other effects. Fole's 

study suffers even greater design deficiencies including a 

very small number of experimental subjects (one of whom was 

the investigator) and no control subjects or control periods. 

The decreases in heart rate reported by Fole to be associated 

with increasing time spent in the field generated by a 400 kV 

substation might very well represent changes over time in a 

testing situation. It is noteworthy that G. Hauf (1974) and 

others (e.g., Eiseman 1975) have observed decreases in pulse 

rate over time within the test sessions during both control 

and experimental sessions. Waibel (1975) also failed to 
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TABLE 4-6 

SUMMARY OF STUDIES INVOLVING MEASUREMENT OF CARDIOVASCULAR PARAMETERS 

Investigators a 

Blanchi, et al., 1973-2 

Blanchi, et al., 1973-2 

Fischer, et al., 1976 

Cerretelli & Malaguti, 1976 

Silny, 1976 

Cerretelli & Malaguti, 1976 

Silny, 1976 

Phillips, et al., 1977 

R. Hauf, 1974 

G. Hauf, 1974; 
R. Hauf, 1976 & 1976 RGE 

Mantel, 1975; 
R. Hauf, 1976 & 1976 RGE 

Rupilius, 1976; 
R. Hauf, 1976 & 1976 RGE 

Eisemann, 1975 
Hauf, 1976 RGE 

Waibel 

Fole, 1974 

Subjects 

Mouse 

Guinea Pig 

Rat 

Dog 

Cat 

Rabbit 

Rat 

Rat 

Human 

Human 

Human 

Human 

Human 

Human 

Human 

Field 
Intensity 

0.01 kV/m 

0.01 kV/m 

0.05 or 5.3 kV/m 

25 kV/m 

60 kV/m 

80 kV/m 

80 kV/m 

80 kV/m 

1 or 15 kV/m 

1, 15, or 20 kV/m 

3 G 

20 kV/m, 3 G 

Frequency 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

60 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz d 

50 Hz 

aMultiple references indicates multiple reportings of the same experiments. 

b(+) indicates an effect was reported. 

Exposure 

1000 h (9 hon, 
3 h off) 

30 min 

15 min to 50 days 

Acute and chronic 
(not defined) 

6 h 

Up to 500 h 

8 h (two 4 h on 
with_4 off 

8 h or 8 h/day 
for 5 days 

Up to 2 he 

3 h 

3 h 

3 h 

3 min 

Up to 8-1/2 h (60-
90 min rest after 
4 h) 

Relevant Measuresb 

(+) EKG 

(+) EKG 

(+) Heart rate 

(+) Heart rate (at time field turned 
on or off) 

(*) Heart rate 

(-) Cardiac output, heart rate, and 
blood pressure 

(*) Heart and respiratory rates 
(*) Blood pressure 

(-) Heart rate 

(-) Heart rate, pulse, blood pressure 

(*) Pulse rate 
(-) EKG, blood pressure 

(-) EKG, pulse rate, blood pressure 

(-) EKG, pulse rate, blood pressure 

(-) EKG, pulse rate, blood pressure 

(*) Heart rate (at time field turned off) 

(+) Heart rate, blood pressure 

(*) indicates a difference was observed in one or more experiments between exposed and control groups or periods but the investigators 
concluded that it was within the physiological normal range. 

(-) indicates no effect was reported. 

cin that the same subjects were used on different days for evaluating exposures to different field strengths, the total exposure time was 
greater than shown. 

dThere was no field. The 200 µA displacement current was studied. 



include control subjects and although he noted that the sub
jects were not able to perceive the field, it was not clear 
whether there were auditory or visual cues that a switching 
operation was occurring when the field was turned on or off. 
If such cues were present, this may have contributed to the 
drop in heart rate associated with the offset of the field in 
his study. 

In animal studies, Cerretelli and Malaguti (1976) observed 
an increase in heart rate in dogs at the time a 25 kV/m field 
was switched on or off. This might also represent the detec
tion of acoustic or vibratory stimuli. Two other groups 
(Blanchi 1973-2, Fischer 1976) reported statistically signifi
cant decreases in heart rate in rodents that were exposed to 
ELF fields at relatively low intensities. Here again, the 
investigators failed to rule out acoustic or vibratory stimuli 
or spark discharges. Further, in the latter study it was in
dicated that the control animals were maintained under standard 
laboratory conditions which could indicate that their environ
ment and handling differed in a number of ways from that of 
the exposed groups. It is noteworthy that in the Fischer 
studies (1976), the heart rate differences between the control 
groups used for the two field strengths were larger than most 
of the differences between exposed groups and their respective 
controls. 

In summary, the evidence related to cardiovascular func
tioning during or following exposures to ELF fields is insuf
ficient to conclude that field strengths within the range of 
interest result in hazardous changes in cardiovascular func
tioning. However, neither does the evidence allow the con
clusion that these functions are not disturbed by ELF field 
exposures. The tabular summary of this series of studies re
veals a striking lack of investigations that adequately con
sider intensity-response relationships for any species other 
than man. G. Hauf (1974) did consider this question in human 
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subjects but such studies are necessarily of short duration, 

and his results might be taken to indicate that there was the 

beginning of evidence of alterations in heart rate with ac

cumulated exposure to the higher field strength (20 kV/m). 

Hematology and Blood Biochemistry 

Several investigators have observed changes in hematologi

cal values in animals that were exposed to ELF fields (Table 4-7). 

The most frequently affected variable was the distribution of 

leucocytes, with an increase in neutrophils being predominant 

(Blanchi 1973-1, Cerretelli 1976, Le Bars 1975); however, the 
total leucocyte count was also increased in at least one study. 

Decreases in red blood cell counts were also observed (Cerretelli 
1976, Le Bars 1976), and Mathewson, et al. (1977) obtained 
higher red blood cell counts in some of their exposed groups 
but this was not replicated across two other experiments. Due 

to the lack of consistency across replications, the latter find
ing was considered to be a false positive. One human study also 
indicated slight increases in leucocytes and in the number of 

neutrophils and reticulocytes following field exposure; how-
ever, the values were still within normal physiological ranges 

(R. Hauf 1974, 1976). 

Although the differences between control and exposed groups 

in total and proportions of leucocytes were pronounced in at 

least two of the animal studies (Blanchi 1973-1, Le Bars 1976), 

once again it is necessary to question the attribution of these 

differences to the field exposures as such. Failure to report 
controls for other sources of variation, such as microshocks 

and acoustic or vibratory stimuli, prevents firm conclusions. 
The Mathewson (1977) study included such controls and yielded 
negative results with respect to leucocyte number and relative 
distribution of neutrophils and of lymphocytes for rats ex
posed to field strengths up to 0.1 kV/m. Similarly, Le Bars 
and Andre (1976) observed no hematological differences between 
control rats and rats exposed to a 50 kV/m field over a 30 day 

period. 
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TABLE 4-7 

SUMMARY OF STUDIES INVOLVING MEASUREMENT OF HEMATOLOGICAL PARAMETERS 

Investigatorsa 

Blanchi, et al., 1973-1 

Blanchi, et al., 1973-1 

Mathewson, et al., 1977 

Cerretelli & Malaguti, 
1976 

Le Bars & Andre, 1976; 
Le Loc'h & Cabanes, 1975 

Le Bars & Andre, 1976; 
Le Loc'h & Cabanes, 1975 

Cerretelli & Malaguti, 
1976 

G. Hauf, 1974; 
R. Hauf, 1974; 
R. Hauf, 1976 & 1976 RGE 

Mantel, 1975; 
Hauf, 1976 & 1976 RGE 

Rupilius, 1976; 
Hauf, 1976 & 1976 RGE 

Eisemann, 1975; 
Hauf, 1976RGE 

Subjects 

Mouse 

Rat 

Rat 

Dog 

Rabbit 

Rat 

Rat 

Human 

Human 

Human 

Human 

Field 
Intensity 

0.01 kV/m 

0.01 kV/m 

0.002-0.1 kV/m 

25 kV/m 

50 kV/m 

50 kV/m 

100 kV/m 

1, 15, er 
20 kV/m 

3 G 

20 kV/m, 3 G 

d 
200 µA 

a,b,c,dSee the identically labeled footnotes of Table 7. 

Frequency 

50 Hz 

50 Hz 

45 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hzd 

Exposure 

1000 h (9 hon, 
3 off) 

6 h 

28 days 

30 min or 8 h/day 
(Total - ?) 

24 or 70 h or 8 
h/day for 100 days 

8 h/day for 30 days 

30 min or 8 h/day 
(Total - ?) 

3 h 

Relevant Measuresb 

(+) Differential leucocyte distribution 

(+) Differential leucocyte distribution 

(*) RBC count, hematocrit 
(-) Leucocytes, neutrophils, lymphocytes 

(+) Diff. leucocyte distribution, RBC 
count, hemoglobin 

(-) All others measured 

(+) Total leucocytes, differential 
leucocyte distribution, RBC 

(-) All others measured 

(-) All parameters measured 

(+) Diff. leucocyte distribution 
(-) All others measured 

(*) Total leucocytes, absolute neutrophils, 
reticulocytes 

(-) BSG, Quick test, thrombocytes 

(-) All parameters measured 

(-) All parameters measured 

(-) All parameters measured 



The tabular summary (see Table 4-8) of studies in which 
blood biochemistry was evaluated includes studies in which 
serum triglycerides or cholesterol were considered; however, 
the rather controversial issue of the effects of ELF magnetic 
field exposures on these values will be discussed in the sec
tion on Special Issues. With respect to other blood bio
chemistry parameters, both increases (Noval 1976) and decreases 
(Marino 1976 JES, Marino, in press) in serum corticoids have 
been interpreted as supporting a hypothesis that exposure to 
ELF fields may act as a biological stressor. This is_not 
necessarily contradictory in that many of the manifestations 
of the stress response undergo reversals at certain stages of 
adaptation (Selye 1974). However, the source of differences 
between exposed and control animals in serum corticoids as 
well as in other substances such as serum protein, glucose, 
or urea, all of which may be altered in response to stress
inducing situations, must be questioned because the studies 
showing positive results on these parameters have not ruled 
out sources of variation other than the field exposures. Fur
ther, some of the studies lack internal consistency. For ex
ample, in the studies of Marino, et al. (1976 JES, in press) 
some studies yielded positive results whereas others did not. 
In the experiments reported by Le Bars and Andre (1976) and 
Le Loc'h and Cabanes (1975), some biochemical parameters were 
altered in male rats, and some in female rats, but only urea levels 
were consistently altered for male and female animals that were 
exposed to the ELF fields. While many biological parameters 
will show sex specific responses, such specificity is more 
convincing when it is replicated across experiments. 

Therefore, our conclusion with respect to hematological 
and blood biochemistry parameters are that the available data 
are not sufficiently convincing to conclude that ELF field 
exposures evoke a stress response or other biologically sig
nificant changes in the animal models or in man. Hematological 
and blood biochemical manifestations of the stress response are 
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TABLE 4-8 

SUMMARY OF STUDIES INVOLVING MEASUREMENT OF BLOOD BIOCHEMICAL PARAMETERS 

Investigators a 

Naval, et al., 1976 

Mathewson, et al., 1977 

Marino, et al,, 1976 JES, 
in press 

Cerretelli & Malaguti, 
1976 

Le Bars & Andre, 1976; 
Le Loc'h & Cabanes, 1975 

Le Bars & Andre, 1976; 
Le Loc'h & Cabanes, 1975 

Cerretelli & Malaguti, 
1976 

Epstein & Ondra, 1976 

Rupilius, 1976; 
Hauf, 1976 

Subjects 

Rat 

Rat 

Rat 

Dog 

Rabbit 

Rat 

Rat 

Human red 
blood cells 
(in vitro) 

Human 

Field 
Intensity 

0.002-0.1 kV/m 

0.002-0.1 kV/m 

15 kV/m 

25 kV/m 

50 kV/m 

50 kV/m 

100 kV/m 

9.63 kV/m 

20 kV/m 3 G 

Frequency 

45 Hz 

45 Hz 

60 Hz 

50 Hz 

50 Hz 

50 Hz 

50 Hz 

60 Hz 

50 Hz 

aMultiple references indicate multiple reporting of the same experiments. 

b(+) indicates an effect was reported. 

Exposure 

30-40 days 

28 days 

1 mo 

"Acute and 
chronic" 

24 or 70 hr 

8 h/day, 100 days 

"Acute and 
chronic" 

10 h 

3 h 

Relevant Measuresb 

(+) Plasma corticosterone levels 

(*) Total proteins, globulins, glucose 
(-) Total lipids, cholesterol, 

triglycerides 

(+) % serum proteins, 17-hydroxycorti
coid, SGOT 

(-) All parameters measuredc 

(+) Calcium, glucose, urea 
(-) Creatinine, bilirubin, total pro

teins, albumin, globulins, total 
lipids, cholesterol 

(*) Urea, creatinine, bilirubin, total 
proteins, globulin, lipids, tri
glycerides, cholesterol 

(-) Calcium, albumin 

(-) All parameters measuredc 

(+) Red blood cell glucose concentration 

(-) Serum cholesterol, triglycerides 

(*) indicates a difference was observed in one or more experiments between exposed and control groups or periods but the investigators 
concluded that it was in the physiological normal range. 

(-) indicates no effect was reported. 

cParameters measured were: concentration of glucose, urea, glutamic-oxaloacetic and glutamic-pyruvic transaminases, total blood lipids, 
alkaline phosphatases, total proteins, albumin and globulin, and protein electrophoresis. 



subject to variations which may be induced by a variety of 
physical and environmental factors. On the one hand, this 
sensitivity makes it easy to obtain false positives in com
parisons between field exposed and control groups if the in
vestigations do not include rigid controls for extraneous 
sources of variation. On the other hand, the sensitivity of 
these indicators can provide an opportunity for detection of 
stress-inducing properties of ELF field exposures if such, 
properties in fact exist. However, a meaningful evaluation 
of this question will be achieved only through experiments in 
which the various interrelated hematological and blood bio
chemistry parameters are studied as a function of both the 
duration and the intensity of the field exposure. The study 
of Mathewson, et al. (1977) is a step in this direction but it 
considers a single animal model and exposure to a relatively 
low range of field strengths, Other studies of this type are 
needed for additional animal models and for field strength 
ranges that are several orders of magnitude higher than those 
studied by Mathewson's group, 
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Section 5 

SPECIAL ISSUES 

Several special concerns or issues surfaced during this 

state-of-the-art review. Eight of these issues are treated 

in this section: spark discharges, effects on triglycerides, 

difficulties with terminology, inadequacy of a simple elec-

tric field effects criterion, limitations on field intensity 

exposures, the question of the application of microwave safety' 

criterion to the ELF band, effects of vibration and sound, and 

the effects of electric fields on patients with implanted cardiac 

pacemakers. 

SPARK DISCHARGES 

One very important side effect which occurs in the presence 

of strong electric fields (generally greater than 3 kV/m), is the 

presence of spark discharges similar to a "carpet shock" exper

ienced on dry days. These occur when a human being or laboratory 

animal touches an insulated but conducting object in the presence 

of strong electric fields. In this case, the conducting but 

insulated object is charged by the 6O-Hz displacement current 

and assumes some potential above ground. When touched during 

the higher portions of the electric field wave, the stored elec

trical energy in the form of voltage on the apparent capacity of 

the object to ground is discharged through the animal or human 

subject. Typically, this discharge can be either just barely 

perceived or extremely painful, depending on the voltage levels 

and where on t0-e body such discharges take place. By means of 

this phenomenon, laboratory animals can inadvertently be con

ditioned to avoid drinking if the conducting object is the water 

bottle. Once a circuit is completed between the animal and the 

water bottle, the spark dischar.ge ceases, and a continuous but 

very low-level ac follow current flows. In the case of spark 

discharges from small insulated water bottles during laboratory 

tests, such continuous currents are probably less than about lOµA. 

Such follow leakage currents from insulated water bottles or 

feeders tend to augment the body current already induced from 

the electric field. 
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The possibility that such spark discharges might influence 
test results has been considered by a number of investigators, 
in particular, Knickerbocker (1967), who allowed the animals 
to drink and eat only in the absence of the electric field. 
However, in spite of the well-known classic nature of the 
Knickerbocker experiment, a number of more recent experimenters 
have ignored this side effect associated with the presence of 
electric fields, and have inadvertently designed the apparatus 
such that the animals experienced spark discharges during 
drinking or feeding. One widely cited study (Marino 1976) was 
so designed that the animals, while experiencing electric field 
exposure, also incurred spark discharges followed by a con
tinuous current when feeding or drinking, The reported re
sults could have been greatly influenced by the presence of 
this spark discharge. To reinforce this viewpoint, Table 5-1 
provides a summary of several experiments on animals which 
have used electric shocks. Such applications of electrical 
energy can directly influence the animal's behavior and, if 
continued on repeated conditions, can induce a variety of 
hazardous physiological effects. 

TRIGLYCERIDES 

One concern frequently expressed deals with the results 
of a preliminary experiment conducted by Beischer (1973). In 
this study, a small number of human subjects were exposed to 
magnetic fields in the order of 1 G at 45 Hz. As a result of 
the tests, it was noted that, in some exposed subjects, the 
triglyceride levels rose. The experimenter reported that the 
test results were preliminary and the rise in triglycerides 
could possibly be due to some factor other than the presence of 
the magnetic field. This test result had been widely cited as 
a possible hazardous consequence of exposure to magnetic fields 
associated with power lines, which are about one-third to an 
order of magnitude less than the 1-G exposure used by Beischer. 
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Author & Date 

Thompson, 
Watson, &· 
Charlesworth, 
1962, exp. 3 

Thompson & 

Quinby, 1964 

Bell, Henry, & 
Miller, 196 7 

Hutchings & 
Gibbon, 1970 

TABLE 5-1 

SUMMARY OF EXPERIMENTS ON PRENATAL PSYCHOLOGICAL STRESS & OFFSPRING BEHAVIOR IN RATS (Adapted from Archer 1971) 

Species & 
Strain of 
Parents 

Rattus 
(Sprague-
Dawley) 

high & low 
activity 
lines 

Rattus 
(Sherman) 
albino, 
high, medi
um & low 
activity 
lines 

Rattus 
(Long
Evans) 

Rattus 
(Sprague
Dawley) 

NOTES: 

Treatment During 
Pregnancy 

Conditioned avoidance (3-tri
als/day, 12 presentations of 
CS per trial, with response 
prevented on 9 of these. 

Conditioned avoidance-
either high anxiety (more 
shocks & more training 
trials; 2 daily trials of 
CS presentations during 
pregnancy, occasional 5 
mA shocks) or low anxiety 
(less shock-;-& training 
trials every 3 days dur
ing pregnancy, occasional 
1 mA shocks) or untreated. 

Conditioned avoidance, 20 
trials of CS/day or 20 tri
als of CS-UCS (1 mA shock) 
without prior premating 
stress, or 20 1 mA shocks 
in shuttle box per day, or 
20 presentations of CS (buzz
er) per day or controls placed 
in shuttle box for same period 
of time; either on Days 7-10 
or 11-14 ost conce tion. 

Conditioned avoidance (3 hr 
day in a 1-40 sec shock sound 
operant-lever press-box) on 
Days 7-13 or Days 14-20; or 
handling on Days 7-13 or 14-
20; or untreated controls. 

Postnatal 
Experience 

(till weaning) 

No cross
fostering or 
fostering 

cross
fostering 

no cross
fostering or 
fostering 

no cross
fostering 

Age at 
Testing 

(days) Test Used 

50- 60 Open-field (42x30x9 in,.) 
3 daily 10 min trials on 
successive days. 

90-100 Open-field after shocks 
(12xl.5x2.0 mA) 2 daily 
10 min trials on succes
sive da s. 

70- 80 Timidity; runway test 
(after 24 hr food depri
vation). 

130-150 Water maze. 

Parameters 
Measured 

activity 
latency 
defecation 
activity 
latency 
defecation 

latency 

errors/trial 
trials to criterion 

130-150 Water maze after 
shock. 

errors/trial 
trials to criterion 

90 

46 

25- 28 

Open-field (42x30x9 in.) 
10 min trials, 1/day, 3 
consecutive days. 
Open-field as before but 
after 12 2 mA shocks, 
1/10 sec. 

Runway after 23 hr food 
deprivation. Reward-
wet mash. 

Water maze, 2 trials/ 
day to criterion of 2 
errorless runs. 

Immobilization and food 
and water deprivation 
for 48 hr. 

Open-field (27x27xl2 in.) 
lx4 min loud noise in 
last 2 min. 

activity 

time taken (to 
leave start 
box, middle of 
alley & goal) 
trials/criterion 
errors/trial 
time/trial 

gastric ulcers 

time spent 
crouching 

sig. dif. exp. 
sig. dee. exp. 
no sig. diff. 

Significant increase in-experimental condition compared with controls. 
Significant decrease in experimental condition compared with controls. 
No significant differences between conditions. 

Results 

sig. inc. exp. 
no sig. diff. 
no sig. diff. 
sig. inc. exp. 
sig. dee. exp. 
no sig. diff. 

LOW ACTIVE--dec. exp.,HIGH 
ACTIVE--inc. exp. (both 
interactions sig.). 

sig. inc. exp. 
no sig. diff. 
sig. inc. exp. 
no sig. diff. 

females--sig. dee. exp. 
males--no sig. diff. 

dee. exp. in proportion 
to amt of stress given; 
mainly in females, least 
in offspring of medium
active parents. 
males--exp.sig.inc. time 
to leave start box; fe
males--exp.sig.dec. time 
to leave start box. 

no sig. diff. 
no sig. diff. 
sig. inc. exp. 

conditioned avoidance 
(first 2 conditions), 
stressed on Days 7-10, 
sig. inc. over all 
others. 

conditioned avoidance & 
handled 7-13xl4-20 days, 
sig. dee. compared with 
controls. 



To address these concerns, the experiment conducted by 

Beischer will be summarized here, followed by a critique. This 

Nill be followed by brief reviews of other studies pertinent to 

effects on triglycerides. 

Experimental Protocol and Results, Beischer (1973) 

Beischer, at the Naval Aerospace Medical Research Labora

tory, studied the effect of exposures of men to 1-Gauss, 45-Hz 

magnetic fields. It should be noted that this exposure level 

is roughly five times the average of the magnetic fields found 

beneath most powerlines. In this case, human subjects were ex

posed to magnetic fields in an enclosed 2.4-m by 4.8-m room. 

Within this area was a complete bathroom of approximately 2.4 m 

by 1.2 m. Plumbing fixtures, including pipes, were mostly non

metallic, except small valves and connectors. Subjects were 

confined to this small region during the entire experimental 

period. The exposed individuals were from various categories 

of aviation officer dropouts. Navy corpsmen served also in the 

control and exposed groups. 

Several sets of experiments were made, usually with no more 

than three subjects confined together for several days up to 

about a week. During the confinement period, the duration of 

exposure was approximately one-half day to a full day. In the 

first and second sets of experiments, either there was no dietary 

control or a choice of prepared meals was allowed (even though 

the diet affects the triglyceride, TG, level). The third set of 

experiments involved several sets of participants and appeared 

to be the most controlled of the three series of tests. For the 

first exposure sets, two subjects' TG values were ascending be

fore the field was turned on and continued to rise until 48 hours 

after field application, placing them in the above "normal" range. 

Another pair of exposed subjects showed elevated TG values 

48 hours past exposure, and both of these subjects_had relatively 

stable TG values before field exposure. However, Beischer 
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has subsequently noted (Beischer 1977) that these subjects 
had an argument during the fourth evening and their rise in 
the TG value can easily be attributed to the stress of the 
argument and the confinement. The Navy corpsmen who also 
served as controls and exposed subjects showed no consistent 
pattern in their TG values either with respect to field ex
posure or absence. None of the control subjects showed any 
"abnormal" TG values, but considerable variability existed. 

Critical Review 

This study, therefore, suffered from several problems: 
1) the uncontrolled diet or, where controlled, the lack of 
specific ihformation on compliance; 2) the unmatched subjects; 
3) the absence of critical pre-exposure triglyceride fasting 
baseline data for all subjects; and 4) the possibility of 
stress effects due to confinement. In the report, the prin
cipal investigator, Beischer, states: 

No effects were seen that could definitely be linked 
to the magnetic field. However, serum-triglycerides 
in most subjects appeared to be affected by some fac
tor, or combination of factors, associated with the 
experimental protocol. The number of subjects is too 
small, however, to include statistically other fac
tors such as psychophysiological reactions to forced 
changes in personal living habits, modified activities, 
restrictive diet and confinement. 

Triglycerides in Rhesus Monkeys, Summary of DeLorge (1974) 

Rhesus monkeys were the subjects of this investigation into 
the effects of a low-level (about 9 G) homogeneous magnetic 
field varying at 15 or 45 Hz. The bi-weekly blood samples from 
the four monkeys (two males and two females) gave essentially 
negative findings. Instead of the serum triglyceride increase 
found in man, a significant but unrepeated decrease was ob
served. This finding is complicated by the fact that the monkeys 
were on a partial deprivation diet and food deprivation is known 
to result in decreased triglyceride levels. The hematology 
studies, including hemoglobin, red and white blood cell counts, 
exhibited no significant effects. 
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Triglycerides in Mice, Summary of Beischer (1975) 

Beischer also conducted a series of experiments on mice to 
investigate the effect of ELF fields on the livers of exposed 
mice. In this case, the mice were exposed to 1-Gauss, 45-Hz 
magnetic fields for periods of one to seven days. There was 
no significant difference between the values of exposed and 
controlled animals in body weight, liver weight, liver dry 
weight and liver triglyceride content for all periods of expos
ure. No abnormal behavior, growth pathology or other abnormal
ities were noted in any of the animals studied. 

Triglycerides in Human Exposed to Weak ELF Magnetic Fields, 
Summary of Krumpe (1972) and Houk (1976) 

In another study, which included investigation of the tri
glyceride effects, Krumpe (1972) and Houk (1976) investigated 
the effects of ELF electromagnetic radiation (having a magnetic 
field in the order of 100 milligauss or less) on the health of 
personnel working at the Project Sanguine Wisconsin Test Facility. 
Volunteers were given comprehensive physical examinations annual
ly. The Wisconsin test site produced the magnetic field on the 
average of 8 hours per day, five days per week. The conclusions 
were: 

No differences of significance were noted between the 
Sanguine-site and control subjects. No evolution of 
abnormalities attributed to ELF exposure occurred dur
ing the interval between examinations. However, with 
so few subjects, many of whom had pre-existing medical 
problems, it was found impossible to determine what 
the ELF electromagnetic fields might have on the 
general health of the people. 

Tri 1 cerides in Humans Ex osed to Stron 
and Magnetic Field, Summary of Rupilius 

Rupilius conducted tests on a number of human subjects of 
an average age of 25 years. The exposure equipment was de
signed to produce a 20 kV/m field simultaneous with a three 
Gauss magnetic field at a frequency of 50 Hz. During one 
series of experiments, the reaction time and blood measure
ments were carried out for an exposure period of about 3 hours. 
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Similar reaction time and blood measurements were made without 
the influence of the field over another 3 hour period. In ad
dition, some of the blood parameters were also measured approxi
mately a day later. In regard to blood parameters, Rupilius 
concludes: 

No changes worth mentioning could be observed for 
the examination of blood values such as could lead 
us to assume pathological influences of the electric 
or magnetic ac fields .... Pathological changes could 
not be found for the measurements of serum triglycer
ide and of cholesterol levels which could be traced 
to the influence of electric and magnetic ac fields. 
The influence of triglyceride, described by Beischer, 
for example, could not be observed in this experi
ment. The cholesterol level barely rose and held in 
the normal range. It would perhaps, be advisable to 
further observe material exchange in field influence 
while considering the above named imponderables . 
. . . . all changes observed during the remaining exper
iment were in the range of physiological values 
throughout and remained below the 3% limit of the 
original value. Since these changes also occurred 
for control experiments (without field influence), 
one cannot speak of the influence of electric and 
magnetic fields (20 kV per meter and 3 Gauss 50 Hz) 
on man. 

Triglycerides in Monkeys Exposed to Strong 76 Hz Magnetic 
Fields, Summary of Project Conducted by Grissett (1976, 1977) 

As a followup to the human exposure studies conducted by 
Beischer, Grissett, at the Naval Aerospace Medical Research 
Laboratory, is concluding a series of tests on 56 monkeys. 
Twenty-eight of these monkeys have been exposed continuously 
for one year to an electric field of 20 V/m and a magnetic 
field of 2 Gauss at 76 Hz. A very carefully designed test 
facility is being used for this purpose and the tests are be
ing conducted using a double blind evaluation protocol with 
carefully paired subjects. Data are being collected on body 
weight, blood chemistry, heart rate, body temperature, respira
tion rate and blood pressure. An interim research report in
dicated no differences (Grissett 1976), as was also the case in 
an update of that report (Grissett 1977). A report summarizing 
this definitive study is expected to be published shortly. 
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However, additional preliminary data presented by Grissett 

at the 1976 URSI meeting did not show any effect of magnetic 

field on the triglyceride of these primates. 

While the inconclusive results of Beischer's preliminary 

studies (1973) have sometimes been interpreted to suggest a 

possible adverse effect on the serum triglyceride level by mag- _ 

netic fields, subsequent work of a more definitive nature does 

not support this viewpoint. The works of Beischer (1975), 

Rupilius (1976) and Grissett (1976, 1977) clearly establish 

the absence of such an effect. On the other hand, the lack of 

a sufficient number of suitable subjects precludes using a 

similar set of results developed by DeLorge (1974), Krumpe 

(1972) and Houk (1976). 

TERMIWOLOGY DIFFICULTIES 

In the previous EPRI state-of-the-art review (Bridges 1975), 

the induced current distributions within the body and resultant 

voltage distributions, both within and external to the subject's 

body, were considered under the subheading of "Dosimetry." 

However, the concept of the word "dose" and the related word, 

dosimetry, have certain unfortunate connotations which sug-

gest that a biological effect, if any, is directly proportional 

to the time integral of the electric field, or the time inte

gral of the induced body current. Further, since the term 

"dose" implies certain phenomena which take place during either 

nuclear or microwave irradiation, where the effect is directly 

proportional to the area of the subject normal to the impinging 

fields, the effect phenomena for the nuclear irradiation could 

erroneously be carried through by the uninformed into the very 

low frequency area by the indiscriminate use of such terms as 

"dose" and "dosimetry." Thus, there are two problems involved 

with the use of the terms "dose" and "dosimetry" for ELF ef

fects. First of all, there is the implication that a bi~logical 
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effect is proportional to the time integral of the field in
tensity. Second, there is an implied suggestion of the actual 
ELF pickup mechanisms and biological effects, Recently, this 
difficulty was discussed (Bridges 1977 PES) in response to a 
proposal to build a "dosimeter" for ELF field exposure. 

