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Electromagnetic Fields and
Your Health

Are the electromagnetic fields generated by power lines, TVs,
ham radio gear and hundreds of other devices bathing us in
damaging radiation? The jury is still out, but you can take
steps to protect yourself from danger—real and potential.

By Wayne Overbeck, NBNB
14021 Howland
Tustin, CA 92680
Photos by the author

here is o growing public debute
about the safety of electric power

lines und the electrical equipment
that we use every duy in our homes and
workplaces. Not long ago, a lawsuit was
tiled alleging that u Florida woman's brain
caneer was caused by clectromagnetic
radiation from a hand-held cellular tele-
phone. Although the filing of a lawsuit
proves nuthing (thousands are filed every
week., and this one was promptly dismissed
by acourt), the [awsuit made national head-
lines for weeks and caused cellular tele-
phane industry stock prices to decline on
Wall Street._

The news media repularly cover many
Fucets of the cuntroversy over the possible
heaith etfecrs of electromagnetic fields
(EMFs1, In addition to stories about lTaw-
suits, there have been numerous media ac-
counts of medical research copesrning
EMFs—sume of them confusing and seem-
ingly contradictory, ind there have bheen
news stories about activist groups fighting
the construction of new power lines ar cel-
lular telephone towers in their neighbore
hoods,

This intense publicity hus ularmed many
peaple, prompting them te worry ubout the
safety of their homes. acighborhoods.
sihools and workplaces, There is d grow-
ing voncern thut the electromagnetic fields
produced by power lines and everyday
household appliances mav be hazardous.
As the tension mounts, more and more
hams dre faced with this ditficult question:
Iy your Amatcur Radio station hazardons
ter ier feaith?

Fortunately, enough research has now
been done that we know most Amateor
Radio activities ure guite safe. 1n fact, sci-
entists from the Federal Communications
Commission and the Environmental Pro-

tection Agency conducted a field survey of

EMPFs ut typical Amateur Radio stutions in
(991}, They voncluded that most amateur
uperations Jo not produce EMPs strong
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enough to pose any health hazard. And for
many yeurs, the American Rodio Relay
League’s Bowd of Directors his also been
monitoring the ongoing research about
EMFs aod  health through a board-

appointed Committee on the Biological
Effects of RF Energy. There is extensive
coverage of the issue of EMFs and health in
both The ARRL Handbook and The ARRL
Antenna Book—-with recommendations for

safe Amateur Radio operating practices.

Amatcur Radio is a hobhy that can be
pursued safely, provided cveryone vb-
sefves 4 few simple precautions. This ar-
ticle was wriiten to summanze what we
know about EMFs and heulth, and to sug-
gest safe operating practices.

Scientific Background

When scientists talk about electromag-
netic rields, they're tulking about several
very different forms ol energy. Low fre-
guencyor “power line frequency™ fields are
produced by electric power lines and appli-
ances, typically operating ut a frequency of
A} Hz. Much rescarch is now uader way
concerning the health effects of H0-Hz

This 3-elerment &-meter bear is only a few
feet above NBNB’s second-stary
hamshack. When the antenna Is pointed
toward the operating position, tlelds in
axcess of ANSI standards were measured
in the shack on a laboratory-grade hazard
monitor. The transmitter power output was
set to 900 watts.
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fields—the kind of EMFs found in virtu-
ally every home and workplace, Additional
research is being done to investigute the
possible health effects of radio frequency
{RF) energy, which is much higher in fre-
gquency than the electric energy in power
lines. RF energy is produced by radiv and
television transmitters, radar installations,
cellular and cordless lelephones, micro-
wave ovens and even remote controls for
parage door npeners,

Low-lrequency und RE energy ure
turms of wonionizing radiation: The fre-
quency is too low 1o produce enough
photon engrgy to jonize atoms. In contrast,
lonizing radiation—which is aor produced
by power lines or cadio transmitters—can
cause severe and well-decumented health
hagards, Nuclear weapons produce enor-
mous amounts ot ionizing radiation. while
small, caretully controlled doses of ioniz-
ing radiation are used in medical X-ray
equipment, for example.

