A Study of the Possible Biological
Effects of SAN GUIN E
Leonard L. Lib:ber and Thomas C. Rozzell
Office of Naval Research
The Navy has been conductin g research and developm ent on extremely low frequency (ELF) communic ations concepts. Early research
in the program, known as Project SANGUI NE, was oriented toward
determinin g whether ELF communic ation· is physically possible. This
research was successful, and ELF communic ation was proved feasible
as early as 1963.
SANGUI NE if built, would be a single transmitte r complex able to
communic ate with American submarine s while they are submerged in
the ocean at operating depth. At present, messages are sent by a number
of stations located around the world but can only be received by submarines with their antennas on or near the surface. SANGUI NE
would provide the capability of communic ating with submerge d submarines from a single transmitte r site in the United States.
The SANGUI NE system would transmit at the extremely low frequency range (i.e. below 100 Hz). In contrast, AM radio stations broadcast between 500 and 1600 thousand Hz (cycles per second) and shortwave, television and·other broadcasts,range· into the huncirecis of rniiiions
of Hz. The environme ntal effects of SANGUI NE is anticipate d to b.c
no different than that caused by commercial power lines, which are
supplied at 60 Hz, though not used to send messages. It is characteri stic
of these frequencie s that the signals penetrate water effectively, and,
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in fact, random signals from our 60 Hz power systems can be detected.
at great distances (Figure I).
Low frequency radio signals are characteri zed by very long wave
lengths and require a broadcasti ng antenna, if it is to work well, of
sufficient size to be a significant portion of one wave length. The wave
length of a television signal, for example, is only a few feet, and therea compact antenna can be used. In the case of 45 Hz, a possible SANGUINE frequency, the wave length is 4,140 miles and would require a
single antenna many miles long just to constitute a small fraction of one
wavelength. Trade-offs between antenna size, antenna configuration
and power requireme nts can be made acceptable to the Navy because
once the signal is transmitte d it loses very little strength and penetrates
water well (Figure 2).
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In' a full-scale installation the SANGUI NE transmitting antenna
would be powered by a seri~s of generator s located along an insulated
cable many miles long and buried at a depth of about six feet and grounded at each end to provide an earth return circuit. The terminal grounds
at either end would consist of many vertical ground rods connected
together by a buried horizontar wire. This type of distribute d ground
system is similar to that used near commerci al radio, television and
power generating stations. A distributed ground provides the required
very low electrical impedance (several ohms) and distributes the current
to prevent heating, corrosion, excessive power losses and high voltage
gradients.
One cable, however, is not enough to provide the desired omnidirectiona l capability since a single wire antenna has directional characteristics . A second antenna needs to be constructe d at right angles of
2
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the first to produce an all-directional signal pattern. In order to· obtain
the required· signal output without use of unusually high currents, a
nun:iber of others are added in parallel to each to form a gridlike pattern.
The number of elements could be only several or as many as 20 in each
direction, with the distance between adjacent elements varying frorn 4
to 10 miles. This would result in high reliability since several cables
or· transmitters . could be inoperative while transmissions continued
(Figure 3).
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An ELF transmitter, therefore, is unusual in that it requires an antenna
network deployed over many square miles. Although the extensive
electrical field that would be produced by this system is no greater than
that produced by commercial power lines in many rural areas, there
has been some concern about possible side effects, particularly on the
environment. This has led to a major biological research program under
the direction of the Office of Naval Research to seek answers to the
questions raised.
The electromagneti c fields predicted for the present conceptual ELF
communication s system would . be very low. Many home appliances,
for example, develop high fields. The magnetic flux density measured
near a woman's hair dryer was several times the level expected at the
surface of an antenna cable. Electric field strengths near commercial
radio and television transmitting antennas are orders of magnitude
higher than those expected from SANGUINE.
A SANGUINE system must be compatible with the environment
in which it is placed. There must be assurance that there will be no
. harmful or undesirable biological effects. A pilot research program was
initiated by the Navy through the Naval Electronic Systems Command
3
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in 1969 to determ:ne whether biological problems might be associated
with ELF frequencies. Two of the research objectives were to develop
the necessary ELF electromagnetic field simulation techniques and to
define electric and magnetic field levels that would not produce biological
reactions.
Since the results of this study were not definitive, the Navy determined
.that it should conduct research on a variety of biological organisms.