The previous EPRI state-of-the-art review (Bridges 1975) 
and this current review disclosed no evidence to support the 
view that biological effects are directly proportional to the 
time integral of the electric or magnetic fields, or conse
quently, time integral of the internal body current density, 
or voltages across membranes. On the other hand, substantial 
evidence exists which suggests the presence of widespread 
"thresholds," either of biological or physical significance, 
for either fields or body currents. These thresholds render 
meaningless the "dose" concept. 

Consider this in terms of a very simplistic example. 
For instance, the perception of electric fields begins around 
10 kV/m for human subjects, and it has been claimed that some 
subjects may experience "mild" discomfort when standing in a 
30-40 kV/m electric field. Clearly, 10 hours in a 4 kV/m 
field (where the field is not perceived) is not equivalent to 
one hour of "mild" discomfort in a 40-kV/m field, or even a 
quarter...,hour 0£ unJrnQwn. resp9nse i.n a. 160~kV /1-11 £;i.eld I a.~ impl;i.ed by 
the dose concept. Similarly, in the case of body current, 
which leads to direct electrical shock, a 100-mA, 3-second 
shock is clearly regarded as a lethal fibrillation threshold 
for large human adults. On the other hand, a 1-mA body cur
rent for 300 seconds (the same 300-mA second dose) is clearly 
not regarded as hazardous, although such a 1-mA current would 
cause a mild tingling sensation. 

The ways in which a uniform electric field induces cur
rents on human subjects have been treated in the previous re
view (Bridges 1975), and have been the subject of a number 
of papers which are discussed in Section 3. The energy deposi
tion phenomena and calculation methods employed in the microwave 
and nuclear biological effects area simply do not apply in the 
ELF band. 
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Another difficulty with the "dose concept" is that it 
was developed to measure nuclear radiation biological effects. 
As a consequence, the possibility exists that an uninformed 
individual could employ extrapolation methods to determine 
electric field effects similar to those used to assess effects 
of small doses of nuclear radiation on large populations. Such 
an extrapolation for electric fields would, obviously, have no 
scientific basis. 

INADEQUACY OF A SIMPLE ELECTRIC FIELD EFFECTS CRITERION 

The inadequacy of a simple electric field intensity criter
ion to evaluate biological effects was discussed in the earlier 
review (Bridges 1975). Not only is the induced current on the 
subject (as well as the body current density) a function of the 
size of the object for a given electric field, it is also a 
function of the geometry and the particular position or attitude 
of the subject (e.g., seated or standing up). Also, it can 
make a great deal of difference whether the electric field and 
subject appear in a highly conducting medium, such as earth or 
sea water, rather than in air. 

Those factors have often been neglected in interpreting 
the results of experiments. Quite frequently the simple V/m 
criterion has been used somewhat indiscriminately, although 
perhaps inadvertently, ~o make a case either for or against 
construction and operation of extra-high-voltage transmission 
lines. 

For example, the reported effect of electric fields on the 
cell growth and division of slime mold (Physarum polycephalum) 
has been found to occur in the order of 0.7 V/m (Goodman 1975, 
Committee 1977). This can be greatly disturbing to the layman 
who is vaguely aware that typical household environments have 
field intensities in the order of 10-100 V/m, and that fields 
below transmission lines are many orders of magnitude greater 
than this. What is not brought out is the fact that this 
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organism exists on the forest floor, and that the forest floor 

has a conductivity of many, many orders of magnitude greater 

than that of air. It is a well-known fact that a highly con

ducting medium such as soil or water greatly enhances the 

resulting body currents of objects on the soil or within the 

water by several orders of magnitude for a given field inten

sity. 

Thus, the results of laboratory tests which simulate 

in vitro living tissues of organisms normally occurring on 

forest floors, moist earth, or in sea water, should not be 

applied without careful consideration of the extension of 

electromagnetic coupling effects. Better and more useful 

comparison criteria would be the current density and voltage 

which appears across internal membranes within the subjects. 

On the other hand, tests where no effects have been ob

served have also been compared, on the simplistic V/m basis, 

with the results of other tests, even though the subjects for 

the two separate tests were in different positions, i.e., stand

ing and seated. For example, the subjects employed by G. Hauf 

(1974) and Johansen (1973) were seated during the exposure, 

whereas the Soviet (Asanova 1966) and Spanish subjects (Fole 

1973) were standing. Since the induced body current is signi

ficantly reduced by decrease in height, it can be concluded 

that for a given field intensity, the_seated subjects experi

enced less body current than the standing subjects. Further, 

in the case of standing and seated subjects, the footwear also 

influences the induced body currents. A person wearing crepe 

rubber soles of several centimeters in thickness will not carry 

as much induced body current as a person with bare feet and 

contact with a conducting ground sheet. 

LIMITS ON FIELD INTENSITY EXPOSURES 

Concern 'has been expressed that there should be a limit 

set on the maximum electric field beneath transmission lines 

and possibly on the time duration of such exposures within 
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certain permissible ranges of electric field levels. Such a 

concern arises out of a logical extension of similar standards 

set forth regarding nuclear radiation effects and microwave 

radiation effects. About five years ago, such standards were 

published by the Soviets with the implication that field in

tensities much less than 5000 V/m at frequencies of 50 Hz are 

relatively innocuous. Because of this past activity in related 

and unrelated fields, some thought is being given to developing 

similar standards--as evidenced in comments in some of the 

European papers reviewed here. 

In order to apply the 5000-V/m, 50-Hz standard to 60 Hz, 

the field level should be chosen so that the body currents in 

either case are roughly equal. Because the higher frequency 

would result in increased induced body current, 4000 V/m at 

60 Hz would be equivalent to the Russian standard. 

However, setting such a standard on a rational basis 

calls into question larger issues, such as how scientific 

evidence subject to controversy can be judged for its valid

ity, and what level of reliability is required for the assur

ance that the system will not produce adverse biological 

effects. Further, the standard should be applied evenly and 

should be consistent with other related standards. Lastly, 

the costs of implementing the standard must be considered, and 

the economic and social side effects incurred, if any, should 

be well-justified based on sound scientific evidence. 

Some perspective on these problem areas may be possible 

by comparing electric fields produced by power lines to the 

electric fields produced by typical household appliances. How

ever, as mentioned earlier, more definitive comparisons are 

possible by comparing the body currents (or current densities) 

which arise either from power lines or household appliances. 

Such comparisons will lead to the conclusion, based solely on 

body current or body current density, that electric fields 

from power lines do not produce body currents which have not 
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been otherwise experienced in the normal household or indus

trial working environments. In fact, it is probable that 

greater body currents are more likely in the household or 

manufacturing environments than in the power line environ

ment. 

Before discussing this comparison, it must be mentioned 

that the spatial distribution of appliance-introduced body 

currents, formed by contacts through hand and foot, are only 

generally comparable to the spatial distribution of current 

introduced by the electric field from power lines. The prin

cipal difference lies in the spatial distribution of their 

internal body currents around the upper shoulders and head. 
Another difference is that in the household or industrial 

environment, the absence of skin or surface electric fields 

can cause hair stimulation and related behavioral effects. 

However, such distinctions presently are not considered in 

most of the papers reviewed in the literature. 

Table 5-2 compares the body currents introduced by var

ious electromagnetic devices and household appliances to body 

currents induced in a man standing erect with bare feet on the 

conducting ground in a vertical 60-Hz electric field. Column I 

shows the current associated with these devices for induced 

field situations. Column II shows the current density, which 

is often regarded as a better measure of possible biological 
effects. Column III shows the equivalent electric field re

quired to induce the indicated body current in the first column 

normalized to a man standing erect with bare feet on a conduct

ing ground. Of great interest is the fact that a proposed field 

intensity limit suggested in the New York Public Hearings (1974-
present) as 0.15 kV/m, produces a body current that is anywhere 
from one to three orders of magnitude below body currents exper

ienced from household appliances or electromechanical devices. 
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TABLE 5-2 
COMPARISON OF BODY CURRENT AND RELATED CURRENT 

DENSITIES IN TERMS OF EQUIVALENT ELECTRIC FIELD 

I II 

Current µA µA/cm 2 

Electric Anesthesia 10,000 >1,000 (1) 
(100 Hz Square-Wave) 

Pacemaker Output Electrode 6,000<4) 20,000<4) 

Fixed Household Appliance 750 18 <2) 

Portable Household Appliance 500 12 <2) 

Man in 8 kV/m Field 120 /2) 

Man in 4 kV/m Field 60 1.5(2) 

Electric Blanket 7-25 2-40 (3) 

Man in 0.15 kV/m Field 2.2 0.05( 2) 

(1) Next to electrode 
2 (2) Passing through 40 cm ankle 

(3) ¼" from electric wire in blanket 
(4) Peak pulse current (2 ms pulse every 0.8 second) 

III 

Equivalent or 
actual electric 
field exposure 

kV/m 

670 

400 

40 

33 

8 

4 

0.5 to 1.7 

0.150 

The biomedical devices, while employing slightly different 
operating frequencies and waveforms, are included because of 
the very high currents or current densities associated with 
these devices. For example, it is noteworthy that no 
deleterious effects have been reported for various types of 
long-term exposures such as might be associated with the high 
current densities found at the output electrodes of cardiac 
pacemakers. If serious biological effects occurred at the 
very high current densities present at these electrodes, then 
these most certainly would have been observed and reported, 
because well over 170,000 patients who are under a reasonable 
amount of medical surveillance employ these devices. 
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While the electric fields associated with electric blankets 

have been reported to be in the order of 200 V/m at a distance 

of one foot or so from the blanket, the electric field intensity 

induced between the blanket and the human body in actual opera

tion can be considerably higher. Such intensities in the imme

diate vicinity of the wires can be shown to exceed 10,000 V/m. 

In this case, because the appliance is used in almost direct 

contact with the human body, considerably more body current is 

induced than implied by the simple free-field measurements taken 

several feet away from the appliance. These have been measured 

to be in the order of seven microamperes for an ungrounded man 

sleeping under an electric blanket, and should the individual 

be touching some type of ground or metallic counterpoise, the 

body current could increase to something in the order of 25 µA. 

Such induced body currents are equivalent to a man standing 

erect in the field of 0.5-1.7 kV/m. 

An equivalent field intensity of up to 33 kV/mis possible 

for a man operating a portable appliance under conditions of 

moist earth or wet floors, which just meets the ANSI standard 

(ANSI 1970). Such appliances include electric lawn mowers, 

hedge trimmers, snow blowers, drills, mops, and floor scrubbers. 

Until recently, these appliances were made with ungrounded 

metallic shells. Some of these appliances are now double

insulated which greatly reduces the current flow, or they em

ploy the third-wire grounding. Unfortunately, only 30% of 

the homes in the United States have incorporated third-wire 

grounding systems. As a result, considerable intermittent 

but repeated long-term exposure is possible which duplicates 

induced body currents from equivalent fields ranging from 6 to 

33 kV/m. 

When viewed with the perspective of the data presented in 

Table 5-2, it appears that the introduction of transmission 

lines with field intensities in the order of 10,000-12,000 V/m 
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would not introduce any new or unique environments that are 
not otherwise experienced in the normal household or working 
environments. 

In short, body currents can arise not only from induction 
from power lines, but also from direct contact with household 
appliances and industrial machinery. Further, advanced medical 
devices can be expected to produce substantial body currents 
or current densities over prolonged and continuous periods of 
time. 

It can be argued that if iimits are to be set, the appli
cation of these limits should be uniformly applied not only to 
power lines, but also to appliances and medical devices. How
ever, some of the suggested electric field limits are so low 
that drastic revision of existing and planned power lines, 
household appliances, and medical devices would be required. 
It follows, therefore, because of the potential disruption 
and lack of a demonstrated imminent hazard, that if limits 
must be set, they should be based only on the most reliable 
scientific evidence. 

APPLICATION OF MICROWAVE SAFETY 
CRITERION TO THE ELF BAND 

In some instances, individuals only vaguely familiar with 
the topic of electric and magnetic fields have expressed concern 
that the safety criteria developed for the microwave band might 
also apply at ELF. Specifically, the short-duration maximum 
exposure set forth by the American National Standards Institute 
for microwave deposition is 100 W/m2 (ANSI 1974). In the case 
of a propagating electromagnetic wave, the handbook formula for 
the energy flow per square meter is E2/n, where Eis the electric 
field intensity and n is the characteristic impedance of free 
space. For field intensities in the order of 10,000 V/m, as 
found beneath power lines, and a free space impedance, n, in 
the order of 377 n, a power flow several orders of magnitude 
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greater than that allowed by the American National Standards 

Institute would occur (ANSI 1974). Indeed, such a power den

sity is quite comparable to the power density flows experienced 

by samples of food or meat in microwave ovens. 

A special problem can now arise if an individual who is 

only partially familiar with the effects of electric and mag

netic field couplings assumes that the energy deposited at 

microwave frequencies would be comparable to the energy ab

sorbed by a subject standing beneath a power line where an 

electric field intensity is in the order of 10,000 V/m. 

Clearly, such is not the case because if such absorption were 

possible, electric energy could not be effectively transmitted 

via high-voltage transmission lines without considerable heat

ing of trees, grass, and other materials adjacent to the trans

mission line, let alone a human being standing beneath the lines. 

The reason that this catastrophic phenomenon does not 

occur is that the absorption of energy by an object beneath a 

power line, or being exposed to any electromagnetic fields, is 

frequency-dependent. In general, the lower the frequency the 

less energy absorbed. Specifically. for a man-sized object 

near the power line, the 60 Hz energy deposition is extremely 

small compared to that caused by other common sources of elec

tric and magnetic fields, such as television transmitters. 
This is because the amount of energy absorbed by the object 

is a strong function of the wavelength of the inducing electro

magnetic field. In fact, it can be shown that the energy ab

sorption is inversely proportional to the square of the 

wavelength for cases where the wavelength is large compared 

to the size of the object (Johnson 1975). Thus, a man-sized 

object absorbs one trillion times less energy from the 60 Hz 
power line field (wavelength= 5 x 106 m) than from the 60 MHz 

television transmitter (wavelength roughly 5 m), assuming 

equivalent field intensities and otherwise comparable electric 

parameters at the two frequencies. 
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If the frequency of the inducing field is further increased 
above the television band, the wavelength then becomes compar
able to the size of the object. In this case, a resonant 
buildup of currents and fields occurs in the object, and this 
tends to increase the ohmic and dielectric heating effects-
thereby increasing the amount of energy deposition within the 
object. Typical biological tissues and organisms have dimen
sions comparable to a microwave wavelength dimension, and thus 
undergo resonant energy deposition at the microwave frequencies 
(300 MHz to 300 GHz). This phenomenon occurs in microwave ovens 
to allow virtually total energy transfer for the power contained 
in the electromagnetic field to the enclosed food, thus causing 
rapid and effective heating. 

In summary, the process of resonant energy collection and 
the dissipation experienced in the microwave frequency range 
is entirely different than the scattering-absorption phenomenon 
which occurs at 60 Hz. Thus, it is illogical as well as un
scientific to apply the microwave safety criteria to the ELF 
frequency band which is 5-7 orders of magnitude lower in fre
quency. 

VIBRATION AND SOUND 

Vibration is one of the more obscure environmental in
fluences which could introduce effects similar to those which 
have been ascribed to the electric field. The purpose of this 
brief section is to review selected material on vibration in
fluences, provide some minimal information about possible 
limits, and lastly, to illustrate the problem by means of an 
example. 

The generation of vibrational noise is a little-recognized, 
but frequently occurring, side effect which occurs during the 
generation of any form of low frequency energy. The most com
mon form is created by magnetostriction in carefully 
designed transformers (Lackey 1977). Experimenters and re
viewers of articles must recognize that the possibility exists 
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for the direct mechanical conduction of this sound from its 

source into the regions housing experimental animals. This 

conduction or coupling mode can be very frequency-specific, 

so much that a possible effect could be introduced at one 

frequency and not at another, 

Another more likely method of inducing vibration is by 

means of electrostriction or magnetostriction taking place at 

or in the vicinity of the exposure region. Electrostriction 

comes about because of the weak, but still noticeable, forces 

between two oppositely charged plates. Magnetostriction can 

occur particularly in ferrous materials, such as used for cage 

bars or electrodes, in the presence of strong magnetic fields. 

Typically, such forces are weak, but can become pronounced at 

specific electromechanical resonant conditions. 

Guidelines for perception and injury regarding vibrational 

exposure to humans have been published by the American National 

Standards Institute (Goldman 1960), and these results are sum

marized in Figure 5-1. In general, the exposure tolerance is 

somewhat dependent on the mechanical resonances of the human 

subject, which include internal resonances of various organs. 

Some assessment of vibration effects on animals can be inferred 

from the ANSI data. It can be reliably inferred that the ani

mals' perception threshold for such vibration will again be 

frequency-specific and depend on the effect of body resonances; 

and, it is also quite likely that the animal will be far more 

sensitive to both sound and vibration in general than humans. 

As a conservative measure, it woutd therefore seem advisable 

to reduce any kind of vibration likely to be conducted or gen

erated in the vicinity of the controls or subjects to magni

tudes at least two orders below that presented in Figure 5-1. 

As an example, Marino (1976) noted that induced vibration 
of 2. 5 x 10- 3 cm/ s 2 was measured for both vertical and hori

zontal fields for the test arrangement he employed for mice. 

This value is claimed to be less than the ambient vibration. 
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Vibration tolerance criteria. Average 
peak. accelerations at which subjects perceive vibra
tions, I; find it unpleasant, II; or refuse to tolerate 
it further, III. The shaded areas are one standard 
deviation on either side of the mean, These curves 
are for subjects without any protection, exposure 
times 5 to 20 minutes. The short time tolerance 
curve is for subjects with standard Air Force lap 
belt and shoulder harness, exposure time approxi
mately' one minute. 

These criteria have been widely used to classify the severity of vibration 
exposure. They represent averages for the standing, sitting and lying posi
tions. For vibrations in several directions, the vector sum of all components 
is proposed as the acceleration stimulus to be used for evaluating the condi
tion. Larger acceleration3 than those indicated by area III in the figure 
can be tolerated by the majority of young, male subjects for short time peri
ods only without harmful effects. The curve marked "short time tolerance" 
has been established for exposure times in the order of one minute or less 
for young, male military subjects strapped in an airplane seat with seat belt 
and shoulder harness. This curve 1IJ.ust be considered the borderline beyond 
which physical tissue damage occurs in relatively short time. The threshold 
for vibration reception at the fingertip is also shown in the figure and might 
be helpful in explaining annoying vibration transmitted to parts of the body 
like the hands or the head. 

(From Goldman 1960) 

Figure 5-1 VIBRATION TOLERANCE CRITERIA 
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However, the statement that induced vibration was below the 

ambient level is somewhat contradictory. If the ambient noise 

were higher, a precise measurement of the 120-Hz component 

could not have been made. In all probability, a different 

bandwidth was used for each of the measurements. However, 

since the biological response is quite specific as to fre

quency, a comparison of narrow and wide band response is ob

viously inappropriate. Further, vibration at 2.5 x 10- 3 cm/s, 

at 120 Hz is in the order of 10~ 3 G. It is felt that this is 

within an order of magnitude of the human perception level as 

seen in Figure 4, and probably at least an order of magnitude 

above the perception level of many small animals to ground 

vibrations. 

Case History on the Difficulty of Eliminating False Clues 
from Acoustical or Vibrational Noise 

In 1973, Schmitt and Tucker (1973) published an article 

dealing with the possibility of human perception of moderate 

strength, low frequency magnetic fields. It was concluded 

that, for the test setup which they employed, certain subjects 

had uncannily accurate abilities to perceive the field to a 

high degree of statistical reliability. This occurred despite 

the experimenters' best efforts to isolate possible clues (vi

bration or acoustical noise, for example). These subjects, 

who were capable of sensing the fields, or at least the 

"field on" condition, reported with great certainty that they 

were sensing the field, although they could not state whether 

it was something they heard, felt, or otherwise perceived. 

Apparently, as a sequel to this interesting pilot study, 

Tucker and Schmitt (1977) conducted additional tests regarding 

the human perception of 60-Ez moderate strength magnetic fields. 

The first step in these tests was to produce an improved acous

tically padded cabinet to house the experimental subject, and 

to isolate him from sound and vibration. Significant efforts 
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were made to silence the coils by clamping them every few 
centimeters with plastic ties and supporting them on air pocket 
packing material. Oddly enough, even with these improved pre
cautions, including the isolation cabinet, sensitive subjects 
still reported that they thought they were faintly hearing hum, 
and were producing extremely high scores to identify the field 
on condition. 

To remedy this situation, a special cabinet was fabricated 
with four layers of %-in plywood, full contact epoxy glued and 
surface coated into a reinforced monolithic structure to make 
a very rigid heavy structure weighing, in total, about 300 kg. 
The structure was made without the use of ferrous metal fasten
ings (to avoid magnetostriction vibration), and only a few 
slender brass screws were used. The door was of similar epoxy 
four-ply construction but faced with a thin bonded melamine 
plastic sheet, and the door was hung on two multi-tongued 
bakelite hinges with thin brass pins. The door was sealed 
against a thin closed cell foam rubber gasket, and was pressure 
sealed with over a metric ton of force by pumping a mild vacuum 
inside the chamber, such that the "cabin altitude" was approxi
mately 2500 feet above the ambient altitude so that no serious 
health hazard was included. 

Even with these precautions, while most scores dropped 
dramatically, a few individuals still made impressively signifi
cant high scores to detect the "field on" condition. 

To remedy this, an extreme effort was made to improve even 
further the already good isolation. This was done by suspending 
the cabinet from the ceiling via aircraft shock cord supports 
to the roof timbers. The cabinet was ingeniously prevented 
from swinging as a pendulum by four small non-load-bearing 
lightly inflated automotive inner tubes placed between the floor 
and the cabinet base. The magnetic field-exciting coils were 
firmly reclamped, the cabinet draped inside with a sound
absorbing material, and the chair for the subject shock-mounted 
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with respect to the cabinet. With this super isolation, final 
experiments indicated minimal perception. 

While recounting this series of experiments might well 
make an interesting anecdote, the difficulties reported in 

achieving complete isolation from acoustical and vibrational 
problems are of great importance. Experimenters hoping to 
eliminate all influences other than electric fields would do 
well to read completely the results of this study. With the 
exception of the above-reported test, none of the studies or 
ongoing research reviewed to date revealed this attention to 
detail in eliminating the possibility of acoustical or vibra
tional influences. This strongly suggests that, in a number 
of pehavioral experiments wherein some positive effect has been 
reported, some strange stimulation could have alerted the animal 
to achieve faster test scores; and this might well have arisen 
from almost imperceptible acoustic noise or direct vibration 
conducted into the test area. 

CARDIAC PACEMAKERS 

Concern has been expressed regarding possible effects on 
cardiac pacemakers of electric and magnetic fields from over
head transmission and distribution lines. This question is 
appropriate since there are approximately 170 thousand pace
maker users in the United States. Since many of the pacemaker 
patients can resume nearly normal lifestyles after implanta

tion, they encounter the same wide range of electromagnetic 
environments as a general population. 

Several studies have been concluded that dealt with the 
problem of interference to cardiac pacemakers by 60-Hz mag
netic or electric fields. The earliest one was the evaluation 
of the effect of magnetic field interference performed by 
IITRI for the U.S. Navy (Bridges 1971). The second study was 
a preliminary assessment of electric field interference ef
fects conducted by IITRI for the American Electric Power Service 
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Corporation (Zalewski 1975). These results were later aug
mented and enlarged by more comprehensive studies sponsored 
by the Electric Power Research Institute (Bridges & Frazier 
1977). This Electric Power Research Institute study also up
dated the results of the much earlier Navy study which was 
concerned only with the magnetic field effects. 

By way of introducing the subject matter, a brief descrip
tion of the pacemaker operation is desirable. Typically, the 
cardiac pacemaker is viewed as an electronic device which can 
stimulate the heart with periodic electrical current pulses 
to maintain rhythmic heart contractions. Some pacemakers pro
duce pulses that are synchronized to a particular portion of 
the natural cardiac cycle. These are called synchronous pace
makers. Others produce regularly spaced pulses that are in
dependent of, or asynchronous with the cardiac cycle. These 
pacemakers are called asynchronous. However, by far the most 
widely used type of pacemaker senses a particular segment of 
the cardiac signal, the R-wave, and produces stimulus pulses 
only when the normal heart beat slows or stops. This type of 
pacemaker is called, variously, the R-wave inhibited, standby, 

or demand pacemaker. If a demand pacemaker senses electric 
signals or interference from other sources which may mask the 
heart signal, the pacemaker begins to operate in the "asyn
chronous mode." This means that regularly spaced pulses which 
are not synchronized to the cardiac cycle are produced, even 
though the patient's heart may be functioning normally. Some 
cardiologists feel that this situation should be avoided, though 
they do not agree on the extent of the risk. 

This asynchronous mode of the demand pacemaker may be 
triggered if an induced interference voltage develops across 
the tissue between the pacemaker electrodes. Since body tissue 
is resistive, any current flowing through the body will cause 
a voltage to develop across tissues. If this tissue voltage 
is large enough, the pacemaker will "revert" to the asynchronous 
mode. 
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Weak body current can flow when a person touches an elec

tric device, such as. a household appliance, tool, or machine. 
Weak body current can also be induced by time-varying electric 

and magnetic fields from energized conductors, such as high 

voltage ac power lines, even though the person is not touching 

a conductor or electrical device. Typically, in most house

hold or industrial environments, most cardiac pacemaker users 

are exposed only to the body currents which arise from touching 

household appliances or electrical machinery. On other occa

sions, the pacemaker user may be in the vicinity of high volt
age transmission or distribution lines. In either case, body 
current may be developed which could or could not cause re
version of the pacemaker to the "asynchronous mode." 

In the case of the early Navy study (Bridges 1971) on 

magnetic field effects on pacemakers, as well as the more re

cent comprehensive study conducted for EPRI (Bridges & Frazier 
1977), procedures were developed to determine the voltage pro
duced between the electrodes of implanted pacemakers by body 
currents and electric or magnetic fields. It was then demon
strated that effects similar to exposure to such fields under 

actual operation also resulted from these voltages. Based on 

this, thresholds for body current and electric field and mag
netic fields, capable of affecting normal pacemaker operation, 

were determined for a variety of realistic conditions. 

The field thresholds were developed by determining the 
mechanism for the development of the voltages appearing on 
the terminals of the implanted pacemaker. In the case of the 
magnetic field, this mechanism appeared to operate by means of an 

"equivalent loop" of current flow induced by the time-varying 
magnetic field to produce an interfering voltage. This con

cept was validated by means of tests on calves with implanted 
cardiac pacemakers. The results were extended to humans by 

determining the approximate equivalent "loop area" based on 
xrays of the chest showing the implanted cardiac pacemaker 

positions. Similarly, in the case of E-Field'pickup, it was 
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shown that collected displacement current produced a voltage 
drop across the thorax as was demonstrated by pacemaker im
plants made in baboons. This model was then extended to the 
human case by m~king non-invasive measurements on volunteer 
human subjects. 

The positions of the electrodes on the human body were 
then studied in relation to the direction and flow of the in
duced currents, along with the voltages necessary to cause 
the pacemakers to revert to the asynchronous mode. Based on 
these studies and the aforementioned pickup model, various 
electric or magnetic field intensities or body currents neces
sary to cause reversion were calculated. The electric field, 
magnetic -field, and direct conducted body currents necessary to 
cause R-wave pacemaker reversion are presented in Tables 5-3, 
5-4 and 5-5, respectively. 

Since the near-ground magnetic flux density of power trans
mission lines operating at the highest voltages found in the 
United States is usually less than one-half Gauss, Table 5-4 
shows that pacemaker interaction problems by magnetic fields 
are unlikely. Therefore, this aspect will not be discussed 
further. 

To place the results of the electric field study and body 
current study as exemplified in Tables 5-3 and 5-5 in perspective, 
Table5-6 indicates likely ranges of maximum vertical electric 
field for various voltage transmission lines. Table 5-7 pre
sents a sample of leakage currents in milliamperes for typical 
appliances. The maximum leakage current allowed by American 
National Standards Institute for portable appliances is 0.5 

. milliamperes and for fixed, installed appliances, it is 0.75 
milliamperes (ANSI 1970). However, these worst-case currents 
will flow through the body only if the appliance is ungrounded 
and the person completes the path to ground by touching the 
appliance. In the event that the appliance is ungrounded and 
the person touching the object is only partially grounded, a 
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TABLE 5-37~ 

CALCULATED ELECTRIC FIELDS 
FOR R-WAVE PACEMAKER REVERSION 

Least 
Sensitive 

Lead Arrangement 

Host 
Used 

Pacemaker Sensitivity 

Least 600 kV/m 171.0 kV/m Sensitive 

Typical 
Sensitivity 

Most 
Sensitive 

50 kV/m 14. 3 kV/m 

23 kV/m 6.4 kV/m 

*Bfidg~s & Frazier 1977 

TABLE 5-41'~ 

CALCULATED MAGNETIC FIELD 
FOR R-WAVE PACEMAKER REVERSION 

Most 
Sensitive 

91. 0 kV/m 

7.6 kV/m 

3.4 kV/m 

Pacemaker Sensitivity 
Magnetic Field with 

210 cm 2 Worst-Case Loop 

Least 
Sensitive 

Typical 
Sensitivity 

Most 
Sensitive 

*Bridges & Frazier 1977 

15 Gauss 

1.25 Gauss 

0.56 Gauss 

*In Tables 5-3 to 5-5 the following descriRtions apply. 
The three levels of "'Pacemaker Sensitivity ' are: Least 
Sensitive refers to a 12 mV reversion level, Typical Sensi
tivity to a 1 mV reversion, and Most Sensitive to a 0.45 mV 
reversion. The three types of pacemaker "Lead Arrangements" 
are: Least Sensitive refers to a bipolar lead arrangement, 
Most Used to a monopolar pectoral implant, and Most Sensitive 
to a monopolar abdominal implant. 

