RF Radiation and Electromagnetic Field Safety

Although Amateur Radio is basically aous heat damage. These effects depetlde earliest research on malaria, epidemi-
safe activity, in recent years there has bearpon the frequency of the energy, thelogists observed the association between
considerable discussion and concern abopbwer density of the RF field that strikespopulations with high prevalence of the
the possible hazards of electromagnetic rahe body, and even on factors such as thisease and the proximity of mosquito in-
diation (EMR), including both RF energy polarization of the wave. fested swamplands. It was left to the bio-
and power frequency (50-60 Hz) electro- At frequencies near the body’s naturalogical and medical scientists to isolate the
magnetic fields. Extensive research on thisesonant frequency, RF energy is absorbaztganism causing malaria in the blood of
topic is underway in many countries. Thisnore efficiently, and maximum heatingthose with the disease and identify the
section was prepared by members of theccurs. In adults, this frequency usually isame organisms in the mosquito popula-
ARRL RF Safety Committee and coordi-about 35 MHz if the person is groundedtion.
nated by Dr Robert E. Gold, WKIZ. It and about 70 MHz if the person’s body is In the case of athermal effects, some
summarizes what is now known and offersnsulated from the ground. Also, bodystudies have identified a weak association
safety precautions based on the research parts may be resonant; the adult head, fdiretween exposure to EMF at home or at
date. example is resonant around 400 MHzwork and various malignant conditions in-

All life on Earth has adapted to survivewhile a baby’s smaller head resonates neatuding leukemia and brain cancer. How-
in an environment of weak, natural low-700 MHz. Body size thus determines thever, a larger number of equally well de-
frequency electromagnetic fields (in addifrequency at which most RF energy is absigned and performed studies have found
tion to the Earth’'s static geomagneticsorbed. As the frequency is increasedo association. Arisk ratio of between 1.5
field). Natural low-frequency EM fields above resonance, less RF heating geneand 2.0 has been observed in positive stud-
come from two main sources: the sun, andlly occurs. However, additional longitu-ies (the number of observed cases of ma-
thunderstorm activity. But in the last 100dinal resonances occur at about 1 GHignancy being 1.5 to 2.0 times the “ex-
years, man-made fields at much higher innear the body surface. pected” number in the population).
tensities and with a very different spectral Nevertheless, thermal effects of RFEpidemiologists generally regard a risk
distribution have altered this natural EMenergy should not be a major concern foratio of 4.0 or greater to be indicative of a
background in ways that are not yet fullymost radio amateurs because of thstrong association between the cause and
understood. Much more research is neededlatively low RF power we normally useeffect under study. For example, men who
to assess the biological effects of EMR. and intermittent nature of most amateusmoke one pack of cigarettes per day in-

Both RF and 60-Hz fields are classifiedtransmissions. Amateurs spend more timerease their risk for lung cancer tenfold
asnonionizing radiatiorbecause the fre- listening than transmitting, and manycompared to nonsmokers, and two packs
guency is too low for there to be enouglamateur transmissions such as CW anger day increase the risk to more than 25
photon energy to ionize atoms. Still, at sufSSB use low-duty-cycle modes. (With FMtimes the nonsmokers’ risk.
ficiently high power densities, EMR posesor RTTY, though, the RF is present con- However, epidemiological research by
certain health hazards. It has been knowtinuously at its maximum level duringitself is rarely conclusive. Epidemiology
since the early days of radio that RF eneach transmission.) In any event, it is rarenly identifies health patterns in groups—
ergy can cause injuries by heating bodyor radio amateurs to be subjected to RE does not ordinarily determine their
tissue. In extreme cases, RF-induced hedfields strong enough to produce thermatause. And there are often confounding
ing can cause blindness, sterility and othegffects unless they are fairly close to afactors: Most of us are exposed to many
serious health problems. These heat-reenergized antenna or unshielded powsdifferent environmental hazards that may
lated health hazards are calldtermal amplifier. Specific suggestions for avoid-affect our health in various ways. More-
effects.In addition, there is evidence thating excessive exposure are offered laterover, not all studies of persons likely to be
magnetic fields may produce biologic ef- exposed to high levels of EMR have
fects at energy levels too low to causé THERMAL EFFECTS OF EMR yielded the same results.
body heating. The proposition that these Nonthermal effects of EMR may be of There has also been considerable labo-
athermal effects may produce harmfulreater concern to most amateurs becausatory research about the biological effects
health consequences has produced a grabey involve lower level energy fields. Re-of EMR in recent years. For example, it
deal of research. search about possible health effects resuliras been shown that even fairly low levels