This was based on the recommendations made by the Biological/Ecological .Subcommittee of the SANGUINE ~nvironmental Compatability
Assurance Group. The subcommittee consisted of biologists, biophysicists, physicians, psychologists and ecologists from different
departments of the federal government. It was realized that it would
be wholly impractical to study low level ELF effects on every living
creature or plant that might be exposed to these conditions. The Subcommittee, therefore, developed a research matrix (see Table I) to
indicate the are;-.s in which additional research was desirable. In the
opinion of the Subcommittee, good scientific investigations in those
problem areas indicated in the matrix should yield information upon
which sound guidelines to insure environmental compatibility could
be based.
Since little is known about the perception of ELF electromagnetic
fields by a~imal~, it ',1.':J.~ felt that rep~·ese~tative ~.pecie~ of marr~ma!s:
(markedly different with respect to size) should be studied in regard to
various physiological rhythms and behavioral aspects. In addition,
experiments on representative lower animal were recommended to
determine if there are any effects on growth, development, genetic and
reproductive factors. Behavioral studies (which might include migratory
patterns) on representative species from this groupwere also considered
desirable. It was also recommended that field studies should be conducted
on isolated ecological systems exposed to electromagnetic fields analogous to those proposed by Project SANGUINE. Food cycles of representative fresh water organisms, soil organisms and land forms were
also proposed as subjects for investigation. In addition, scientific and
clinical studies on humans working in such fields or similar fields would
be undertaken by the Navy.

,
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The Office of Naval Research was requested to administer and
monitor this comprehensive research program as part of its Physiology
Program. Accordingly, the scientific community was invited to submit
appropriate research proposals to ONR to cover any of the scientific
aspects outlined -in the matrix. These proposals were reviewed last
, spring for scientific merit by an ad hoc Committee of the American
Institute of Biological Sciences (AIBS), which selected 15 proposals
as being scientifically sound. In order to insure relevance and prevent
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• Exposures at I and 10 v/m. 0.S gauss. and 45 and 75 Hz.
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duplication nine of these were recommended by the Biological/Ecological Subcommittee. The research contracts have been signed, the projects are now underway and should be completed in one to two years.
Although the electric and magnetic field levels expected from a SANGU IN E System is 0.07 volts per meter and 0.2 gauss, respectively, the
biological research is being performed with much higher levels of exposure.
( I) One of the projects will evaluate the effect of extremely low frequency (ELF) electric and magnetic fields (45 and 75 Hz with exposure
at I and JO v/m and 1.0 gauss) upon growth, development and behavior
in the domestic fowl Gallus domestirns. Growing chick embryos will
be exposed to ELF radiation in specifically modified incubators and
observations will be made of the effects of the radiation on such things
as: (a) hatchability and embryonic abnormalities, (b) livability, (c) growth
rates of the embryo and extra-embryonic tissues, (d) growth rate and
development of fibroblastic and epithelial cells in culture, (e) CO2 production during incubation, (f) histopathological surveys, and (g) embryonic survival during exposure to low temperature.
Chicks hatched from eggs exposed to ELF radiation during incuba- ·
tion will be subjected to similar radiation for up to four weeks after
hatching for observation and measurement of: (a) early post-hatching
behavior, (b) early post-hatching growth rate and feeding efficiency, and
(c) learning·and·memo ry consolidation. Some of-the early post-hatching
behavior observations will include such things as effects on balance and
coordination, social interaction, nervousness, responsiveness to heat
and light, water and feed acquisition and preference for food types. Social
interaction and behavior of irradiated chicks will be studied via the
"social tension index" (number of aggressive minus number of submissive
acts) and cbmpared with controls. The effects of ELF radiation on the reproduction in the female will be measured by egg production. The effect
on fertility in the male will be measured by embryonic development and
semen examination.
The principal investigator for this research is Dr. Wayne K. Durfee,
at the University of Rhode Island.
(2) Another research project is concerned with possible changes in
operant behavior of pigeons and rats due to electromagnetic fields such
as those generated by the· SANGUINE system. It will also seek to
determine whether pigeons and rats can detect ELF radiation and
whether or not they have a preference for its presence or absence.
In a temporal discrimination study, pigeons will be trained to peck an
illuminated key centered between two non-illuminated, inoperative keys .
. Following the initial peck, the color of the key changes to white for a
selected discrete time interval. The white key then .goes dark and the
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alternation from trial to trial. If the white key were on 1-5 seconds, then
a response, for example, to red would be correct; if the white key were
on 6-1 0 seconds, then a response to green is correct. Correct responses
will be reinforced with a presentation of food. After stable behavior is
obtained, the birds will be exposed to ;rn ELF signal for a number of
sessions.
A number of parameters will be explored, with frequencies of 45 and
75 Hz and with fields of 1-10 v/m and 0.5 gauss. Both rats and pigeons
will _be used to determine if ELF signals can be detected. ln this experiment the rate of response prior to the onset of the signal will be changed
so that the termination of the signal will be accompanied by a 0.5 msec.,
1 ma shock. The extent to which the animals are able to detect the signal
. will be measured by changes in the suppression ratio over the no-shock
condition. Preference for the presence or absence of the ELF radiation
will also be determined.
