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hen it was reported in an Asso-
W ciated Press release that there was

an increased rate of death due to
certain types of cancer in Amateur Radio
operators, this information was rapidly
picked up by the radio community. As a
physician who specializes in cancer surgery,
I received many calls from amateur and non-
amateur friends to find out more about what
was going on and what I thought about it.
As in many reports on medical topics in the
lay literature and on television, there fre-
quently is a difference between what is report-
ed and what actually was said in medical
articles, and this and other recent reports are
no different.
~ After much time and consideration, several
important concepts became apparent to me,
and I hope that by making this report in QST,
it will help us all to better understand what
really was said, and what is known about the
reported association of leukemias and other
blood cancers with Amateur Radio. This
article does not purport to completely cover
all the important articles and research studies
which have ever been written on the effects
of "electromagnetic radiation on human
biology, but is instead, an effort to review that
literature which might be useful to Amateur
Radio operators interested in responding to
the questions that have been asked.

Biologic Background

Radio-frequency waves are a form of elec-
tromagnetic waves, and in the frequencies of
concern to Amateur Radio operators, these
represent a form of nonionizing radiation.
The terms ionizing and nonionizing radiation
are frequently confused, and it is helpful to
clarify what I mean by these terms early in
our discussion.

Ionization occurs when there is enough
energy in the radiation to displace an electron
from an atom. Radiation that produces this
effect has a very short wavelength, a high fre-
quency and high energy level, and is typically
that described as X-rays and gamma rays.
Nonionizing radiation is otherwise known as
infrared and radio-frequency waves, which
are at a lower energy level, and have lower fre-
quencles and longer wavelengths than ioniz-
ing radiation. Iomzmg radiation is dangerous
to living organisms in that it affects cellular
elements such as DNA in the cell nucleus,

it.

leading to genetic damage in the individual
cell, and mutations in future generations of
cells. Although the energy level of nonioniz-
ing radiation is lower and thus may not affect
large molecules or generate measurable
amounts of heat in the same manner as ioniz-
ing radiation, there is substantial evidence that
nonionizing radiation has subtle effects at a
more basic cellular level, including effects on
hormones, enzymes and the cooperative
mechanisms involved in maintaining the
integrity of intracellular systems.!

Experiments regarding the effects on
human tissue of nonionizing electromagnetic
fields have been conducted for many years.2
The findings of these studies indicate that a
modulated electromagnetic field, that is, one
in which the energy is cycled on and off or
is varied by intensity or frequency, has a
greater inhibitory effect on the ability of cells
in the body to communicate with each other
than does a field in which the current remains
at a steady and unmodulated strength.

Studies indicate that even in a weak elec-
tromagnetic field there is a modification of
calcium binding at the cell membrane, as well
as an alteration of a variety of calcium
dependent enzyme systems which work be-
tween cells.® Experiments have noted that
the effect on calcium flow in and out of cells
is frequency dependent, and that curves can
be drawn demonstrating these ‘‘frequency
windows.”’ Specifically, the combination of
a very high or ultra high frequency carrier
(147 or 450 MHz) modulated at specific
extremely low frequencies (16, 40 or 60 Hz)
has been studied and appears to be of bio-
logic significance.*

Other studies have looked at the effects of
electromagnetic energy on cells that have
specific immune functions. An important type
of white blood cell called a T-lymphocyte is
involved in the recognition and destruction
of foreign and malignant cells. There is evi-
dence that the normal functioning of these
cells is significantly reduced by electric fields
that simulate 60-Hz high voltage power line
fields and by weak microwave fields that are
amplitude modulated at 60 Hz.>¢ The
mechanism of this process is not clear, but
may also be related to interactions at the level
of the cell membrane.

More rapidly dividing cells, such as those
in the bone marrow or small intestine, are
usually more sensitive to the effects of both

'Notes appear on page 33.

ionizing and nonionizing radiation than are
those which divide more slowly. Thus, it is
rapidly dividing cells that are more likely to
demonstrate changes in response to exposure
to these types of energy. However, cells which
divide more slowly have less of an ability to
repair any damage done to them by exposure
over a long period of time. It is important to
recognize that these effects are not necessar-
ily dependent on damage to DNA or other cel-
lular markers.

Evidence at this time seems to suggest that
an appropriate interpretation of this data is
not that nonionizing energy necessarily causes
cancer, but that it may act instead to promote
the efficacy of other agents in doing so.