In addition to the ongoing researchjng from exposure to the lower level en-of EMR can alter the human body’s circa-
much else has been done to address thisgy fields, the athermal effects, has beedian rhythms, affect the manner in which
issue. For example, the American Nationabf two basic types: epidemiological re-cancer-fighting T lymphocytes functionin
Standards Institute, among others, has research and laboratory research. the immune system, and alter the nature of
ommended voluntary guidelines to limit Scientists conduct laboratory researcthe electrical and chemical signals com-
human exposure to RF energy. And thénto biological mechanisms by whichmunicated through the cell membrane and
ARRL has established the RF Safety ComEMR may affect animals including hu-between cells, among other things.
mittee, a committee of concerned medicainans. Epidemiologists look at the health Much of this research has focused on
doctors and scientists, serving voluntarilypatterns of large groups of people usingpw-frequency magnetic fields, or on RF
to monitor scientific research in the fieldsstatistical methods. These epidemiologifields that are keyed, pulsed or modulated
and to recommend safe practices for radioal studies have been inconclusive. Bwat a low audio frequency (often below
amateurs. their basic design, these studies do ndi00 Hz). Several studies suggested that

demonstrate cause and effect, nor do thedyumans and animals can adapt to the pres-
THERMAL EFFECTS OF RF postulate mechanisms of disease. Insteaéince of a steady RF carrier more readily
ENERGY epidemiologists look for associations bethan to an intermittent, keyed or modu-

Body tissues that are subjected to veryween an environmental factor and an oblated energy source. There is some evi-

high levels of RF energy may suffer seriserved pattern of illness. For example, imlence that while EMR may not directly
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cause cancer, it may sometimes combingies, A Handbook for Health Professiondies agree on this question even today. A
with chemical agents to promote itsals includes a chapter called “Biologicnew Institute of Electrical and Electronics
growth or inhibit the work of the body’s Effects of RF Fields.” In it the authorsEngineers (IEEE) guideline for recom-
immune system. state: “In conclusion, the data do not supmended EM exposure limits went into
None of the research to date concluport the finding that exposure to RF fieldeeffect in 1991 (see Bibliography). It
sively proves that low-level EMR causesds a causal agent for any type of cancen'eplaced a 1982 American National
adverse health effects. Given the fact thgpage 176). Later in the same chapter theytandards Institute guideline that permit-
there is a great deal of research ongoing terite: “Although the data base has growrted somewhat higher exposure levels.
examine the health consequences of expsubstantially over the past decades, muchNSI-recommended exposure limits
sure to EMF, the American Physical Sociof the information concerning nonthermabefore 1982 were higher still.
ety (a national group of highly respectecffects is generally inconclusive, incom- This new IEEE guideline recommends
scientists) issued a statement in May 199plete, and sometimes contradictory. Studrequency-dependent and time-dependent
based on its review of available data peries of human populations have not demormaximum permissible exposure levels. Un-
taining to the possible connections of canstrated any reliably effected end point.'like earlier versions of the standard, the
cer to 60-Hz EMF exposure. This report igpage 186). 1991 standard recommends different RF
exhaustive and should be reviewed by any- Readers may want to follow this topicexposure limits itontrolled environments
one with a serious interest in the fieldas further studies are reported. Amateurghat is, where energy levels can be accu-
Among its general conclusions were theshould be aware that exposure to RF amitely determined and everyone on the pre-
following: ELF (60 Hz) electromagnetic fields at allmisesis aware of the presence of EM fields)
1. “The scientific literature and the reportpower levels and frequencies may not band inuncontrolled environmentévhere
of reviews by other panels show no coneompletely safe. Prudent avoidance of angnergy levels are not known or where some
sistent, significant link between cancemavoidable EMR is always a good ideapersons present may not be aware of the
and powerline fields.” However, an Amateur Radio operatoEM fields).
2.“No plausible biophysical mechanismsshould not be fearful of using his equip- The graph inFig 9.8 depicts the new
for the systematic initiation or promo-ment. If any risk does exist, it will almostIEEE standard. It is necessarily a complex
tion of cancer by these extremely wealsurely fall well down on the list of causesgraph because the standards differ not
60-Hz fields has been identified.” that may be harmful to your health (on thenly for controlled and uncontrolled envi-
3.“While it is impossible to prove that noother end of the list from your automo-ronments but also for electric fields
deleterious health effects occur from exbile). (E fields) and magnetic fields (H fields).
posure to any environmental factor, it is Basically, the lowest E-field exposure
necessary to demonstrate a consistentaf® Exposure Levels limits occur at frequencies between 30
significant, and causal relationship be- How much EM energy is safe? Scienand 300 MHz. The lowest H-field expo-
fore one can conclude that such effectssts have devoted a great deal of effort teure levels occur at 100-300 MHz. The
do occur.” deciding upon safe RF-exposure limitsANSI standard sets the maximum E-field
The APS study is limited to exposure tdlhis is a very complex problem, involvinglimits between 30 and 300 MHz at a power
60-Hz EMF. Amateurs will also be inter-difficult public health and economic con-density of 1 mW/crA (61.4 V/m) in con-
ested in exposure to EMF in the RF rangesiderations. The recommended safe levetsolled environments—but at one-fifth
A 1995 publication entitledRadio Fre- have beenrevised downward several timefat level (0.2 mW/c/mor 27.5 V/m) in
quency and ELF Electromagnetic Enerinrecentyears—and not all scientific boduncontrolled environments. The H-field
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Fig 9.8—1991 RF protection guidelines for body exposure of humans. It is known officially as the “IEEE Standard for Safety
Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz.”
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limit drops to 1 mW/cra (0.163 A/m) at tion on an RF carrier, and it does nohas a pacemaker or is being considered for
100-300 MHz in controlled environmentsexempt transmitters with outputs belowone discuss this matter with his or her phy-