The present controversy concerns non-
ionizing radiation, including power line
frequency and RF energy. Much is now
known about the biological etfects of this
kind of energy, bat there is much more that
we do not yet know. Before World War I1,
scientists knew that nonionizing radiation
could produce thermul (heating) effects. At
sufficiently high power levels, EMFs can
cause body heating, which may result in
health hazards such as blindness or steril-
ity. Most ordinary household appliances
and transmitted radio signals produce
EMFs far weaker than those required to
produce thermal effects. On the other hand,

microwave ovens do generate EMFs strong
enough to produce thennal effects: That™s
precisely why they can heat and cook food,
The trick is to keep the EMFs safely inside
the oven—away from people. For obvious
reasons, MHerowave ovens must meet strict
safety standards.

In recent years, o new element in the
debute over EMFs and health has been the
finding that even at athermal levels—
energy levels too low to cause body heat-
ing—electromagnetic energy appears to
have various effects on the human body.
The first scicntists whose work in this area
pained widespread media publicity were
epidemiologists—medicul researchers who
look at the health patterns of large groups
of people. using statistical methods,

Over the last two decades, 4 number of
epidemiological studies have found that
electrical workers have higher-than-
normal death rates from certain cancers,
including leukemia, lymphatic cancer and
brain cancer. Gther epidemiclogical stud-
ies have shown that children living near
some types of power lines have higher-
than-normal rates of leukemia. Still ather
studies have concluded that persons ex-
posed to certain chemical agents such as
solder fumes in addition to high EMFs have
up to D times the normal rate of certain
CANCErs,

Al of these studies involved groups of
people who were not ordinarily exposed to
EMPFs strong enoutgh to cause body heating,
Thus, their heulth patterns suggested that
low-level EMFs muy pose health hazards.

There have been other epidemiological

Dr Robert Cleveland (FCC) and Ed Mantiply (EPA) measure RF fields generated by a
hidden wire antenna at a condominium complex. When [ocal restrictions force hams {o
use indoor or hidden antennas, extra safety measures should be taken.

studies, however, thatdid not confirm some
of these findings, And still other research-
ers have concluded that environmental
factors such as the ulignment of the Barth’s
nataral magnetic field may interact with
mun-made EMFs to alter these health
effects. (The Earth’s magnetic field is
stronger than maany man-made Fields, but it
is a static, direcr-current field. Most man-
made EMFs are alternating-current fields
vperating at a variety of frequeacies and
power levels.}

There are other dimensions to this prob-
fem, too, Soie of the research that ailed to
confirm a correlation between EMF expo-
sure and health was funded by industry
aroups that have a financial stuke in the
cat¢ome of the research. Crities bave chal-
fenged the credibility of some of the re-
search for that reason. Moreover, cpide-
miological research only reveals health
patterns: it Joex not prove what caused
those health patterns, If electrical workers
have an abnormally high rate of certain
cancers, that may result from their occupa-
tion—ur 1t could result from something
else. [n short, the work of epidemiologists
shuws correlations without proving causa-
#on, That raises troubling questions with-
ouf providing definitive answers.

Responding to the questions raised by
epidemiologists, a number ui medical
researchers have launched luboratory
based studies of the effects of EMFy on
living tissue. There has been an explosion
of knowledge abont molecular biology and
the related field of genetics in recent vears,
and one of the focal points of this research
has been the role of electromagnetic sig-
nals at the molecular level. Among uther
things, there have heen studies suggesting
that certain types of electromagnetic figlds
may alter the body '« genctic makeup, caus-
ing chromosame damage.

I is ulso known now that sume EMFs
muy disrupt the Flow of vital chemical aud
electrical signals between cells in the
buman body. EMFs appear to alter the pas-
sage of chemical and efectrical signals
through the cell membrane (the thin layer
of material thut covers each celly, This has
caused some scieotists to conclude that
EMFs may sometimes affect the work of
the body’s immune system tn fighting
cancer.

