Article on Electromagnetic Fields published
In Medical Electronics:

A Survey of present knowledge concer ning low-frequency
electromagnetic radiation from power lines, home wiring,
appliances, televisions and computer displays

EMFsLinked to health problems

Can electromagnetic fields (EMF) from power lines,riistion lines, home wiring and
appliances cause brain tumors, leukemia, birth defeadsytéwer health problems? Numerous
studies have produced contradictory results, yet some sxgertonvinced the threat is real.
Dr. David Carpenter, Dean at the School of Public tHe&8tate University of New York, says
"This is really harming people."

According to Dr. Carpenter, it is likely that 10% to 15%atthildhood cancers come from
exposure to residential power lines. The Environmdhtadection Agency warns "There is
reason for concern" and advises "prudent avoidance.'Invidadper, the EPA's Director of
Analysis and Support, goes even further. "I have newr aeset of epidemiological studies
that remotely approached the weight of evidence thaeweking with ELF [extremely low
frequency] electromagnetic fields. Clearly there iseihing here."

Concern over electromagnetic radiation began to exg@tide Paul Brodeur wrote a series of
lengthy articles in the New Yorker Magazine. Whendheles were published in June, 1989,
Brodeur had already established renown by bringing thegqugly unknown hazards of
asbestos into public view. In this new revelatiompdgsur described how Louis Slesin, editor
and publisher of VDT News, had pieced together a fasematizzle. For nearly a decade,
Slesin had compiled details on studies which linked magheitis with cancer. Most experts
thought that the results were erroneous because it deecomceivable that such low levels of
non-ionizing radiation could cause harm. Consequentigttigies were branded biased, and
instead of praise for their pioneering work, the redeascwho conducted these studies were
ridiculed and their concerns ignored.

Because of Paul Brodeur's reputation, his New Yorkerestitad a catalytic effect on
scientists, reporters and concerned people throughoutaite. W 1989 and 1990, the EMF
issue gained mainstream publicity, with alarming repgpearing in Time, the Wall Street
Journal, Business Week, and popular computer publicationsasudacWorld. ABC's Ted
Koppel aired a full 30 minute show and interviewed Paul Brqdehite CBS' Dan Rather
aired a special segment on an ominous EPA report.

In October, 1989, an article in Business Week quoted a ggadientist as saying that low
frequency magnetic fields were biologically active. Tdeseptance of EMF as having a
measurable impact on living cells and organisms repregenmajor shift in the scientific
community from debating whether EMF could cause biologiffatts to debating, instead, the
level of harm caused by the radiation. "It is now rctbat 60-hertz and other low-frequency
electromagnetic fields can interact with individualsealhd organs to produce biological
changes," says a 1989 Office of Technology Assessment répbe nature of these
interactions is subtle and complex. The implicationthese interactions for public health
remain unclear, but there are legitimate reasonsoiocern."



The word "epidemiology" is often used in conjunction vethdies of EMF. "Epidemiology"
comes from "epidemic" meaning common to or affectiggest number of people in a
community at the same time. An epidemiologist studiestiugstical relationship between
health problems and suspected causes, but even wheniaepesitionship is found, such
studies do not prove cause and effect, even if it sebuisus. To see why this is important,
consider that a rooster will crow at sunrise, and ostrmornings the temperature starts to rise.
An epidemiological study of roosters crowing would show sitpe correlation with
subsequent temperature increases that day, but it wouldddie ito conclude that the crowing
causes the temperature rise. Similarly, there mayfdetar other than EMF from power lines
which causes cancer, such as traffic density. Wittmaay variables, the cause-and-effect
relationship is difficult to establish.

In late 1989, the Wall Street Journal reported that ele@gnetic radiation was linked to
cancer and leukemia. Even more alarming, the EleabrieelP Research Institute, the leading
arm of the electric utility companies, had "only praiee the methodology used in a power
line study that linked leukemia, prostate and other camtgsung men with chronic exposure
to magnetic fields. In November of 1989, the Departmeinairgy reported that "It has now
become generally accepted that there are, indeed, loaledffiects due to field exposure.”