and 0.2 mW/cra(0.0728 A/m) in uncon- 7 W. sician. The physician will probably put the
trolled environments. Higher power den- . amateur into contact with the technical
sities are permitted at frequencies beloardiac Pacemakers and RF representative of the pacemaker manufac-
30 MHz (below 100 MHz for H fields) and Safety turer. These representatives are generally

above 300 MHz, based on the concept that It is a widely held belief that cardiacexcellent resources and may have data
the body will not be resonant at those frepacemakers may be adversely affected iinom laboratory or “in the field” studies
quencies and will therefore absorb lessheir function by exposure to electromagwith pacemaker units of the type the ama-
energy. netic fields. Amateurs with pacemakergseur needs to know about.

In general, the IEEE guideline requireamay ask whether their operating might en- One study examined the function of a
averaging the power level over timedanger themselves or visitors to theimodern (dual chamber) pacemaker in
periods ranging from 6 to 30 minutes forshacks who have a pacemaker. Becauseafd around an Amateur Radio station.
power-density calculations, depending orthis and similar concerns regarding otheThe pacemaker generator has circuits
the frequency and other variables. Thaources of electromagnetic fields, pacethat receive and process electrical sig-
ANSI exposure limits for uncontrolled en-maker manufacturers apply design methaals produced by the heart and also gen-
vironments are lower than those for coneds that for the most part shield the paceerate electrical signals that stimulate
trolled environments, but to compensatenaker circuitry from even relatively high (pace) the heart. In one series of experi-
for that the guideline allows exposure levEM field strengths. ments the pacemaker was connected
els in those environments to be averaged Itisrecommended that any amateurwhto a heart simulator. The system was
over much longer time periods (generally
30 minutes). This long averaging time
means that an intermittently operating Rrgpie 9.1

ﬁwﬁagﬁv&irgﬁosvsaﬂuéw%vevgr Ec?vstleor églr?ﬁ:ypical 60-Hz Magnetic Fields Near Amateur Radio Equipment and
AC-Powered Household Appliances

sity than a continuous-duty station for a A
given power level and antenna configuraYalues are in milligauss.