The principal investigator in this project is Dr. M. Marr at Georgia
Institute ofTechnology.
(3) A third research project will study the possible effects of electromagnetic fields on the biological rhythm of animals. This research will
evaluate the effect of magnetic fields of extremely low frequency and
1-2 gauss intensity on the circadian, estrnl and other rhythms in body
temperature,. as . well -as, on :the. iii"e- span and other variables in nonpregnant and pregnant female rats and their offspring.
Temperature monitors will be implanted intraperitoneally in rats which
will then be housed in special environmental chambers and exposed to
the magnetic fields. The body core temperature will be monitored every
ten minutes and recorded in digital form on magnetic tape. After required
background data are available, three-month old offspring of rats kept
during pregnancy in magnetic fields will be subjected to detail study of
'their body temperature rhythm.
Principal investigator.· for this project will be Dr. Halberg at the
University of Minnesota.
(4) A fourth research project will investigate the influence, if any, of
ELF radiation on the induction of chromosome aberrations in the fruit
fly, Dropsophila melanogaster.
In this study_ one group of male adult genetically marked Drcpsophila
will be exposed for 5 days to 45 Hz, IO v /m and 0.5 gauss and another
group to 75 Hz, IO v/m and 0.5 gauss radiation. The exposed males will
then be mated to unexposed, virgin females. Recessive sex-linked lethals,
translocations between I [ and III chromosomes, and the loss of the X
or Y portion of the Y chromosome will be determined. To determine
whether any dominant lethals have been produced, the females that the
exposed males have mated with will be isola.ted into plastic vials. They
will be permitted to lay eggs which will be evaluated after 24 hours as
7
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to whether a larva has emerged. The failure to hatch will be an indication
of a dominant lethal, usually the result of gross chromosome aberrations.
If the genetic data indicates damage then the electric field gradient will
be decreased to 1 v/m for another set of experiments. In another series
Dropsophila eggs that have just been deposited on the food media will
be exposed continuously for 12 days at 45 Hz, IO v/m and 0.5 gauss.
Thus all the larval stages, pupa and the adult will be exposed to the
ELF radiation.
Principal investigator for this study will be Dr. Sidney Mittler, North-·
em lllinois University.
(5) The study of the response of plants and soil microorganisms to
electromagnetic fields will be another research project under contract
to ONR. This research will investigate the possible effect of ELF radiation upon water and ion uptake by plant roots and upon solute transport
and metabolic activity in soil microorganisms .
Single plants will be grown in the appropriate media under conditions
of controlled temperature, light, relative humidity, and CO2 concentration. When the pfants have reached the desired stage of growth, the test
organisms will be subjected to ELF radiation. Measurements will then
be made of transpiration flux of water through the plant, water potential
drop, stomata! resistance and rate of nitrogen uptake. Many soils are
poorly drained, so particular attention will be paid to systems which are
'-'poorly aerateu.as,well as to relativeiy dry soil systems.-Microorganisms
to be evaluated will be chosen from the representative soil bacteria and
fungi with which the researchers have direct familiarity. Initial studies
will concentrate on evaluation of the effect of electric fields on solute
transport and metabolic activity. Other studies will invt;stigate the effect
of ELF fields on the growth cycle· of bacteria by following such cell
growth and activity parameters as turbidity, viable cells, ATP and key
enzyme systems.
The principal investigator is Dr. W. R. Gardner, at the University of
Wisconsin.
(6) A sixth project will seek possible effects on the neurophysiology
and behavior of monkeys in 45 Hz and 75 Hz electromagnetic fields.
Small EEG monitoring electrodes and brain temperature thermistors
will be implanted in the hippocampal region of the brains of five monkeys.
The monkey will then be trained to perform a spe'cific task (push a lever)
within a given period of time. After the task has been well learned, the
animals will be subjected to the ELF radiation, randomly dispersed with
no-field conditions. The changes in EEG and response time will be
studied and an att'empt will also be made to determine if the animals can
sense the presence of, or detect, ELF radiation. Mathematical statistical
analyses will be made with the possibility of elucidating meaningful relationships among these three parameters using various types of regression
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analyses, a method called "reverse correlation" and statistical clustering
techniques.
Principal investigator for this project will be Dr. Adey, at the Brain
Research Institute, UCLA.
(7) Another of nine research projects selected by the Department of
the Navy will study the effect of extremely low frequency radiation on
chromosomes-particularly during cell division (i.e. mitosis).