Previous Studies

In 1979, initial questlons were raised
regarding a positive relationship between high
current electrical configurations in homes and
the incidence of cancer deaths in children liv-
ing in the Denver area.” Later, similar find-
ings were noted for adults living near high
current 60-Hz wiring as well.® Because of
criticisms relating to the methodologies and
assumptions used in these studies, other
investigators looked at these same issues
again, and came to similar conclusions.®!°

It had been reported as early as 1982 that
there appeared to be an increased death rate
due to leukemia in people who were exposed
to magnetic and electric fields in the course
of their work.!"12 Additional articles ap-
peared in 1983'3:14 and 1985'5-18 which also
suggested that electrical workers in general
were at an increased risk of leukemia and that
electromagnetic fields might be a cause of this
form of cancer. A time/effect relationship has
also been suggested for certain forms of brain
tumors and occupational exposure to micro-
wave and radio-frequency electromagnetic
radiation,!*2?° where the risk was 10 times as
great in those workers who had industrial
exposure to soldering fumes, solvents and a
variety of other chemicals. Other reports have
reviewed the possible relationship between
spontaneous abortion rates and the use of
electric blankets,?! video display terminals,?
and ceiling cable electric heat.?? Cataract
formation and damage to the retina has also
been reported in humans exposed to high in-
tensity electromagnetic fields and
microwaves.?

Dr Milham’s Study
The recent report which stirred up the most
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concern because it made particular reference
to Amateur Radio operators, appeared in the
January 1988 issue of the American Journal
of Epidemiology, a respected and prestigious
medical publication.?

In 1982, Samuel Milham, Jr, MD, MPH,

who works in the Epidemiology section of the .

Washington State Department of Social and
Health Services, reported that a study of
workers whose stated occupation on death
certificate records suggested an exposure to
electrical or magnetic fields had a higher rate
due to leukemia.?® In 1985, at the suggestion
of an Amateur Radio operator (W2EVE), he
looked at all the *‘Silent Keys’’ listings that
appeared in QST and studied the cause of
death of amateurs who died between the years
1971 and 1983 and who lived in Washington
State and California at the time of their
death.?

To simplify things slightly, only males were
studied as there were very few women among
these deaths. A total of 1691 death certificates
were identified with these Silent Keys.

Using a standard statistical analytic tech-
nique called proportionate mortality radio
(PMR), and an analysis of all US deaths as
a comparison group, 12.6 of the 1691
amateurs should have died from leukemia. In-
stead, 24 deaths were observed with a statisti-
cal significance of p < 0.01, meaning that
there was less than a 1 in 100 chance that this
was a random occurrence.

In the largest study reported,?® Milham
has expanded on his original work. He first
identified all licensed amateurs with addresses
in California and Washington State. This was
followed by a computerized and manual
review of all deaths of persons whose com-
plete names and date of births corresponded
to the list of known amateurs for the period
January 1, 1979 to June 16, 1984.

A total of 67,829 amateurs were identified
and 2485 deaths were studied. Eighty-four
percent (2083 of 2485) deaths occurred in
California, so this study was weighted heavily
towards the California experience. After
making certain statistical adjustments, the
overall death rate for amateurs was no dif-
ferent than it was for the population of both
states at large. Likewise, the overall death rate
for all forms of cancer among amateurs was
not significantly different from the larger
population. :

However, within this cancer death rate,
there was a definite disproportion of deaths
due to cancers of ‘‘other’’ lymphatic tissues,
such as multiple myeloma and non-Hodgkin’s
lymphomas. The death rate for all leukemias
was only slightly, but not statistically signifi-
cantly, increased. Among those leukemias,
however, one form particularly (acute myelo-
genous leukemia) was significantly increased.
It was concluded that the increased number
of only these highly specific forms of blood
disorders, and not others, suggests that a
biologic cause and effect is present. i

It was not possible to make a direct analysis
of any occupational link with these excess
deaths due to the fact that this information
was readily available only for Washington
State deaths. It should be noted that of these
402 deaths, 31 percent of the amateurs appar-
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ently worked in or about electromagnetic

fields as technicians, radio operators or tele-

vision repairmen. Of all deaths in Washing-
ton State during this time, only 3 percent of
the population worked at these occupations.

In addition, among Washington State
amateurs, 5 of the 11 deaths due to leukemias,
lymphomas or multiple myeloma, were in
people who had such occupational electro-
magnetic exposures. It was pointed out that
workers in these occupations also were
exposed to other possible hazards, such as
fumes from solder and toxic chemicals such
as the polychlorinated biphenyls (PCBs), and
asbestos, any of which in themselves might
conceivably cause cancer as well.