5-27 



TABLE 5-S·A

CALCULATED CURRENT NECESSARY 
FOR R-WAVE PACEMAKER REVERSION (in µA) 

Lead Arrangement 

Pacemaker Sensitivity 

Least 
Sensitive 

Typical 
Sensitivity 

Most 
Sensitive 

*Bridges & Frazier 1977 

Least 
Sensitive 

6000 

500 

230 

TABLE 5-6~•~ 

Most 
Used 

1800 

150 

70 

Most 
Sensitive 

1000 

88 

40 

LIKELY RANGE OF 1:-'f..AXIMUM VERTICAL ELECTRIC FIELD 
FOR VARIOUS VOLTAGE TRANSMISSION LINES 

Near Ground Vertical 
Line Voltage Electric Field 

kV kV/m 

765 8-13 

500 5-9 

345 4-6 

138 2-3 

69 1-1. 5 

34.5 0.5-0.8 

13.2 0.1-0.2 

*Bridges & Frazier 1977 
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lesser amount of current will flow, typically down to values 

in the order of 10 microamperes for a person touching an un

grounded appliance while standing on a one-inch thick styro

foam insulator, 
TABLE 5-7·k 

SAMPLE LEAKAGE CURRENTS 
(in milliamperes) FOR APPLIANCES 

Coffee Maker 

Sewing Machine 

Drill 

Hedge Trimmer 

Mixer 

Flat Iron 

Flat Iron 

Skillet 

Toaster 

Projector 

Charcoal Igniter 

120 V Air Conditioner 

Dishwasher 

Garbage Disposal 

TV Transformer 

*Stevenson 1973 

Non-operating 

0.004 

0.025 

0.045 

0.033 

0.048 

0.005 

0.020 

0.050 

0.005 

0.020 

0.040 

0.190 

0.110 

0.022 

0.041 

Operating 

0.002 

0.013 

0.025 

0.026 

0.030 

0.007 

0.130 

0.100 

0.017 

0.090 

0.160 

0.140 

0.160 

0.092 

0.107 

In comparing Table 5-3, which summarizes the electric field 

.reversion sensitivity for pacemakers,with the likely range of 

vertical electric field for transmission lines shown in Table 5-4, 

it is seen that for typical sensitivities and the most used lead 

implantation arrangement, the pacemaker is relatively unaffected. 

On the other hand, for worst-case conditions, wherein the most 

sensitive pacemaker is coupled with the most sensitive lead ar

rangement, almost all existing transmission lines in the order 

of 138 kV and above (as opposed to distribution lines, which 

operate at lower voltages) are potentially capable of causing 

the pacemaker to revert to the "asynchronous mode." 
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In the typical non-transmission line or household environ
ment, worst-case conditions can occur when touching an ungrounded 
appliance while at the same time the other hand or the feet 
are connected to grouna. Here, not only are the more sensitive 
pacemakers affected, but pacemakers with typical sensitivities 
implanted with the more-used lead arrangements methods are also 
affected. Examples of where such currents might flow--under the 
condition of bare-handed operation with the shoes simultaneously 
contacting a moist surface--include: electric floor scrubbers, 
mops, drills, hedge trimmers and lawn mowers. 

In summary, the results of the project show that elec
tric and magnetic fields from overhead transmission and distribu
tion lines are not a problem for the vast majority of patients 
with implanted cardiac pacemakers. Modification of normal pace
maker operation by pickup of the fields is possible only in 
rare instances where very sensitive pacemaker models are im
planted or uncommon lead configurations are used. A somewhat 
higherl percentage of patients may be affected by direct contact 
with electric household appliances or manufacturing equipment, 
by the leakage currents which are principally part of the 
equipment design. However, circumstances leading to prolonged 
reversion in the asynchronous mode from either electric fields 
from transmission lines or leakage currents from household 
appliances are probably rare. 

There are several ways to minimize risks for pacemaker 
patients who might be susceptible to fields from overhead 
transmission lines or current from household appliances. The 
most promising option is the use of pacemakers which are in
trinsically insensitive to 60 Hz voltage or to use implantation 
lead arrangements which suppress body current pickup. Improved 
pacemaker designs are available and insensitive lead arrange
ments are now often used. Thus, the cardiologist,who has the 
choice in selecting pacemakers and implants, can now insure 
negligible patient risk due to a broad range of common 60 Hz 
electric field or appliance leakage current environments. 
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APPENDIX A 

ABSTRACTS OF REVIEW OR SURVEY ARTICLES ON 

THE BIOLOGICAL EFFECTS OF POWER FREQUENCY ELECTRIC FIELDS 

This appendix contains abstracts of the seventeen "re

view or survey articles" that were discussed briefly and sum

marized in tabular form in Section 2 of the body of this 

state-of-the-art review. The abstracts are arranged in alpha

betical order by author. 

ADEY, W.R. and S.M. BAWIN 

"Brain Interactions with Weak Electric and Magnetic 
Fields." Neurosciences Research Program Bulletin 15, 
No. 1 (January 1977). 

This particular issue is a summary of the NRP Work Session 

that was held November 10-12, 1974, as updated by the various 

participants. Although not intended to be a survey, it does 

provide an excellent introduction to the area of weak electric 

and magnetic field effects, such as might affect behavior and 

circadian rhythms. Specifically of interest are the bio-effects 

as summarized by the various experts in the meeting on electro

magnetic sensing, orientation, behavior, and circadian rhythms. 

The principal responses exist primarily in the brain wave below 

12-Hz region. A great deal of discussion is also devoted to 

the biophysics aspects, in which there are molecular and tissue 

interactions with electromagnetic fields, as well as dosimetry 

problem areas. Considerable information is also included on 

microwave responses. 

ARNAEZ, R.C. 
"Los Trabajos en Tension en la Problematica del Campo 
Electrico." Presented at the Third Colloquium of the 
International Section of the ISSA for the Prevention of 
Risks Due to Electricity, held in Marbella, Spain, 1975. 

This study, the original of which was in Spanish, addresses 

the problem of the contradictory results noted by the Soviets and 
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Spanish on switchyard workers, which indicated a possible 

positive effect of electric fields, and the negative results 

noted by American researchers, principally Kouwenhoven and 

Knickerbocker. Arnaez attempts to resolve this contradiction 

by saying that the noxious effects of electric fields on the 

human body occur only under certain conditions or combinations 

of gradient values as well as duration of exposures. However, 

he states that the noxious actions are not truly serious and 

disappear rapidly. He contends that setting up a standard of 

prevention of these actions does not appear to be difficult to 

accomplish, and with it, the situation of sensational publica

tions in journals and reviews can be avoided. He decries the 

exaggerated interpretations of real data, and the inaccurate 

use of the label "the contamination of high voltages." 

ATOIAN, J.E. 

"Are There Biological and Psychological Effects Due to 
Extra High Voltage Installations?" Presented at the 
1977 IEEE Power Engineering Society Winter Meeting in 
New York, January 30 to February 4, 1977, paper no. 
F 77-195-1. 

This paper considers the recently aroused interest in the 

possibility of environmental pollution by EHV installations, 

and whether they have any biological and psychological effects. 

Recent electrical, medical, and psychological research papers 

are reviewed and the results analyzed. Some 72 references are 

provided, which appear to be current through mid-1975. Much 
of the material, and many of the illustrations, were drawn from 

a previous review, sponsored by EPRI, Project RP381-l, entitled 

"Biological Effects of Electric Fields" (Bridges 1975). Some 
additional viewpoints are included, such as comparison of trans

mission line accident hazard rates with those of superhighways, 

The conclusion of this review is as follows: 

Based on materials presented, it is evident that the 
bulk of the field investigations and laboratory re
sults tend to suggest that, up to now, there is no 
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conclusive evidence supporting the hypothesis that 
there might be significant long-term biological and 
psychological ill effects from extra high voltage 
installations using the present commercial frequen
cies, 15-60 Hz. By no means is it concluded that no 
further investigations are required, on the contrary-
the need for an interdisciplinary approach is becoming 
more clear--the need of bridging the gap between the 
sciences, medical, psychological, environmental, and 
physical (engineering), in order to better understand 
and assess the limits of stress (how much EHV voltage 
and fields can be increased without causing biologi
cal effects?). But, there certainly is no indicated 
need for crash programs, nor for public concern re
garding present or planned installations, 

BONNEVILLE POWER ADMINISTRATION 
"Electrical Effects of Transmission Lines." A report on 
internally funded work (15 September 1975). 

This report covers the general effects of transmission lines, 
including acoustical noise, radio frequency interference, and 
ozone. It contains a summary of field effects, which includes 
induced field effects and effects on plants, as well as the direct 
effects on biological systems. 

Specific conclusions about the long-term effects of elec-
tric fields are as follows: 

As yet, the experimental investigations are inconclu
sive as to the possible existence and significance of 
effects on organisms exposed to electric fields under 
transmission lines. 

Currently, much research is under way on the biologi
cal effects 0£ electric field. More information is 
being sought to clarify contradictory or inconclusive 
findings reported by various researchers. 

BRIDGES, J.E. 
"Environmental Considerations Concerning the Biological 
Effects of Power Frequency (50 or 60 Hz) Electric Fields." 
Presented at the 1977 IEEE Power Engineering Society Winter 
Meeting in New York, January 30 to February 4, 1977, paper 
no. F 77-256-1. 

This paper provides a survey of the literature on the bio
logical effects of electric fields, up through early 1975. It 
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documents the need to place adequate emphasis on all likely 

environmental influences during the conduct of research studies 

for the subsequent interpretation of the literature. This 

point of view is emphasized by comparing the research results 

of, Soviet and Western workers, particularly tests conducted 

on switchyard workers or linemen. Fifty-six references are 

cited. Much of the basic material was drawn from the final 

report on EPRI Project RP-381-1, although additional refer

ences are provided. 

The author concludes the following: 

The results of the comprehensive literature survey 
regarding the effects of HVAC electric fields from 
existing power lines on humans disclosed an apparent 
contradiction. The results of Soviet and Spanish 
studies showed undesirable effects on humans, whereas 
American and other European results indicated no harm
ful effects. This contradiction may be explained by 
noting that the positive results reported by the 
Soviets and Spanish only occurred for complex switch
yard environments, whereas the negative results re
ported by American and other European workers apply 
to the simpler transmission line environments. 

A further review of the literature indicated that 
numerous related studies have failed to consider the 
total environment. This neglect presents a major 
obstacle in trying to use the results of these 
studies. Clearly, one must be able to distinguish 
which of the observed effects are really the results 
of transmission line fields, and which are due to 
other environments. Further studies must include 
a more holistic approach if any degree of produc
tivity is to be realized. 

CABANES, J. 
"Effects of Electric and Magnetic Fields on Living Organisms 
and in Particular on Man." Revue Generale de L'Electricite 
Special Issue (July 1976), 19-26. 

This review is of interest because a number of European 

articles are discussed which are not generally available in the 

United States. This author also critically compares the research 

results of the Soviets versus the results obtained in the United 

States and Western Europe. In particular, he emphasizes the fact 
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that, while the Russians report functional disturbances, they 
seldom indicate the precise manner or procedure employed during 
the clinical or experimental study. On the other hand, he 
points out that in the case of a number of Western studies, 
where the procedure was quite controlled, the number of sub
jects was often limited to only a few dozen, at the most, which 
makes it difficult to interpret the results. He also points 
out that in the case of epidemiological studies, data relative 
to exposure levels and periods were not included. The bibli
ography includes 145 references. 

He concludes: 

We could bring this study to an end in saying that 
the possible effect of electrical fields has already 
given rise to a large number of studies. On the 
whole, the observed physiological or biological facts 
seem to be inconsistent, unimportant, reversible, 
and unable to cause pathological effects. 

Numerous points, however, deserve to be specified: 
(1) explain the incongruity among the various re
search; (2) specify certain effects by means of re
search involving a larger number of subjects, and 
lasting for a longer time; (3) a study of a long
term effect as far as physical, as well as genetic, 
systems are concerned; (4) try, at last, to better 
understand how a very-little energizing, physical 
phenomenon can lead to changes of important physio
logical and biological constants in living organisms. 

COMMITTEE ON BIOSPHERE EFFECTS OF ELF RADIATION 
Biologic Effects of Electric and Magnetic Fields Asso
ciated With Project Seafarer. Washington, D.C.: National 
Academy of Sciences, 1977. 

This work was performed pursuant to Contract NOOO14-75-
C0258. The report summarizes the findings of the Committee on 
Biosphere Effects of ELF. The objectives were: (1) to assess 
the adequacy of existing data as a basis for determining bio
logical and ecological effects due to Seafarer; (2) to identify 
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the effects, if any, that may be of major concern; and (3) to 
identify critical inadequacies in the available data and to 
suggest research projects designed to produce needed data. 
Some 17 specialists in biology, zoology, medicine, and elec
trical engineering participated on the Committee, and they 
were supported by some 38 outside consultants. Specifically 
addressed is the biological impact of Seafarer fields in the 
order of a few tenths of a gauss magnetic field, and electrical 
field intensities in the order of 10 V/m or less. Owing to the 
presence of the time-varying magnetic field, direct earth con
duction shock effects on biological systems are also considered. 
The total number of references cited exceeds 400, but considera
ble suplications exist because each section's references are 
kept separate. 

All of the published data available were reviewed, in
cluding reports of both negative and positive findings, and 
works judged to be conducted on a firm scientific bases, as 
well as those which, at best, could be considered only pilot 
or brief investigations. 

Some 14 pages of carefully worded conclusions and findings 
are presented, and these should be referred to directly by those 
who have a major interest in this particular area. Briefly, the 
conclusions are as follows: the Committee found no basis for 
the possibility of arty adverse effects on genetics, fertility, 
growth and development, human serum triglyceride concentrations, 
circadian rhythms, behavior (with some exceptions), mammalian neu-. 
rophysioloey and behavior, ecology, plants, and some organisms. 

The Committee did recommend substantial design changes 
in the Seafarer antenna system which would minimize a highly 
improbable, though possible, direct conduction shock via the 
horizontal electric fields in the ground. They qualify their 
recommendations to include continued research in the areas of 
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biophysics, physiology of magnetic and electric field detec

tion, and studies related to the behavior of birds, insects, 

bacteria, and electrosensitive fish. Further research on the 

underlying mechanisms of cell division and information processing 

and integration in complex nervous systems, is also recommended. 

Summarizing its position, the Committee made the following 

statement: 

Recognizing the limit of its charge, the Committee 
makes no recommendation as to whether the Seafarer 
antenna should be constructed, It will be up to the 
citizens and the government of the United States to 
consider the cost, risks, and benefits associated 
with the Seafarer System. The Committee's charge was 
to identify and evaluate possible biological effects. 
On the basis of the information available, the Committee 
concludes that, except for possible electric shock 
hazards, the likelihood of serious adverse biologic 
effects of Seafarer is very small. In any case, it 
is appropriate to recall here that the Navy presenta
tion at the Committee's first meeting (February 11, 
1966) included a pledge that, 'if a functioning 
Seafarer antenna were found to have deleterious ef
fects, its operation would be discontinued.' 

JANES, D. 

"Background Information on High Voltage Field_s." Prepared 
for the Subgroup on Physical Factors, Second Task Force on 
Research Planning in Environmental Health Sciences (June 
1976). To be published in Environmental Health Perspectives 
by the National Institute of Environmental Health Sciences. 

This paper, developed by the staff at EPA, summarizes con-

cisely the general problem areas associated with high voltage 

transmission lines, including ozone, audible noise, radio noise, 

electric field induction, and direct electromagnetic effects on 

biological systems. Some 57 references are mentioned. In the 

biological area, the Soviet results are compared with those found 

for Western research workers. 

The summary states as follows: 

Some have questioned if ou~ knowledge of biological 
effects of electric fields in operating experience 
with lower voltage lines are 2dequate for predicting 
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the possible health and environmental effects of 
extra high voltage lines. Research in Western 
Europe and the United States has not identified 
any acute or prompt effects other than spark and 
electric discharge, and no primitive effects, Ef
fects such as excitability, headaches, drowsiness, 
fatigue, and nausea have been reported for workers 
in the Soviet and Spanish high voltage switch yards. 
However, these effects are not seen in workers who 
perform maintenance on Soviet extra high voltage 
transmission lines, and hence, may be due to a unique 
switch yard environment, rather than exposure to in
tense electric fields. The research needed to re
solve this and other questions is now under way or 
planned. Existing manpower resources should be ade
quate to cover present research needs, unless subtle, 
long-term effects at relatively low field strength 
are uncovered. 

KORNBERG, H.A. 

"Biological Effects of Electric Fields." Revue Generale 
de L'Electricite Special Issue (July 1976), 51-64. 

The biological effects of power frequency electric and 
magnetic fields, as developed primarily by research in the 
United States, are reviewed. The results of some 52 efforts 
are presented in tabular form, and compared in several aspects 
with selected European and Soviet research results. In addi
tion, a sunnnary of current research sponsored by the Electric 
Power Research Institute in the United States, is also pre
sented. 

The conclusions are as follows: 

It seems that whenever positive results are noted, 
they can be ascribed to factors other than the elec
tric field. That offspring of exposed animals showed 
decreased growth rate, could have been due to dif
ferences in water availability and temperature. That 
research on human subjects in Western Europe and the 
U.S. cannot reproduce the syndrome reported by the 
USSR, suggests that factors other than the electric 
field may be responsible. 
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LEARDINI, T. 

"Unipede Report on Effect of AC Electric Fields on Human 
~eings and Animals." A paper presented at the IERE Meeting 
1.n Tokyo, Japan (May 14-19, '1975); and at the Eighth Annual 
Meeting of the International Electric Research Exchange in 
Palo Alto, California (September 14-16, 1976). 

This survey paper, which essentially updates a previous 

review made about a year earlier, provides a concise review of 

most of the biological research currently being conducted in 

Western Europe. These current results are placed in perspective 

with some of the past findings found by Soviet and American re

search workers. Twenty-one references are cited. 

The conclusions are: 

From a general survey of existing literature and, 
from the analysis of the studies so far carried out, 
it appears that the effects of the exposure to high 
voltage ac electric fields on human being$ and ani
mals are, if any, very weak, and therefore, often 
overshadowed by other environmental factors. In 
planning future research programs in this area, the 
utmost attention should be put into the following 
aspects: the interdisciplinary nature (biology, 
engineering, and physics) of the problem, which in
cludes the biological protocol and primary electro
magnetic environment, as well as other influences, 
such as s• all arc self discharge, acoustical noise, 
ozone, light, heat, humidity, and so on; the geometry 
of the biosystem under test, which plays a major role 
in determining field enhancements and current density 
distributions; the influence on exposure of leads 
over metallic implants, for instance, during EEG or 
ECG recording; tbe field simulation (adequate separa
tion should be provided between field-inducing plates), 
and the field measurement and control during laboratory 
tests. The lack of appreciation of some of the above
mentioned aspects may be the reason for the differences 
between the various test results. 

MORGAN, M. & SHAH, K.R. 

"EHV and the Environment: The Tip of the Iceberg?" 
"EHV and the Environment: An Engineering Guide." 
Electric Light and Power T/D Edition (August 1974). 

This paper summarizes many of the controversies associated 

with the EHV transmission lines, including aesthetics, radio and 
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television noise, acoustical noise, induced shocks, and ozone, as 
well as electric and magnetic field effects. The first half of 
this paper essentially consists of capsule summaries of inter
views with various experts in the area, This is, however, a 
valuable reference for anyone interested in becoming acquainted 
with all the technological effects associated with high voltage 
transmission lines. The second half of the paper describes 
methods to control the acoustical noise, field gradient and 
ground level, radio interference, and inaudible noise. This 
latter half provides a very good, easily readable introduction 
to those concerned with mitigating electric field corona and 
coupling power transmission line problems. Twenty-five refer
ences are cited. 

NAVAL ELECTRONICS SYSTEM COMMAND 
"Seafarer ELF Connnunication Systems Draft Environmental 
Impact Statement for Site Selection and Test Operations." 
(February 1977), Appendix E, Biological and Ecological 
Information. 

This document is part of the much larger group of documents 
which concern the environmental impact of the Seafarer ELF 
Communications System. Specifically addressed are the electric 
and magnetic fields ~elevant to Seafarer, including frequencies 
of 0-300 Hz, and elect~ic and magnetic field strengths up to 
100 V/m and 20 G, respectively. The reported research includes 
a survey of scientific research which is well based, as well as 
research results which apparently are preliminary or tentative. 
In addition to pure field effects, some aspects of conduction 
and medical electronics are also considered. Persons interested 
in transmission-line field effects will find this document of 
interest because of its very thorough treatment of magnetic 
field effects at power frequencies, and because some purely 
electric field studies at intensities much higher than those 
intended for Seafarer are also considered. Three hundred refer
ences are noted. 
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While detailed conclusions are presented, the general con-

clusions are as follows: 

Although research to date does indicate the existence 
of some rather diverse and subtle effects associated 
with particular types of ELF exposures, no signifi
cant adverse biological effect has been substantiated, 
or is considered probable from Seafarer System Opera
tion. On the basis of the review of evidence avail
able, it is concluded that: 

No significant adverse effects on human health or 
performance associated with Seafarer exposures has 
been predicted or substantiated; 

No significant adverse effect on human ability to 
use the environment for livelihood has been substan
tiated; 

No significant adverse effect on human ability to 
use the environment for recreation has been substan
tiated; 

Research to date indicates it is highly improbable 
that Seafarer Operation will produce significant 
and long-lasting biological or ecological effects 
detrimental to the posterity of the earth's bio
logical systems. 

PHILLIPS, R.D. & KAUNE, W.P. 
"Biological Effects of Statis and Low Frequency Electro
magnetic Fields: An Overview of United States Literature." 
Battelle Northwest Laboratories, Report BNWL-2262, UC-41 
(April 1977). 

Some 100 publications are considered in this short overview 

of United States literature, and this review appears to be cur

rent through early 1977. Most of the studies considered are 

concisely reported without extensive critiques. Useful sum

maries of the research are presented in tabular form on the 

basis of physiology, growth and development, behavior, and 

biochemical considerations, 

The conclusions are as follows: 

Based on a long history of experience with electric 
fields by the utility industry, it appears that 
intermittent and repeated exposure to strong 60-Hz 
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electromagnetic fields from present power trans
mission systems have no obvious adverse effect on 
the health of man. It has been recognized recently 
that this belief must be tested by carefully de
signed and executed experiments under laboratory 
conditions where precise control can be exercised 
over coexisting environmental factors. A number 
of studies have been initiated in response to this 
need to evaluate possible effects from both acute 
and chronic exposures. 

Considerably more attention needs to be paid in 
future studies to the details of the interaction 
of an animal and its environment with applied elec
tric fields ... 'the possibility of transient dis
charges between an animal and its watering system 
has existed in many past studies ... animal exposure 
systems must be carefully designed and surveyed to 
insure that they are free from corona discharge and 
ozone formation ... 'finally, one must be alert to the 
possibility of stress-induced biological effects due 
to hair stimulation or other forms of electric field 
perception; the mechanisms of these phenomena and 
their physiological effects have yet to be fully 
elucidated. 

REITER, R. & LOTT, J.R. 
"Biological Effects of Electric, Magnetic and Electromag
netic Fields." Biometeorology 6 supplement to Int. J. 
Biometeorology 19 (1975). 

This short paper presents the impressions of the chairman 
and co-chairman of a European group concerned with biological 
effects of electromagnetic fields. Twelve scientific papers 
and resulting discussions, as they were presented at the 7th 
International Biometeorological Congress held in August, 1975, 
in Maryland, are reviewed along with the reviewer experiences 
and contacts in this area. Addressed in this review are: the 
need to artificially generate atmospheric electrical fields in 
well-shielded buildings, the danger of possible biological ef
fects associated with high-voltage overhead power lines, the 
use of alternating electric fields for therapeutic purposes, 
and the possible use of atmospheric electrical factors to in
fluence human behavior. 
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The authors· summarized the pertinent state of knowledge 

as follows: 

There can be no doubt that during the past years, 
considerable progress was made regarding the eluci
dation, delimitation, and scientific establishing of 
the biological effects of electric, magnetic, and 
electromagnetic fields, We presently can say, with 
sufficient certainty, that biological effects of such 
factors do indeed occur; but, as in the past, it is 
still rather likely that in the context of all other 
factors of human environments, they play a more or 
less peripheral part and can be clearly determined 
only if the other more prominent environmental fac
tors are eliminated or kept constant. Nevertheless, 
the practical importance of effective atmospheric 
electrical factors must not be overlooked or under
estimated. 

Closely connected therewith is the question of pos
sible practical application of the results. In this 
respect, however, the utmost discretion is to be 
recommended, especially until such time as the full 
importance of these effects is determined. All pos
sible negative consequences are known, and the chain 
of causation is clarified. From this aspect, it 
would appear premature at this time to attempt a 
final answer as to any possible adverse effects of 
high-power lines. With utmost restraint, the question 
whether, and to what extent, such effects exist, 
should rather be left open. 

Once more, we must point out the outstanding im
portance of eliminating all interfering factors. 
Statements, reports, and publications should not be 
limited to saying that interference or competing 
factors had been held constant. Instead, one 
should state exactly what maximum fluctuations the 
interfering factors were allowed to have, or, bet
ter still, diagrams of the behavior of all inter
fering factors should be presented. 

Extreme caution should be applied in the performance 
of group experiments. It will be necessary to demon
strate that the interfering factors, such as tempera
ture, humidity, heat radiation, noise level, etc., 
were identical in each case within the test experi
ments and within the comparative experiments. 

Utmost care should be exercised in insuring that 
different conditions did not exist with regard to 
aerosol composition, trace gases, and air ions. 
Electric fields may change the ion composition, 
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or, if higher field strengths are applied, ions, 
trace gases, or also aerosols may be generated. 
Significant measurements should be presented to 
demonstrate that interfering effects by these 
factors may be excluded, 

ROYAL SWEDISH ACADEMY OF ENGINEERING SCIENCES 
"Biological Effects of Electromagnetic Fields." The re
port of a committee of the Swedish Academy of Engineering 
Sciences. Ingenjorsvetenskapsakademien. Stockholm, Sweden 
(5 June 1974). English translation available BPA SDI No. 
42010. 

While this study is purported to survey the broad range of 
effects from Oto 3000 GHz, the prime emphasis is on radio and 
microwave effects. Elementary material on microwave dosimetry 
and other coupling modes is presented. ELF bioeffects are 
briefly considered. About 200 references are noted, about one
third of which may be related to ELF bioeffects problems. 

From the limited review in the ELF area, the authors note: 

Several investigations of the effect on man of elec
tric fields from transmitter and power lines have been 
made. No statistically significant effect could be 
found in spite of, at times, very intense fields. 

SHEPPARD, A.R. & EISENBUD, M. 
Biological Effects of Electric and Magnetic Fields of 
Extremely Low Frequency. Washington Square, New York: 
New York University Press, 1977. 

This reference text, which is probably the first of its 
kind appearing in the English literature, provides an excellent 
summary of past work, and also so organizes the material 
that an excellent introduction into this particular subject area 
is provided. Slightly less than half of the text space is de
voted to the discussion of the environment and electromagnetic 
coupling phenomena. The latter half of the book is devoted to 
a critical review of the literature available up until early 
1976. This book is also noteworthy for its completeness and 
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objectivity, because research reports are included that the 

authors often regard as overly speculative or of less than 

satisfactory quality. However, these are included for the 

sake of completeness and objectivity. A total of nearly 400 

references are cited separately, but with some duplication. 

In the foreword, the authors conclude the following: 

It would have been satisfying to be able to state 
that this review, which covers several hundred pub
lcations from many countries and from journals of 
many disciplines, enables one to describe exactly 
and unequivocally, the health implications of human 
exposure to low-frequency electric and magnetic fields. 
Regrettably, this is not possible: there is no evi
dence that the public health or ecological systems 
have been jeopardized in the slightest by artificial 
electromagnetic fields. But, there are still stones 
unturned, and additional studies must be undertaken 
before it will be possible to state with finality 
that the matter is closed 

YOUNG, L.B. & YOUNG, H.P. 
"Pollution by Electrical Transmission." Bulletin of the 
Atomic Scientist (December 1974), 34-38. 

This paper takes a strong position based on selected re

search results and is, in essence, an addendum to L.B. Young's 

earlier publication on the subject of the environmental impact 

of electrical transmission lines. Young and Young claim there 

are two important health hazards associated with transmission 

lines: the air pollution resulting from chemical reactions 

that take place in the corona discharge, and electromagnetic 

effects, particularly those arising from the strong electric 

field that exists in the vicinity of these lines. (Reviewer's 

note: the subject of chemical pollution by electrical transmis~ 

sion seems to be a dead issue now. For example, see the results 

of an evaluation of this subject in "Coupling and Corona Effects 

Research Plan for ERV Transmission Lines," Bridges 1976.) 

Young and Young correctly point out deficiencies in the 

state-of-the-art, as it existed up through mid-1974, citing 
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lack of data on exposure of pregnant and developing animals, 

and certain deficiencies in the epidemiological studies con

ducted in the West. However, some inaccuracies are presented 

which suggest that the voltage gradient at ground level might 

be as high as 50,000 V/m under a 765-kV line. The findings of 

the Soviets regarding the effects of the switchyard environ

ments on switchyard personnel are cited to suggest that elec

tric fields beneath power lines constitute a potential health 

hazard. The potential effects of electric fields from power 

lines on patients with implanted cardiac pacemakers are also 

mentioned as requiring investigation. Some of the more specu

lative theories concerning possible biological effects which are 

both non-ionizing and non-thermal are also mentioned. In this 

instance they assert that a number of laboratory experiments 

conducted in the United States have demonstrated that biological 

thresholds and trigger-type responses occur in the range of 

field gradients created by the higher voltage lines. However, 

references to such experiments are not provided. Only 17 ref

erences are cited, and a number of these are not directly 

concerned with biological effects. 

Young and Young take a strong position regarding the so-
called alleged electrical effects as follows: 

Science makes it possible for us to anticipate prob-
lems rather than relying on correcting damage after 
it has happened. In view of the research results, 
which strongly suggest that long-term damage does occur 
from exposure to high electric fields, it would be more 
prudent and more considerate of human values to see that 
these hazards are carefully and impartially studied be
fore any more of these big lines are built and energized. 
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APPENDIX B 
DETAILED REVIEWS OF RESEARCH PUBLICATIONS 

This appendix presents detailed reviews of selected 
research papers and reports. In selecting papers for de
tailed review, emphasis has been placed on those reporting 
investigations into the biological interaction of alternating 
electric fields, at power line frequencies, with animals and 
humans. The selected papers, in general, report the use of 
electric fields in the range of magnitudes to be anticipated 
from overhead ERV power transmission lines. However, some 
reviewed papers report the use of field levels considerably 
in excess of those to be anticipated, while others utilize 
lower field levels, of significance to the Navy Seafarer sys
tem. Due to the recent publication, by the National Academy 
of Sciences, of a comprehensive review of research results of 
significance to the Seafarer system, we have provided a sepa
rate review of only the more important of these works. 

The reviews presented in this Appendix are arranged in 
alphabetical order by principal author. Each review is di
vided into two parts: a reviewer's summary and a critique. 

