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Broadcast radiation: 
how safe is safe? 

Intensified research is needed to define biologically hazardous 
situations and to reconcile U.S. and Soviet guidelines 

Richard A~tell5u.s. Environmental Protection Agency 

Radiation levels found in the vicinity of high-power 
broadcasting stations, in most practical instances, are 
considerably lower than those usually associated with 
biologically hazardous fields. But our lack of knowledge 
concerning long-term, low-level chronic effects of expo
sure to radio and television frequencies implies the need 
for caution in interpreting existing standards and in 
setting new ones. 

Radiation at radio frequencies must also be considered 
as another stress, to be categorized with high-density 
population, air and water pollution, noise, etc., that can 
lead to a complicated interplay between deleterious 
effects on the environment and resultant personal bio
logical harm. The evaluation of such a stressing action, 
in the presence of all the others, would be extremely diffi
cult. Less difficult would be a nationwide investigation 
of the composite RF spectral intensity that exists in our 
environment. A reasonable first step in such an investiga
tion might be the seeking out of worst-case situations 
for which field-intensity measurements could be made. 

With these thoughts in mind, we shall examine here the 
existing levels of human exposure to broadcast radiation 
in the light of currently accepted safe levels for RF radia
tion. 

The biological effects of nonionizing radiation, particu
larly at those frequencies in the electromagnetic spectrum 
lying below the infrared region, or approximately 100 
GHz, have been receiving much attention. 1- 5 These 
frequencies comprise the RF and microwave bands com
monly used for communications, radar, and industrial, 
scientific, and medical applications. The bulk of bio
logical-effects research has emphasized the deleterious. 
effects in the superhigh-frequency band (3-30 GHz) where 
tissue heating has been demonstrated as the primary 
hazard. 

Exposure to RF sources at frequencies lower than the 
microwave spectrum has received relatively little atten
tion. As a consequence, a reasonable question has been 
proposed 3• 6 regarding the possible harmful effects of the 
radio background to which we are exposed each day of 
our lives. This background, in any particular geographic 

location, represents the spectrum of signals being emitted 
by various radio and television stations that are incident 
at that location. 

Figure 1 illustrates the relative field strength of signals 
comprising a portion of the radio background in the 
vicinity. of Washington, D.C. A spectrum analyzer con
nected to a receiving antenna was used for the collection 
of these data. An inspection• of the HF band, extending 

,,, from 3 to 30 MHz, revealed that the amplitudes of signals 
appearing in this range generally represent substantially 
lower field strengths-commonly three to four orders of 

[1] Washington, D.C., area AM broadcast band (A) and 
FM broadcast band (B). 
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magnitude lower-than those of the nearby local com
mercial broadcasting transmitters. 

For practical purposes, those signals relying on long
distance propagation via the ionosphere, primarily those 
in the HF band,_ constitute a very small fraction of the 
total population exposure due to sources within most 
local monitoring areas. Exceptions to this situation will 
obviously occur in areas located near high-power HF 
stations, such as those of the Voice of America (VOA). 
Even though the-density of such· sources in the U.S. is 
relatively small in contrast to commercial broadcast 
sources, these international shortwave outlets must not be 
overlooked, because of their potential power. Some HF 
installations of VOA run powers of 500 kW, the highest 
HF broadcast powers in the U.S. In certain other coun
tries, VOA transmitters operating in the same frequency 
range as the AM band iri the U.S. run powers as high as 1 
MW.7 

Frequency regions of. interest for this discussion in
clude those. encompassing the . allocations set by the 
Federal Communications Commission for commercial 
AM (535-1605 kHz), FM (88-108 MHz), and television 
[54-216 MHz (VHF) and 470-890 MHz (UHF)] broad
casting services. 

As of February 1, 1971; there were 7868 broadcasting 

[2] Growth rate of broadcast stations, 1945 to 1970. 
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stations on the air,8 categorized as: 511 VHF and 185 
UHF commercial television stations, for a total of 696 
commercial television stations; 85 VHF and 111 UHF 
noncommercial television stations, for a total of 196 non
commercial television stations. In addition to this total 
of 892 television stations, there were 4327 AM radio 
stations, 2203 commercial FM stations, and 446 non
commercial FM stations. 