No other cause of death was noted to be
higher than normal in the amateur popula-
tion, and in fact, several important and com-
mon causes of death were less than what
would be expected from the population as a
whole. Deaths due to cancer of the pancreas
and the lung, as well as all deaths due to
respiratory diseases (pneumonia, asthma,
emphysema), circulatory diseases (those of the
heart and blood vessels) and accidents were
less in amateurs as a group than in the over-
all population. It was even suggested that
there are fewer cigarette smokers among
members of the American Radio Relay
League than in the general US population as
a whole.

Milham concluded that Amateur Radio
licensees in California and Washington State
do have a higher death rate due to acute
myelogenous leukemia, multiple myeloma
and possibly other specific types of
lymphoma. He felt that exposure to magnetic
or electrical fields either as a consequence of
work or hobby should be considered among
the cause of these rates.

Comments on these Studies

It is important to recognize that studies
based upon death certificate data alone are
always subject to certain limitations. Data in-
accuracies, from input as well as in coding,
are not uncommon, and when one is meas-
uring the incidence of small or rare occur-
rences, this may cause an inadvertent
diminution or magnification of the determi-
nation of these occurrences. None of the
studies discussed here look at an actual meas-
urement of the electromagnetic or toxic chem-
ical exposure that any of the deceased
individuals may have had. The issue of what
is called ““confounding factors’’ such as the
interaction of the effect of toxic chemicals and
electromagnetic fields of different levels of
energy is certainly unknown. As a result,
statisticians may frequently differ on the in-
terpretation of identical data.

On the basis of these research papers,
however, it is now apparent that the data
derived so far must be considered significant
enough to support further research into both
the epidemiology of and the biologic mechan-
isms involved in these effects. Some of that
research is presently being done both in the
United States and abroad and new articles are
being published in the scientific literature fre-
quently.

Exposure Standards

The question of exposure standards also
deserves comment. In 1982, the American
National Standards Institute (ANSI), a
private, commercially sponsored organiza-
tion, published a list of standards based upon
the thermal effects of electromagnetic fields
upon tissue.?” There is much controversy
regarding the validity of measuring this type
of effect on biologic tissues as there is clear
evidence that adverse tissue effects can occur
without a detectable rise in temperature.® It
should be noted that Australia, Sweden and
the Eastern bloc countries as well as locali-
ties in the states of Oregon and Massachusetts
have issued standards which recommend sig-
nificantly lower exposure levels. Another
voluntary standard has been proposed by the
National Council for Radiation Protection
and Measurement (NCRP), which is notably
more stringent than the current ANSI stan-
dards.3' ANSI is presently in the process of
revising their standards.

It is interesting to note that the US
Environmental Protection Agency has
recently decided to defer the issuance of stan-
dards for exposure to electromagnetic fields
under its RF Radiation Guidance Program for
budgetary restrictions and other priorities.
Despite the requests of the Federal Commu-
nication Commission, the National Associa-
tion of Broadcasters, the Electromagnetic
Energy Policy Alliance (of which the ARRL
is a senior associate member) and other
national organizations to complete this
important work, the EPA has decided to put
aside many years of effort on these guidelines
and to focus its attention on other matters
which it considers to be of greater public
concern.

Hand-Held Radios

An article published recently studied the
specific absorption rates in models of the
human head exposed to hand-held radios
operating in the 800-MHz band, which is
where most cellular telephones are used.3?
The authors studied the RF energy absorbed
by simulated tissues in the head (eye, brain,
muscle, fat and bone) while holding the trans-
mitter in vertical and tilted positions about
the head. Also, a Y2-wavelength antenna
operated at 1.0 W power output was com-
pared to a 5/8-wavelength antenna operated
at 1.0 and 1.8 W. This study indicated the
presence of a ‘“‘hot spot” in the eye while
using a ¥2-wavelength antenna, and one in the
frontal portion of the brain while using a
5/8-wavelength antenna.

The authors concluded that if the transmit-
ter is operated in a vertical position and is held
at a distance of about 2 inches
(5 cm) from the face during normal use, the
specific absorption rates would not be sign-
ificant enough to warrant concern, at least
with reference to the present ANSI standards.
These current ANSI standards essentially con-
sider any device generating less than 7 watts
output to be safe, an assumption with which
almost all experts currently would not agree.
Other studies using hand-helds operating at
lower frequencies and different power outputs
are being conducted and evaluated with refer-



ence to more stringent standards.

What Does This Mean?