The review process for the most important publications 
was conducted independently by two persons: a biologist and 
an engineer. The biologist reviewed the publication from the 
standpoint of the biological aspects of the experimental pro
cedures and results, while the engineer reviewed the publica
tion from the engineering or environmental standpoint. Each 
reviewer prepared a Reviewer's Suilill1ary and a Critique for each 
publication reviewed. Thus, for the important papers reviewed, 
there is a separate biological and environmental suTIIll1ary, as 
well as a separate biological and environmental critique. In 
other cases, such as ongoing, incomplete or noncritical work, 
only one reviewer was employed. 

The reviewers' summaries, biological and environmental, 
are brief descriptions of the reported work. In providing 
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these summaries, the reviewers have been careful to exclude 
their own opinions, such that the summaries present a brief 
overview of the work as reported. The reviewers' summaries, 
however, differ from the typical author's summary or abstract, 
in that important aspects, which are not reported, are iden
tified. 

The critique of each publication presents a brief dis
cussion of the reported work, in which the reviewers' opin
ions and interpretation are set forth. In general, the 
critiques objectively discuss the strong or weak points of 
the reported work as viewed by the reviewer. 

In the majority of the critiques, firm value judgments 
on the scientific acceptability of the authors' conclusions 
are not made. In most cases, adequate detail is not pre
sented in the publication to permit unquestionable judgment 
of scientific merit. However, deficiencies in reporting, 
experimental design or protocol, or data analysis that 
may cloud the acceptability of the authors' conclusions, 
make it difficult to compare with other similar work, or 
prevent verification by other laboratories, are identified 
in the critiques. 

The biological and environmental portions of the sum
maries and critiques are presented separately, to aid the 
reader in formulating his own awareness and assessment of 
the reported work with regard to these important areas. It 
will be noted that some overlap occasionally exists in points 
stressed by the biological and environmental reviewer. Such 
overlap tends to stress those factors felt to be important 
by the individual reviewers with their independent points of 
view of the reported research. 
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Adrian, D. J. Low Frequency Seeing and Hearing (San 
Diego, California: Megatek Corporation, 1977). 

Reviewer's Summary 

Auditory and visual (phosphene) sensations created by 
transcranial currents with low-frequency content are de
scribed. The stimulus currents were applied to the skin 
using 1-3/4 centimeter diameter silver electrodes and con
ducting cream. Specifically, one electrode was placed just 
over the outer edge of one eye and the second in front of 
the contralateral ear. Threshold perception for both audi
tory and visual effects was noted. as a function of fre
quency and for various other waveforms. Thresholds for con
tinuous wave signals appeared to be in the range of 600 µA 
for frequencies around 60 Hz. Somewhat lower thresholds were 
observed for transient and non-sinusoidal type waveforms. 

Reviewer's Critique 

These results are not of direct interest since exposure 
to electric fields is not considered. Further, the thresh
olds which were observed were perhaps an order of magnitude 
greater than any of the induced currents which might occur 
in a human subject. However, the results are of general in
terest in the subject area, and the paper provides numerous 
references to works of others in the subject area of direct 
electrical stimulation of the brain. 
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Bankoske, J. W., et al. "Ecological Influence of Electric 
Fields." Electric l:'ower Research Institute Project 
No. 129 (May 1975). 

Bankoske, J. W., et al. "Ecological Influence of Electric 
Fields." Electric Power Research Institute Interim Re
port No. 2, EPRI Project EA-178, Project No. 129 (Sep
tember 1976). 

Poznaniak, D. T., J. W. Bankoske, and H. G. Mathews. "En
gineering Considerations in the Simulation of Power Trans
mission Line Ground Gradients for Biological Studies." 
EMC Symposium. Montreaux, Switzerland (1977). 

Graves, H. P. "Some Biological Effects of High Intensity 
Low Frequency (60 Hz) Electric Fields on Small Birds and 
ManID1als." EMC Symposium. Montreaux, Switzerland (1977). 

Graves, H. P., et al. "Perceptibility and Electrophysiological 
Response of Small Birds to Intense 60 Hz Electric Fields." 
Power Engineering Society SuilIDler Meeting Paper F77670-3. 
Mexico City (1977). 

Graves, H. P., et al. "Perceptibility and Electrophysiological 
Response of Small Birds to Intense 60 Hz Electric Fields." 
IEEE Power Enfineering Society SuilIDler Meeting Paper F77670-3. 
Mexico City ( 977). 

Reviewer's Summary 

Mice, eggs, chicks, and piEeons were exposed to varying 

levels of 60-Rz electric field for different durations. At 
least 15 separate experiments were conducted using these sub

jects. The results of these tests are briefly sunID1arized in 

the attached table. 

For many of the tests conducted, no effects at all were 

reported. On the other hand, the number of tests do indicate 

some influence, particularly at the higher field intensities 

of 40,000 and 80,000 kV/m. These effects are attributed by 

the authors to some type of arousal effect such as piloerection, 
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as was denonstrated by Battelle Northwest. It was found that 

the animals could detect the presence of electric fields by 
piloerection effects. In fact, one of the tests conclusively 

demonstrated that pigeons could detect the presence of elec

tric fields at 37 kV/m or higher. A second possibility voiced 
by the authors was that due to the high-intensity electric 
fields, some of the subjects might have experienced ''mini

shocks" due to an artifact in the experimental setup, which 

may have led to a certain amount of anxiety or arousal. Either 
of the mechanisms might explain the various effects reported, 
which apparently stem from the activation of the pituitary

adrenocortical axis. 

Little information is provided in these short papers and 
preliminary reports regarding biolo8ical protocol needed to 

insure objectivity, such as double-blind evaluation methods. 

Reviewer's Critique 

Some of the effects reported could also have arisen 

because of the presence of acoustical noise and/or vibration. 
It is also known that air ions are indicators of par

ticulates in the air, and that the presence of high intenq~ty 

electric fields tends to remove these air ions, and possibly 
particulates, from the region. Some obscure facet of the 

biological procedure and evaluation method may also have 
contributed to the development of positive findings. The 
most logical reason is the researcher's own observations 
that mini-shocks or feather stimulation induced the few 

reported positive results. 

Most of these papers are, in effect, progress reports. 
Final evaluation must await publication and review of complete 

results. 
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Blanchi, D. L., et al. "Exposure of Mammalians to Strong 
50 Hz Electric Fields 1) Effects on the Proportion of 
the Different Luecocyte Types." Arch. Fisiol. 70 
(1973), 30-32. 

Reviewers' Summaries 

Biological Summary 

The proportions of different types of white blood cells 
were measured in the blood of mice that had been exposed to 
a 50-Hz, 100-kV/m electrical field for 1000 h (9 hon, 3 H 
off), and compared to those of control mice. The percentage 
of neutrophils and eosinophils was higher than observed in 
control mice (increases of 98.5 and 44.0%), whereas the lympho
cyte percentage was lower (17% decrease). Acute exposure of 
rats to the field (6 h) also resulted in increases in the per
centage of lymphocytes as compared to pre-exposure values. 
This effect was maximal 25 h after exposure and had essentially 
disappeared by the end of 9 days. 

Environmental Summary 

Animals in perspex boxes were placed between metallic 
plates and 50-Hz, 50-kV excitation of these plates produced 
a 100 kV/m field. Effort was made to suppress corona, and 
ozone was measured to be less than 20 ppb (a typical ambient 
value). 

No efforts were reported to suppress spark discharges, 
acoustic noise or vibration. 

Reviewers' Critiques 

Biological Critique 

The investigators provided no information concerning 
the age and gender of animals used, nor was the number of 

·control animals stated. Apparently for the acute exposure 
of rats there were no control rats. There was no mention 
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of environmental control procedures except that it was noted 

that precautions were taken to reduce corona and ozone forma

tion. It was not clear whether the 1000 h represented total 

exposure time or included the off times that were interspersed 
between on times. 

Environmental Critique 

The short length of this paper may be a reason why addi

tional details relating to physical simulation procedures 
were not reported. However, from what was reported, the 
various effects noted could have arisen from numerous sources 

such as spark discharges during drinking or by audible noise 

or vibration. In these high fields, significant air ion 
changes from ambient are likely, but were not discussed. 
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Blanchi, D., et al. "Exposure of Mammalians to Strong 50 Hz 
Electric Fields 2) Effects on Heart's and Brain's Electrical 
Activity." Arch. Fisiol. 70 (1973), 33-4. 

Reviewers' Summaries 

Biological Summary 

Mice were exposed to a 50 Hz, 100 kV/m electrical field 
(9 hon, 3 h off) for a total of 1000 hand EKG's were re
corded 500 and 1000 h after the exposure was initiated. Com
pared to those of control mice, the EKG's recorded at the end 
of 1000 h in exposed mice showed increases in the duration of 
the PR interval (19.5%), of the R wave (23%), and of the ORS 
complex (19.5%). 

Short-term exposure (30 min) of Guinea pigs was carried 
out. EEG activity before, during, and after exposure was 
observed. Transitory changes in the EEG were noted which in
cluded: 1) appearance of low-frequency, high-amplitude waves 
during exposure; 2) increase in number of spindles during ex
posure; and 3) short--term desynchronization when field was 
turned on or off. 

Environmental Summary 

Animals in perspex boxes were placed between metallic 
·plates and50-Hz, 50-kV excitation of these plates produced a 
100-kV/m field. Effort was made to suppress corona, and ozone 
was measured to be less than 20 ppb (a typical ambient value). 

No efforts were reported to suppress spark discharges, 
acoustic noise or vibration. 

EKG's and EEG's by epidural electrodes were recorded 
both at intervals and during exposures to the 50-Hz fields. 
No consideration was given to the possibility of effects from 
induced current on the EEG or EKG wires connecting the animal 
to the recording equipment. 
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Reviewers' Critique 

Biological Critique 

The report provides no information as to the age or 
gender of animals used, nor does it indicate the number of 
control mice that were evaluated. There was no mention of 
environmental control procedures except that it was stated 
that precautions were .taken to reduce corona and ozone forma
tion. It was not clear whether the 1000 hours represented 
actual exposure time or included off times that were inter
spersed between on times. There was no description of EKG 
and EKG recording methods or other procedures that may have 
been involved in preparing the animals for recording. 

Environmental Critique 

The short length of this paper may be a reason why addi
tional details relating to physical simulation procedures 
were not reported. However, from what was reported, the 
various effects noted could have arisen from numerous sources, 
such as spark discharges during drinking, or by excessive 
pickup current injected into the test animal via the EKG or 
EEG wiring. Such pickup can be, at a 100-kV/m field inten
sity, in the hundreds of microampere levels. Such levels are 
likely to be perceived by the test animal as either annoying 
or painful--clearly as an unaccustomed stress. Although un
likely, muscular tetany in the. immediate vicinity of the im
planted electrodes cannot be ruled out. 
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Cerretelli, P., and C. Malaguti. "Research Carried Out in 
Italy by ENEL on the Effects of High Voltage Electric 
Fields." RGE Special Issue (July 1976), 65-74. 

Reviewers' Summaries 

Biological Summary 

The paper presents preliminary results of an experi
mental program in which the physiological effects of acute 
or chronic exposure to high-voltage 50-Hz fields were evalu
ated in rabbits (80 kV/m), rats (100 kV/m), or dogs (25 kV/m). 
Blood pressure tended to be higher in rabbits given chronic 
exposures (up to 500 h). Dogs showed a transient increase 
in heart rate at the time the field was switched on or off. 
Hematological measures indicated a tendency toward neutro
philia in animals exposed to the field. A decrease in hemo
globin concentration and red blood cell count in dogs was 
observed long after the exposure. Male rats exposed to the 
fields for 30 min/day mated less frequently and produced fewer 
pregnancies than control animals, but this was not observed 
in rats given chronic exposures. All other cardiovascular, 
hematological, and reproductive parameters measured appeared 
normal and there was no indication of macro- or microscopic 
abnormalities in the organs or in the progeny of male rats 
given acute (30 min/day) or chronic (8 h/day) exposure to 
the field. 

Environmental Summary 

Care is evidenced in correctly simulating the electric 
field, since both analytical computer-aided studies and actual 
measurements are reported. The field simulation electrode sepa
ration was variable, to accommodate test animals of different 
sizes. The uniformity of the field was reported to be within 
±5% over the volume of the test animal. A novel method of 
introducing an oppositely phased signal to cancel the pickup 
on wires used to sense EKG signals was devised for field 
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exposure between 25 and 100 kV/m; however, a filter-telemetry 

arrangement wa? used for fields below 25 kV/m. No discus

sion is presented on suppressing the effect of microshock, 

vibration or acoustical noise. Field enhancement at tips 

of ears or tail is briefly discussed but not considered in 

detail. Shock discharge.between animals and other related 

effects were not discussed. 

Reviewers' Critiques 

Biological Critique 

The duration of exposures was not always clear, nor were 

details regarding the nature of the control conditions given. 

Further, there was no information as to the number of ani

mals used. The investigators mentioned procedures for cor

recting the EKG measures for interference of the field but 

did not comment on the possibility that the wires associated 

with EKG recording could have focused on concentrated fields. 

The reporting is qualitative throughout; and even though the 

term "statistical significance" was used, no details of the 

analysis or levels of significance were reported. 

Environmental Critique 

Some of the effects reported, such as brief increases in 

heart rate just after the field was applied, can be possibly 

explained by hair stimulation (sensing the presence of the 

field), by acoustical noise, or by vibration. 

The possibility of microshocks between the animal and 

food/water containers or other animals is apparently not ad

dressed. At field intensities of 100 kV/m, such discharges 

are painful and may explain the reduced incidences of coup

ling, eithe-r during or immediately following exposure, or 

reduction in growth rates. The possibility of acclimation 

may explain lack of effects during chronic exposure .. 
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Durfee, W. K., et al. "Influence of Extremely Low Fre
quency Electric and Magnetic Fields Upon the Growth, 
Development and Behavior of Domestic Birds." Part I 
of the University of Rhode Island Technical Report ADA 
007578, Phase I, also entitled, Influence of Extremelr 
Low Frequency Electric and Magnetic Fields Upon the 
Growth, Development and Behavior of Domestic Birds 
(l March 1975). 

Reviewers' Summaries 

Biological Summary 

The summary below was taken verbatim from the abstract 
of the original report by the investigators: 

The domestic fowl (Gallus domesticus) was used 
in two series of hatchability and growth trials de
signed to evaluate the influence of continuous expo
sure to extremely low frequency (ELF) magnetic and 
electric fields upon: 1) growth and development of 
the chick embryo; 2) early post-natal growth and de
velopment of the chick; and 3) growth of the sexually 
immature bird. 

Magnetic fields at frequencies of 45, 60 and 
75 hertz and electric fields at 60 and 75 hertz were 
used. The magnetic fields were maintained at inten
sities of 1, 5, 8, or 30 gauss and the electric fields 
were maintained at 1, 10 or 3600 volts per meter. 
Similar ELF fields were provided for continuous ex
posure of embryos and chicks throughout the egg hold
ing, incubation, and hatching periods and through the 
first four weeks of brooding. 

Statistical analyses of the results of these 
studies revealed that the ELF magnetic and electric 
fields tested had no significant or consistent ef
fects on the following criteria used to evaluate the 
responses of embryos and chicks: 

1. Hatchability of fertile eggs. 
2. Embryonic survival during the most critical 

stages of development. 
3. Early post-embryonic growth (to four weeks 

of age). 
4. Learning and memory consolidation in the 

neo-nate chick. 
5. Growth and development of the immature 

bird to ten weeks of age. 

Analysis of carbon dioxide production data from 
a small number of embryos indicated that 5-gauss mag
netic fields may lower metabolic activity. 
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Environmental Summary 

Two sets of apparatus were developed to simulate the 

electric and magnetic fields. The first set of apparatus 

was designed to expose only the unhatched eggs, whereas the 

second set was designed to accommodate the eggs during hatch

ing and the chicks during subsequent rearing. Horizontal 

magnetic field intensities of 1, 8, and 30 gauss were em
ployed; horizontal electric field intensities of 1, 10 

and 3600 V/m were used. Frequencies employed were 45, 60 

and 75 Hz. 

The specialized equipment needed to simulate the desired 

electric or magnetic fields was designed in the Department of 

Electrical Engineering and constructed in the instrument shop 

of the University of Rhode Island. Electrical equipment and 

surveillance procedures were approved by specialists repre

senting the Office of Naval Research and the Naval Electronics 

Systems Command. Photographs of the various simulators were 

provided, but no details were presented as to the nature of 

the field simulation methods and confirmation measurement 

procedures. Special apparatus was used to control the humid

ity at 75 percent, regulate the air temperature within one 

degree F, and to maintain a controlled air flow. In the case 

of the simulators for the larger animals, lighting was pro

vided by four incandescent lamps. Measurements of acoustical 

noise, vibration, spark discharges, air ions, and ozone were not 

reported. Great care was taken such that the unexposed and 
exposed subjects experienced the same environmental setting, 

other than presence of the electric or magnetic fields. This 

was insured by alternating positions of the exposed and un

exposed animals in the various simulators as well as cleverly 

designing the electric field simulators such that the exposed 

and unexposed animals were located in adjacent regions. 
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Reviewers' Critiques 

Biological Critique 

This study is a valuable one in that it considers a 
number of different biological factors in terms of different 
field strengths and different electromagnetic frequencies. 
The investigators appear to have considered many of the con
trol procedures important in equalizing the environments of 
exposed and unexposed birds and took precautions such as 
rotation of the exposed and unexposed compartments of the 
field exposure equipment. 

In certain cases the experimental conditions were not 
optimal, but most of these were recognized by the investiga
tors. For example, there was crowding of the birds for which 
field exposures continued into the post-hatching period, and 
the degree of crowding, while equivalent for the exposed and 
unexposed groups of a given experiment, varied in different 
experiments. This variability between experiments may have 
contributed to rather large differences in the body weights 
of unexposed birds in different experiments. In most experi
ments, a substantial number of birds were evaluated, and the 
data are presented quantitatively with the statistical test 
and p values for each evaluation specified. One of the ex
ceptions to this was the experiment which indicated altered 
CO2 production in embryos exposed to a 5-G magnetic field. 
This parameter was more extensively evaluated in later ex
periments (Durfee, et al., 1975b) which yielded essentially 
negative results. 

Environmental Critique 

Judging from the photographs of the constructed simula
tors, this study undoubtedly represented much improved con
trol over the electric and magnetic fields and other possibly 
competing environments. However, details as to the actual 
design and construction of the various field simulators are 
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lacking, along with reporting on how the various measurements 

of the reported field intensities were performed. Such re

porting would be desirable to serve as a guide for the conduct 

of other possible experiments. 

The possibility of the existence of other competing in

fluences such as vibration and acoustical noise cannot be dis

counted, although in this particular test, no positive results 

were reported. 
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Durfee, W. K., et al. "The Influence of a 5 Gauss, 60 Hertz 
Magnetic Field Upon the Growth and Development of a Chick 
Embryo." Part IV of the University of Rhode Island Techni
cal Report ADA 007578, Phase I, entitled, Influence of Ex
tremel Low Fre uenc Electric and Ma netic Fields U on the 
Growth, Develo ment and Behavior o Domestic Birds March 
1975 . 

Reviewers' Summaries 

Biological Summary 

The following abstract was taken verbatim from investi
gators' original report. 

Daily measurements of CO2 production as well as 
embryo body weights at 6, 13, and 19 days of incuba
tion were used to evaluate the effects of a single 
ELF magnetic field of 5 gauss at 60 hertz upon growth 
and development of the chick embryo. 

The ELF magnetic field simulators designed for 
incubation (described in Part I) were used to expose 
the eggs to the uniform magnetic field. An infra-red 
gas analyzer (Beckman) was used to measure the CO2 
production of the embryos. Except for approximately 
a 60 minute period daily for CO2 measurement, the 
treated eggs were continuously exposed to the magnetic 
field. 

Analysis of the data indicated that continuous 
exposure to a 5-gauss, 60-hertz magnetic field has 
no effect on metabolic activity of the chick embryo 
as determined by embryo growth rate, CO 2 production 
during incubation, and hatchability. 

Environmental Summary 

Simulators which were designed to fit in the Jamesway in
cubators were employed, which produced a horizontal magnetic 
field of 5 gauss at 60 Hz; Presumably, the same environmental 
controls of humidity, air circulation, and temperature were 
employed in this test as were employed in the previous tests. 

Procedures were devised such that the positions of the 
exposed and control eggs were alternated to share roughly 
equal exposure to the various environmental influences. 

A CL2 analyzer (Beckman, Model IR315) was employed 
to monitor the carbon dioxide output for one hour each day 
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from each of the eggs. During this test, the temperatures 
of the eggs were maintained at approximately l00°F. 

Reviewers' Critiques 

Biological Critique 

This study was an elaboration of an earlier experiment 

that had yielded results which suggested altered co2 produc

tion in embryos that had been exposed to a 5 G, 60 Hz mag

netic field. The increased sample size (group n > 37) in 
the present study would indicate that greater confidence 
should be placed on the essentially negative results herein 

obtained. However, once again it is suggested that a two
factor analysis of variance would have been a better statis

tical test than the repeated t tests used by the investigators 

to compare CO 2 production in exposed and control embryos for 
successive days. 

Environmental Critique 

While detailed reporting of the measurement of the actual 
environment and the investigation of possible competing envir
onmental influences are absent, the nature of the photographs 
presented and the ensuing discussions suggest that these have 

been carefully considered. In the future, however, it would 
be desirable to include some additional detailed discussion 

in this area, if nothing more than to serve as a guide in 
future experiments. 
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Eckert, E. E. "Sudden and Unexpected Death of Infants and 
Electromagnetic Fields." Trans. Leo Kanner. Med. Klin. 
71, No. 37 (1976), 1500-05. 

Reviewers' Summaries 

Biological Summary 

From 337 cases available for study in Philadelphia, the 
vicinity immediately surrounding the homes of about 200 cases 
was studied for any uncommon electric and/or magnetic fields 
present. For a family which lost nine infants, the home was 

situated near three electric railroad lines, and two street
car lines. Fifty-six of the 200 other cases were located 

near subway lines or stations, electric rail lines, overhead 
high-voltage lines and underground cables. The author stated 
that local concentrations of SIDS in Philadelphia occurred 
predominantly near artificial electromagnetic fields. Mea
surements and recorded data to determine the size, frequency 
and direction of these fields were not taken but are needed. 

Two hundred ninety four SIDS cases in Hamburg from 1961 
to 1967 were located in 111 districts; 68 districts had none. 
The distribution of cases in the 111 districts varied greatly. 
The public-funded residential camps had greater numbers of 
deaths/10,000 than other districts. These camps are situated 
close to electric rail systems, between street-car lines, close 
to large moor regions, on the inside of curved sections of track, 
between harbor basins, new railroads and close to train stations. 
The lower floors of buildings present a greater risk for SIDS 
since in 123 cases, 73% of deaths occurred in the basement and 
on the first and second floors. Local concentrations of cases 
occurred on adjacent streets, in the immediate vicinity of high
voltage lines. 

The author concludes that the prolonged effect of certain 
magnetic and/or electric fields on infants sensitive to these 
fields causes irreversible and therefore dangerous changes in 
the regulatory systems which can lead to unexpected deaths. 
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Environmental Summary 

It is postulated that above average electromagnetic fields 

occur in homes near electric railroads, high voltage lines, 

lightning rods, airports, water mains, wireless transmitters, 

radar, etc. It is further assumed that these fields are higher 

in the lower stories of multi-story buildings near such equip-

ment. No measurements or calculations are presented to sup-

port such assertions. 

Throughout the paper many statements are made in the pur

ported context of positive engineering facts to show obvious 

concentrations of electromagnetic fields or currents in areas 

of SID. Examples which are presented to show the relation 

between electricity and SID include the magnetizing of water 

mains (which appears to run under the street) by the magnetic 

dispersion exhibited by a rail line and several unconnected 

high voltage lines which cross the street. Quantitative ex

amples are not provided. 

Of seven classes of areas where the author identified 

concentrations of SID, five were associated with the near lo

cation of electric rail lines. One area was near a "magnetized" 

water supply facility, and the remaining class of area was near 

virtually any other region where anything electrical could be 

observed, e.g., wireless transmitters, churches with lightning 

rods, airports, or high voltage lines. 

The author states that local manifestations of these fields 

can be detected by the professional--even if he cannot determine 

the intensity or direction of the fields. 

Reviewers' Critiques 

Biological Critique 

It is difficult to review this paper as a scientific docu

ment, since the author established a prejudice rather than a 

hypothesis, and used the available information to support a 

preordained conclusion. Ignoring the extraneous information, 
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his conclusions are based on a limited number of cases. He 
gives no information concerning the 137 cases in Philadelphia 
which were not reported in his paper. Although it is difficult 
to establish cohorts for such a study, these cases may have al
lowed some comparison with 200 cases he reportedly visited. 
The vicinity of their homes may have been of interest in sup
porting or not supporting the effect of electrical fields on 
SIDS. A total of 57 out of 337 cases appeared to reside in 
areas where "artificial" electromagnetic fields are present, 
which is not a large number. No reference is made to other 
studies which have investigated SIDS and attributed this phe
nomenon to intrinsic biologic responses. Thus, the Philadelphia 
studies were not an adequate epidemiologic study. 

The Hamburg investigations are even more confusing since 
the environment in each of the districts is not outlined, i.e., their 
proximity to each other, local industrial conditions, etc., 
which can contribute to respiratory function. Little can be 
said concerning the effect of floor level since parallel data 
are not presented for other SIDS cases. Nor does he offer an 
explanation for the concentration of deaths at 3 months, as re
lated to the effect of electric fields on the developing or
ganism. 

Environmental Critique 

From an electromagnetic viewpoint, the material lacks 
credibility because no measurements or calculations are pre
sented which demonstrate the presence of an above-average field 
intensity in regions where high SIDS have occurred. For exam
ple, it is asserted that four SIDS occurred in a region supplied 
by an underground cable, whereas no infant deaths occurred in a 
region supplied by overhead lines. However, it can be shown by 
analysis that overhead lines are more likely to create signifi
cant external fields than buried cables. The external field 
from a long transmission line is roughly proportional to the 
square of the ratio of the conductor separation divided by the 
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square of the distance from the line. Thus, for equal dis

tances from an overhead or buried line, the overhead line will 

produce orders of magnitude more fields, since the conductor 

separation is in the order of meters rather than centimeters 

for the buried cable. 

In summary, little credence can be given this paper from 

an electromagnetic viewpoint because no hard data, either ex

perimental or analytical, are presented to support the many 

assertions. Further, many of the statements as to environment 

are either badly put or are in significant error. 
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Eisemann, v.B. "Investigations on the Long-Term Effect 
of a Small Alternating Current of 50 Hz on the Human Being." 
Unpublished M.D. dissertation, Albert-Ludwig University, 
1976. 

Reviewers' Summaries 

Biological Summary 

The purpose of the experiment was to measure the response 
of the human organism to electric fields equivalent to the 
current that would exist under high tension towers. The field 
condition was simulated by causing a 200 µA current to flow 
through the body of human test subjects (average age= 21 years). 

The tests were conducted in four series, denoted Al, A2, 
Bl, and B2. Each test series had a duration of three hours. 
Series Al included the measurement of reaction time, blood 
pressure, and blood values under the influence of a 200 µA 
50 Hz current. Series A2 was conducted identically to Series 
Al without the current stimulus. The subjects for the Series 
Al and A2 were 50% male, 50% female -a total of 10 people. 
The same 10 test subjects were used for both Al and A2. The 
first day, the subjects were exposed to the current (Al); the 
second day, the subjects w~re not exposed (A2). 

Series Bl was conducted with the applied 200 µA current, 
and the parameters monitored were EKG, EEG, pulse, and blood 
pressure. In Series B2, the same parameters were monitored; 
however, no current was applied to the test subject. The B 
Series was conducted with all male volunteers. For the B 
Series, the EEG, EKG, pulse, and blood pressure were taken 
every 10 minutes over the duration of the test. In the B 
Series, between biological parameter measurements, the subjects 
were allowed to read in order to reduce fatigue. The Bl and 
B2 test series were (apparently) conducted with the same test 
subjects; Series Bl in the morning, Series B2 in the afternoon. 

In both Series of tests, there were no manifestations of 
fatigue in the test subjects which were noted during the course 
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of the experiments. None of the experimental subjects at 
the end of the experiments reported any sensitivity at all 
or any reaction at all on subjective feeling of well being. 
The amount of current used in the experiment, which was only 
200 µA, was not perceived subjectively by any of the experi
mental persons. 

Reaction Time 

During the first day of testing, the average reaction 
time for individual 5-min intervals decreased by about 30 ms 
during the course of the first hour, and continued to de
crease, but at a less rapid rate, during the second hour. 
There was a slight increase in the average reaction time for 
the third hour. On the control day, there were very slight 
decreases in the hourly average reaction time over the 3 hours 
of the test session. It was suggested that the relatively 
large initial drop in reaction time probably represented a 
learning effect and was not related to the exposure to the 
displacement current. 

In conclusion, critical examination cannot 
establish any dependence of reaction time on a 
200 µA alternating current. Gunter Hauf described 
a slight stimulating effect under the influence 
of an electrical alternating field of 50 Hz. Our 
investigations with a similar alternating current 
did not yield this effect. Therefore, it can be 
ruled out that this stimulation effect is a result 
of the electrical field. 

Hematology 

The average blood values which resulted fall 
within the normal physiological range for both 
the control group and the group under the influence 
of electrical current. The slight increase in 
leukocytes, absolute neutrophils, and reticulo
cytes described by Rudolph Hoff, under an expo
sure to an electrical field, could not be observed 
by us under the influence of the 50 Hz alternating 
current. 
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Blood Pressure 

An influence of the electrical current cannot be es
tablished here, either systolically or diasystolically. 

Pulse Rate 

In both the control group and the test group, there was 
a slight drop in the pulse value, a bit more extreme in the 
case of those test personnel not under influence of the cur
rent. But, "the difference is so small that it is impossible 
to conclude that there was any effect of the electrical cur
rent." Since all test subjects were required to sit still 
for a period of three hours, it was expected in advance that 
there would be a slight decrease in heart rate. 

EKG 

Nineteen EKG measurements were made on each subject that 
was monitored for this parameter during the course of the 
tests. "These records provide absolutely no suggestion 
an influence on the heart due to the applied current." 
R-R and S-T distances were measured in millimeters, 

On the basis of careful analysis, the EKG read
ings and the concluding readings taken as a 
check, it can be.ruled out that an alternating 
current of the described strength and frequency 
over a longer peri0d of time, could have nega
tive influence on the heart. 

EEG 

of 
Both 

The readings-were examined for possible cramp potential, 
and none could be found. In addition, the number of waves/ 
second was counted. "An analysis of these data showed no 
indication of an influence of an alternating current on the 
central nervous system." For the EEG, just as in the EKG, 
there were 19 measurements per subject. 