The associated growth rate of broadcast stations is 
illustrated in Fig. 2 for the period· 1945-1969. 9 The AM 
and FM stations tend to predominate in the eastern part 
of the U.S. whereas television stations tend to present a 
somewhat more homogeneous distribution. 10 

AM stations 
The AM standard broadcast radio stations operate at 

maximum transmitter powers between lQ0 watt.s and SO 
kilowatts. Of all the AM stations on the air, 131 (or about 
3 perce11t) represent SO-kW outlets. They are located as 
follows: eight in New York; six in Chicago; five in Los 
Angeles; four each in San Francisco, Boston, and Phila
delphia; and three each in Detroit, Seattle, Dallas, and 
Portland. Fourteen other cities have two SO-kW stations 
and 60 cities have one such station. 11 Clearly, RF power 
is concentrated in the same localities in which groups 
of people are concentrated. 

The AM stations rely upon ground-wave propagation 
to reach their prime audience of people in the surrounding 
area. Nighttime conditions allow sky-wave propagation 
at these low frequencies to distances greater than 1600 
km. Strengths of these nighttime, long-distance signals 
are typically much less than those at near-in, ground
wave-propagated distances. At the wavelengths involved 
(187-545 meters), vertically polarized, monopole-type 
antennas are used almost exclusively to optimize ground
wave signal transmission and to obtain an omnidirec
tional radiation pattern. A series of monopole towers is 
often used to form a phased array. It gives the emitted 
signal a directional characteristic that can be used to di
rect a signal toward a selected audience or to prevent in
terference with a distant station at the same frequency. 
Phased arrays are used primarily to reduce radiation in 
certain directions rather than to enhance radiation in a 
preferred direction. Maximum power gains in any given 
direction are usually limited to values between two and 
four. Many of the stations that utilize directional antenna 
systems do so only at night, and with reduced power, in 
order to eliminate long-distance interference. 

Because the earth acts as a ground plane (a form of 
imperfect radio mirror) for the vertical antennas used in 
AM radio transmission, ground conductivity plays an 
important role in determining the strength of the emitted 
signals. The greater the soil conductivity, the greater the 
signal strength at a given point for a fixed power. Sea
water is the ideal reference conductive surface, with a 
conductivity of approximately 5000 millimhos per meter. 
Ground conductivities found in ·the U.S. vary typically 
from 1 to 30 millimhos per meter. 12 Such conductivities 
account for rather large reductions in field strength due 
to power loss within the earth. 

Other factors that affect the intensity of an AM radio 
signal are the tower height (some heights are more effec~ 
tive than others in maximizing field strengths), the fre
quency of emission, the immediate terrain about the an
tenna site, and the actual power being transmitted. The 
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importance of these parameters will be considered later 
in computing field intensities from AM stations. 

FM stations 
Unlike AM, FM stations usually employ horizontally 

polarized antenna structures or some combination of 
horizontal and vertical polarization. This practice is be
coming more common as the number of FM receivers in 
automobiles with vertical antennas increases. Because 
propagation at FM frequencies is almost line-of-sight 
transmission, the transmitting antennas tend to be situ
ated on towers high above the ground to maximize the 
land area for potential receiver sites. Normally, some 
vertical gain is used with these antennas to enhance the 
effective radiated power (ERP) of the station in the hori
zontal plane about the station. The ERP is computed by 
multiplying the transmitter output power by the power 
gain of the antenna system. Such an antenna is not con
sidered directional, however, unless it produces other 
than an omnidirectional radiation characteristic in the 
horizontal plane. The radiation beam is often con
centrated at the horizon by using some degree of beam 
tilt below the horizontal plane. An appropriate vertical
plane beam width is used so that within the area of re
ception the signal strength is more or less uniform. Dis
tance from the station is balanced against gain at that 
particular vertical angle with respect to the antenna so 
that the received signal remains fairly constant at any 
point within the general reception region. 

Common power gains within the vertical plane for FM 
broadcasting arrays range between 1.5 and 8, depending 
on the particular application and terrain condition. 
Ground conductivity has little to do with horizontally 
polarized waves13 but terrain effects usually exhibit a 
major influence on signal strength. FM stations, depend
ing upon class, may operate with ERPs of up to 100 kW 
and maximum antenna heights above average terrain of 
600 meters. Several stations, licensed before September 
10, 1972, at higher powers than 100 kW, have been al
lowed to continue operation at their intial power. Of 
the 2649 FM stations in operation in the U.S., 209 
(about 8 percent) operate with at least 100 kW power. 