What does all this really mean for us as
amateurs? We all know that there are intrin-
sic risks in all activities that we do every day.
How many of us still smoke, or are over-
weight or do not bother to fasten our seat
belts in our cars? Knowing about risks only
sometimes causes us to change our ways. As
Amateur Radio operators we certainly do not
have any hesitations about discussing and
protecting ourselves from the dangers of high
voltage circuitry. Nor do we shy away from
trying to prevent the risk of accidental falls
from roofs or antenna towers.

Likewise, we should recognize a relatively
newly identified environmental hazard which
may be significant to those of us even without
occupational exposure to electromagnetic
fields or toxic substances. No one is absolutely
certain about what may be causing this in-
creased proportion of special cancers. There-
fore, prudence dictates that Amateur Radio
operators should take those simple measures
which decrease the possibility of our personal
exposure to electromagnetic fields or toxics
that we may contact as a consequence of our
interest in Amateur Radio. Articles have been
published in QST and other Amateur Radio
publications regarding some precautions in
the past.>%" This current list includes some
recommendations which are new, particularly
in view of recent information.

Preventive Measures

1) Do not stand or sit close to your power
supplies or linear amplifiers while operating,
even when they are in stand-by mode.

2) Stay at least 24 inches away from any
power transformer, electrical fans or other
source of high level 60-Hz magnetic fields
while in operation.

3) Do not tune up or operate a high
powered linear amplifier while the shields or
covers are off. ,

4) Run your transmission lines away from
where you or other people sit in or near your
shack.

5) Properly terminated coaxial transmission
feed lines should be used in preference to
open-wire or end-fed antenna installations
which come directly into the transmitter, as
the RF radiated from a coaxial feed line is
much lower.

6) Use common sense about placing all
antennas well away from yourself and others,
especially for VHF, UHF and particularly
microwave applications. No one should be in
the near field of an antenna.’®

7) No person should be near any transmit-
ting antenna while it is operating. This is
especially true for all mobile or ground
mounted vertical antennas. The use of indoor
transmitting antennas which are close to
people in a house or apartment should be
reconsidered.

8) Use the minimal power needed to make
a QSO, especially if the antenna is less than
35 feet above the ground.

9) Hand-held radios should be used on the
lowest power setting needed to carry out com-
munications.

10) Hand-helds should be kept as far from
the head as possible when operating. The use
of a separate microphone or similar device is
recommended.

11) Transmissions using a hand-held radio
should be kept as short as possible.

12) Power density measurements should be
made before running more than 25 watts in
a VHF mobile installation, particularly if the
antenna is rear-deck mounted and passengers
may ride in the back seat. The safest mobile
antenna location is in the center of the metal
roof.

13) The development of an accurate inex-
pensive power-density meter would be of
major benefit to the Amateur Radio commu-
nity so that RF power-density measurements
could be taken in all radio installations.
Because of the current high cost of such
devices, groups of amateurs or clubs may wish
to purchase one and share in its use.®®

14) Soldering should only be done in a well
ventilated area. A small fan should be used
to blow away toxic fumes.

15) When using toxic chemicals, such as
when etching PC boards or repairing fiber-
glass, wear gloves and goggles, use proper
tools, and avoid contact with any of the
chemicals. If accidentally contaminated, wash
off the compounds immediately with copious
quantities of water.*’ Again, the importance
of always working in a well ventilated area
with personal protective covering cannot be
overemphasized.

16) Hazardous chemicals, such as those in
the PCB class, are used in some capacitors
and dummy loads. Use extreme care in hand-
ling these materials, and consult with the
appropriate local authorities to determine the
proper means of disposing of these chemicals
in an environmentally responsible way.

Some Observations

To my knowledge, no other established
guidelines are available to prevent potentially
harmful exposure. Therefore until such time
as a clearer picture emerges, we should fol-
low these simple common sense precautions.

There is no question that additional infor-
mation is needed and will ultimately be forth-
coming on this important issue. This data will
certainly be difficult to interpret, and confus-
ing to many of us, both in the amateur and
nonamateur community. We must therefore
be prepared to work together to arrive at
reasonable conclusions and appropriate
actions.*!

In preparing this paper, I personally com-
municated with several of these experts in the
field whose works are referenced below. All
of these experts, including Dr Milham, agreed
that none of them would have any hesitation
regarding their own personal use of currently
available Amateur Radio equipment, provid-
ed that it was properly installed and opera-
ted, and that the recommended precautions
were followed.*? Unanimously, they all feel
that no one should stop operating because of
concern for the possible risk of illness, as
these risks appear to be so relatively low.

Am I worried? Absolutely not. With com-
mon sense and safe operating practices, I look
forward to many more years of enjoyment

and satisfaction as an Amateur Radio

operator.
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