Hthe body’s cuncer-tighting T-cells fail
to detect that a particular cell has become
cancerous because cell-to-cell communicu-
tion is disrapted by EMFs, that would in-
vrease the risk of a tumor developing. There
is also laboratory research indicating that
EMFs may inhibit the body’s cancer-fight-
ing abilily in other ways.

Researchers have found that certain
EMFs reduce the activity of messenger en-
zymes called protein kinases and also af-
fect the way cell growth iy regulated. There
is also evidence, now confirmed through
research in several countries, that EMFs
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Many home appliances produce strong low-frequency eleciromagnetic fields.

The 80-Hz field generated by this hand drill, for example, is in excess of 1200
milliGauss. In conirast, the 60-Hz field 12 inchas in front of the 1-kW Amateur Radio
amplifier 15 about 10 mG. The main scurces of §0-Hz fields in ham gear are power
transformers and cooling fans.

sometimes work together with cancer-pro-
moting chemicals to increase the risk of
cancer beyond that associated with either
the chemicals or EMFs alone,

EMFs also appear to change the body’s
rate of production of certain hormones that
have vcancer-inhibiting effects, such as
melatonin. Some studies have found that
persons sleeping under electric blankets
have lower-than-normal levels of melato-
nin production when the blanket is operat-
ing, but their melatonin production returns
to normal when the blanket is switched off,
Some scientists think the effect of EMFs on
inelatonin praduction may explain many of
the apparent healih effects of exposore to
low-level tields.
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As with the cpidemiological studies,
luboratory research has raised questions
and sticred controversy, Some faboratory
studies have been ditficult to replicate;
Other  researchers  have not  alwavs
ubserved the same resulis when they
attempted tn repeat some experiments.
There appear to be other variables that
atfect the outcome of research on the bio-
lagical effects of EMFs,

For example, there is evidence that low-
level EMFs have significant biological ef-
fedts only at certain frequencies and inten-
sities—and not at other frequencies or
intensittes. There is a general rale about
toxic and cancer-causing chemicals: [f
some is bad, more is worse. That rule may
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not necessarily apply to EMFs, however:
Some studies have detected biological ef-
fects of low-level EMFs—but not when the
field is stronger.

There are also studies showing health
eilects at certain trequencics but not at
adjacent frequencies, And there are studies
suggesting that aradio signal modulated by
vertain low trequencies, or a signal that is
keyed or pulsed. has more harmful effects
than an unmodolated, steady carrier, Sci-
entists call these kinds of phenomenu win-
dow efferts, and they greatly complicate
any attemnpt to understand the refationship
hetween BMFs and health,

There is an unfortunate footnote to this
research on window effects: Much research
seems to indicate thut there is a window at
30 or 60) Hz—the csact frequency of the
vlectric energy traveling through millions
uf miles of in-home wiring 1n the 1S and
many other countries; EMFs at higher and
lower freguencies may not have the same
health eifects as 60-Hz fields, And vet, the
financial und technical obstacles that would
stand in the wuy of changing the frequency
of ordinary household ac current—should
that prove to be desirnble—ure staggering,

Safe QOperating Practices

After reading this fur, if you ure uncer-
tain about the possible health effects of
EMFEs, you're not alone: The scientific
community itself does not agree about this
issue. 1n fact, medical doctors, biologists,
physicists and other scientitic researchers
are engaged in an intense, sometimes-
emotional debate about the health ¢ffects
of EMFs, There is a computer bulletin
hoard system tor scientists concerned about
this issue; messages posted there range
from esoteric discussions of these complex
1ssues {o personal attacks on some scien-
tists who esponse views not shared by
athers!

If the experts don’t ulwayvs ugree, how
cian the rest of us know what is safe und
what 1sn't? The American National Stan-
dards Institute (ANSD), a private body that
sets voluatary standards for industry, has
had guidelines for exposure to EMFs for
iy vears. In fact, the ANSI guidelines
have been revised downward repeatedly to
reduce the recommended sate levels of
EMF exposure.