Environmental Summary 

In this series of experiments, Eisemann causes 50 Hz cur
rent to flow through human test subjects to simulate the effects 
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of electric fields from power transmission lines. A value 
of body current flow of 200 µA was chosen as representative 
of that which is likely to be induced into a person by the 
electric fields directly below an EHV line. In order to in
sure that a uniform current is caused to flow through the 
body, plate electrodes were placed on the forearms and calves. 
A 50-Hz potential was established from arms to legs. The cur
rent flow was maintained constant for the experiments, al-
though it was noted that the potential from arm to leg electrodes 
did not hold constant. 

Reviewers' Critiques 

Biological Critique 

The investigator should have controlled order effects 
by randomizing or counterbalancing the order of the exposed
nonexposed test sessions. Although this may appear to be less 
important because no differences between the two sessions were 
observed, it is conceivable that an influence of exposure to 
the current could interact with a hypothetical effect of the 
first test experience to cancel each other. 

A number of parameters were graphed with no indication of 
the between-subject variability. At times (e.g., R-R distance 
of the EKG) there were curve separations that were consistent 
over time. It is not clear that the data were subjected to 
statistical analysis; therefore, we have only the investiga
tor's interpretation that these were not important. 

For EEG analysis, waves per second is probably not as 
sensitive a detector as other measures, e.g., average power 
density spectrum. 

Environmental Critique 

The use of arm and leg electrodes to force current through 
the test subject's body approximately simulates the free-field 
induced body-current flow throughout most of the body. The 
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value of 200 µA used in the simulation corresponds to the 
body current for a field of about 12 kV/m for a grounded, 
erect subject. Using direct-injection as Eisemann does, the 
current in the upper thorax is somewhat higher than for an 
erect subject with 200 µA to ground. However, with this type 
of simulation, the current flow through the head and neck is 
virtually nonexistent. Thus, if current flow in these areas 
is important, the direct-injection procedures used by Eise
mann should not be expected to evidence related effects. 

B-26 



Epstein, M.A., and G. W. Ondra. "The Interaction of Static 
and Alternating Electric Fields With Biological Systems." 
IEEE Transactions on Electromagnetic Compatibility EMC 8 
No. 1 (February, 1976), 45-51. 

Reviewers' Summaries 

Biological Summary 

Glucose concentration was measured in human red blood 
cells as the percentage of transmission of light at 540 nm 
at 2 hour intervals for 16 hours. Cells exposed to a 60 Hz 
electrical field (9.6 kV/m) had an increased concentration 
of glucose as compared to that of cells not exposed to the 
field. This was most evident for the Lr•.:. and 6-hour sample 
times. It was suggested that the field had caused an in
crease in the influx of glucose from the plasma in excess of 
what the cells would use via glycolysis but it .was not es
tablished whether the mechanism for this was an alteration 
in the rate of glycolysis or an alteration in membrane per
meability. 

In a second experiment, designed to add information 
concerning the ability of animals to perceive an electric 
field, rats were allowed to choose between an arm of a Y-maze 
that contained an electric field (177 kV/m) and an arm that 
was shielded from the field. The control group (for which. 
both the arms were free of the field) tended to distribute 
their responses about equally between the right and left arms 
of the maze. The test group more frequently chose the arm 
that was shielded from the field, regardless of whether it 
was on the ieft or right side of the maze. 

Environmental Summary 

Man-made and natural sources of electrical fields are 
briefly reviewed. Summaries of some in vitro tests on cell 
cultures are presented without including summaries of the 
electrical field excitation methods. Similar summaries are 
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presented on the effects of fields on the behavior of rats. 
Two tests are discussed; one of the effect of 60-Hz electric 
field on red blood cell cultures, and the second on the ef
fect of de fields on the behavior of rats. 

Human red blood cells in test tubes were placed between 
two electrodes energized via a variac supply to a 120 volt 
to 1100 volt transformer. 

A wooden frame and cheese-cloth arrangement held the 
test tubes upright in the fields. Field intensity for the 
test was reported to be 9.6 kV/m, although no direct measure
ments were made. Other data which would permit more complete 
evaluation of the environmental exposure were not included, 
such as temperature and humidity. 

In the case of the second test, two large electrode
pairs enclosed respectively the right and left end portions 
of a "Y" maze. The maze height was 22.9 cm and the electrode 
separation was 25.4 cm. Fiberglass screens were employed to 
prevent direct contact with the electrodes by the rats. A 
50 kV de source could be connected to either electrode pair 
to produce a 177 kV/m field. 

Reviewers' Critiques 

Biological Critique 

The investigators give no information about the sample 
sizes in either the in vitro or the in vivo experiments, nor 
was information provided as to age, strain, and sex of rats 
used in the in vivo study. The investigators appear to rec
ognize the need for environmental control in their introduc
tion but then failed to make it clear that there were no 
extraneous cues that could have affected the animal's choice 
between the arms of the Y-maze. A stated objective of the 
choice experiment was to determine the "precise strength at 
which the rat would avoid shock." In that only one field 
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strength was tested, this objective was not met. In the 

choice experiment, for which no statistical analysis was 

given, the position of the field was alternated left or 

right on every other trial. A better design would have been 

to alternate position of the field by a Gellumon series or 

some other comparable random series. 

Environmental Critique 

Even though some six pages of discussions are provided, 

details are insufficient to permit a good duplication of the 

in vitro experiment. The lack of control of the temperature 

and humidity suggests that the observed in vitro effects could 

have arisen from unrelated temperature variation in the room. 

No details are included which would allow assessment of the 

induced current density, and, hence, extrapolation to real

life situations. 

While more details are given for the rat-maze experi

ments, no measurement of the actual field intensity experienced 

by the rats was made. However, the avoidance results are 

plausible, assuming that a 177 kV/rn field was present. 

The electrode spacing is also too close and allows the 

rats to severely distort the field. 

However, this avoidance more likely was a perception, 

via hair stimulation,of the field or small corona discharges. 
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Fischer, G., R. Waibel, and T. Richter. "Influence of Line 
Frequency Electric Fields on the Heart Rate of Rats." 
Zbl. Bakt. Hyg. I. Abt. Orig. B 162 (1976), 374-79. 

Reviewers' Summaries 

Biological Summary 

Heart rate was measured in groups of Wistar rats (6-
8 weeks old) following 15 min or 2, 10, 21, or 50 days of ex
posure to a 50 Hz field at intensities of 0.05 or 5.3 kV/m 
and was compared to heart rates of two groups of control 
animals that had been maintained under "standard laboratory 
conditions." For the 15-min exposure, the measurements were 
taken with a special device while the animals were still in 
the field, whereas for the longer exposures, the animals 
were removed from the field for heart rate measurements. In 
both cases the animals were sedated (thiopental) prior to 
recording of heart rate. 

There was a significant reduction in heart rate for the 
15-min exposure time in animals exposed to 0.05 or 5.3-kV/m 
fields. When compared to their respective control groups, 
this decrease was substantially greater in the animals ex
posed to 5.3 kV/m. In animals exposed to the lower field 
strength, heart rate remained lower than control values for 
all periods evaluated. For the higher field strength, the 
large initial drop in heart rate was followed by statistically 
normal rates at the 2 and 10 day evaluation times, but rates 
were again subnormal at 21 days and had further decreased by 
50 days of exposure. 

The investigators suggested that the heart rate decreases 
may indicate a stress phenomenon and that at 5.3 kV/m the data 
suggested a period of adaptation up to about 10 days of ex
posure followed by slowly but regularly declining rates. He 
further noted that because of the necessity for sedation, the 
possibility exists that there was an interaction between 
sedation and the field influence, and that this interaction 
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could have served to increase or decrease the differences 

between the field exposed and control groups. 

Environmental Su.mmary 

The paper reports on experiments conducted to assess 

the effects of 50 Hz electric fields on the heart rate of 

rat subjects. The results are presented for two different 

electric field levels, i.e., 50 V/m and 5300 V/m. Meas.u~e

ments were made at various times up to a total of 50 days 

exposure. 

The test apparatus was different for the first 15 min 

of exposure than for the remainder of the experiment or the 

long-term exposure. For the short-term experiment (15 min), 

the animals were placed between two parallel aluminum plates 

(40 cm on a side). The spacing between the plates could be 

adjusted to give the desired field strength. For the short

term experiment, the animals were sedated with thiopental, 

then exposed. The electrodes and leads to the recording in

strumentation were attached to the animals during this first 

15 min of exposure. 

For the long-term portion of the experiment, the rats 

were placed in a separate test set-up, which consisted of 

a cage with floor and ceiling electrodes. A choice of three 

potentials up to a maximum of 1.1 kV could be applied to the 

plates. The maximum ele.ctric field was stated as 5. 3 kV /m. 

It was stated that the field strength was measured at the 

upper body surface with a capacitive sensor, which showed 

minimal field perturbation. For the long-term portion of 

the experiment, the procedure for measuring heart rate was 

to 1) remove the rat from the field, 2) sedate the rat, and 

3) measure the heart rate. 

The article states that a comparison was made with con

trol animals which were maintained under usual lab condi

tions. The author discusses that the narcotic itself could 

cause a decrease in heart rate, but points out that the use 
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is necessary to insure the animal being calm during the mea
surement. He concludes that objections to the use of nar
cotics are irrelevant, since they were also used on the controls. 
The author raises the question of the validity of comparing 
the short-term results to the long-term results, since for 
the short-term the animal was sedated while being exposed 
to the field. 

Reviewers' Critique 

Biological Critique 

There was no mentioning of the housing and maintenance 
conditions of the animals nor any indication that efforts 
were made to assure that the field-exposed and control ani
mals were maintained under the same conditions. 

The author shows the number of heart rate measurements 
for each field strength and each time period on which his 
analysis was based. However, it was not clear whether the 
160 and 177 measurements made in the two control groups rep
resent measurements on 337 different animals or repeated 
measures on some smaller subset of animals. In the former 
case, one would want to know whether there were measurements 
on a subset of the control group for each time period of 
field exposure. In the latter case, the pooling of all the 
control values for statistical analysis would have to be 
questioned. Similarly, it is not clear whether within the 
groups for the different field strengths, the measurements 
at different time points were on the same animals or on dif
ferent groups. For the groups exposed 2-50 days, the number 
of measurements decrease as the days of exposure increase. 
Does this represent loss of animals along the way? 

With respect to the reported significant results, it is 
noteworthy that except for the large decrease in heart rate 
15 min after exposure to 5.3 kV/m, all significant differences 
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between exposed groups and their respective control groups 

were in fact smaller than the differences between the two 

control groups. 

Environmental Critique 

The author questions comparing the long and short term 

results, since for the short-term experiments the animals 

were both exposed and sedated, while for the long-term ex

periments, the animals were removed from the field for mea

surement of heart rate. Possibly more significant was the 

fact that the leads were attached to the animal during the 

short-term exposure. 

No mentiori of environmental control or measurement was 

made in the article (temperature, ozone, air ions, humidity, 

light, etc.). In fact, by the wording used, the control 

animals may not have been in the same environment. The test 

apparatus was not described to permit assessment of the ani

mals' relationship to ground, possible microshocks from 

watering apparatus, etc. The most significant change noted 

was for the short-term (15 min) exposure at 5300 V/m. It 

is not obvious that these animals were the same as were used 

for the long-term exposure. There were 40 animals used for 

the short-term 5300 V/m experiment while 47 were used at the 

start of the long-term exposure. Exposing the short-term 

group with leads attached, while sedated, further clouds the 

comparison. 
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Fole, F. F., F. G. Martinez, and E. Dutrus. ''New Contribu
tion to the Study of Electromagnetic Fields Generated by 
the High Voltages." AISS Symposium. Paris (March 1974). 

Reviewers' Summaries 

Biological Summary 

Hourly recordings of blood pressure, heart rate, manual 
dynamometry, strength, and subjective complaints were made 
for six subjects (Ss) during a 3-.or 8-h exposure to the elec
tromagnetic field associated with a 400-kV transformer sub
station. There were no objective or subjective symptoms 
associated with the 3-h exposure. The four Ss given 8-h ex
posures were given 60-90-rnin rest breaks in the middle of the 
exposure. For these Ss heart rate decreased and blood pressure 
increased over the preexposure values as time in the field in
creased. Several Ss reported feelings of fatigue and limb 
weakness beginning the third or fourth hour of exposure. 
Both the objective and subjective symptoms appeared to dis
appear during the rest breaks, but sleep disturbances during 
the night following the exposures were mentioned by three of 
the four subjects given the longer exposures. 

Environmental Summary 

An electric field measuring instrument is described (the 
AMC-VI), along with the procedure and apparatus used for cali
bration. The use of this instrument was to map the electric 
fields in two substations. 

Measurements were made in two substations, a 220-kV park 
and a 380 kV park. Electric field contours at 5, 10, and 
12.5 kV/m were determined. The drawings of field contours 
are poor copies; thus, it is difficult to identify the field 
points. The details of the field meter are not well described. 
It weighs 300 grams, and has a current indicating meter which 
can be read at a distance. The meter face is not marked in 
terms of kV/m but in µA, with a calibration curve used to 
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relate the µA reading to the field level. The meter has three 

ranges which are selectable depending on the range of fields 

to be measured. The highest field is 17.5 kV/m. All three 

ranges appear from the calibration curve to be nonlinear be

low about 5 kV/m. Drawings on the instrument are limited to 

a block diagram. 

It is noted that measurements were affected if a person 

was closer than 60 cm to the instrument. However, the length 

of the nonconductivity "wand" was not presented. Comparisons 

of measurements made with the AMC-VI at a height of 1.8 m 

against measurements with an earlier version, the AMC-I at 

a height of 0.8 m, show little correlation. 

Measurements made with the MAC-VI at a height of 1.8 m 

were compared with and without the presence of a 1.6 m high 

person, 5 cm from the meter. The presence of the person 

caused the indicated field level to increase by 30-50%. By 

the description, the measurement must have been made directly 

above the perturbing person's head. Therefore, a field en

hancement of this order appears reasonable. 

The field meter calibration apparatus is described as a 

set of mesh parallel plates. The plates are 2 x 2 meters, 

and are separated by 1 m. Aluminum tubing 30 mm diam formed 

the framework for the plates. 

Reviewers' Critiques 

Biological Critique 

In that there were no control subjects or control periods, 

it is difficult to attach significance to these results. No 

information concerning what the subjects did during the field 

exposures was provided except that it was noted that no great 

expenditure of effort was required. The changes that were ob

served over time in the field could have been related to bore

dom or to some other psychological response to being tested. 

The number of subjects was very small, and no statistical 
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analysis was used to compare the physiological values obtained 

at the start of the experiment to those for later times. Thus, 

the conclusion that "these EM fields exert an action on the 

human body affecting its physiological activity and in par

ticular the CV system and possibly also the Nervous System" 

appears to be an over interpretation of the findings. 

Environmental Critique 

It is not evident that the biological experiments re

ported in this paper were conducted at the locations at which 

electric fields were measured. The report states that the 

biological tests were performed in the transformer parks of 

400 kV substations. The electric field measurements were 

made in a 380 kV park and a 220 kV park. It is impossible 

that the biological tests may have been performed in conjunc

tion with the electric field measurements in the 380 kV sub

station, since the biological portion of the paper does not 

say what the persons were doing while being exposed. 

Thus, with regard to the biological experiments, it is 

not evident to what fields the test subjects were exposed. 

The other aspects of the environment associated with the bio

logical portion of the experiment are not described. The 

principal author was one of the persons included in the test. 

He noted that while the weather was sunny, a slight mist 

existed early in the morning. The mist could significantly 

increase corona-induced audible noise, and, if the test per

sons were in the inunediate vicinity of the transformers, the 

transformer noise may also have been significant. Due to the 

likely presence and possible influence of other environmental 

factors during these exposures, the observed results cannot 

be attributed to the electromagnetic portion of that environ

ment with any degree of scientific certainty. 
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Giarola, A. J., et al. ''Effects of Low-Level Electric and 
Magnetic Fields on the Growth of Animals." IEEE EML 

·symposium Record (July 1972), 137-142. 

Reviewers' Summaries 

Biological Summary 

Incrossbred day-old male chicks from the same lot were 

utilized in each of two experiments. The chicks in each 

experiment were fed different feed. Each experiment con

sisted of 5 groups of 25 chicks each, randomly selected 

from the same lot of chicks. One was used as a control 

group and the other four were continuously exposed for 

28 days to 1) UHF (880 :MHz), 2) VHF (260 MHz), 3) low fre

quency electric fields (60 or 45 Hz), 4) low frequency mag

netic fields (60 or 45 Hz). 

Continuous exposure to VHF (260 :MHz) reduced growth 

5 to 7%, apparent only at 21 days of age. Growth depression 

was more severe after exposure to UHF (880 MHz). Feed con

version was not influenced by either VHF or UHF signal. Ex

posure of chicks to low frequency magnetic fields depressed 

growth rate 9 to 11%, whereas the electric field depressed 

growth rate 5%. Feed conversion patterns were consistently 

poorer at 45 Hz than 60 Hz. The growth depression did not 

appear to be dependent on the heat absorption by the chicks. 

The authors concluded that continuous exposure to elec

tric and magnetic fields at levels utilized in the studies 

has a depressing effect on growth rate and food consumption 

of chicks to 4 weeks of age. Feed utilization of chicks ex

posed to low frequency electric and magnetic fields varied 

depending upon the experiment. 

Environmental Summary 

Metal mesh brooder cages housed the test subjects. · The 

magnetic field was generated by driving a 45 or 60 Hz current 

into a 22 turn coil of insulated wire wound around the brooder 
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cage. A Hall-effect probe was used to measure a 1.25 G field 
which varied only ±10%. The electric field was simulated by 
exciting a 0.4 x 0.7 meter aluminum plate by 800 volt, 45/60 Hz 
sine wave, obtained via a transformer from an audio oscilla
tor. The electric field was calculated by dividing the ap
plied voltage by the plate to floor separation. 

No attempt was reported to compare other environmental 
conditions between exposed animals and controls. No measure
ments were made of chemical, acoustic, light and thermal en
vironments. 

Reviewers' Critiques 

Biological Critique 

The change in diet between the two experiments (low
protein to high-protein) appeared to have a significant ef
fect on the results. For the controls, body weight gain 
was greater and feed utilization was more efficient. In 
the experimental groups, the depression in growth rate was 
less obvious in the second experiment and results were not 
duplicated. For example, the "severe" depression in body 
weight gain observed in groups exposed to 880 :MHz was not 
readily apparent in experiment 6. The only group which ·-. 
showed a reduced growth rate in both experiments was chicks 
exposed to 45 or 60 Hz magnetic fields (7 to 11%). Feed 
utilization was more efficient in experiment 5 for the low 
frequency fields (60 Hz) and less efficient at 45 Hz. The 
authors' conclusion that feed consumption is depressed is 
not supported by the experimental data, since actual amount 
consumed is not reported. 

Environmental Critique 

The magnetic field simulation arrangement was such that 
120 Hz vibration could easily be set up by magnetostriction, 
which translates magnetic field energy into vibrational energy 
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in the bottom of the brooder. Thus, a strong possibility 
exists that the exposed subjects were also subjected to 
120 Hz vibration, since no measurement of vibration or sound 
were reported. The measurement of magnetic field is sus
pect, since only a ±10% variation is claimed over the test 
area. Field theory considerations suggest that wide varia
tion of the field should exist, with the strongest fields 
next to the brooder walls. 

A wide variation in the electric field is likely to 
have existed, with strong concentrations between the edge 
of the plate electrode and the brooder walls. No field map
ping or analysis was made to determine the extent of the 
electric field variation, but it is conceivable that the 
intensity could have been sufficient to support corona dis
charge at sharp points. 

No attempt was reported to insure that exposed and con
trol animals experienced the same chemical, acoustical, light, 
or thermal environments. These latter aspects are crucial, 
since even small variations in these factors could also ac
count for weight gain variations. 
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Greenberg, B. "The Effects of High Voltage Transmission 
Lines on Honeybees: A Feasibility Study." Electric Power 
Research Institute Final Report EPRI EA-489 TPS 76-630 
(July 1977) . 

Reviewer's Summary 

A methodology is described for the investigation of the 
effects of electric fields generated by high tension power 
lines on honeybees. The parameters suggested to be measured 
include colony population, honey stores, amount of acoustical 
noise generated by the bees, in-hive temperature, incident of 
queen cell production, and tendency to swarm. The dosimetric 
support necessary was identified, and it included in-hive 
electric field measurements, development of shielding to elim
inate electric field from selected colonies, analysis of the 
acoustical data, and periodic checks of the ambient field under 
the line and at the control site. 

Reviewer's Critique 

No detailed critique of this report is appropriate, since 
specific test results are not reported. This report is, how
ever, of general interest since development of the protocol is 
discussed in considerable detail, along with the dosimetric as
pects and the general review of the problem area itself. Some 
30 references concerning the effects of electric field on in
sects are included. 

This is an interim report, and further studies are under 
way. 
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Hauf, G. "Research on the Effects of Electrical Power In
dustry Fields on Man." Unpublished M.D. dissertation, 
University of Munich, 1974. 

Reviewers' Summaries 

Biological Summary 

The effects of 50-Hz E-fields (1-20 kV/m) on reaction 
time and on various physiological parameters were evaluated 
in human subjects (average age= 26 years). In Experiment 1 
(n = 10), pulse rate, EKG, and EEG were taken at 5-minute in
tervals and blood pressure at 15 minute intervals during the 
three-hour morning sessions; reaction time was recorded 
five times during each 5-minute interval of the 2-1/2 hour 
afternoon sessions. The same subjects were tested over three 
consecutive days. On the first day, the field was never turned 
on, but on the second (1 kV/m) and third (15 kV/m) days, 45 min
ute exposure periods were alternated with 45 minute no-field 
periods to provide a 90 minute exposure during the AM session 
and a 45-minute exposure during the PM session. In Experiment 2 
(n = 20), reaction time was measured in three consecutive daily 
sessions that were comparable in terms of field strengths and 
duration of exposure to the PM sessions described above. In 
Experiment 3, ten subjects were exposed to a field of 20 kV/m 
for 45 minutes, and reaction time was evaluated during the ex
posure and for 45-minute periods before and after the exposure. 
EKG and EEG were taken at the beginning and end of the experi
ment and immediately after the exposure. Experiment 4 involved 
monitoring of reaction time during a 2 hour exposure to a 
15-kV/m field and for 45-minute periods before and after the 
exposure. The physiological measures were taken at the begin
ning and end of the experiment and for EKG and EEG immediately 
following the field exposure. In Experiment 5, the ten subjects 
were given a 2-hour AM exposure to a 20-kV/m field. After a 
1 hour recess, reaction time was monitored for 45-minute pe
riods prior to, during, and after a second exposure (45 min) 
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to the field. Pulse rate was recorded at the beginning and 
end of the AM and PM sessions and 45 minutes after the start 
of the PM session. On the control day which innnediately pre
ceeded the exposure day, the subjects were subjected to the 
same routine, but the field was never turned on. 

Reaction times were summarized as the mean times for 
45 minute segments of the test sessions, and confidence limits 
for these means were calculated. Reaction time tended to in
crease over time for the sessions on control days. In Experi
ment 1, there was an even greater reaction time increase in 
the segments in which the fields (1 or 15 kV/m) were on, and 
this was followed by a decrease in reaction time once the 
fields were turned off. This would seem to indicate a detri
mental effect of the fields, but the observation was not rep
licated in subsequent experiments. In Experiment 2, the 
increase in reaction time during the second segment (time at 
which exposure occurred) was about the same on control and 
field exposure days, but, whereas there was an additional 
increase in the third segment (fields off) on control days, 
the values for the second and third segments were about the 
same on days of field exposure. In subsequent experiments, 
the reaction time resutts for both exposure and for control 
days (when conducted) followed the pattern of slightly in
creasing reaction times over time in the test session. The 
investigator concluded that this pattern represented the. 
building up of fatigue, and that in some cases, the field 
exposures exerted a slight stimulating effect on reaction 
time. 

In general, heart rate tended to decrease over time in 
the test session, although this may have been slightly 
more pronounced on the days of field exposure, a significant 
field dependency was not observed._ In Experiment 5, the 
initial PM pulse rate value, following a 2 hour AM exposure 
to a 20 kV/m field, was about 10 percent higher than that 
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measured at a comparable time on the control day for six of 
the ten subjects. There was no indication of effects of the 

fields on the EKG, EEG, or blood pressure. 

The investigator concluded that neither the reaction 

time tests, nor the physiological measures provided evidence 

of pathological changes under the field exposure conditions 

evaluated. 

Environmental Surmnary 

The experiments by Hauf utilized human test subjects 

to study the influence of an applied electric field. The 

facility used for the experiment is well described. The elec

tric field was established by means of an overhead electrode 

of 2.5 x 2.5 meter size. The electrode was suspended 2.9 m 

from the floor and was made of 1-cm size mesh. To prevent 

corona, a 10 cm diameter tube was attached to the electrode 
periphery. The edge of the overhead electrode was at least 

1 meter from any grounded objects. The room in which the 

experiments were conducted was electrostatically shielded by 
means of 1 cm wire mesh placed beneath the thermo-insulation. 

Description of the floor or lower electrode arrangement was 

not provided. 

Several series of biological experiments are reported. 

The field strengths used were variously 1, 15, and 20 kV/m 

at 50 Hz. Some experiments were also conducted at 1 and 7 kV/m 

with a 16-2/3-Hz frequency. The unperturbed electric field 

was measured at a height of 130 cm, which was the head height 
for the seated test subject. Measurements with a capacitive 

field probe were also made of the disturbed fields at dif

ferent body sites with one or more persons in the field. Some 

experiments utilized a single test subject, while other experi

ments employed two test subjects. For tests with two subjects 
in the field, the plate voltage was adjusted to compensate for 

the disturbing effect of the second test subject. 
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The test persons were seated with feet insulated from 
ground by a plastic sheet. By use of an electrode attached 
to the calf and a microammeter, the current flow to ground 
was measured. 

Other conditions for testing included the maintaining 
of the room temperature at 22°c and 50% relative humidity. 
The use of background music was noted for some tests. Air 
ions were measured in the initial experiments. It was found 
that the electric field caused a decrease in both positive 
and negative air ions. 

The measurement series included the recording of both 
EEG and EKG from the test subjects. During these tests, the 
connections and leads to the test person remained in place 
while the electric field was on. However, the electric field 
was turned off for brief periods while the EEG and EKG re
cordings were made. The test subjects were not informed of 
whether the field was on or off. 

Reviewers' Critiques 

Biological Critique 

The investigator should have controlled order effects 
by either randomizing or counterbalancing the order in which 
the subjects were exposed to the control condition or dif
ferent field strengths. This is made especially clear in 
Experiment 1 where on the afternoon of the third day of test
ing, the reaction time for the initial 45-minute period was 
substantially greater (nonoverlapping confidence limits) than 
for any of the six 45-minute test periods that made up the two 
previous days' testing. Since at the beginning of the third 
day of reaction time testing, the subjects would have had three 
45-minute exposures to a 1-kV/m field on the previous day and 
two 45-minute exposures to a 15-kV/m field in the morning ses
sion of the third day, there may have been carryover effects 
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from this earlier exposure. Of course, alternative explana- . 

tions are also possible, but the experimental design does not 

permit one to choose among them. 

The investigator at times used terms like "not signifi

cant," but it is not at all clear that any statistics, other 

than the means and confidence intervals, were calculated, and 

lthe latter was given only for reaction time and pulse rate. 

For some experiments, it was noted that the R-R distances 

were measured for EKG's, but for other experiments and for 

EEG evaluations, it appears that only visual comparisons were 

made. 

Even though the test fields were turned off for the brief 

periods required to take EKG and EEG recordings, some of in

dividual sample records shown indicated a 50 Hz interference 

from other sources. 

Environmental Critique 

The environmental aspects of the experiments reported by 

Hauf are, in general, well controlled and well reported. 

Although it is reported that the subjects were not in-

formed of the field conditions, it is not indicated whether 

or not the subjects were aware of the field status by means 

of other cues. The use of background music probably lessened 

the acoustic cues from transformer hum, etc., but one cannot 

be certain if acoustic or vibrational cues were available. 

The use of EEG and EKG leads attached to the test subject 

while in the field makes it possible to obtain rapid and of

ten readings. However, these leads can also cause body cur

rent flow that is not due to the normal body collection of 

displacement current. The current induced into the body by 

these leads is a variable which is dependent on the lead 

orientation in the field, and thus difficult to reproduce 

from experiment to experiment. 
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Hauf, R. "Influence of Alternating Electric and Magnetic 
Fields on Human Beings." RGE Special Issue (July 1976), 
31-49. 

Reviewers' Summaries 

Biological Summary 

Male and female students (average age= 25) were ex
posed to 1-or 15-kV/m E-fields for two 45-min intervals 
separated by a 45-min off period, or were given a 3-h expo
sure to a 3-G magnetic field, or to a combined electric and 
magnetic field (20 kV/m, 3 G), or to a 200-µA displacement 
current. In each case the frequency was 50 Hz. Reaction 
time was measured and was observed to be slightly lower 
during exposure to the E-field than during control periods; 
however, none of the other field conditions or exposures 
altered reaction time. Clinical chemistry measures indi
cated that the E-fields also resulted in slight increases 
in the blood concentrations of leucocytes, absolute neutro
phils, and reticulocytes. None of the other blood components 
measured were altered by the E-fields, nor did they alter 
blood pressure, pulse rate, EKG, or EEG values obtained at 
10 min intervals before, during, and up to 45 min after the 
exposures to the E~fields. None of the parameters measured 
were altered by exposure to the Brfield, or to combined E 
and B-fields, or to the displacement current. Serum choles
terol and triglycerides were measured for subjects exposed to 
the combined E and B-fields, and samples taken immediately and 
20 or 24 h after exposure were not greatly different from the 
preexposure values. 

The decreased reaction time and slight increase in cer
tain types of cells in the blood were considered by the in
vestigator to indicate a slight nonpathological excitation 
effect. It was concluded that for this set of experimental 
conditions and for the parameters measured, there was no 
indication that exposures had resulted in harmful effects. 
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Environmental Summary 

This paper apparently summarizes and interprets the re

sults of a series of tests conducted by graduate students work

ing under the direction of Hauf. It also includes some of the 

earlier work conducted by Hauf himself. In this brief article, 

the particular test setup arrangements and measurement methods 

are not presented. The electric field is given as 20 kV/m, 

the magnetic field is 0. 3 mT (3 gauss), and the frequency/is 

50 Hz. The tests were reported to be given in a fully air

conditioned, electrically shielded room having a temperature 

controlled at 22°c, and a humidity of 55 percent. It is 

reported that the air ions were monitored, but no results of 

the measurements were presented in this particular article. 