TV stations 
Most of the previous comments on FM stations hold 

true for television stations as well because the frequencies 
are similar: Table I shows the various television channels 
grouped according to the maximum video ERP allowed. 
Because distances over which signals may be propagated 
effectively tend to decrease with increasing frequency, 
the maximum allowable ERP for UHF television stations 

I. Maximum powers, tower heights, and ground-
level field intensities for various broadcast 
services estimated at one-mile upper limits 

Maximum Tower Field 
Allowable Height, Intensity, 

Service ERP, kW meters mV/m 

FM radio 100 152.4 1023 
VHF television 

Channels 2-6 100 304.8 807 
Channels 7-13 316 304.8 191 

UHF television 
Channels 14-83 5000 304.8 380 

Tell-Broadcast radiation: how safe is safe? 

has been set at 5 MW. Television stations transmit both 
audio, via FM, and video information, via AM, on two 
different carrier frequencies separated by several mega
hertz. Lower S/N ratios may be tolerated for adequate 
detection of audio information than for video. The audio 
signal is usually about 10 percent of the maximum video 
power. Antenna power gains may reach values of 50 to 
60 for UHF stations. Lower values are typical for VHF 
stations. In, general, the vertical-plane beam width de
creases as the antenna gain increases. 

Other sources of radiation 

Irt the category of special locations fall possible high
power sources operating in the LF and VLF regions. 
These stations, because of their low frequencies, suffer 
less atmospheric attenuation and potentially represent 
fairly sizable field intensities in their environs. In most 
circumstances the antenna structures are so large and 
distributed that energy· densities at any particular point 
are lower than what one might expect because of the 
transmitted power. 

AM field strength computation 

The electric field produced by a monopole antenna is a 
function of the particular current distribution on the 
tower and varies with antenna height. Experiments con
firm that the theoretically predicted value of 0.625 A, where 
A is the wavelength, represents the optimum tower height 
for maximum field strength at a distance. 12 Antennas 
higher or lower than this optimum will produce weaker 
distant electric fields. For this reason, capacity hats are . 
sometimes used at the top of shorter antennas to increase 
the apparent length. 

Once the current distribution is known, an analytical 
expression for field strength as a function of distance 
from the radiator becomes possible for practical situa-

ERMAC Report 

A coordinated intergovernmental program for con
trol of electromagnetic pollution of the environment 
has been recommended to the Director of Telecom
munications, Office of Telecommunications Policy, 
by the Electromagnetic Radiation Management 
Advisory Council (ERMAC). This council was formed 
by OTP to advise and recommend constructive 
measures for the investigation and mitigation of un
desirable side effects of radiation arising from tele
communications activities. This is a program for 
survey, testing, and research to establish a rational 
scientific basis for determining potential hazards to 
man and his environment of radio-frequency and 

other nonionizing electromagnetic radiation. 
The principal objective is to establish meaningful 

safety criteria for the protection of man and his en
vironment while assuring optimal use of radiation 
equipment and avoiding unnecessary limitation or 
withdrawal of equipment. 

Specifically, ERMAC has recommended a com
prehensive integrated and sustained research effort 
estimated to cost $63 million for fiscal years 1974-1978 
as contrasted with the current spending by the 
Federal government, which approximates $4 million
per year. 
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tions in which finite soil conductivities are present. 
Curves predicting relative field strengths in such cases 
have been developed by the FCC for use in determining 
service coverage as well as interference potential from 
AM broadcast stations. 12 For a 50-kW transmitter using 
a simple omnidirectional monopole over the range of 
typical ground conductivities found in the U.S., the 
results are as presented in Fig. 3. Field strength in volts 
per meter is plotted against distance from the trans
mitting tower for smooth flat terrain and distances no 
less than 160 meters. Ground effects causing power ab
sorption are evident and seem to increase nonlinearly 
with distance. Higher ground conductivity results in 
higher field strength.· The two curves shown represent 
extremes based ori ground conductivity and frequency. 
At 1600 meters, for example, the field strength may vary 
as much as a factor of three, depending on frequency and 
the specific soil characteristics. 