ANSI adopted ats latest guidelines in
992 but many health seientists have ques-
tioned whether even the newest guidelines
are deyuuate to protect public health.
Recently, the Environmental Protection
Agency publicly guestioned the adequacy
of the 1992 ANSI standurds in un official
statement to the Federal (Communications
Commission.

Sume scientists challenge the newest
ANST standard on several grounds. For one
thing, it's primarily intended to prevent
exposure to EMFs strong enough to cause
thermal effects. not exposure to weaker
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EMPFs that may cause athermal effects. Nor
does the ANSI standard take into account
the effects ot modulation, And the ANSI
standard applies only to RF energy, not to
low-frequency EMFs that are so central to
public debate these days.

There is no generaily accepted standard
in America for exposure to the iow-fre-
quency fields produced by power lines or
home appliances. And in general, there is
considerable uncertainty about what level
of electromagnetic energy should be con-
sidered safe.

Another problem is that RF fields are
difficult to measure, The price of a profes-
sional quality RF power density meter runs
well into four [igures, and low-cost meters
for home use are often grossly inaccurate.
Eventhe best meters may not be accurate in
the rear field, the area close to an antenna
where the potential for hazardous RE
energy levels is greatest.

Field strengths can be calculated using
mathematical formulas, but that, too, fails
to take into account the random hot spots
that often exist in the near field. Fortu-
nately, the low-frequency fields from
power lines and appliances are easier to
measure than RF power densities.

It there is no consensus about safe en-
ergy levels, and if EMFs are difficult to
measure, what can we do to minimize the
potential health hazards of EMFs?

Several years ago, Professor M. Granger
Morgan of Carnegie Mellon University of-
fered a simple proposal: practice prudent
avoidance. Dr Morgan said we should
avoid unnecessary exposure to EMPs as a
COMMON-sense response to potential—but
not yet proven—health hazards. He didn’t
suggest that we all abandon our electric
appliances and go off to live in the woods
in cabing without electricity, but he did
suggest that we minimize exposure to
EMFs when it’s practical to do so.

He said, in essence, to avoid electro-
tnagnetic fields strong enough that they
may have adverse health effects. The
League has adopted Dr Morgan’s approach:
The RF safety sections of major ARRL
publications urge radio amateurs to prac-
tice prudent avoidance wherever possible.

Which amateur operating practices ate
clearly safe, and which ones might be haz-
ardous? Here are some suggestions based
on guidelines developed by the League’s
Bio-Effects Committes:

e Transmitting antennas shouid be
mounted well away from living areas. If
medium or high transmitter power (100 W
or more) is to be used, antennas should be
mounted on a mast or tower at least 33 feet
above any populuted area if possible, The
FCC/EPA study indicated that with an an-
tenna that high, there is litile RF energy
where people are,

Becanse feed lines can radiate in some
cases. when installing open-wire line (or
even coaxial cablg if the SWR on the line is

high). it"s best to route it away {rom areas
where people will be spending a lot of time.

* When using a ground-mounted vr mo-
bile antenna, be careful not to transmit
when unyone 1s near the antenna, A good
rile of thumb is to avoid transmitting when
anyone is within three feet of a car-mounted
2-meter FM whip if you're using a typical
25-W transceiver, With a 100-W amplifier,
don’t transmit when anyone is within five
or six feet of a whip antenna. If you’re us-
ing a beam antenna and 100 W or more,
follow the 35-foot ruie: Don’t transmit
when anyone is within 35 feet of the front
of the antenna (the direction where the un-
tenna is pointed). It may be safe to transmit
when people are a little closer to the an-
tenna if everyone is below it or behind it,
not in fronk of it.

* Exercise particular care when using
indoor antennas, including those mounted
in attics, because in some situations they
can generate substantial RE fields. As much
as possible, try to locate indoor antennas as
far from people as possihle, Use low power
{10 W output or less), and keep your trans-
missions short when someone might be
near the antenna.