The author also reports the results of EKG and EEG. However, 

it is not clear whether or not these were taken during exposure 

or immediately before or after exposure. Conduction tests were 

also conducted with the body current being in the order of 

200 µA. 

Reviewers' Critiques 

The lack of detail in this article prevents presenting 

a detailed critique, particularly in view of the complete 

publications considered here by Hauf's students, who include 

G. Hauf, Rupilius, Mantell, and Eisemann. Summaries and 

critiques of these publications are also presented in this 

Appendix. 
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Krueger, A. P., and E. J. Reed. "A Study of the Biological 
Effects of Certain ELF Electromagnetic Fields." Inter
national Journal of Biometeorology 19 (1975), 194-201. 

Reviewers' Summaries 

Biological Summary 

Groups of 60 NAMRU-SPF strain mice were exposed to 45-Hz 

electrical fields at intensities of 0.005 or 0.1 kV/m or to 

75-Hz fields at an intensity of 0.1 kV/m. Exposures began at 

3 weeks of age and were apparently continuous for periods up 

to 35 days for the 45 Hz fields and up to 26 days for the 

75 Hz fields. A total of 10 experiments were completed and 

were consistent in showing no effect of the specified fields 

on growth rate. Nor did exposure to a 0.1-kV/m 45-Hz elec

trical field alter blood serotonin levels measured at the 
end of 37 days. Blood and brain serotonin levels were sim

ilarly unaffected by exposing the mice to 0.1-kV/m 75-Hz fields 

for approximately 30 days. Finally, exposure to a 0.1-kV/m 
75-Hz field had no effect on susceptibility to influenza virus 

measured in terms of the cumulative mortality for 12 days 
following challenge with an LD- 50 titer of the virus. 

Environmental Summary 

The tests were conducted in chambers constructed of 

enameled masonite and provided with pollutant-free air, main
tained at 26°C, and an average humidity of 46 percent. The 

air ion background was in an order of 800 to 250 small posi
tive or negative ions per cubic centimeter. Light was pro

vided by 75-watt light bulbs for twelve hours per day. A 
preliminary test was conducted at 5 V/meter at 45 Hz, and the 

main set of experiments was conducted at either 45 or 75 Hz, 
with a field intensity of 100 V/m. This field was generated 

by a horizontal array of 32 stainless steel rods connected in 
series by 2000-ohm resistors to produce a horizontally polar
ized electric field in the immediate vicinity of the exposed 
subjects. 
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Reviewers' Critiques 

Biological Critique 

This study would appear to be an important one in that 

large groups of animals were used, there were several repli

cations for each field intensity, and the results are uni

formly negative in showing no effects of exposure to fields 

at intensities up to 0.1 kV/m for the parameters measured. 

Although not all data were shown, those that were indicate 

small within-group variability with standard errors usually 

five percent of the mean or less. 

Environmental Critique 

This is one of the few papers wherein account is taken 

of air ions and also where some effort has been made to ob

tain pollutant-free air. Field intensities are obviously too 

low to create either an ozone or a vibrational problem, but 

it would have been desirable to have measured the acoustical 

and vibrational environments. The reporting of the test pro

cedure and field simulation methods gives confidence that this 

particular experimenter has carefully controlled the experi

mental conditions. 
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Krueger, W. F., P.t al. "Effects of Electromagnetic Fields 
on Fecundity in th2 Chicken." Annals New York Academy 
of Sciences 247 (1975), 391-400. 

Reviewers' Surnrnaries 

Biological Summary 

Daily egg production, feed intake, egg specific gravity, 
fertility, hatchability, chick and late dead embryo abnormal
ities, and sex ratio data were collected on experimental and 
control groups of 1 cock and four young inbred hybrid, egg
type female chickens each exposed to 1) 260 MHz, 2) 915 MHz, 
3) 2.435 GHz, 4) E-field, and 5) B-field. The exposure 
period was 12 wk followed by a 4-week nonexposure period. 
Exposing young hens to 260 MHz, 915 MHz and 2.435 GHz caused 
an immediate negative physiologic response on egg production 
rate. In the 2 groups irradiated with 260 MHz and 2.435 GHz, 
an immediate drop in rate was noted following peak produc
tion which leveled out to approximately 60-65% after 7 weeks 
of exposure. An equipment failure occurred 2.5 wk after 
power was turned on in the 915-MHz group. There was an im
mediate and marked improvement in egg production. When power 
was restored, a decline in egg production was again noted. 
Young hens exposed to the E-field peaked in production one 
week later, gradually dropped to 46% production, and by 11 
weeks production had increased to where it approached that 
of the controls. Birds in the B-field peaked at a higher 
production rate, maintained this rate for 6 wk, and then pro
duction dropped to 32%. Soon after the field was turned off, 
the egg production rate began to climb. No effects were 
noted on fertility, hatchability, or embryonic abnormalities. 
A considerably lower incidence of male chicks was noted in 
the ELF magnetic field treatment. 

Environmental Summary 

The experimental cages were constructed of galvanized 
mesh sides and metal screen floor. The birds were in direct 

B-50 



contact with the metal floor. The ELF electric and magnetic 
field studies were conducted at a frequency of 60 Hz. 

The magnetic field was measured with a Hall probe, and 
ranged from 1 to 2 G, with a mean level of 1.4 G. The elec
tric field was simulated by developing a 950 volt potential 
between a metal plate and the metal cage. The electric field 
was calculated to be 1600 V/m at the center of the cage. 
High humidity conditions were maintained by a fogging nozzle 
which added moisture to the room every 15 minutes. Fifteen 
hours of light per day was maintained by adding artificial 
light. 

No attempt was reported to compare environmental fac
tors other than the test fields at the exposed and control 
cages. 

Reviewers' Critiques 

Biological Critique 

The cock was replaced twice in the control group. This 
may not have substantially influenced the results, but another 
control group should have been run to compare the results be
tween the two groups. In the Discussion section, a question 
was raised concerning food consumption which may have influenced 
egg production. These data were not presented so no conclusion 
can be drawn concerning the effect of this important parameter 
on production rate. Sample size is small, and it is not stated 
whether the chickens were from one colony closely matched in 
age. 

Environmental Critique 

The magnetic field simulation arrangement was such that 
120 Hz vibration could easily be set up by magnetostriction, 
which translates magnetic field energy into vibrational energy 
in the metallic sides and bottom of the brooding cages. Thus, 
a strong possibility exists that exposed subjects were also 
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subjected to 120 Hz vibration since no measurement of vibra
tional sound was reported. 

Other aspects associated with potentially high circu
lating currents in the cages, due to magnetic induction, 
were not discussed. 

A wide variation in the electric field will also exist, 
with strong concentration between the edge of the plate elec
trode and cage walls. No field mapping or analysis was made 
to determine the extent of the electric field variation, but 
it is conceivable that the intensities could have been suffi
cient to support corona discharge at sharp points. The like
lihood of such factors influencing the experiment cannot be 
assessed from the paper, since most of the meaningful experi
mental details were not presented. 

It was also not reported that any attempt was made to 
insure that exposed and control animals experienced the same 
chemical, acoustical, light, or thermal environments. 
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LeBars, H., and G. Andre. "Biological Effects of an Electric 
Field on Rats and Rabbits." RGE Special Issue (July 1976), 
91-7. 

Reviewers' Summaries 

Biological Summary 

Rats and rabbits were exposed to a 50 kV/m electrical 
field for 8 h/day for 100 days and body weight as well as 
various hematological and blood biochemistry parameters were 
monitored. Hematology and blood biochemistry were also evalu
ated in rabbits exposed to this field for 24 consecutive 
hours or for 70 h during a 5-day period. The possibility 
of effects of the field on reproduction was evaluated in 
terms of the length of the estrous cycle and in terms of 
embryogenesis and fetal survival in rats. In these cases, 
the animals were exposed to the field for a period of 20-30 
days. 

Growth of the exposed animals was normal until after the 
occurrence of an accidental infection in the colony. There
after, body weight and food consumption was reduced in com
parison to the control animals that had also been infected. 
Hematological parameters indicated no differences that could 
be attributed to the fields in rats exposed for 100 days, and 
red blood cells were decreased in rabbits exposed for briefer 
periods; however, leucocytes were increased in rabbits ex
posed to the field for 100 days. The urea rate was increased 
in rabbits after a 24-h exposure and in rats given the long
term exposure. Rabbits exposed to the field for 70 h were 
observed to be slightly hypercalcemic and slightly hypogly
cemic. The reproductive measures gave no indications of ef
fects of the field exposure. 

Environmental Summary 

No written description of field-inducing apparatus or 
confirming measurements are presented, although photographs 
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of the test arrangement are shown. From these pictures, it 
is apparent that the test animals were exposed to non-uniform 
electric fields. No measurement or precautions concerning 
acoustic noise, vibration, or ozone were taken. However, the 
large conductors employed as electrodes, as shown, probably 
precluded development of ozone. The possibility of or counter
measures taken to suppress microshock were not reported. 

Reviewers' Critiques 

Biological Critique 

This paper overlaps with that of Le Loc'h and Cabanes 
(1975) but gives more detail on the rabbit experiments and 
less with those involving rats. The problem of an infection 
in the colony makes interpretation of results difficult. It 
appears that at least with respect to the growth rate in 
rabbits, there was an interaction with the field exposure 
to inhibit growth. The report suffers from a lack of detail 
in methodology, both for exposure and control conditions and 
for the biological assays. 

Environmental Critique 

Until subsequent publications provide some clarification ~--
as to precautions taken to control the microshock, acoustic, 
and vibration environment, it can only be assumed that these 
factors could have contributed to the reported effects. 
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LeLoc'h, H., and J. Cabanes. "Etude Experimentale De L'Action 
Des Champs Electriques Sur L'Animal." International Sec
tion of ISSA, 3rd Colloquium. Marbella, Spain (October 
27-29, 1975). 

Reviewers' Summaries 

Biological Summary 

Rabbits were exposed to a 50-Hz, 50-kV/m electric field 
for 24 h or for 70 hover a 5-day period and 50 rats were ex
posed to the field for 8 h/day for 3 mo. Hematological and 
blood biochemistry assays were performed on blood collected 
at the end of the exposure periods and the results of these 
were compared to those obtained with control animals that 
had been maintained under the same conditions but not exposed 
to the field. In addition, food consumption was evaluated 
in the rabbits, growth was monitored in the rats, and rats 
exposed to the field for shorter periods were used to deter
mine whether there were effects on fertility (3~wk exposure) 
or teratogenicity (exposure throughout gestation). 

There were no significant effects of the field exposures 
on food consumption or growth rate or on any of the hemato
logical parameters considered (total red blood cells, hemato
crit, hemoglobin concentration, platelet count, Quick test, 
and total and differential leucocyte counts). Fertility was 
not altered as measured by the number of litters or the num
ber of fetuses produced from the four possible mating combi
nations of exposed and nonexposed animals. Exposure during 
gestation (20 pregnant females) had no effect on the number 
of live or dead fetuses produced nor was there any indication 
of morphological abnormalities in the fetuses. The blood 
biochemistry assays for rats yielded a number of sex depen
dent, statistically significant differences between exposed 
and control animals. These included increased urea concen
trations in both male and female rats and increased creatinine 
lipid, total protein, and globulin concentrations in male 
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rats that had been exposed to the field. Blood.of exposed 

female rats showed an increased concentration of glucose, 

whereas the concentrations of bilirubin, triglycerides, and 

cholesterol were decreased. The only evidence of blood bio

chemical changes for rabbits that had been exposed to the 

field was a slight increase in calcium and a decrease in 

glucose after 70 h of exposure. 

The investigators noted that the biological significance 

of these results is debatable because of the lack of consis

tency between sexes and because the degree of change was typi

cally within normal physiological limits. They also noted 

that there had been an accidental infection of both exposed 

and control rats that was apparent in the second week of the 
3-mo exposure period but did not speculate as to whether this 

could have contributed to the variability in blood biochemistry 

at the end of exposure. 

Environmental Summary 

The reported studies utilized rabbits and rats, which 
were exposed to a stated 50-Hz electric field of 50 kV/m. 
The exposure length varied for different groups of animals. 

The measurements made on exposed animals were compared to 

measurements made on control animals which were raised under 
the same conditions and in the same location. 

Reviewers' Critiques 

Biological Critique 

This paper overlaps with that of LeBars and Andre (1976) 
but gives more detail on the rat experiments and less on those 
with rabbits. The problem of an infection in the colony makes 

interpretation of results difficult in that this could inter

act with field exposure to increase any effects observed or 
could obscure differences between control and exposed animals. 

The report is further weakened by a lack of detail in method
ology for the control and exposure conditions and for the 
biological assays. 
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Environmental Critique 

No environmental information was provided in the paper 
except the stated field level used for the tests and the 
field frequency of 50 Hz. Thus, with regard to dosimetry, 
or the influence of synergistic environmental factors on 
the experimental results, no conclusions can be drawn. 
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Malboysson, E. "Medical Control of Men Working Within 
Electromagnetic Fields." RGE Special Issue (July 1976) 
75-80. 

Reviewers' Summaries 

Biological Sunnnary 

To evaluate the possibility that working in high-voltage 
electrical fields might be detrimental to health, 84 trans
former station and high-voltage line workers were checked 

periodically over a period of 4 years. The evaluations in
volved health-related questionnaires and physical examina
tions which included chemistry, chest x rays, and EKG's. 
The results of these examinations were compared to those of 
94 linemen who worked on low-voltage lines. The group who 
worked in high-voltage fields more frequently evidenced prob
lems of the locomotor system, digestive system, and nervous 
system but were less frequently absent from work than the 
men who worked on low-voltage lines. The author suggested 
that the locomotor and digestive anomalies of the test group 
may have been due to differences in their diets and in expo
sure to cold or rainy weather. Primary linemen were more 
likely to be dependent on cold lunches and to work outdoors. 
It was concluded that the electromagnetic fields associated 
with high-voltage lines did not cause lasting pathological 
effects on the workers; however, the author noted that this 
conclusion could not be generalized to more extensive expo
sures to high-voltage fields and suggested that the higher 
incidence of nervous system problems in the test group should 
be further investigated. 

Environmental Summary 

The effect of several occupational settings on electrical 
utility workers in Spain is examined. These settings include 
transformer substations which interconnect 400-kV, 220-kV, 
and 138-kV lines. The exposure time is noted as 15 minutes 
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(assumed per day) within the high-field area of the sub
station. Percent exposure for various line environments 
include telephone lines, 10%; 11-kV lines, 5%; 60-kV lines, 
25%; 132-kV lines, 25%; 220-kV lines, 20%; and 400-kV lines, 
15%. The workers exposed to these environments are com
pared with workers on "low-voltage lines and installation 
of electric meters." No measurement of the electric fields 
or other important environments were made, and the exposure 
times apparently apply to estimates of simply being in the 
vicinity of their specified equipment. 

Reviewers' Critiques 

Biological Critique 

The author gives a good description of the duties of 
the test group, but the reader is unable to compare this with 
the control group because the duties of the latter are not 
described. 

Other than describing the duties of the test group and 
giving the average age of the workers, there is little in
formation about how the two samples may have differed. One 
might question whether the test group was better paid, better 
educat~d, had more vacation time, or had worked longer than 
the control group. These factors might in part account for 
their less frequent absenteeism. On the other hand, it is 
possible that psychological factors may have contributed to 
the more frequent headaches reported by the test group. For 
example, the transformer station workers' jobs appeared to 
involve greater personal responsibility, whereas for the 
high-voltage linemen, fear of being shocked may have been a 
source of anxiety. 

No statistical analysis to show the significance of the 
differences between the test and control groups was presented. 
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Environmental Critique 

Since environmental exposures to the electric field and 

acoustical noise, as well as temperatures, wind, and particu

lates, were not measured for the various occupational settings, 

it is impossible to draw definitive conclusions as to the cause 

of the reported differences between the two groups. 
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Mantel, B. "Investigations on the Effect of a Magnetic 
Alternating Field of 50 Hz on the Human Body." Un
published Ph.D. dissertation, The Albert-Ludwig 
University, 1975. 

Reviewers' Summaries 

Biologic_al Summary 

The parameters investigated were reaction time, heart 

frequency, blood pressure, EKG, EEG, and blood values of 

humans exposed to a magnetic field; these were compared to 

changes already described in the literature. The investi

gation was conducted under a 3-gauss, 50-Hz magnetic field 

excitation. 

The experiments were divided into two series. In each 

series there were 20 male subjects, average age 2.3 years, ten 

of whom were in the magnetic field and ten of whom were in a 

control group. For each test series, the field was applied a 

total of 3 hours. In Series 1, blood pressure and reaction 

time were measured; Group 1 was the control group, and Group 2 

was in the magnetic field. In Series 2, pulse, blood pressure, 

EKG and EEG were measured; Group 1 was not in the field, Group2 

was in the field. The blood pressure, pulse, EEG, and EKG were 

taken before the three-hour period, then every 10 minutes the 

magnetic field was briefly turned off while the parameters were 

being measured. A final check of all four parameters was made 

immediately after the test period. In Series 2, the subjects 

could read or talk as desired. 

Both the control subjects and the test subjects were 

seated in the same chair within a magnetic field coil. When 

seated in the coil, the subjects were situated so that the 

head and torso were in the plane of the coil. 

Reaction time was measured every five minutes through

out the test period, for five tests ~ach time. The reaction 
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times of the test personnel showed, over the course of 
three hours of exposure to the magnetic field, only mini
mal changes. A slight decrease in reaction time toward the 
end of the experiment was noted. "This could be traced to 
a psychological end spurt phenomenon equivalent to the ex
periments of DeLorge and Beischer. 11 

For the Series 1 tests, blood tests were taken before 
and after the period. For Series 2, blood pressure, pulse, 
EEG and EKG values were obtained at 10-minute intervals 
throughout the test. 

Pulse frequency dropped for both the control 
group and the group exposed to the magnetic 
field gradually throughout the experiment, al
though in the last half hour of exposure to 
the magnetic field there was a stronger de
crease. In general this effect is probably 
attributable to a general relaxation. The 
same is true for blood pressure, which in both 
groups dropped only an average of 10 percent. 

With regard to blood values, there were no changes in 
parameters in any particular direction. 

The described changes in leukocytes, thrombo
cytes, reticulocytes and BSG values were vari
ations within the usual realm of error for this 
method of measurement. In general, the preced
ing experimental results indicate no causal 
connections between the effects of magnetic 
field of 3 G on a human being and pathological 
changes in the organism. It must be pointed 
out, however, that the subjects were exposed 
for a relatively short period of time--only 
three hours--and only exposed to the magnetic 
field once. The question of whether repeated 
and longer exposures to magnetic fields would 
also be harmless must be investigated. 

Environmental Summary 

The test subjects were seated at a table during the 
tests. The person's head and thorax were located in the 
plane of a magnetic field coil. The field from the coil 
was stated as 3 gauss. Separate experiments were conducted 
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with control and test subjects. The author states that the 

subject could see the switching but didn't know what state 

the system was in. 

To insure that the electric field from exterior sources 

or the coil was insignificant in comparison to the magnetic 

field, the current from the person to ground was measured. 

The author indicated that the entire test set-up providg__g___,, 

shielding from external fields. The current from the test 

subject's calf to ground was 2.1 µa with the coil current 

off and 1.5 µa with the coil on. 

Measurement was also made of air ions during the experi

ments. It was noted that as opposed to their previous elec

tric field experiments, no decrease in the free ions was 

noted in the magnetic field tests. 

Reviewers' Critiques 

Biological ~ritique 

Mantell's study is an improvement over the other three 

studies in the series of studies discussed by Hauf (1976) 

because she has avoided confounding her data with carry-over 

effects between sessions by using separate groups of subjects 

for test and control groups. Interpretation of the study 

would have been easier if a clearer description of statistical 

analysis or some measure of the between-subject variability 

had been provided for the physiological variables. 

Environmental Critique 

Magnetic field plots or profiles over the volume occu

pied by the test subject were not presented. Thus, the field 

uniformity can not be assessed. Although no effects attribut

able to the field were observed, the test setup could cause 

enhanced body current. For the tests in which EEG and EKG's 

were measured, the biological sensing electrodes and wires 

were left attached to the test person when the field was on. 
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When leads are attached to the test subject, additional pick

up mechanisms come into play which can cause larger body cur

rent than in the absence of such leads. If positive effects 

had been noted, the presence of such leads would have raised 

serious questions on the relative importance of such pro

cedures. 
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Marino, A. A., R. 0. Becker, and 
of Continuous Exposure to Low 
on Three Generations of Mice: 
entia 32 '(1976), 565-66. 

B. Ullrich. "The Effects 
Frequency Electric Fields 

A Pilot Study." Experi-

Reviewers' Summaries 

Biological Summary 

Mature male and female Ha/ICR mice were split into three 

exposure groups: 1) horizontal 60-Hz electrical field of 

100 V/cm, 2) vertical 60-Hz field of 150 V/cm, and 3) control 

groups. The mice were allowed to mate, gestate, deliver, and 

rear their offspring while being continuously exposed. Breed

ing was accomplished by allowing 2 females and 1 male to oc

cupy a single cage. Pregnant females were placed in individual 

cages and remained with their offspring until weaning. After 

weaning, the mice were separated by sex and their body weights 

were measured periodically up to 35 days after birth, except 

in the case of the second generation which was weighed up to 

10 weeks postpartum. 

In the first generation, males and females reared in 

both electrical fields were significantly smaller than con

trols at 35 days. Larger depressions in average body weight 

were seen in the second generation while at 10 weeks post

partum the differences between the experimental and control 

weights had narrowed considerably. A very large mortality 

rate in the vertical field during the 8-35 day period was 

also noted. This same mortality was noted in the third gen

eration, but the only group whose body weights were signi

ficantly effected were the males exposed to the vertical 

electrical field. The authors concluded that mice exposed 

to the electrical field demonstrated obvious effects com

pared to equivalent control mice, with the most severe ef

fects noted in mice exposed to the vertical field. 
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Environmental Summary 

Plastic cages with metal tops were used for the vertical 
electric field tests. Electric fields were generated by 
grounding the top plate and applying a 60-Hz potential to an 
insulated plate placed beneath the plastic cage. To generate 
horizontal electric fields, the metal top plate was replaced 
by a plastic unit, and two vertical plates placed just out
side the plastic cage were used to excite the horizontal 
electric field. Methods of determining the field strength 
and distribution were not reported. 

The temperature, humidity, and light/dark cycle were re
ported. The mice experienced 5 µa of current when drinking 
or eating for the vertical field case. It was concluded that 
such current was much less for the horizontal field exposure 
case. 

An induced vibration of 2.5 x 10- 3 cm/sec was measured 
for both vertical and horizontal fields; however, this value 
was claimed to be less than the ambient vibration. 

Reviewers' Critiques 

Biological Critique 

The authors indicate that this is only-a pilot study, 
although they do include unsubstantiated conjecture concern
ing physiologic and genetic adaptation mechanisms. The only 
hard experimental data included in the report is a table with 
survival rates and body weight data. The latter experimental 
results are confusing since no indication is given as to the 
method of statistical analyses or whether the values are means 
± SD or SE. In either case, the variance in the experimental 
groups is greater than for the controls in the first and sec
ond generation, at 35 days after birth. This large variance 
suggests that there is a wide range in individual body weights, 
which is itself significant. Whether this variance is intra
or inter-litter related is not stated in the text. The 
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mortality data appear to be clear cut for the vertical ex

posure group at the second and third generation, but less 
obvious in the first generation in spite of the summary ab

stract. The 10% mortality at 8-35 days postpartum (first 

generation vertical exposure) is numerically similar to the 

15% in the control group during 7 days postpartum, and 14% 
during the first of week postpartum in the horizontal group 

at the third generation. It would appear that this level of 
mortality may be a random event during the early period post

partum. It should also be noted that body weights in the 
third generation controls are similar to body weights of ex

perimental groups in the first and second generation. These 
results suggest that there may be some variable in the en

vironmental or experimental conditions which can influence 

body weight independent of exposure. The variance of the 

groups within each generation produce overlapping body 
weight values, and it is surprising that significant dif

ferences were found among the three exp,erimental groups, 
particularly the horizontal and control groups in the second 
generation at 10 weeks after birth. Clearly, these experi
ments need to be repeated with the addition of a control 
group exposed to vibrations similar to those experienced 

by the vertical control group. Another strain of mice, 
which are less sensitive to environmental manipulations may 
also be useful, perhaps an outbred strain such as Swiss mice. 

Environmental Critique 

There are at least two environments other than the elec
tric fields which may have created the same results as the 
authors have noted. One is the spark discharges experienced 
by the mice during eating and especially during drinking. 

The experiments did not consider such discharges, although 
it has been shown that such discharges may be painful and 
thus inhibit drinking or eating. Suppression of such spark 
discharges has greatly influenced the protocol of others, 
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such as Knickerbocker (1967) who reported minimal or no in
fluence of electric fields. 

The statement that the measured induced vibration was 
below the ambient level is contradictory. If the ambient level 
were higher, the measurement could not have been made. In 
all probability, a different bandwidth was used for each of 
the measurements. Further, the measured vibration is very 
close to the level in the 10-100-Hz region which can be de
tected by humans. Since mice may be much more sensitive to 
such vibrations, it cannot be ruled out that the exposed 
mice detected or may well have been severely annoyed by 
such 120 Hz vibrations. 

Some of the other environmental aspects are only gen
erally considered, and none are considered in the context of 
equal exposure for both exposed and control subjects. Ex
posed animals could well have experienced excessive ozone 
concentrations, which are highly probable at field inten
sities of 10 to 15 kV/m unless precautions are undertaken. 

It is no surprise, then, that significant variations oc
curred between exposed and control subjects. The most likely 
contributor to the weight reduction of exposed animals is 
the painful spark discharge experienced during drinking. 
Ozone may have affected the morbidity variations. 
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Marino, A. A,, et al, nEvaluation of Electrochemical In
formation Transfer System - 1. Effect of Electric Fields 
on Living Organisms." J. Electrochem. Soc. 123, No. 8 
(August 1976), 1199-120 

Marino, A. A., et al. "In Vivo Biochemical Changes Asso
ciated with Exposure to Extremely Low Frequency Electric 
Fields." Physiological Chemistry and Physics (in press). 

Reviewers' Summaries 

Biological Summary 

In a series of 10 experiments, groups of male Sprague

pawley rats were continuously exposed to 60-Hz vertical elec

trical fields (calculated intensity= 15 kV/m) for periods of 

approximately one month beginning when the animals were three 

weeks old. Statistically significant difference·s between con

trol and exposed groups were found in one or more experiments 

for several different parameters. These include a slight 

reduction in two of five experiments. Reductions in serum 

corticoids for the field-exposed group averaged 31.7% (stan

dard error= 2.4%) in the three experiments. In one experi

ment the response of field-exposed and control animals to cold 

stress was compared in terms of serum corticoid levels. Both 

groups showed a marked increase in serum corticoid levels'"in

dicating that the exposed animals remained capable of responding 

to cold stress in a predictable fashion." In each of three 

experiments, the sera from all exposed animals were pooled and 

compared to that of pooled samples from the three control groups 

on concentrations of total proteins and of albumin. The concen

trations were higher in the samples from the exposed group in 

all three experiments. Serum glutamic oxaluacetic transaminase 

concentrations were measured in six experiments (again in pooled 

· samples) and were substantially higher for the exposed group in 

three experiments and marginally higher in the other three. Adrenal 
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weights were increased in one and pituitary weights in three 
of the six experiments in which they were measured. Food and 
water consumption were monitored in the last six experiments. 
Water consumption was significantly reduced in five of these, 
whereas the exposed group consumed less food than the control 
animals in only one experiment. The investigators offered a 
tentative interpretation that the field exposures had acted as 
a biological stressor. 

Environmental Summary 

As best can be determined, the physical procedures used 
in this are the same as those published by the National Academy 
of Sciences. No further environmental description or critique 
will be given here. 

Reviewer's Critique 

A major problem with the study was that the investiga-
tors had failed to eliminate other sources of variation be
tween their groups. For example, in the first four experiments, 
individual housing was used for the exposed animals, whereas 
the control animals were housed several animals to a cage. In 
most experiments, metal cage tops and feeders were used so that 
the animals may have received microshocks. In those experi
ments in which this problem was corrected, apparently shocks 
were still possible when the animals drank through a metal 
water spout. It was suggested that the water consumption data 
would argue against the interpretation that this was due to 
microshocks because a significant reduction in water consump
tion was observed for the last two weeks of exposure but not 
for the first two weeks. The investigators contended that if 
the animals' failure to drink was due to microshocks, the ef
fects should have been equivalent in the two halves of the ex
periments. However, since the investigators started their 
exposures within several days after receiving the animals 
from the supplier, this logic may be invalid. During the 
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first half of the exposure period, the animals could have 
been still habituating to their new surrounding and possibly 
to a new diet and/or light dark-cycle. Such changes might 
be expected to increase the variability in the animals' con
surnmatory behaviors, thus making it more difficult to detect 
differences between control and exposed groups. The lack of 
internal consistency across the various experiments and the 
inability to eliminate other sources of variation weakens 
the investigators' conclusion that they have demonstrated 
biological effects of electromagnetic fields. 
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Mathewson, N. S., et al. "Effects of 45-Hertz Electric 
Field Exposures on Rats," in Biological Effects of Electro
magnetic Waves, selected papers of the USNC/URSI Annual 
Meeting. Boulder, Colorado (October 20-23, 1975). 

and 

Mathewson, N. S., et al. "Extremely Low Frequency (ELF) 
Vertical Electric Field Exposure of Rats: Search for 
Growth, Food Consumption, and Blood Metabolite Altera
tions." Armed Forces Radiobiology Research Institute, 
Defense Nuclear Agency. Bethesda, Maryland. Final 
Report XSB09 (1977). 

Reviewers' Summaries 

Biological Summary 

In a series of three experiments five groups of 16 rats 
were exposed for 28 days to 45-Hz vertical electrical fields 
at intensities of 0.002, 0.01, 0.02, 0.05, or 0.1 kV/m and a 
sixth group was exposed to the same environmental conditions 
but not the fields. In a fourth experiment, groups of 48 rats 
were exposed to a 0.02-kV/m field or to the control condition. 
For this fourth experiment, the ambient fields (primarily 
60 Hz) were measured and each of the two major groups were 
divided into four subgroups, depending upon the average in
tensity of ambient 60-Hz fields in their environmental cham
bers. The intensity of the 60-Hz fields ranged from 0.21 to 
3.8 V/m. The magnitude of the 60-Hz fields was used as a 
second factor in the analysis of this experiment. A number 
of dependent variables were explored for possible effects of 
the 45-Hz or 60-Hz fields. Occasionally the overall analysis 
yielded a significant statistic (Table B-1); however, the be
tween-group analyses indicated that many of these were ac
counted for by differences among the exposed groups rather 
than between exposed and control groups. In no case was 
there a clear indication of a "dose relationship." The in
vestigators summarized their results as follows: 
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It was concluded that no biological effects from 
exposure to these electric fields were observed 
on growth, food consumption and water consumption, 
nor the blood concentrations of total protein, 
globulin, glucose, cholesterol, triglycerides and 
total lipid, nor on the hematological values for 
red blood cells, white blood cells, segmented 
neutrophils, lymphocytes, monocytes, eosinophils, 
hematocrit or hemoglobin. In addition, necropsy 
and histopathological examination of tissue from 
15 organ systems did not reveal any changes. 