When dealing with such long wavelengths, it is possible 
to be in the near field even at a relatively great distance (of 
the order of 100 meters or more) from the tower. In this 
case, the ratio of electric and magnetic fields is not neces
sarily constant and equal to 377 ohms, the intrinsic 
impedance offtee space, and thus it is essential to monitor 
the magnetic as well as electric field strength if a true mea-

[3) Ground-wave field strength for 50-kW AM stations. 
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550 kHz, 30 mmhos/m 

1600 kHz, 1 mmho/m 

Earth dielectric constant= 15 

Distance from antenna, miles (km) 

surement of power density is desired. For biological tis
sues, the magnetic permeability is equal to that of free 
space; i.e., the electric field is the biologically important 
field parameter. It is practical to refer the field quantities 
measured in terms of volts per meter to an equivalent 
power density of a plane wave in free space in terms of 
milliwatts per square centimeter. Figure 4 illustrates the 
relationship between these quantities·. An equivalent 
power density of about 15.7 µW/cm 2 is typical for the 
exposure at 400 meters from a 50-kW station operating 
at 500 kHz on high-conductivity soil. 

Computations of field strength may be increased if the 
broadcast station is using a directional antenna instead of 
a simple, single monopole. A 50-kW station using a 12-
tower antenna array, probably as large as any in present 
use, with a power gain of four referenced to a single 
monopole, would produce a computed field strength of 
the order of 4 V/m at 1600 meters. By using Fig. 3 and 
multiplying the ordinate values by the factor two (the 
ratio of field strengths at 1600 meters for 50-kW stations 
using a directional antenna with a power gain of four 
to a simple, single monopole radiator) the exposures 
from such a station at various distances may be estimated. 

Although fences usually prevent individuals from 
trespassing inadvertently on a station's property, often 
just the area near the tower base is fenced, 14 and so it is 
possible to get as close to the tower base as 7.5 meters, 
where very high field strengths may exist. Exposures 
might approach 40 V/m at 160 meters from a directional 
station. This figure compares with 20 V /m, the maximum 
allowable full-time exposure limit for these frequencies 
in the Soviet Union, and 10 V /min Czechoslovakia. 

Table II summarizes various standards for RF and 
microwave exposure throughout the world. 16 In most 
cases, including the U.S., standards have not been set in 
the lower-frequency bands. The Admiralty Surface Wea
pons Establishment in England uses, as an unofficial 
guide, the value of 1000 V /m for continuous human e_xpo
sure below 30 MHz. This operating guide is based on 
experimental and analytical studies ofRF-induced heat
ing in tissue-equivalent dielectric absorbers of various 
geometries. 16 Disparities between Soviet bloc and Western 
standards reflect a basic difference in experimental ap-

[4) Relationship between free-space field strength and 
power density. 
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II. Summary of maximum recommended levels for human exposure 

Maximum 
Radiation Recommended 

Country and Source Frequency Level Condition or Remarks 

U.S.A. (ANSI) 10 MHz-100 GHz 10tnW/cm2 Periods of 0.1 hr 
1 mWhr/cm2 Averaged over any 0.1-hr period 

U.S. Army and Air Fo~e 10 mW/cm2 Continuous exposure 
10 to 100 mW/cm2 Maximum exposure time in minutes at 

W(mW/cm2) = 6000 w-2 

100 mW/cm2 No occupancy 
Great Britain 30 MHz-30 GHz 10 mW/cm2 Continuous 8-hr exposure, average power 

(Post Office Regulation) density 
NATO (1956) 0.5mW/cm 2 

Canada 10 MHz-100 GHz 1 mW hr/cm2 Averaged over any 0.1-hr period 
10 mW/cm2 Periods of 0.1 hr 

Poland 300 MHz 10µ.W/cm2 8-hr exposure/day 
100µ.W/cm2 2 to 3 hr/day 
1 mW/cm2 15 to 20 min/day 

German Soc. Republic 10 mW/cm2 

U.S.S.R. Q.1-1.5 MHz 20 V/m Alternating magnetic fields 
5 amp/m 

1.5-30 MHz 20 V/m 
30-300 MHz 5 V/m 
300 MHz 10µ.W/cm2 6 hr/day 

100µ.W/cm2 2 hr/day 
1 mW/cm2 15 min/day 

Czech. Soc. Rep. 0.01-300 MHz 10 V/m 8 hr/day 
300 MHz 25.µ.W/cm 2 8 hr/day, CW operation 

10µ.W/cm2 8 hr/day, pulsed 

proach to related biological research. The approach used 
in the Soviet Union and certain Eastern European coun
tries centers on changes exhibited by the functional state 
of animal subjects; i.e., behavioral or psychological 
changes. Concepts that have been developed to explain 
many of these effects, to a large part derived from in
formation theory, have not been substantiated by suffi
cient experimental evidence \o ensure widespread accep
tance of their applicability. Conversely, Western in
vestigators tend to rely upon observations of physio
logical and/or biochemical changes. Considerable con
troversy exists at present over reconcilation of these dif
ferences. 

will result in a lower field strength. Figure 6 is an ex
ample of a field-strength plot for the antenna as opposed 
to a power plot. In this case, the relative field refers to the 
field strength at various depression angles with respect 
to the main beam field strength. A depression angle is 
the angle below the horizontal plane at -the antenna's · 
height defined by a line drawn from the reception point 
on the earth's surface to the antenna. 