tion. Item Field Distance
Time averaging is based on the conceflectric blanket 30-90 Surface
that the human body can withstand aicrowave oven 10-100 Surface
greater rate of body heating (and thus, a 1-10 12
higher level of RF energy) for a short timelBM personal computer 5-10 Atop monitor
than for a longer period. However, time 0-1 15” from screen
averaging may not be appropriate in conElectric drill 500-2000 At handle
siderations of nonthermal effects of RFHair dryer 200-2000 At handle
energy. HF transceiver 10-100 Atop cabinet
The IEEE guideline excludes any trans- 1-5 15" from front
mitter with an output below 7 W becauser-kw RF amplifier 80-1000 Atop cabinet
such low-power transmitters would not 1-25 15" from front

be able to produce significant whole-bodySource: measurements made by members of the ARRL RF Safety Committee)
heating. (However, recent studies show
that hand-held transceivers often produce

power densities in excess of the IEEE stanr jp 1o g »

dard within the head.) . . .
There is disagreement within the scientypical RF Field Strengths Near Amateur Radio Antennas

tific community about these RF exposure? sampling of values as measured by the Federal Communications Commission and
guidelines. The IEEE guideline is still in- Environmental Protection Agency, 1990

tended primarily to deal with thermal ef- Freq Power E Field _

fects, not exposure to energy at lower ley&ténna Type (MHz) W) (V/m) Location

els. A small but significant number of Dipole in attic 14.15 100 7-100 In home
researchers now believe athermal effectsiscone in attic 146.5 250 10-27 In home

should also be taken into considerationf sioper 215 1000 50 1 m from base
Several European countries and Iocal|t|e5ipole at 7-13 ft 714 120 8-150 1-2 m from earth

in the United States have adopted stricter
standards than the recently updated IEE
standard.

Another national body in the United

ertical 3.8 800 180 0.5 m from base

5-element Yagi at 60 ft 21.2 1000 10-20 In shack
14 12 m from base

States. the National Council for Radiation -element Yagi at 25 ft 28.5 425 8-12 12 m from base
Protection and Measurement (NCRP) hakverted V at 22-46 ft 7.23 1400 5-27 Below antenna

also adopted recommended exposuréertical on roof 14.11 140 6-9 In house

guidelines. NCRP urges a limit of 0.2 mw/ 35-100  Atantenna tuner
cm2 for nonoccupational exposure in theéVhip on auto roof 146.5 100 22-75 2 m from antenna
30-300 MHz range. The NCRP guideline 38‘30 g‘e‘;‘?hs'g';

differs from IEEE in two notable ways: It )

takes into account the effects of modula®-€lement Yagi at 20 ft 50.1 500 37-50 10 m from antenna
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placed on top of the cabinet of a 1-kWbther sources of this kind of energy in theccurately, they are costly and require fre-
HF linear amplifier during SSB and CWtypical home. Magnetic fields can be meaguent recalibration. Most amateurs don't
operation. In addition, the system wasured relatively accurately with inexpen-have access to such equipment, and the in-
placed in close proximity to several 1 tosive 60-Hz dosimeters that are made bgxpensive field-strength meters that we do
5-W 2-meter hand-held transceiversseveral manufacturers. have are not suitable for measuring RF
The test pacemaker connected to the Table 9.1shows typical magnetic field power density. The best we can usually do
heart simulator was also placed on thentensities of Amateur Radio equipmenis to estimate our own RF power density
ground 9 meters below and 5 meters iand various household items. Becauskased on measurements made by others or,
front of a three-element Yagi HF an-these fields dissipate rapidly with dis-given sufficient computer programming
tenna. No interference with pacemaketance, “prudent avoidance” would mearskills, use computer modeling techniques.
function was observed in this experi-staying perhaps 12 to 18 inches away from Table 9.2shows a sampling of measure-
mental system. most Amateur Radio equipment (and 24nents made at Amateur Radio stations by
Although the possibility of interference inches from power supplies with 1-kW RFthe Federal Communications Commission
cannot be entirely ruled out by these fevamplifiers) whenever the ac power isand the Environmental Protection Agency
observations, these tests represent more gerned on. The old custom of leaning ovein 1990. As this table indicates, a good an-
vere exposure to EM fields than would or-a linear amplifier on a cold winter night totenna well removed from inhabited areas
dinarily be encountered by an amateur witlkkeep warm may not be the best idea! poses no hazard under any of the various
an average amount of common sense. Of There are currently no non-occupationa¢xposure guidelines. However, the FCC/
course prudence dictates that amateurs withS standards for exposure to low-frequencEPA survey also indicates that amateurs
pacemakers using hand-held VHF transfields. However, some epidemiological eviimust be careful about using indoor or attic-
ceivers keep the antenna as far from the sittence suggests that when the general levalounted antennas, mobile antennas, low
of the implanted pacemaker generator agf 60-Hz fields exceeds 2 milligauss, therelirectional arrays or any other antenna that
possible and use the lowest transmitteis an increased cancer risk in both domestis close to inhabited areas, especially when
output required for adequate communicaenvironments and industrial environmentsmoderate to high power is used.
tion. For high power HF transmission, theTypical home environments (not close to Ideally, before using any antennathatis
antenna should be as far from the operatingppliances or power lines) are inthe range @f close proximity to an inhabited area,
position as possible and all equipmen®0.1-0.5 milligauss. you should measure the RF power density.
should be properly grounded. o ) If that is not feasible, the next best option
) Determining RF Power Density is make the installation as safe as possible
Low-Frequency Fields Unfortunately, determining the powerby observing the safety suggestions listed
Recently, much concern about EMR hadensity of the RF fields generated by aimn Table 9.3
focused on low-frequency energy ratheamateur station is not as simple as measur-1t is also possible, of course, to calcu-
than RF. Amateur Radio equipment can bimg low-frequency magnetic fields. Al- late the probable power density near an
a significant source of low-frequencythough sophisticated instruments can bantennausing simple equations. However,
magnetic fields, although there are manysed to measure RF power densities quitch calculations have many pitfalls. For