EPA SAYS THREAT IS REAL

By 1990, over one hundred studies had been conducted worldwitleegef at least two dozen
epidemiological studies on humans indicated a linkage betaleetnomagnetic radiation and
serious health problems. In response to public pressigr&nvironmental Protection Agency
(EPA) began reviewing and evaluating the availableslitee. In a draft report issued in
March, 1990, the staff of the EPA recommended that maginedtis be classified as a Class B
carcinogen. This category is for "probable human cagans,” and includes formaldehyde,
DDT, dioxins and PCBs. However, in a later watered-doswision, the reference to Class B
was deleted, and the following explanation was added:

"At this time such a characterization regarding the ietween cancer and exposure to EM
fields is not appropriate because the basic nature aftdr@action between EM fields and
biological processes leading to cancer is not understood."

Curiously, this rather unusual logic appears on the veng gmge as the following: "In
conclusion, several studies showing leukemia, lymphontacamcer of the nervous system in
children exposed to magnetic fields from residential 6@leetrical distribution systems,
supported by similar findings in adults in several occupatistudies also involving electrical
power frequency exposures, show a consistent patteespdmse that suggests a causal link."

RECENT STUDIES RAISE CONCERN

Until a few years ago, the electric and magnetic fialdsind power lines, electric motors and
household appliances were thought to be harmless. Howmvéne basis of new studies,
scientists are changing their opinions. As reportedanWall Street Journal, "recent research
with human cells and laboratory animals, plus epidemicdbgtudies, all have suggested that
the fields do have biological effects, and that they foster a number of medical problems,
including cancer and miscarriage. Leonard Sagan, theicad@tpert at the Electric Power
Research Institute, says that the latest experirm@mipiortant because 'this is humans, not rats,
who are apparently showing an effect'."

As early as 1976, scientists in Loma Linda demonstraggdcettposure to weak levels of EMF
could slow the outflow of calcium in cells from chickamrains. A major study of chicken
embryos, sponsored by the Environmental Protectiomé&gand the U.S. Navy, found a



significant increase in abnormal embryos of chickehen exposed to pulsed magnetic fields
similar to the type of magnetic fields emitted by VD®O4.six laboratories, two found a
statistically significant increase in abnormal enalsryand three found non-statistically
significant increases. Such abnormalities included ldwén weights and birth defects.

One of the earliest studies on the human health sftddEMF was conducted in the greater
Denver, Colorado area by epidemiologist Nancy Wertheand physicist Ed Leeper. Using
data on children who had died before age 19 of cancer &eti@50 and 1979, this study
found significant excess risks among children who residédines close to heavy duty
distribution lines. Other studies indicate that theseslitypically produce strong magnetic
fields.

In 1982, the New England Journal of Medicine published & lgtien Dr. Samuel Milham, Jr.
describing his study of leukemia deaths in Washington. dtigecomprehensive study, which
examined the data for 438,000 deaths occurring between 1950 andal@uBtHat leukemia
deaths were elevated in 10 out of 11 occupations involvipgsexe to EMF. In 1988,
epidemiologist Dr. David Savitz set out to disprove tlselts of the earlier Denver study
using a different group of children. Instead, his findingsewwarly identical with the first
study F indicating elevated risk for all cancers amonigrem living in homes near power
lines with magnetic fields at or above 2 milliGauss JmG

Perhaps the most publicized study was conducted in 1988 byaiber Rermanente HMO in
Oakland, California, one of the largest health cac#itfas in the country. Kaiser's researchers
tracked 1,583 pregnancies to find out whether pregnant wornddoelea affected by the
widespread use of aerial spray to kill medflies. No promexs found with the spraying, but
the researchers were surprised to find a statistsiglhficant 73% increase in miscarriages in
working women using CRT-style VDTs (cathode ray tubeestileo display terminals),
compared to other working women. The study also foundcaease in birth defects, although
the result was not statistically significant due togample size.

The National Institute for Occupational Safety and the@lIOSH) captured world-wide
headlines in the spring of 1991 when it released the redutssstudy on the health effects of
CRT-style VDTs and miscarriages. The study found no letkvben VDT use and
miscarriages, after studying 730 pregnant directory asststanttgeneral telephone operators.
The study concluded that "the use of VDTs and exposuretacdtompanying electromagnetic
fields were not associated with an increased risk aftgpeous abortion in this study”
(emphasis added). The media's immediate interpretation was

"[the new study] settles a question that has worried @voaf childbearing age for more than a
decade: Can using a video display terminal cause misc& Tdgeanswer is clearly no..."