FM and TV field-strength computation 
With FM and television stations ground effec:ts are 

usually negligible and thus a more simplified computation 
may be used to estimate field intensities. Electric field 
strength in free space is given as 

E = -V30Pi 
R 

where Eis in volts per meter at a point R meters from the 
antenna and in the main directive beam and P1 is trans
mitter ERP in watts. 

Figure 5 gives electric field strength versus distance for 
several ERPs. These values are for points on the axis of 
the antenna in the main beam of the radiation pattern. 
Again these computations hold for free space. When the 
antenna gain at different angles from the main structure 
is known (see Fig. 6 for an example of a typical, medium
gain, UHF television antenna vertical-gain profile), the 
true ERP with respect to the ground-level point, at a 
distance R from the tower base, may be determined. In 
general, this value will be less than the on-axis ERP and 

Tell-'-Broadcast radiation: how safe is safe? 
I 

[SJ Relationship between field strength, effective radiated 
power, and distance from antenna. 
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Distance from antenna, miles (km) 
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[6] Medium-gain ultra high-frequency antenna vertical 
pattern (Cour~esy RCA, Camden, N.J.) 

Ill. Thermally important 
values of RF intensities in various animals 

Duration of 
Exposure, 

Frequency Animal Intensity minutes Remarks 

500 kHz Rats and 8000V/m Threshold for in-
rabbits 160 A/m crease in rec-

tal tempera-
ture 

50-500 Hz Mouse 650000 V/m 60-120 70-90% mortality 
50 Hz Mouse 650 000 V/m 270 50% mortality 

14.88 MHz Rats and 2 500 V/m Threshold for in-
rabbits crease in rec-

tal tempera-
ture 

69. 7 MHz Rats and 200 V/m 
rabbits 

14.88 MHz Rat 9000 V/m 10 100% mortality 
Rat 5 000 V/m 100 80% mortality 
Rat 4000V/m 100 25% mortality 

69.7 MHz Rat 5 000 V/m 5 100% mortality 
Rat 2 000 V/m 100 83% mortality 

200 MHz Dog 300 mW/cm2 15 50% mortality 
Dog 200mW/cm2 21 25% mortality 

200 MHz Guinea pig 590mW/cm 2 20 67% mortality 
Guinea pig 410 mW/cmz 20 100% mortality 
Guinea pig 330 mW/cm2 20 100% mortality 

200 MHz Rabbit 165 mW/cm 2 30 100% mortality 
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With tower ~eights commonly used with FM and tele
vision antennas, a depression angle of 10 degrees or less 
is obtained at distances of 800-3200 meters. High-gain 
antennas often introduce poor reception at points close 
to the station unless proper null fill is incorporated in the 
antenna. Null fill tends to smooth out the deep nulls that 
normally occur, improving local reception at the expense 
of reducing the gain at the maximum depression angle. 
It is not unusual for ground field strength to be reduced 
to 0.1 of the value that would occur at the same location 
at the height of the antenna. In many cases, however, 
these short distances include only a small percentage of 
the audience and much lower signal strengths suffice. 
Potentially, worst-case situations could occur with per
sons working or living in tall buildings adjacent to tele
vision or FM installations where they would be placed 
in or near the primary lobe of the antenna beam. In the 
case of a 5-MW ERP, UHF station at 160 meters, the 
field strength could be as high as 76.1 V/m or 1.54 mW/ 
cm 2 in the main beam for the video carrier. The FM 
carrier used for the audio portion of the signal will con
tribute of the order of 10 percent more in power density. 

Access to station property usually imposes reasonable 
restrictions on how close an individual can get to an FM 
or television antenna system. In addition, the tower height 
associated with these antennas and the high gain used 
offer an additional safety factor against high exposures. 
Table I gives computed values of ground-level field 
strengths from typical FM and television stations em
ploying maximum legal ERPs at 1600 meters. These 
estimates are based on tower heights in common use and 
on specifications of typical transmitting antennas sup
plied by commercial sources. Variation of antenna ele
vation and vertical gain patterns can modify these figures 
significantly but the values given represent realistic upper
limit estimates that might be found in the environment. 