Table 9.3
RF Awareness Guidelines

These guidelines were developed by the ARRL RF Safety Committee, based on the
FCC/EPA measurements of Table 9.2 and other data.

« Although antennas on towers (well away from people) pose no exposure problem,
make certain that the RF radiation is confined to the antennas’ radiating elements
themselves. Provide a single, good station ground (earth), and eliminate radiation
from transmission lines. Use good coaxial cable, not open-wire lines or end-fed
antennas that come directly into the transmitter area.

* No person should ever be near any transmitting antenna while it is in use. This is
especially true for mobile or ground-mounted vertical antennas. Avoid transmitting
with more than 25 W in a VHF mobile installation unless it is possible to first measure
the RF fields inside the vehicle. At the 1-kW level, both HF and VHF directional
antennas should be at least 35 ft above inhabited areas. Avoid using indoor and attic-
mounted antennas if at all possible.

« Don’t operate high-power amplifiers with the covers removed, especially at VHF/UHF.

« In the UHF/SHF region, never look into the open end of an activated length of
waveguide or point it toward anyone. Never point a high-gain, narrow-bandwidth
antenna (a paraboloid, for instance) toward people. Use caution in aiming an EME
(moonbounce) array toward the horizon; EME arrays may deliver an effective radiated
power of 250,000 W or more.

« With hand-held transceivers, keep the antenna away from your head and use the
lowest power possible to maintain communications. Use a separate microphone and
hold the rig as far away from you as possible.

* Don’t work on antennas that have RF power applied.

* Don’t stand or sit close to a power supply or linear amplifier when the ac power is
turned on. Stay at least 24 inches away from power transformers, electrical fans and
other sources of high-level 60-Hz magnetic fields.

9.4 Chapter 9

one, most of the situations in which the
power density would be high enough to be
of concern are in the near field—an area
roughly bounded by several wavelengths
of the antenna. In the near field, ground
interactions and other variables produce
power densities that cannot be determined
by simple arithmetic.

Computer antenna-modeling programs
such as MININEC or other codes derived
from NEC (Numerical Electromagnetics
Code) are suitable for estimating RF mag-
netic and electric fields around amateur an-
tenna systems. (See tReopagation chap-
ter for more information about MININEC.)
And yet, these too have limitations. Ground
interactions must be considered in estimat-
ing near-field power densities. Also, com-
puter modeling is not sophisticated enough
to predict “hot spots” in the near field—
places where the field intensity may be far
higher than would be expected.

Intensely elevated but localized fields
often can be detected by professional mea-
suring instruments. These “hot spots” are
often found near wiring in the shack and
metal objects such as antenna masts or
equipment cabinets. But even with the best
instrumentation, these measurements may
also be misleading in the near field.
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