Parameters to be investigated include mitotic indices, and the presence
or absence of chromosomal aberrations (stickiness, shattering, rearrangements, fragmentation and alterations in ploidy). The exposures will
include those of the SANGUINE project: i.e., 45 and 75 Hz at I and
IO v/m and 0.5 gauss. The test species will be the root tip cells of the
bean Vicia faba. Studies will be made of the effects on cell division
following irradiation (both chronic and acute exposures), of the induction
of chromosome aberration and of the ability of the cells to repair chromosome damage if it occurs.
Principal investigator will be Dr. Mill er of the University of Rochester.
(8) Number eight in this series of projects is a study which is being
carried out by Dr. E. M. Goodman at the University of Wisconsin on
the effect of ELF on the growth and development of the slime mold,
Physarnm polycepha/11111. This species is not only very useful from the
standpoint of its biological characteristics which lend themselves to
carefuiiy controiied experiments on mitotic synchrony out aiso from its
importance in maintaining the natural ecology of the soil.
The first phase of this investigation will consider the effect of extremely
low frequency electromagnetic fields on the onset of mitosis in Physarum.
The frequencies to be used will be 45 and 75 Hz at fields of 2.0 gauss
and 0.7 volts/meter. A culture will become stationary by undergoing a
naturally synchronous mitosis at predictable intervals. Effects of ELF
fields will be determined by looking for statistically significant deviations
in the onset of mitosis in experimental versus control cultures. Another
function to be investigated in Physarum is oscillatory protoplasmic
streaming. This constant to-and-fro oscillation, as seen under the dissecting microscope, provides another very sensitive physiologicalmorphological parameter for determining the effect of ELF fields on
biological rhythms. Certain biochemical parameters such as DNA
replication, RNA a_nd protein synthesis will be investigated. Any anomali_es in the bio~synthetic patterns of these macromolecules due to ELF
fields on the reproductive processes in Physarum will be studied.

(9) The ninth research project will study the effect of electromagnetic
fields on migratory fishes. Specifically, the research will seek to: ( 1)
- determine if these species can detect weak magnetic fields; ( 2) define
9
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closely their sensitivity to weak electrjc fields; (3) measure the periodicity and accuracy of biological clocks under constant photoperiods;
(4) determine if weak magnetic or electric field fluctations can serve to
drive these biological clocks, and (5) determine if low frequency alter~
nating electric and magnetic fields alter activity levels or the periodicity
of the clocks.
_The first phase of this investigation will invol".'e cardiac deceleration
studies. It has been found that the heart rate of many ·vettebrates,
including fishes, slows momentarily following certain stimuli such as
the el,e~tric shock, a loud noise, a flash of light, etc. The rate rapidly
returns to normal. This phenomenon has been combined with classical
conditioning· techniques to provide a powerful tool in the analysis of
sensitivity of animals to certain environmental factors. In this study,
the heart beat of the fish will be monitored in suitable apparatus and
attern.pts made to condition cardiac deceleration using a flash of light, a
loud noise, or an electric shock as the unconditioned stimulus (UCS)
and a weak magnetic or electric field as the conditioned stimulus (CS).
Changes in the heart rate when only the ELF field is on would indicate
that the fish can sense the field. Electrocardiograms will be recorded on
a 6 channel physiological recorder from electrodes immersed in the water.
5ffects of the ELF radiation on the biological clocks of the fishes will be
studied by introducing weak magnetic and electric fields into each fish
tank and causing the fields to fluctuate with a period near (but not equal
-Ao), 24~howsi e.g.,.2'3 hours. ,Thus- an attempt wilLbe made to entrain the
clock with a weak field. Six aquaria will serve as experimentals, six as
controls in each experiment. Comparison of periodogram analysis of
experimentals and controls can then be made. The third approach will
be an attempt to change the overall activity level or the shape of the
activity rhythm curve by alternating three day periods of exposure and
non-exposure to the weak fields. Finally, attempts will be made to determine if the fishes prefer to be in the presence of weak electric and magnetic fields or tend to avoid these fields.
· The principal investigator will be Dr. J. D. McCleave of the University
of Maine.

a

In summary, the biological/ecologica l research program of Project
SANGUINE, under the direction of the Office of Naval Research,
is seeking to determine whether ELF radiation levels associated with a
SANGUINE System can be expected to have any effect on the biological species in the environment. A number of species, (both plants and
animals) have been chosen to represent a cross-section of those appearing in nature. The results of the independent researchers will hopefully
serve as a basis for a rational evaluation of the potential biological
impact of Project SANGUINE. These results will be published in the
open literature.
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