In summary we have found: 
1. Worst-case situations may produce exposures as 

high as 2 to 4 V/m for practical distances (approximately 
1600 meters) at ground level, depending on the type of 
installation involved. In most cases this represents the 
AM broadcast service because of the nature of the an
tenna used. 

2. Special consideration must be used in field-intensity 
computations for high-gain television or FM antennas 
when possibilities of unusual exposure conditions exist 
(i.e., elevated exposure locations). 

3. Except for particularly unusual circumstances, no 
normally encountered environmental levels realized from 
U.S. broadcast stations exceed any limits or standards in 
effect anywhere in the world. Figure 7 illustrates the ERP 
necessary to establish field densities of 1 and 10 µ W /cm 2 

and 1 and 10 mW/cm 2 at various distances in free space. 
These different curves allow us to place in perspective 
various radiation protection guide exposure levels and 
their impact with respect to geographic extent as a func
tion of ERP. The development of these curves assumes no 
ground-wave reflection reinforcement of the directly 
radiated wave. 

Possible multiple-source effects 
Up to this point we have considered the exposure that 

can be generated from single broadcast stations. In 
reality, the population is exposed to an entire spectrum 
of electromagnetic waves at any given geographic loca-
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tion. To assess one's total exposure it is appropriate 
to estimate not only single-source exposures but also in
tegrated spectrum intensities. 

Figure 1 reveals that stations broadcasting within the 
various bands are not of equal amplitude and, conse
quently, a careful summing procedure is required to· 
obtain the total exposure. An analytical solution of the 
field strength from many distant stations, including sky
wave signal effects, becomes impractical at this point. 
As an example of a typical-upper-limit analysis for 
multiple-source effects, consider a situation in which 
eight 50-kW AM stations, all using directive arrays with. 
power gains of four, are beaming toward a point 1600 
meters distant. In this case, the total exposure power -
density is found to be approximately 0.04 mW/cm 2• If, 
out of interest, we wish to look at an absolute-upper-limit 
analysis, realizing that the assumptions used are very 
conservative, then we may evaluate the total exposure 
possible from a set of signals in the AM broadcast band. 
There are 107 discrete frequency allocations within the 
AM broadcast band to which, in the unrealistic but worst 
case, we may assign a maximum transmitter power of 50 
kW, omnidirectional. If we further assume that all 107 
stations are within 800 meters of the selected calculation 
point, we arrive at a total equivalent power density of 
0.4 mW/cm 2• That this situation might exist in reality 
is extremely unlikely. On a thermal basis, it is improbable 
that spectrum summing procedures (integrating the total 
spectral power _density over a wide frequency band) will 
be necessary to find a hazard from AM stations. 

Similar considerations in the FM and television bands 
will support the same conclusions, excepting the unusual 
cases. The use of spectrum integration would prove use
ful in determining what the ambient exposure really is. 

[7] Effective radiated power versus distance to produce 
various field power densities. 
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Distance from source, miles (km) 

Tell-Broadcast radiation: how safe is safe? 

From the point of view of a high-level exposure hazard 
concept, however, the technique is unwarranted. 

Review of biological-effects research 
The scarcity of biological-effects data pertinent to the 

frequencies of interest in this discussion has been pre
viously stressed.17 That this is the case is apparent from 

' the exposure guides of Table II. Only two countries have 
set such guides at frequencies below 10 MHz. Several 
reviews of electromagnetic-radiation biological effects 
provide some insight into the problem of broadcast fre
quencies. 2• 3 However, of the data that have been re
viewed, only a few offer a clue to the immediate, overt 
hazards of these lower frequencies, usually in the form of 
lethality studies. Table III summarizes data generally 
assumed to represent thermal abuse in the organism. 
Unfortunately, there are no comparable human studies. 
Thus, it cannot be said specifically what the exact correla
tion to human effects is, except that biological investiga
tors generally agree that it is undesirable to increase the 
internal body energy at a rate equivalent to, or greater 
than, the normal basal metabolic rate. In humans, this 
represents approximately 5 mW/cm 2 on a body surface 
area basis. The degree of power reflection and absorption 
from a human body must be taken into account for the 
given exposure frequency. 