* Never use a power amplifier that has
its metal cover removed, The cover pro-
vides shielding, keeping the RF energy in-
side the unit-—not out in the roon.

« If you're going to experiment with
UHF or microwave cquipment, or do
moonbounce communications. discuss
your installation with experienced opera-
tors before getting on the air, UHF and
microwave antennas and waveguides-—as
well as high-gain moonbounce antennas—
may produce hazardous levels of RF en-
ergy and must be installed carefully so that
no person is in the fine of fire, Never look
into an activated waveguide or stand in
front of 4 high-gain YHF-UHF antenna
when the transmitter is on.

* When using a hand-heid transceiver,
use the jowest power possible and keep the
antenna as far from your head as possible,
Within the scientific community, there is
disugreement about the safety of “handy
talkies.” Most hand-heids have been
exempt from the ANSI standard because
their power output is too low to produce
significant whole-body heating, However,
there is growing evidence that even |- or
2-watt hand-held radios may produce sig-
nificant EMFs within the aser's head, with
possible health effects that are not yet fully
urderstood. {The potential for a health haz-
ard is greatly reduced when a hand-held
radio is used in its low-power position, with
only a fraction of a watt of output power.)

* Be aware that low-frequency fields
existin your home. If possible, avoid being
within 24 inches of any electric motor or
power transformer while it is turned on.
Hair dryers, ac-operated hand drills and
other electric devices that are held close to
the bady when in use often expose users to

stronger EMFs than those produced by
Amateur Radio equipment, Nevertheless,
it is a good idea to stay about 24 inches
away from the funs and power transformers
found in high-power amplifiers and 12-V
power supplies, for example.

Further Information

The issue of electromagnetic fields and
health is as complex as it is controversial.
1t isn’t possible to cover this topic fully in
a short article such as this one. A more
detailed and technically oriented treatment
of the subject appeuars in the “RF safety”
sections of current editions of The ARRL
Handbuvok und The ARRL Antenna Book.
The bibliography there lists some of the
major scientific works in this field.

Wayne Overbeck, NONB, holds PhD ond 1D
degrees and is a Professor of Communicutions af
California State University, Fullerton, He first
became interested in this vubject because his own
aperating activities—VHF DXing and contest-
ing with high power portable vtations on
mountaintops—require special precautions o

minimize EMF exposure. (1[5}

New Products

COMPLETE NCJ REPRINTS

¢ Contesters and followers of modern
Amateur Radio history will find an indis-
pensable resource in the four volumes of
NCJ Reprints (National Contest Journal):
The Earfy Years, containing the complete
contents—inciuding the ads—of every
issue, from NCJ Vol 1 No. [ (Jan/Feb
197D to NCI Vol I5No. 6(Nov/Dec 1987).
The four spiral-bound, 8'/2x 1 1-inch collec-
tions include 19721977 (Volume 1), 1978-
1982 (Volume Two), 1983-1985 (Volume
Three) and [1986-1987 (Voiume Four), If
vou learned about the National Contest
Jonrnal only recently or neglected to save
vour old original copies, this is what you
need to complete your Amateur Radio
library. Retail price $59, plus $4 s/h. Tim
Duffy, K3LR, LTA, PO Box 77, New
Bedford, PA 16140; tel 216-563-9950,

MAC SOFTWARE

¢ Radio amateurs, shortwave listeners and
clectronics hobbyists who use Apple
Macintosh computers will find handy and
fun programs in the Mac Ham 12-Pak, a
collection of public domain software and
shareware on a dozen diskettes. The set
includes Morse code trainers, FCC exam-
preparation HyperCard files, MacPacket,
WEFAX, MINMUF, contest loggers, elec-
tronics design programs and more. Retail
price is $29.95 including shipping, or send
an SASE to request the Mac Ham Catalog.
Russ Grokett, WA4EFH, Kinetic Designs,
PO Box 1646, Orange Park, FL 32067-
1646, tel 904-272.0371. il
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