Table B-1 

PARAMETERS IN THE STUDY BY MATHEWSON ET AL. 
YIELDED A SIGNIFICANT STATISTIC (P .05) 1N ONE 

Parameter 

Change in Body Weight 
Food Consumption 
Water Consumption 
Total Blood Protein 
Blood Globulin 
Blood Glucose 
Blood Total Lipids 
Red Blood Cell Count 
Hematocrit 
Hemoglobin 

Analysis Across 
45-Hz Groups 
(Experiment Code 
Letter)a 

F 
F 

EF 
E 
EF 
E 
E 

H 
H 

(1976) THAT 
OR MORE EXPERIMENTS 
Analysis Across 
60-Hz Groups 
(Experiment Code 
Letter)b 

G 
G 

G 

G 

aExperiments E, F, and H each involved six groups of 16 animals 
that were exposed to 45-Hz vertical fields at intensities of 
0, 0.002, 0.01, 0.02, 0.05, or 0.1 kV/m. The average initial 
weights of the animals used in Experiments E, F, and H were 
216, 130, and 192 g, respectively. 

bExperiment G involved two groups of 48 animals that were ex
posed to 45-Hz vertical fields at an intensity of 0 or 0.2 kV/m. 
These groups were subdivided according to the intensity of the 
ambient 60 Hz field in their exposure chamber. The average 
weight of the animals at the beginning of Experiment G was 
192 g. 
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Environmental Summary 

The field-inducing structure consisted of two parallel 
plates, roughly 4 x 8 ft in area. The upper plate was alumi
num screen, and the lower plate, aluminum sheet. The average 
plate separation was in the order of 46 cm. A guard ring was 
provided to minimize field distortion near the edges. Each 
parallel plate simulator could be used as an area for con
trols or individually driven, to produce field intensities 
up to 1,000 V/m. Six such parallel plate pairs were em
ployed, and each parallel plate could illuminate some 16 ca
ges. Polycarbonate plastic rodent cages were employed, 
and so arranged to permit adequate illumination and venti
lation, while at the same time providing access for easy 
maintenance and food replacement. Illumination for each of 
the chambers was provided by a standard 8-ft single fluores
cent fixture providing an average illumination of 25 fc at 
the animal level. 

The illumination field intensities were measured, along 
with the ambient field intensities, and these were found to be 
less than 0.5 V/m for the electric field, and less than two 
milligauss for the magnetic field. The temperature was main
tained at approximately 22°c, and the -relative humidity be
tween 25 and 55 percent_. The test rooms were maintained at 
a positive air pressure, and the air continuously filtered by 
HEPA filters. Personnel access to the test area was limited, 
and laboratory maintenance people were required to wear clean 
jackets and face masks. 

Five field strengths of 2, 10, 20, 50, and 100 V/m rms 
were used. 

Reviewers' Critiques 

Biological Critique 

This study has many positive features of experimental de
sign. The animals were initially quarantined (period unstated) 
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and then habituated to the exposure chambers for 5 days 

prior to beginning exposure to the electrical fields. In

dividual housing was used for all groups throughout all ex

periments. The possibility of microshocks was eliminated 

by the use of nonmetallic cages, feeders, and watering tubes. 

A backup and alarm system was provided in the event of fail

ure of the generator used to generate the fields. Environ

mental temperature was controlled within a 4°c range and 

humidity was continuously monitored (range= 25%-55%). Ef

fects due to position in the irradiation facility were avoided 

by rotating the exposure chambers used in three experiments so 

that a particular chamber was never used more than once for a 

given field strength. The statistical analysis appropriately 

considered overall effects first, with a subsequent analysis 

for differences between individual groups. Thus the study is 

a very valuable one in demonstrating essentially no effects 

of 45 Hz vertical electrical fields within the intensity range 
_, 

of 0.002 to 0.1 kV/m for the particular animal model chosen. 

Environmental Critique 

Considerable attention to environmental details is evi

dent in this work. Noteworthy is the control of the labora

tory air. Ozone measurements were not conducted and probably 

not needed because of the low field intensities. 
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Noval, J. J. "Extremely Low Frequency Electric Field In
duced Changes in Rate of Growth and Brain and Liver 
Enzymes of Rats." Naval Air Development Center Final 
Report 62755NMF51-524, 015-0015D (November 1976). 

Reviewers' Summaries 

Biological Summary 

In a series of five experiments, groups of 16-48 male 
Sprague-Dawley rats were exposed to 45-Hz vertical elec
trical fields at intensities of 0.0001, 0.0005, 0.001, 0.002, 
0.006, 0.01, 0.025, 0.05 or 0.1 kV/m. In most experiments 
there were three groups of rats exposed to different field 
strengths and a fourth group exposed to the same environment 
but not the field. The exp~riments were carried out in 
railroad cars that were equipped to shield the animals from 
ambient electromagnetic fields. Exposures 
were continuous for periods of 30-40 days. 
the exposure period the control groups had 

to the test fields 
At the end of 

gained 20-30% 
more weight than the groups exposed to the fields. Despite 
the wide range of intensities studied, the various exposed 
groups appeared to differ from their control groups to about 
the same degree. In one experiment in which the condition 
of the exposed and control groups was reversed after 20 days, 
once the exposed animals were removed from the field they 
very rapidly began to gain weight. Other significant find
ings were an increase in liver tryptophan pyrrolase activity 
and a decrease in brainstem choline acetyltransferase activity 
at intensities as low as 0.0005 kV/m for the former and 
0.0001 kV/m for the latter. Plasma corticosterone levels 
were elevated in animals exposed to either 0.05-or 0.1-kV/m 
fields but not in those exposed to lower intensities. There 
were no differences between control and exposed groups in 
cerebral choline acetyltransferase activity, in adrenal 
weights, or in food and water consumption. The authors noted 
exposed animals had less abdominal fat than control animals 
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and postulated that a low-level stress response insufficient 

to alter adrenal weights but adequate to be detected in bio

chemical indicators of stress may have accounted for the 

reduction in weight gains observed in exposed animals. They 

further noted that at this point it is impossible to state 

how shielding the animals from ambient electromagnetic fields 

may have interacted with the exposure to 45 Hz fields to pro

duce the effects observed. 

Environmental Summary 

Experiments were conducted within an especially equipped 

air-conditioned railroad car, which provided shielding from 

the exterior ambient ELF fields. However, no measurements 

as to the degree or the effectiveness of this shielding were 

reported. Field intensities at 45 Hz, which varied from 

0.1 to 100 V/m were used. The rats were housed in poly

carbonate plastic cages within exposure chambers. The cages 

were open at the top for air circulation and were of suffi

cient height to prevent rats from reaching the upper elec

trode plate. It was also stated that the polycarbonate 

cages insulated the rats from the electrode plates. Elec

tric fields were produced between 16-gauge aluminum plates 

below the cages, and parallel plates above the cages made of 

copper screening. A 13-in separation was maintained between 

the plates. Light level was provided at approximately 25 ft 

candles by incandescent lamps. The temperature was maintained 

in the cages at approximately 72°F. The electric field was 

generated by an oscillator with high stability which was fed 

to a large power amplifier that excited transformers con

nected to the plates. A resistor was placed in series with 

each transformer to adjust the level of the field required. 

The uniformity of the field was determined by means of a 

small ele.ctric field probe. Control rats were maintained 

similar to the experimental rats, but were not exposed to 

the 45 Hz fields because the plates above and below the 
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animals were shorted out by means of a thick, braided jumper. 
In addition, the various control and exposed rats were ro
tated into each of the four areas used for the 45 Hz-expo
sure trials to control possible differences in effects in 
different areas. 

Reviewers' Critiques 

Biological Critique 

This study has been critically reviewed by the NAS. 
Aside from noting the difficulty in interpreting the results 
of this study due to the shielding of the animals from nat
ural electromagnetic fields, the NAS Cormnittee made several 
comments concerning the investigators' methodology, results 
and interpretation. With respect to decreased weight gains 
and the report of decreased abdominal fat in exposed ani
mals, the committee noted that all the rats in this study 
"were leaner than would be expected for rats fed ad lib." 
This suggestion is somewhat surprising in that the growth 
of the control animals during the period of the experiment 
was very close to what would be predicted from an ARS 
Sprague-Dawley (Madison, Wisc.) growth chart. The NAS Com
mittee also appeared to question a tentative interpretation 
by the investigators that the reduced weight gains in ex
posed animals were due to an action of the electric fields 
on brain stem neurons. They noted that the consummatory 
behavior of these animals appeared to be normal. However, 
this fact does not contradict the investigators' hypothesis 
which was that the fields may have acted on brain stem sys
tems involved in regulation of pituitary trophic hormones 
or in regulation of fat mobilization. Other questions raised 
by the NAS committee reviewers with which we concur relate 
to: 1) the investigators' interpretation that the plasma corti
costerone increases were consistent with the results re-
ported by Marino et al. (1976),when in fact they were in the 
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opposite direction and, 2) to the possibility that the use of 

ether or halothane to sacrifice the animals may have elevated 

plasma corticosterone in both control and exposed animals. 

Environmental Critique 

While it is obvious that considerable effort was made 

to assure complete control of the environment for the expo~ed 

and control animals, there are some areas which have not been 

adequately addressed. First of all, concerning acoustic noise 

and vibration, there were no measurements reported; even 

though the field intensities arld voltages applied were quite 

small, it is conceivable that some low-level vibrations, par

ticularly at resonance, could have been set up. 

Another point of interest is that a resistor was con

nected between the electrodes which set up the field and the 

power supply source. Typically, field intensities within 

the cages are varied by means of a variac attached to a 

transformer, such that a low-impedance generator is presented 

to the excitation electrodes. This low-impedance generator, 

in effect, shorts out any other ambient fields which might 

appear within the vicinity, such that only the field of in

terest is excited. However, in the case of the Noval arrange

ment, a series resistor also has been employed. This would 

allow the addition of any ambient 60-Hz electric field to 

also be impressed upon the exposed animals, whereas the 

other exposed animals existed essentially within a field-

free area because of the shorting braid. The extent of the 

60 Hz electric field which could be impressed upon the ex

posed animals would be dependent on the value of the series 

resistor, which in this case would have to be quite high in 

order to affect control over the field within the cages. 

Thus, the wave form of the electric field presented to the 

exposed animals was not likely a pure sinusoid, but consisted 

of a combination of 45-and 60-Hz signals, which in effect was 

envelope-modulated having a beat-note rate in the order of 

15 Hz. 
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Another area of possible concern is the chemical environ
ment. The field intensities, however, are much too low to be 
concerned with ozone. However, influence of air ions and air 
circulation must be considered. Since no control over the air 
ion parameters were maintained, this possible influence must 
also be considered. Specifically, the air ion environment in 
the exposure cages would, of necessity, be different than that 
in the animals not being exposed, simply because there are no 
fields or control areas to sweep out or alter the air ion dis
tribution. 
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Phillips, R. D., and W. T. Kaune. "Biological Effects of 
High Strength Electric Fields." Battelle Northwest 
Labo~ato~ies for Electrical Energy Systems Division, 
ERDA Second Interim Progress Report (September 1976 -
March 1977). 

Reviewer's Summary 

This report summarizes progress made in this interim 

period in five distinct categories: 1) the design, construc

tion, and testing of a prototype and special studies exposure 

system; 2) the design and construction of exposure systems 
for rats and mice; 3) dosimetry; 4) experiments to determine 

the maximum field strength which does not produce corona dis

charge, ozone formation, shocks to the animal, hair stimula

tion, or a behavioral preference by rats to avoid exposure to 

the field; and 5) preparations for biological screening ex

periments. The prototype exposure system, along with a map

ping of the field uniformity, is extensively discussed. 

Dosimetric studies were conducted to determine current dis

tributions on rats and mice, and quantify the exposure levels 

to electric fields. It was established that the system was 

essentially corona and ozone free up to field intensities of 

130 kV/m. 

Most importantly, it was established that rats exhibit 

a preference not to be exposed at field strengths of in ex

cess of 90 kV/m; whereas at field strengths less than 75 kV/m, 

there appears to be no statistically significant preference 

for or against exposure. Experiments were also conducted to 

determine the effect of exposing rats 8 h/day for 5 days. 

The heart rates of exposed animals did not differ signifi

cantly from those of the same exposed controls. 

Procedural and baseline measurements for the biological 

screening experiments were also completed along the lines 

noted in the previous interim progress report. 
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Reviewer's Critique 

Detailed discussion of the results is inappropriate since 
this is only an interim report. However, workers in the field 
will find it of great interest, since this is the first pub
lished data on hair stimulation and field detection capabilities 
of rats. Establishing these thresholds is important and pre
cludes the influence of incidental shocks during feeding. 

These interim results can be expected to be augmented at 
a later date. 
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Phillips, R. D., et al. "Biological Effects of High Strength 
Electric Fields on Small Laboratory Animals." Battelle 
Pacific Northwest Laboratories for Electrical Energy Sys
tems Division of ERDA, Washington, D.C. (January 1976 -
April 1978). 

Reviewer's Summary 

The overall objective of this program is to determine 
the biological effects on small laboratory animals of expo
sure to 60 Hz electric fields. This report summarizes the 
initial efforts to satisfy a number of procedural and ex
perimental objectives prior to conducting large-scale tests. 
The bulk of the report describes the prototype exposure sys
tem design and test results. Other aspects addressed in
cluded the animal housing system, breeding studies, corona 
and ozone testing, hair stimulation.and spark discharge 

studies, and effects of caging on behavior as related to 
field strength. The biological screening experiments are 
also briefly discussed; they include hematology and serum 
chemistry, immunology, metabolism and growth, cardiovascular 
function, endocrinology, CNS structure and functions, neuro
physiology, reproduction, growth and development. 

Reviewer's Critique 

A detailed discussion is inappropriate since only in
terim progress is reported by providing preliminary bio
logical data. Researchers in this area will find this work, 
however, of great interest. 

B-83 



Phillips, R. D. "Effects of Electric Fields on Large Ani
mals." Electric Power Research Institute Interim Report 
RP799-l (March 1, 1976 - August 31, 1976). 

Reviewer's Summary 

This is an interim report relevant to the establish-

ment of the colony of Hanford miniature swine, suitable for 

a long-term study of the effects of 60 Hz electric field on 

development and physiological functions. The past project 

completed 1) the design and erection of an electrode system 

to provide uniform vertical fields of large magnitude, de

signed of non-conducting housing and meeting criteria of 

durability and electrical acceptability, and 2) establishment 

of a breeding protocol for the first generation of the Hanford 

miniature swine. 

Reviewer's Critique 

The detailed discussion of this study is inappropriate. How

ever, other researchers planning or conducting other experimental 

studies will find materials developed in this document quite 

useful. 
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Phillips, R. D. "Effects of Electric Fields on Large Ani
mals." Electric Power Research Institute Interim Report 
EPRI Project 799-1, EPRI EA-458. (June 1977). 

Reviewer's Summary 

This interim report details the planning and construc

tion of housing and experimental facilities for chronic ex

posure of the Hanford miniature swine to 30 kV/m electric 

fields. The goal was to insure constant and well-defined 

exposure of test subjects to the electric fields, while hold

ing all other parameters constant for test and control ani

mals. The breeding of the F0 generation is nearing completion, 

and preliminary growth data and blood chemistry has been col

lected. The goal is to obtain some 40 female piglets of 

similar size and shape. Using full scale models of pigs, the 

surface fields and dosimetry aspects are being investigated 

in conjunction with a related study on small animals funded 

by ERDA. 

Reviewer's Critique 

Since this is an interim result, detailed discussion is 

inappropriate. However, investigators of related topics will 

find the material developed of interest. 
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Phillips, R. D., et al. "Effects of Electric Fields 
on Large Animals: A Feasibility Study." Electric Power 
Research Institute Final Report EC-131 (February 1976). 

Reviewer's Summary 

The feasibility of experimental conditions required for 
long-term exposure of Hanford miniature swine to 60 Hz elec
tric field was determined. Further, the experimental 
plan for investigating the possible biological effects of 
such exposures was set forth. This development was based on 
visits to installations conducting related research, and on 
preliminary experiments using high-strength electric fields 
on the Hanford swine. Significant evidence was developed 
which indicated that hair oscillation, or piloerection, oc
curred at field intensities of about 50 kV/m for the swine. 
Experimental evidence was also developed which indicated that 
the swine may perceive electric fields as low as 30 kV/m. 
Efforts at suppressing various types of micro- or mini-
shocks were also investigated. Measurements and analyses 
pertinent to the development of the satisfactory exposure 
facility were also conducted. Included in this report are 
detailed recommendations for the biological research on pos
sible effects of electric field on the Hanford miniature swine. 

Reviewer's Critique 

A critique is made of this study inasmuch as it involves 
only development of the test protocol and simulation facili
ties. This document is, however, useful to other experi
menters to aid in their development of suitable simulation 
facilities and protocol. The most important output is, how
ever, the discovery that Hanford miniature swine can detect 
fields as low as 30 kV/m. 
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Poznaniak, D. T., J. W. Bankoske, and H. G. Mathews. "Simu
lation of Transmission Line Ground Level Gradients for 
Biological Studies on Small Plants and Animals." IEEE 
PES Summer Meeting Paper A77 718-0. Mexico City (T9"'77). 

Poznaniak, D. T., J. W. Bankoske, and H. G. Mathews. "En
gineering Considerations in the Simulation of Power Trans
mission Line Ground Gradients for Biological Effects 
Studies." IEEE GEMC Symposium. Montreaux, Switzerland 
(1976). 

Bankoske, J. W., and G. W. McKey. "Ecological Influences 
Electric Fields." Electric Power Research Institute 
Interim Report No. 1, EPRI Project 129 (May 1975); and 
Interim Report No. 2, EPRI Project EA-178 (September 1976). 

Reviewer's Summary 

This set of papers describes the efforts to properly 

simulate the transmission line ground level environments for 

biological studies which were conducted on the part of the 
staff of Penn State University. The effort was to develop 

a satisfactory simulation which would fit in the environ

mental chambers which were at Pennsylvania State University. 

Major efforts included defining the electric fields to be 
simulated and designing a uniform electrode configuration 

which would provide reliable and repeatable results. Field 

distortion problems were encountered owing to the presence 
of the metallic walls of the environmental test chambers. 

This problem was overcome by the use of two cup-shaped elec

trodes facing each other which tended to suppress the diver

gence of electric field near the outer portions of the 
electrode structure. A 75-kV center-tap transformer was used 

to excite the electrodes to produce an 82-kV/m maximum field 

intensity. Emphasis was placed on obtaining corona and ozone 

free operation. However, no effort was reported to obtain 

air ion measurements, acoustical noise data, or vibration 
information. The effect of the presence of electrodes as 
distorting the field distribution on biological subjects was 
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also investigated. An error is noted for various plate 
spacings and different geometric sizes and shapes of the 
test subject within the exposure region. 

Reviewer's Critique 

This paper represents a very thorough and complete ef
fort to completely control the simulation environment, and 
it probably includes some original work concerning the ef
fect of the proximity of electrodes with respect to the ex
posed subjects. As.such, this represents reporting of an 
exemplary program in this area. However, it would have been 
desirable if measurements and other possible competing in
fluences, such as air ions, acoustical noise, vibration, and 
mini-shock would have been included. Judging from the photo
graphs and other comments, it is not likely that such en~ 
vironments were created. However, such additional data would 
have undoubtedly been useful in the evaluation of the test 
results obtained in these environmental chambers. 
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Roberge, P. F. , Medical Officer. "Study on the. 
State of Health of Electrical Maintenance Workers on 
Hydro-Quebec 735 kV Power Transmission System." Hydro
Quebec Final Report (September 1976). 

Reviewers' Summaries 

Biological Summary 

A group of 56 male electrical maintenance workers who 

had worked at least 50% of their last two years in one of 

Hydro-Quebec's 7 35,..kV subs tat ions was examined. The exami

nations included health-related questionnaires, a physical 

exam, EKG's, chest X rays, and various blood, biochemical, 

and endocrinological laboratory analyses. There were no out

standing work-related physical or psychological complaints 

except that 37% of the men expressed fear of receiving elec

trical shocks. Blood, biochemical and endocrinological test 

results were compared to values obtained for a group of hos

pital employees. A number of these comparisons resulted in 

statistically significant differences between the values ob

tained for substation workers and those of the hospital em

ployees, but in most cases the values for the substation 

workers were still within the range of values observed in 

the other group. The exceptions to this were blood concen

trations of glucose, total protein, and alkaline phosphatases. 

Values for the substation workers were higher for these three 

variables at beyond the .01 level of significance; however, 

the investigator was appropriately cautious in interpreta

tion of his results and noted that because the lives of hos

pital workers differed in many respects from those of the 

substation workers, these results could not be considered 

as evidence that electromagnetic fields were responsible for 

the differences observed. 

Environmental Summary 

The exposure setting for the human subjects is a 735-kV 

substation. The working areas within the substations are 
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claimed to have a field intensity of between 10 to 15 kV/m, 
although no experimental measurement procedures or mapping 
results were presented. The exposed subjects were selected 
on the basis of working at least 24 months in the substation 
and were present at the substation at least 50 percent of 
the time. 

Reviewers' Critiques 

Biological Critique 

The basic problem with the study was the inadequacy of 
the control group--a factor recognized by the investigator. 

Environmental Critique 

Like many of the other earlier epidemiological studies, 
such as Strumza and Kouwenhoven, only minimal data are avail
able on the actual exposure profiles. Apparently some mea
surements were made of electric field intensity at the 
substations in which the exposed workers spent 50 percent 
of their time. However, it is known that such field inten
sities vary widely and could have been either greater or 
lower than the 10 to 15 kV/m noted in the paper. Further, 
it would have been extremely helpful if some additional mea
surements had been made regarding other related environments 
such as air ions, ozone, anq acoustical noise. Further, it 
is also known that Hydro-Quebec workers have procedures which 
protect them against the more severe effects of spark dis
charges; for example, special boots with resistive soles are 
employed, and this may be a factor, if used, in suppressing 
the effects of electric shocks. 
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R Pl.· 11.· s J P "Research on the Action of Electric u u ' . . 
and Magnetic 50 Hz Alternating Fields on Man." Unpub
lished M.D. dissertation, Albert-Ludwig University, 1976. 

Reviewers' Suilllllaries 

Biological Summary 

The possibility of effects on reaction time or oncer

tain physiological parameters from a 3-h exposure to combined 

50-Hz electric (20 kV/m) and magnetic (3-G) fields was evalu

ated in human subjects (average age= 25 years). In Test 

Series A, reaction time was measured five times during each 

5-min interval of the 3-h test sessions, and blood samples 

for hematology and blood biochemistry were collected before 

and after each session. The test series was repeated for the 

same 10 subjects on two consecutive days. The first session 

involved continuous exposure to the electromagnetic field, 

whereas the second session was a control session in which 

the field was never turned on. 

In Test Series B, two 3-h test sessions were conducted 

on the morning and afternoon of the same day. Pulse, blood 

pressure, EKG, and EEG information were recorded at 10-min 

intervals. During the morning the subjects were exposed to 

the field, whereas during the afternoon they were not. 

Reaction time, averaged over hourly periods, tended to 

increase over the 3-h sessions. This was comparable on test 

and control days, and was attributed to fatigue. Pulse rate 

decreased and R-R and S-T distances for the EKG showed slight 

increases over time in the testing sessions, but the patterns 

were similar on days with and without the field. The EEG 

electrodes were arranged to record primarily the alpha wave 

activity, .and showed no differences under control or field 

exposure conditions in terms of the number of waves/sec. Pre

session to post-session differences in hematological values 

were likewise equivalent on exposure and control days. Cho

lesterol and triglyceride values obtained iilllllediately or 20 
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or 24 h after the field exposure were not different from pre
exposure values. 

The investigator concluded that his experiments indi
cated no evidence of a pathological change that could be at
tributed to the 3-h exposure to the electromagnetic field. 

Environmental Surrnnary 

The experiments reported by Rupilius assessed the bio
logical aspects of human test subject exposure to a combined 
electric and magnetic field. The experiments were conducted 
in a special 7 x 7 x 8-meter room. The electric field was 
developed by applying a voltage between a large 3.5 x 3.5-
meter overhead electrode and ground. The overhead electrode 
was made of wire mesh, with 3-cm mesh size. The edges of 
the mesh electrode were protected from corona production by 
a 60-rrnn diameter steel pipe frame. The overhead electrode 
was at a height of 3 meters above the floor. 

The magnetic field was produced by a pair of .40-turn 
rectangular coils. The coil dimensions were 4.5 x 2.5 meters. 
The coils were placed beneath the electric field electrode 
and were oriented such that the plane of each coil was at 
45° with respect to the ground plane, with a 90° angle be
tween the planes of the two coils. The closest separation 
between the two coils was at the floor. Here the coil separa
tion was 2 meters. The two coils were fed in parallel. The 
electric field electrode and magnetic field coils were fed by 
separate transformers from a corrnnon distribution circuit. 

It was stated that for the experiments, the electric field 
was 20 kV/mat a height of 1.2 m from the floor, and the mag
netic field was 3 G. The measurement procedure, instrument 
type, or calibration was not described. 

The room temperature and relative humidity were controlled 
to 22°c and 55%, respectively. The measurement of other en
vironmental factors was not reported. 
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The test persons were seated in the combined field for 
the tests. All apparatus in the area, as well as the test 
subject, were grounded to building ground. For an unper

turbed electric field of 20 kV/mat a height of 1.25 meters 
above the ground, the displacement current at various body 
positions with "man in field" was reported. These values 
ranged from 32 µA at the "top of head" to 205 µA total body. 

Some of the experimental series included the measure
ment of EEG and EKG signals from the test subject. As in 
the G. Hauf experiments, the electrodes and leads remained 
attached to the test subject during field exposure. However, 
the field was briefly turned off during the recording of 
these parameters. 

Reviewers' Critiques 

Biological Critique 

The investigator should have controlled order effects 
by randomizing or counterbalancing the order of the exposed
nonexposed test sessions. Although this may appear to be less 
important because no differences between the two sessions were 
obtained, it is conceivable that an influence of the field ex
posure could interact with some effect of the first test ex
perience to cancel each other. A hypothetical example might 
be that the previous day's field exposure had an adverse effect 
on reaction time, i.e., increased reaction time, but that day's 
test experience had provided practice in the reaction task 
which could reduce the reaction time and thus offset the field 
influence. 

A number of variables were graphed or presented in tabu
lar form without an indication of the between-subject varia
bility or a description of the statistical comparisons. 

For EEG analyses, other measures such as the average power 
density spectrum for different bands are probably more sensi
tive than the analysis used. 
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The final point, one recognized by the investigator, is 

that meaningful evaluation of serum cholesterol and trigly

ceride levels requires that food and stimulant intake be con

trolled prior to taking the blood samples. 

Environmental Critique 

The experiments by Rupilius, from the electromagnetic 

standpoint, are the most comprehensive of the series conducted 

by students of R. Hauf. This set of experiments utilizes 

both the electric and magnetic field excitation of humans. 

The fields, both electric and magnetic, are greater than 

should be expected at ground level beneath EHV lines. 

Electric field uniformity and possible distortion due to 

the presence of the magnetic field coils were not discussed. 

The time phase of the electric and magnetic field components 

relative to that anticipated for transmission lines was not 

discussed. The time phase between the electric and magnetic 

field components will influence the total resultant body cur

rent density. However, the overall importance of this factor 
is not known. 

Although Rupilius noted no noteworthy variations in the 

monitored biological parameters, factors which may have in

fluenced the person's response time or certain biological 

responses were riot discussed. Included is the person's 
awareness of the field presence by acoustical, vibrational, 

or ha.ir stimulation cues. In addition, the use of body

attached monitoring leads during field exposure could raise 

questions had effects been noted. 
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Silny, J. "Effect of a 50 Hz Electric Field Influence on 
the Organism." RGE Special Issue (July 1976), 81-90. 

Reviewers' Summaries 

Biological Summary 

Rats and cats were exposed to 50-Hz electrical fields and 
various physiological parameters were monitored prior to, during, 
and up to 4 h after the exposures. The rats were exposed to 
fields of 80 kV/m for two 4-h periods and cats to fields of 
60 kV/m for 6 h. Almost all the physiological variables mea~ 
sured (heart rate, respiratory rate, arterial pressure, body 
temperature, and EEG activity) showed alterations not observed 
in control animals. However, it was concluded that the values 
obtained for exposed animals were still within the range of 

physiologically normal values and therefore could not be 
considered as evidence of pathological effects induced by 
exposure to electrical fields. 

Environmental Summary 

A survey discussion of power line environment, dosimetry, 
and pickup currents is provided. 

No new information is given above that provided in numerous 
U.S. publications, except the results will be of interest to 
these conducting dosimetric analysis, especially for small ani
mals. The dosimetric analysis provides a rationale for select
ing test voltages of 80 kV/m for rats and 60 kV/m for cats, 
based on a 20 kV/m for field for an adult human. 

The method of developing and measuring the electric fields 
was not described. Precautions, also not described, were taken 
to suppress acoustic noise and to maintain constant temperature. 

Electrodes were implanted in the brain of rats or con-
nected to caps already in place on the heads of cats. EKG's 

and EEG's,along with respiratory cycles, arterial pressure, 
skin temperature, and rectal temperatures, were recorded. 
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Special techniques were used to reduce the effect of direct 
50 Hz pickup on the 'EKG and EEG and a special collar over 
the tail was used to measure blood pressure. Body tempera
ture measurement methods were not described. 

Reviewers' Critiques 

Biological Critique 

No information was provided as to the age or strain of 
animals used and the report was not clear as to the number 
of animals that were evaluated. The investigator states 
that he carried out 64 experiments with rats but presented 
data on 24 "homogeneous" tests. Were 40 rats excluded from 
the analysis because their data did not meet the homogeneity 
requirement? 

The author stated that the instantaneous power density 
of EEG bands was decreased over time by about 50%. This 
may be the case if he is comparing with a control record but 
from Figure 10 it appeared that there was an initial rise 
during the preexposure period which peaked about 10 minutes 
after the field was turned on. Thereafter the values de
creased and appeared to fluctuate at a level that was greater 
than the starting value for delta bands but less than or 
about the same as starting values for alpha, beta, and theta 
bands. 