Other reports in the literature describe various facets 
of psychological, morphological, genetic, and biochemi
cal alterations in both animals and plants. Several large
scale, clinical studies have been conducted in the Soviet 
bloc countries on persons occupationally exposed to RF 
energy .18 Among the subjective symptoms reported by 
various authors are complaints of headache and eye
strain, increased fatigue, diminished intellectual capa
bilities, dullness, partial loss of memory, decreased sexual 
ability, irritability, sleepiness, insomnia, emotional in
stability, hypotension and inability to make decisions, 
shortness of breath, and chest pains. Other symptoms 
include slight trembling of the eyelids, tongue, and fingers, 
and increased perspiration of the extremities. Some ex
posed individuals are reported as being moody, fre
quently irritable, and sometimes unsociable. 

Pressman 3 observed the following effects at pertinent 
frequencies: 

1. Conditioned reflex activity (based on salivation 
rates) in dogs with the head exposed to a 50-MHz field 
between two electrodes, using 7~12 watts of power. 

2. A 35 to 65 percent increase in unconditioned reflex 
salivation in dogs when the head was exposed to fre
quencies of 27, 30, 39, 94, 102, and 120 MHz and in
tensities of 300 V /m for 20 minutes. Protein content of 
saliva was altered by 87 to 100 percent. 

3. Slowed heart beat and reduced blood pressure in 
human subjects chronically exposed to medium-wave 
frequencies (0.3-3 MHz) at hundreds to 1000 V /m. 

4. Changes in synapses of cortical cells of brains and 
in structures of the thalarpohypothalamic region and 
brain stem in rats exposed to 500-kHz fields at 1800 V /m. 

5. Blood sugar changes in rabbits exposed to 9.5-
to 9500-kHz fields in which exposure of the head caused 
much greater changes than exposure of the liver region. 
The sugar level was increased at frequencies of tens to 
hundreds of kilohertz and reduced at higher frequencies, 
and within these frequency ranges the magnitude of the 
effect was practically independent of frequency. In all 
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What parameters to measure? 

The task of evaluating environmental RF measure
ments for hazard purposes and for purposes of de
fining the potentially health-related problems of an 
increasing use of the electromagnetic spectrum 
raises an important instrumentation question: What 
physical parameters are best suited for meaning
fully indicating the current-level status of the RF 
background? These parameters, by the nature of the 
techniques used in measuring them, must allow for 
reproducibility and comparability from time to time. 

To determine trends in RF levels over various fre
quency bands, it is important that one be able to 
return to a previous sampling site and collect spec
tral data that can be meaningfully interpreted. This 
means that one of two conditions must apply for 
our measurement system: 

1. The sensing antenna system must exhibit what 
is referred to as an isotropic response; i.e., it re
sponds to all polarization components of all im
pinging electromagnetic waves from all detectable 
sources on any given frequency and yields a single 
output that is representative of the total isotropically 
induced antenna power. 

2. Suitable standardization must be established 
in the methodology for performing such environ
mental measurements that the degree of error 
associated with the data due to using other than 
isotropic receiving antennas is clearly defined. 
Routine EMI surveillance techniques do not include 
such restrictions on the antenna system as the first 
condition. A basic difference in approach accounts 
for this discrepancy. In most EMI measurements, 
for example, the source whose level is to be 
measured is usually defined or quite specific. Thus, 
certain knowledge regarding the source's location 
and transmitting antenna characteristics is often 
available and the problem of proper antenna selec
tion and alignment for the measurement of field 
intensity is simplified. In a source nonspecific situ
ation, however, as is the case in making generalized 
measurements of the RF background for trend 
indications, many sources are widely distributed in 
frequency and location. Thus, the selection of an 
appropriate measuring antenna for one source may 
not produce meaningful information regarding the 
field intensity from another source, located else
where but operating on the same frequency. 

cases, sugar levels eventually returned to normal after 
the exposure. 

6. Changes in blood catalase and peroxidase activity 
in rabbits exposed for 20 minutes to 8- and 27-kHz 
fields at field strengths of 100 to 2000 V /m. 

7. Chromosome aberrations in garlic root cells from 
5- to 40-MHz pulsed fields at 250-6000 V /m. 

8. Reduction of glucose content in isolated liver cells 
in the frequency range from 0.5 to 21 500 kHz at a field 
strength of 1500 V /m. 

9. Orientation of various microorganisms in fields 
of various strengths and frequencies between 6 and 30 
MHz. 

10. Alterations in the electrophoretic pattern (an 
indication of possible molecular. changes) of gamma 

· This introduces the question of spectrum integra
tion for determining the total exposure power den
sity for given frequency bands. Assuming thatwe do 
have the proper antenna that yields a signal 
proportional to the total exposure power density, 
this signal has to be processed in some fashion to 
allow ready interpretation of the exposure situation. 
Since the total exposure from the RF background is 
necessarily the sum total of all signals arriving at the 
sampling site, some form of spectrum integration is 
in order. Even though the local broadcast stations, 
for example in the AM standard broadcast band, 
offer relatively more intense exposure than the HF 
portion of the spectrum, on an individual signal basis 
the bandwidth involved is more than 25 to 1 in favor 
of the HF spectrum. There are potentially many more 
signals within the HF band than the AM broadcast 
band. Consequently, to obtain an accurate measure 
of the relative exposure level in these two bands, 
spectral power density integration is necessary. 
This concept holds for the entire electromagnetic 
spectrum. 

The lack of well-defined methods for such general
ized, source nonspecific environmental measure
ments suggests the need for new types of isotropic 
sensing antennas that offer adequate system sen
sitivity, automated spectrum analyzing instrumenta
tion, and carefully evaluated field measurement 
techniques. 

Recent breakthroughs in these areas include 
broadband power density survey meters designed 
for relatively high intensity microwave and RF 
fields 24 •25 and the use of high-sensitivity spectrum 
analyzers with various forms of data acquisition 
systems. 26 A completely automated monitoring sys
tem-utilizing computer control of a spectrum analy
zer and on-line data correction in conjunction with a 
system of several cavity backed spiral antennas, all 
outfitted in a mobile measuring facility-is currently 
being developed by the Radio Spectrum Occupancy 
Group27 within the Institute of Telecommunications 
Sicences, Office of Telecommunications. This so
phisticated measurement system, although de
veloped primarily for band occupancy studies, repre
sents a major advance toward the kind of instrumen
tation required for determination of current environ
mental RF levels. 

globulins exposed between 10 and 200 MHz with pulsed 
fields (pulse lengths 10 to 60 µs and repetition rates of 
500 to 2000 per second) for 20 to 30 minutes. 

11. Changes in alpha-amylase enzyme activity upon 
exposure to 11.8 MHz when enzyme temperatures 
were in the range of 27.7 to 28.2°C. 

12. Resonance absorption of various macromolecules 
of crystalline proteins, peptides, and amino acids, and 
associated molecular orientation (force-field-evoked 
effects). 

Recent studies in the U.S. indicate that short-term 
(I-hour) exposure of monkeys to 10.5-, 19.3-, and 26.6-
MHz electromagnetic radiation at power densities of from 
100 to 200 mW /cm 2 did not produce discernible biological 
etfects. 19 The biological parameters studied were patho-
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logical effects in hematology, blood chemistry, physio
logical responses (body temperature and electrocardi
ography), gross pathology, and histopathology. These 
findings indicate the variety of investigations aimed at 
determining various effects on biological materials and 
living systems in the RF range. Definite hazards cari 
exist that are probably related to thermal excursions 
within critical tissues. 

Concerning more subtle, reversible, low-level and 
long-term effects, there is general consensus that more 
research is necessary before conclusions can be drawn 
as to the possibility that such effects are in fact deleterious, 
There exists one isolated study concerning long-term 
microwave effects (though this is out of the frequency 
range of interest here), which has shown that exposure 
to pulsed 3000-MHz fields at a power density of 5 mW/ 
cm 2 for periods up to eight months causes many nervous 
and immunological functional alterations in rodents. 20 

The disturbances are particularly manifest as a modifica
tion of reactive capacities of the organism. Similar long
term studies at lower frequencies have not been made. 
Based on thermal considerations alone, however, there 
appears to be no reason why the present American 
National Standards Institute (ANSI) 21 level of 10 mW/ 
cm 2, 194 V/m, used for frequencies above 10 MHz could 
not be extended to frequencies below 10 MHz. On the 
other hand, other forms of biological hazards, such as 
interference to cardiac pacemakers, 22 can exist at present 
environmental field strengths. The unintentional detona
tion of certain kinds of explosives 23 provides yet another 
area of concern for RF intensities found in the environ
ment. Thus, a level that may present no direct biological 
hazard could potentially bring about, indirectly, sub
stantial damage. 
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