The author did specify that acoustic and temperature 
factors were controlled, thus evidencing a better awareness 
of important factors than many. 

Environmental Critique 

A major problem exists because the wiring used for EKG 
and especially EEG can pick up substantial 50-Hz currents and 
impress these currents onto the electrodes implanted into the 
right and left cortex and right and left hippocampus. Short 
runs of wire about 0.1 meter above a ground plane in a field 
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of 60 to 80 kV/mare capable of developing hundreds of micro
amperes into a low-impedance termination. Since the animal 
subject undoubtedly represents a low-impedance termination, 
it is surprising that so few effects were noted. The pres
ence of the wires along with the direct electrodes implanted 
into the brain largely negates extending the results to any 
pure field exposure situation. 
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Sutuiyama, S., and M. Corchiro. "Effects of AC Electric 
Field Application Upon Human Visual Threshold." 
U. S. De artment of Health. Education, and Welfare. 
Se ecte Papers o_ t e USNC URSI Annual Meeting. 
Boulder, Colorado (October 20-23, 1975). 

Reviewer's Summary 

The authors demonstrate that the visual function, when de
pressed by a photo inhibitory stimulus, could be recovered to 
the normal level of activity by the simultaneous application 
of a 90-Hz intense ac electric field. In interpreting these 
results from a field-effect viewpoint, it is difficult to de
termine the actual field exposure intensities, since no measure
ments were made, and the geometry of the field-inducing structure 
is not presented. 

Reviewer's Critique 

This article is of little value in assessing the direct 
biological effects of electric fields. The brevity of the 
article precludes extending any of these results to any prac
tical situation of interest. However, from what little de
tail was presented, one would conclude that substantial body 
currents at 90 Hz were experienced by the test subjects. 
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Waibel, R. "The Influence of DC and 50 Hertz Electric 
Fields on Mice." First Symposium on Electroma~netic 
Compatibility. Montreaux, Switzerland (May, 1 75), 
175-6. 

Reviewers' Summaries 

Biological Sunnnary 

Oxygen consumption was measured in the livers of mice 
that had been maintained in a 24-kV/m de field for 8 days 
and was compared to that of mice maintained in a Faraday 
cage or in normal cages for an equivalent period of time. 
In a second experiment,hepatic oxygen consumption following 
a 2-h or 21-day exposure to a 50-Hz electrical field (maxi
mum intensity= 13.5 kV pp/m) was compared to that of unex
posed mice. Oxygen consumption was increased in the livers 
of mice exposed to the de field but was not different from 
those of control mice following exposure to the ~c field. 
It was suggested that air ion drifts may have been the basis 
for the effects of the de field, but further experiments 
would be required to clarify this point. 

Environmental Summary 

Metal electrodes were fixed to the bottom and cover of 
one of three test cages, and this cage was energized by a 
0.1%-ripple, 5-kV de source to produce a stated field of 24 kV/m. 
A second cage was electrostatically shielded which had a 
stated shielding effectiveness of about 30 dB. The third 
cage was unmodified. It was not reported as to how the fields 
were measured, and no data were presented on other likely 
competing influences such as air ions, ozone, acoustical 
noise, vibration or light, and thermal emissivity differences. 

A similar arrangement was used for 50-Hz electric field 
tests wherein electrodes were energized via a transformer to 
produce a stated field intensity of 13.5 kV/m. Apparently, 
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just the aforementioned unshielded cage was used for the 
controls for this 50-Hz experiment. Again, no data were 
presented on other likely competing influences. 

Reviewers' Critiques 

Biological Critique 

A number of items of information were omitted from the 
report of these studies. For example, no information was 
given about the age, gender or strain of animals used. En
vironmental factors such as temperature, humidity, and noise 
were not specified. It was not stated whether metal cage 
tops and water spouts could have been a source of microshocks. 
For the de field comparisons, it appeared that the difference 
in oxygen consumption between Faraday cage controls and normal 
cage controls ~as as large as the difference between mice ex
posed to the field and those kept in a Faraday cage; however, 
this was' not mentioned in the discussion. 

Environmental Critique 

The brevity of the data prevents drawing any definitive 
conclusions from the results of this paper. A wide variety 
of non-monitored influences other than electric fields could 
have caused the same observed experimental results. This 
view is also shared by the author who notes that additional 
tests with artificially generated air ions were begun, to 
evaluate this particular factor. 
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Waibel, R. "Objective Proof of the Influence of 50 Hz Elec
tric Fields on Man." Third International Cello uium of 
ISSA for the Prevention o Occupationa Riss ue to Elec
tricity. Marbella (October 27-29, 1975). 

A second paper that is approximately the same is: 

Waibel, R. "Die Beeinflussung des Menschen Durcit Netz
frequente Elektrische Felder." Biomedical En~ineerinf 
in Austria Symposium. Graz (June 20-21, 1975 , 134-1 0. 

Reviewers' Summaries 

Biological Summary 

The effects of a brief exposure to a 50-Hz electrical 
field on the EKG and EEG of 12 human subjects were studied. 
The EEG recordings were made in the first minute of a 3-min 
exposure and the EKG recordings in the last minute of this 
exposure period. Results were apparently compared with re
cordings made on the same subjects immediately before (EEG) 
or after (EKG) the field exposures. Heart rate was decreased 
by an average of 3.8% (p < .005) in the first 20 seconds af
ter the field was switched off but recovered its normal value 
by the end of 1 minute. The EEG indicated a decrease in power 
for alpha waves and an increase in power for theta waves at 
the time the field was switched on (p < .05). For the latter 
finding it was suggested that the shift observed was similar 
to that seen with fatigue. The investigator contends that 
these experiments show that 50-Hz electric fields do influence 
humans, but pointed out that both changes observed were within 
physiological limits. 

Environmental Summary 

The purpose of these tests was to determine the possible 
influence of an electric field on the EEG and EKG of humans. 
Twelve subjects were used in the testing. The subjects were 
seated in a chair which was grounded to a 1 x 2-m lead plate 
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electrode on the floor. A mesh electrode was suspended above 
the subject's head, and a voltage (6 kV maximum) was applied 
between the two electrodes. 

The field was switched on for a three-minute interval. 
EEG readings were taken for the period one minute before the 
field was turned on and during the first minute of exposure. 
EKG readings were taken during the last minute of exposure 
and the minute immediately following exposure. Changes in 
both measured parameters were noted by comparison of the 
monitored periods with and without the field on. 

Reviewers' Critiques 

Biological Critique 

The intensity of the field was not stated. Further, it 
was not clear when the control recordings were made. From 
the figure which presents the design it would appear that a 
2-min EEG recording was made beginning 1 minute prior to the 
3-min exposure period and that a 2-minute EKG recording was 
made beginning 1-minute prior to the end of the exposure 
period. If these 1 minute recordings prior to and following 
the exposure periods constitute the control periods for EEG 
and EKG respectively, this does not constitute an adequate 
control. Another problem is that the recording electrodes 
could have served to concentrate electrical energy and re
cording while the field was on. This raises the question of 
interference of the field with the recording systems. Finally, 
it was noted that the subjects did not know when the field 
was on or off, but it was not clear whether there were cues 
as to switching going on. Without a control period in which 
the same cues were present, the effects observed at the time 
switching took place might be attributable to knowledge that 
a change was being made even if the subjects did not know the 
nature of the change. 
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Environmental Critique 

Many of the important environmental details are lacking 

in the paper. It is stated that the electric field was mea

sured at the crown of the seated test person, by means of a 

capacitive probe. However, the field level is not reported. 

Similarly, it is stated that the maximum potential which 

could be applied to the plates was 6 kV. It was not stated 

that this was the voltage used, and the separation between 

the plates was not given. The size of the electrodes is 

given as 1 x 2 m. Thus, from the information presented, it 

is not possible to determine the unperturbed field. The size 

of the electrodes was small in comparison to their likely 

separation, thus highly nonuniform fields probably existed. 

It was stated that the chair on which the test person 

sat was grounded to the floor electrode; however, in an 

accompanying photograph the chair appears to be largely non

metallic, with the exception of metal legs. Thus, the test 

person's reference to ground is uncertain. 

The EEG and EKG leads were attached to the test person 

while the field was being applied. Thus, the actual current

flow into the person was likely to be influenced by these 

leads and their dress. The author states that the lead pick

up of 50-Hz signal necessitated the use of filters to permit 

EEG recording. The leads could also conduct current into 

the test subject. 

The author states that there was no noticeable percep

tion by the subjects; however, a psychological awareness of 

the state of the field (e.g., by audible noise or vibration) 

may have contributed to the small shifts noted in the measured 

parameters. 
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Yates, V. J., er al. "The Influence of ELF Magnetic and Electric 
Fields Upon the In Vitro Growth of Chicken Embryo Cells." 
Part III of the University of Rhode Island Technical Report 
ADA 007578, Phase I, entitled Influence of Extremely Low Fre-

uenc Electric and Ma netic Fields U on the Growth, Develo -
ment and Behavior o Domestic Birds 1 March 1975 . See also 
Durfee. 

Reviewers' SuIIllllaries 

Biological SuIIllllary 

The abstract below was taken verbatim from the investi
gators' report. 

The effect of extremely low frequency electric 
and magnetic fields on the in vitro growth of em
bryonic chicken cells was investigated. 

Cell growth was determined by counting crystal 
violet stained cells or by measuring the uptake of 
3 H uridine. The growth of chicken embryonic fibro
blastic and kidney cells was generally inhibited 
when grown in a magnetic field of intensity 1, 5 or 
8 gauss at 60 Hertz; in an electric field of inten
sity of 1 or 10 v/m at 60 Hertz; and in an electric 
field of intensity of 1 v/m at 75 Hertz. On the con
trary, growth was usually accelerated when exposed 
to an electric field of 10 v/m at 75 Hertz. 

Environmental SuIIllllary 

Electric field simulators employed by the tests described 
by Durfee were also suitable for the cell culture studies after 
removal of the egg turning cradles. Two electric field capaci
tor plates were used in each incubator; one was energized to 
provide the appropriate electric field and the other served as 
an unenergized control environment. The incubators were main
tained at a constant temperature of l00°F, and sufficient venti
lation and humidity were provided. It was stated that this 
replication of environments in the incubators, together with 
appropriate placement of capacitators, provided allowance for 
differences due to position and incubator effects. 

Similarly, the magnetic field simulators designed for 
hatching and brooding of chicks which were described in Durfee 
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were also found to be suitable for use in cell culture studies. 

While the simulators were similar in appearance and electrical 

characteristics, it was not possible to maintain identical 

temperatures in them. As a consequence, each experiment was 

repeated several times and in such a way that each simulator 

served alternately as either the energized magnetic coil or 

the control coil in an equal number of trials. 

The cell cultures were suspended in three-ounce bottles. 

No information was given on the nature of the bottle holders. 

The magnetic field intensities employed were 1, 5, and 

8 gauss at 60 Hz. Electric field intensities were 1 and 10 

volts per meter at 60 and 75 Hz. 

No measurements were reported regarding acoustical noise 

vibration, air ions, ozone or other factors. No. calculations 

were presented as to the dosimetric aspects of the induced 

current in the various tissue cultures. 

Reviewers' Critiques 

Biological Critique 

The investigators used multiplet-tests to compare ex

posed and unexposed cultures at different points in time. An 

analysis of variance with subsequent between-group comparisons 

would have been more appropriate and avoids the risk of under

estimatini probability values. Despite this, it is evident 

from the hight-values obtained that there would be significant 

differences between the exposed and unexposed conditions by 

either method of analysis. 

One important control included by the investigators was 

that in the cell counts, the person counting had no knowledge 

of the exposure condition of the culture. 

Environmental Critique 

This study is interesting inasmuch as some positive ef

fects were noted. However, the positive effects did not appear 
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to be related to exposure levels or deviations. 
at higher field intensities no effect was noted, 
lower field intensities cell growth was noted to 

a 
~ 

In some cases 
whereas at 
be inhibited. 

No good explanation was offered as to why the positive effects 
occurred. However, the explanation may reside in some of the 
unmeasured environmental quantities; in particular, vibration, 
acoustical noise, or the presence of air ions. Further, the 
credibility of the work would have been enhanced had some 
coupling analyses been performed. Such analyses could have 
calculated the induced current densities in in vitro samples. 
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APPENDIX C 
SUMMARY OF NAVY SPONSORED ELF BIOLOGICAL AND ECOLOGICAL RESEARCH (PROJECT SEAFARER/SANGUINE) 

Principal 
Experimenter 
& Research 
Period Subject 

Teeters 
(Hazleton) 
11/68 - 9/70 

Coate 
(Hazleton) 
11/68 - 9/70 

McKinney 
(NADC) 
7/70 - 6/74 

Mathewson 
(AFRRI) 
7 /74 - 6/76 

Krueger 
(U. of Calif., 
Be_rkeley) 
7/73 - 6/75 

Beischer 
(NAMRL) 
1/74 - 12/74 

Grissett 
(NAMRL) 
7/74 - 12/77 

Riesen 
(IITRI) 
3/70 - 12/70 

Straub 
(NADC) 
7/71 - 6/72 

Bawin 
(UCLA) 
4/7 5 - 12/77 

Green 
(NMRI) 
1/76 -

Coate 
(Hazelton) 
11/68 - 9/70 

Friend 
(NMRI) 
7/71 - 10/72 

Beagle 

Rats 

Rats 

Rats 

Mouse 

Mouse 

Rhesus 
Monkey 

Brain & liver 
organelles from 
Guinea pigs and 
rats. 

Frog 

Brain membrane 

Tissue culture 
(Human cells) 

Fish, turtles, 
ducklings, 
rats, fruit 
flies, dogs. 

Amoebae 

Frequency 
(Hz) 

45, 75 CW 

45, 75 CW 

45 cw 

45 cw 

45, 75 cw 

45 cw 

76 MSK 
modulated 

60 cw 

45, 60, 
75 cw 

1, 6, 16, 
32, 75 CW 

76 MSK 
modulated 

45, 75 cw 

1 Hz to 
10 MHz CW 

Stress 
Horizontal E 

Vertical E, H Levels Indicator Results· 

PHYSIOLOGICAL RESEARCH 

Costresses 10 V/m horiz. 
& 1 G & 0.5 mA body; 20 
V/m horiz. & 2 G & 0.5 
mA body. 

Costresses 10 V/m horiz. 
& 1 G; 20 V/m horiz. & 
2 G. 

0.1 to 100 V/m vertical, 
30 to 51 days. 

0, 2, 10, 20, 50 & 100 
V/m vertical. 

To 100 V/m peak-to-peak 
horizontal. 

G for periods of 1 to 
7 days. 

20 V/m horicontal, 2 G 
for one year. 

BIOCHEMICAL RESEARCH 

50 to 100 G or 6.3 V/m 
& 155 V/m horizontal for 
up to 110 minutes. 

0.2-4 mA/cm2 across frog 
skin; 0.5-5 mA/cm 2 to 
brain microsomes; 560 mA/ 
cm2 to mitochondria. 

5, 10, 56 V/m peak-to
peak. 

1 to 10 V /m, 1 to 8 ~. 

BEHAVIORAL RESEARCH 

10 V/m & 20 V/m horiz., 
1 & 2 G, 5 hrs. Dogs 
had currents of 0.1 to 
1 mA in leg electrodes. 

0 to 25 kV/m horizontal 
in culture fluid. 

C-1 

Gross behavior, body weight, 
EEG, EKG, ophthalmology, 
hematology, etc. 

Inconclusive --
Fertility 

Weight gain, blood chem
istry, brain & liver 
enzymes. 

Weight gain, food con
sumption, blood chemistry, 
tissue from various organs. 

Weight gain, blood chem
istry, virus susceptibil
ity. 

Body weight, liver weight, 
liver triglyceride, gross 
behavior, gross pathology. 

Negative 

Decrease in CAT activity. 
Elevated levels of liver 
tryptophan pyrrolase. 
Slowed weight gain & de
crea·sed abdominal fat 
deposits. 

Negative 

Negative 

Negative 

Body weight, blood cl1emistry, 
heart rate, body temperature, 
respiration rate, blood pressure. 

Study in 
Progress 

Biochemical functions. 

Potential difference 
across skin; brain micro
sames and mitrochondria 
in solution. 

Calcium efflux. 

Cell growth. 

Field avoidance. 

Gross perception. 

Effects at 155 V/m in cul
ture, at 50 and 100 G at 
o0 c only. 

Increased potential differ
ence across frog skin at 
0.4 mA/cm2 and higher; no 
effect on microsomes and 
mitochondria. 

Preliminary results-
effects at 6 & 16 Hz. 
Negative at 76 Hz. 

Study in progress. 

Negative at 10 V/m. 
Inconclusive at 20 V/m. 

Threshold at 500 V/m 
between 10-100 Hz. 



SUMMARY OF NAVY SPONSORED ELF BIOLOGICAL AND ECOLOGICAL RESEARCH 
(PROJECT SEAFARER/SANGUINE) 

Principal 
Experimenter 
& Research 
Period Subject 

Straub Marine animals 
(NADC) 
7/71 - 6/73 

Coate 
(Hazelton) 
11/68 - 9/70 

Rats 

Marr Rats & pigeons 
(Georgia 
Inst. of 
Tech.) 
9/71 - 9/72 

Grissett 
(NAMRL) 
12/70 - 10/71 

Grissett 
(NAMRL) 
12/70 - 10/71 

DeLorge 
{NAMRL) 
3/72 - 11/73 

DeLorge 
(NAMRL) 
3/72 - 11/73 

DeLorge 
(NAMRL) 
3/72 - 10/73 

DeLorge 
(NAMRL) 
9/73 - 5/74 

Medici 
(UCLA) 
9/71 - 12/74 

Medici 
(UCLA) 
1/75 - 12/ 7l 

Mccleave 
(Univ. of 
Maine) 
9/71 - 12/73 

Schwan 
(USNWL) 
10/71 - 3/72 

Squirrel 
Monkeys 

Squirrel 
Monkeys 

Rhesus 
Monkeys 

Rhesus 
Monkeys 

Rhesus 
Monkeys 

Rhesus 
Monkeys 

Rhesus 
Monkeys 

Rhesus 
Monkeys 

Atlantic salmon, 
American eel 

Theoretical 
Study 

Frequency 
(Hz) 

25 to 
7500 CW 

45, 75 cw 

45, 60, 
75 CW 

7 & 45 cw 

45 cw 

75 cw 

10, 45 CW 

10 & 60 cw 

15, 45 cw 

7, 60, 45, 
75 cw 

76 MSK modu
lated, with 
and without 
60 Hz CW 
added. 

60, 75 cw 

60 cw 

Stress 
Horizontal E 

Vertical E, H Levels 

BEHAVIORAL RESEARCH 

Indicator 

To 60 mA/cm 2 horizontal Gross perception. 
in seawater. 

Progeny of parents exposed 
to 10 V/m horiz. & 1 G; 20 
V/m & 2 G; progeny exposed 
until tested. 

Learning 
ability. 

Up to 100 V/m horizon
tal, up to 2 G (while 
performing tasks). 

Time estimation task, 
perception, field 
preference. 

Results 

Lowest perception was at 
1 mA/cm 2 at 100 Hz for 
Green Shrimp, at 75 Hz. 
It was 3 mA/ cm2

• 

Negative 

Negative 

3 G daily 1 hour ses
sions. during tests. 

Reaction time. Inconclusive because of 
small number of test 
subjects. 

10 G for 42 days. 

10 G for 3 hours for 
12 days, 10 G and I. 4 
V/m rms horiz. for 
3 hours for 6 days. 

7.4 V/m horiz. & 10 G 
entirely for 13 days; 
at 75 Hz; at 10 Hz for 
20 days. 

10 G - 8 hrs. for 4 days 
at 10 Hz, 10 G - 8 hrs. 
for 8 days at 60 Hz. 

8.5 G - 2 hours/day for 
18 days at 45 Hz, 5 days 
at 15 Hz. 

1 and 10 V/m peak-to
peak horiz. at 7, 45 and 
75 Hz. 56 and 100 V/m 
peak-to-peak horiz. at 
7, 60 and 75 Hz. 

1, 10 and 56 V/m peak
to-peak 

.0007 to .7 V/m horiz. 
& 0.5 G. 

Electric current. 

C-2 

Reaction time. Negative 

Immediate memory, operant Negative 
response, reaction time, 
motor activity. 

Immediate memory, operant 
response, reaction time, 
motor activity. 

Immediate memory, operant 
response, reaction time, 
motor activity. 

Operant behavior, blood 
chemistry. 

Reaction time, EEG's, 
operant behavior. 

Operant behavior, reac
tion time, EEG. 

Physical activity, bio
logical rhythms, percep
tion. 

Body current, sensation, 
muscle control, ventricu
lar fibrillation. 

Negative at 45 Hz, incon
clusive at 10 Hz. 

Negative 

Negative 

Ne 6 ative at 1 V/m peak-to
peak. Effect at 10 V/m 
peak-to-peak 7 Hz. Effect 
at 56 V/m peak-to-peak 
75 Hz. 

Study in progress. 

Marginal perception to 
.007 - .07 V/m fields in 
seawater; no effect on 
activity level or pattern. 

Sensation threshold 0.1 to 
1 mA/cm 2

• 



SUMMARY OF NAVY SPONSORED ELF BIOLOGICAL AND ECOLOGICAL RESEARCH 
(PROJECT SEAFARER/SANGUINE) 

Principal 
Experimenter 
& Research 
Period Subject 

Coate 
(Hazleton) 
11/68 - 9/70 

Rosenthal 
(Univ. of 
Chicago) 
2/71 - 5/75 

Gardner 
(Univ. of 
Wisc. 
Madison). 
9/71 - 3/74 

Goodman 
(Univ. of 
Wisc. 
Parkside) 
9/71 - 12/74 

Corn, buckwheat, 
sunflowers 

Sunflowers 

Soil micro
organisms & 

plants 

Slime molds 

Goodman (U of Slime mold 
Wisc, Parkside) 
1/75 - 9/77 

Durfee 
(Univ. of 
Rhode 
Island) 
9/71 - 4/76 

McKinney 
(NADC) 
7/71 - 6/73 

Krueger 
(Univ. of 
Calif. 
Berkeley) 
7/75 - 12/77 

Halberg 
(Univ. of 
Minnesota) 
9/71 - 6/75 

Beischer 
(NAMRL) 
11/72 - 7 /73 

Gibson 
(NAMRL) 
12/7 3 - 8/74 

Chicken embryo, 
chicks & adults 

Tadpoles 

Mouse 

Silk tree, 
flour beetle, 

mice 

Humans 

Humans 

Frequency 
(Hz) 

45, 75 cw 

75 cw 

45 cw 

60 & 75 cw 

45, 60, 
75 CW; 
76 MSK mod
ulated 

Stress 
Horizontal E 

Vertical E, H Levels Indicator 

GROWTH AND DEVELOPMENT RESEARCH 

10 V/m and 20 V/m horiz., Germination rate, seed-
1 and 2 G. ling development, shoot 

length, mortality. 

1, 10 V/m horizontal & 
1 G. 

Soil micro. 12 hrs. at 
10 to 50 V/m horizontal. 
Plants - 10 V/m horiz. 
for 22 to 71 days. 

Up to 0.7 V/m horizontal 
& 2 G long and short 
term. 

Germination rate, seed
ling development, shoot 
length, mortality, root 
growth, chlorophyll pro
duction, and differential 
leaf growth. 

Growth rate and metabolic 
activity. 

Timing of mitosis, proto
plasmic streaming, bio
chemical functions. 

0.14, 0.7 V/m horizontal Timing of mitosis and 
and 0.4, 2 G. protoplasmic streaming, 

respiration, glucose 
transport. 

Results 

Inconclusive. Possible 
growth retardation. 

Some effects found but 
electromagnetic and en
vironmental causes could 
not be separated. 

Negative 

Retardation of mitosis 
timing and protoplasmic 
streaming at field above 
0.15 V/m and 0.4 G. 

Interim results show ef
fects on biological 
process. 

45, 60, 75 CW I, 10 and 3600 V/m and Hatchability, embryo sur
vival, early growth, meta
bolic activity. 

Negative 
& 76 MSK mod- 1, 5, 8 and 30 G for cw; 
ulated with 1 & 10 V/m, I & 8 G for 
and without MSK; electric field ver-
60 added tical in incubator, 

horizontal in brooder. 

45 CW 

76 MSK 
modulated 

45, 60 & 
75 CW 

0.1 to 25 V/m horiz. 

Up to 100 V/m peak-to
peak, horizontal. 

BIORHYTHMS RESEARCiH 

Up to 100 V/m horiz. & 
I G at 60 Hz for up to 
305hrs. (tree). !Ga~ 
60 & 75 Hz for 7 days 
(beetle). 136 V/m horiz. 
at 45 Hz for I week, and 
up to 25 V/m & 2 G at 
75 Hz for 3 weeks to 4 
months (mouse). 

Total growth and develop- Inconclusive 
ment. 

Litter size, serotonin Study in progress. 
metabolism, teratogenesis. 

Leaf movement (tree); sen-
sitivity to insecticides 
(beetle); body temperature, 
estrus cycle, sensitivity 
to drugs (mouse). 

Negative 

HUMAN PERFORMANCE RESEARCH 

45 cw G for 24 hours. 

45 cw I G for 24 hours. 

C-3 

Physiological & psycho
physiological tests. 

Negative, except that serum 
triglycerides peaked 24-48 
hours after exposure. 

Evaluation of following test 
procedures: Response Analysis 
Testor, simplified electronic 
tracking apparatus, Wilkinson 
Adding Task, and the Minnesota 
Rate of Manipulation Test. 

Inconclusive 



SUMMARY OF NAVY SPONSORED ELF BIOLOGICAL AND ECOLOGICAL RESEARCH 
(PROJECT SEAFARER/SANGUINE) 

Principal 
Experimenter 
& Research 
Period Subject 

Krumpe/Houk WTF Personnel 
NMRU /14/NAMRL 
7 /70 - 6/76 

Coate 
(Hazleton) 
11/68 - 9/70 

Bender 
(Notre Dame) 
6/71 - 12/71 

Mittler 
(Northern 
Ill.) 
9/71 - 9/72 

Pledger 
(Hazleton) 
11/68 - 9/70 

Coate 
(Hazleton) 
10/68 - 9/70 

Miller 
(Univ. of 
Rochester 
9/71 - 9/73 

Rosenthal 
(Univ. of 
Chicago) 
9/70 - 3/71 

McCormick 
(Univ. of 
No. Carolina) 
8/70 - 9/70 

Rosenthal 
(Univ. of 
Chicago) 
5/71 - 6/71 

Greenberg 
(Univ. of 
Illinois 
Chicago 
Circle) 
6/71 - 1/76 

Greenberg 
(UICC) 
6/72 - 1/76 

U.S. Forest 
Service and 
Seale (Penn. 
State) 
1/69 - 12/77 

Fruit flies 
(Muller-5) 

Fruit flies 
(Muller-5) 

Fruit flies 
(Multi-purpose 

stock) 

Bacterium 
E. Coli 

Onion root tips 

Bean roots 

Soil micro
organisms 

Pine trees & 
other species 

of plants 

Herbaceous 
ecosystem 

Soil arthopods 

Earthworms, 
slugs, wood 
lice, redbacked 
salamander 

Survey of 
animals & 

birds 

Frequency 
(Hz) 

45 & 75 cw 

45 & 75 cw 

45 & 75 cw 

45, 60, 
75 cw 

45, 75 CW 

45, 75 CW 

75 cw 

60 cw 

45, 60, 
75 cw 

45, 60 
75 cw 

45, 60, 
75 CW 

45, 60 
75 cw 

45, 60, 
75 CW 

Stress 
Horizontal E 

Vertical E, H Levels Indicator Results 

HUMAN PERFORMANCE RESEARCH 

Fields associated with 
Wisconsin Test Facility 
operation. 

GENETICS RESEARCH 

20 V/m vertical and 2 G 
(48 hours). 

20 V/m vertical and 2 G 
(48 hours). 

10 V/m vertical and 1 G 
(5 days). 

10 & 20 V/m horiz. and 
1 & 2 G. 

10 V/m & 20 V/m horiz. 
and 1 & 2 G. 

10 V/m horiz. and .5, 
5, 1 7 G for 1 hour, 
24 hours and 6 days. 

ECOLOGICAL RESEARCH 

V/m horiz. & 1 G for 
16 weeks. 

Environment around the 
North Carolina Test Fa
cility and the Wisconsin 
Test Facility. 

Environment around the 
Wisconsin Test Facility 
(WTF). 

Environment around WTF. 

Environment around WTF. 

Environment around WTF. 

C-4 

Comprehensive medical 
examinations. 

Chromosome damage (2nd 
generation). 

Chromosome damage (2nd 
generation). 

Chromosome damage (2nd 
generation). 

Chromosome damage. 

Chromosome damage. 

Growth, Mitotic Index, and 
chromosome anomalies. 

Population dynamics. 

Pine bud mortality & 
absence of species. 

Species composition. 

Negative 

Inconclusive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Population cycles; predator
prey proportions. 

Negative 

Oxygen consumption, . 
respiratory quotient. 

Population dynamics. 

Negative except for marginal 
difference for redworms. 

Inconclusive 



SUMMARY OF NAVY SPONSORED ELF BIOLOGICAL AND ECOLOGICAL RESEARCH 
(PROJECT SEAFARER/SANGUINE) 

Principal 
Experimenter 
& Research 
Period Subject 

Graue Homing pigeons 
(Bowling 
Gre.en U.) 
4/73 - 3/74 

Southern Gu11 chicks 
(Northern 
Illinois U.) 
5/73 - 12/73 

Williams Migrating birds 
(State U. 
of N.Y.) 
9/74 - 1/77 

Spiegel 
(IIT Re
search 
Institute) 
1/75 - 3/75 

Theoretical 
study 

Frequency 
(Hz) 

45, 60, 
75 cw 

45, 60, 
75 cw 

45, 60, 
75 CW and 
MSK modu
lated 

ELF 

Stress 
Horizontal E 

Vertical E, H Levels 

ECOLOGICAL RESEARCH 

Environment around WTF. 

Environment around WTF. 

Environment around WTF. 

RELATED RESEARCH 

C-5 

Indicator Results 

Homing pigeon orientation. An effect, but one smaller 
than that of the earth's 
field was noted. 

Orientation of chicks. 

Migration pattern. 

Current density, heat 
level. 

Positive - emerger be
havior, but adaptable. 

An effect was noted which 
seemed adaptable. 

Induced levels would be 
too low to have biological 
effect. 