Unfortunately, a close examination of the NIOSH regpublished March 14, 1991, in The
New England Journal of Medicine) shows that the meidizgpretation was incorrect, and
that the study's conclusions were limited. One groupstiingdy population) of operators used
CRT-style VDTs, and another group (the control group)pefrators used a different type of
video display, with either LEDs (light emitting diodes)rm@on glow tubes. Interestingly,
measurements of abdominal exposure to ELF magnetic fiedds similar for both groups.
Hence, the study reached no conclusions about he&shtoigpregnant women from the ELF
radiation emitted by VDTs, although NIOSH attempted toimize this major flaw by stating
that the levels of abdominal exposure to ELF for lgythups were in the same range as
exposures in the home (i.e., .5 mG to 2.5 mG).

Moreover, the study only dealt with two monochrome n®deVDTs manufactured by IBM
and Computer Controls, Inc. These VDTs emitted veryfleqquencies (VLF) in the range of



15 kHz, while a large percentage of video displays sold tpadajuce VLF emissions in the 30
kHz to 85 kHz range. Furthermore, the researchers fouhditi@ng the same model VDT,
VLF levels varied by as much as 1500% (a fifteenfold diffiee), but the study made no
attempt to determine if the higher levels were assedtmith increased risks. Finally, the study
did not deal with other health risks, such as cancem ¥WDTs.

Other studies have yielded alarming results. A Johns Hegkirdly showed that the incidence
of leukemia among telephone cable workers was 7 timegegsan among other telephone
company employees. A subsequent study of 1.5 million pagtrasént employees of AT&T
found that men working as cable splicers and centrakotfichnicians had 1.7 times the risk
of dying from leukemia than men working at jobs with lesgosure to EMF. This is startling,
considering that the field these men are exposed ¢m ih)e average, relatively low (4.3
milliGauss.) As John Monahan of the Food and Drug Adinatisn explains, "the effect is
real. It is produced by a low-level magnetic field, butdea't yet know what the important
parameters of the field are.”

Studies of cells and laboratory animals exposed to B biological effects, including:
changes in levels of neurotransmitters F the chesnrghich send signals between nerves,
changes in levels of calcium found inside or on the sartd cells, embryo abnormalities in
chickens, mice and pigs, malignant lymphomas in mice exptsvery high-intensity EMF,
slowing of repetitive learning and reduced testical waighats, changes in brain chemistry,
heightened stress, and changes in the rate of growttedmtivision of some cells. The latter
effects have implications for the offspring of pregnanomen and growing children.

In some experiments, human cancer cells exposed toexNbit increased resistance to
attack by the body's cancer fighting white blood ceit$ #he body's immune system. Further, a
drop in the levels of melatonin have been reported aplpesleeping with electric blankets.
Melatonin is a hormone which controls the montknéle cycle and inhibits the growth of
certain cancers. Other experiments on humans indicaté&MF can cause fatigue, headache,
slower reaction times, slower heart rates and alterain waves.

A study released in February, 1991 by the University of t8atCalifornia (USC) Los
Angeles unexpectedly found an increased rate of leukemiagaamidren who watch black
and white televisions. While the study is the firstrtake this link, it is a reminder to keep
children as far back from a television as possiblés Study also found that exposure to hair
dryers, curling irons and electric blankets increasediskeof getting leukemia.

In addition to leukemia in children, more recent studasehinked EMFs with new diseases.
Loomis and Savitz of the University of North Caralireported a doubling of the expected
breast cancer rates for women in electrical traged 45-54. (Microwave News, Nov/Dec
1993). More recently, a major study linked EMFs with Alzgis1 Results from two studies
conducted in Finland and one in Los Angeles indicatepdaple with a high occupational
exposure to EMF's are at least three times as likedevelop Alzeimer's disease a those
without significant exposure. (Network News, Aug/Sep 1994).
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Update: See Appendix 1 below for the latest press annoentemegarding electromagnetic
fields. Here is a brief summary:

Thel atest News:
Excerptsfrom: MICROWAVE NEWS -- A Report on Non-lonizing
Radiation




August 2002
California EMF Program toissue Strongest Health Warning Y et

After spending more than $7 million over the last eigdarg, the California Department of
Health Services (DHS) will soon issue the strongesning to date on the potential health
risks from exposure to power-frequency electromagnetasfiEMFs).

Drs. Raymond Neutra, Vrncent DelPizzo and Geralding Wwee wrote the report, conclude
that they "are inclined to believe" that EMFs a@ase of childhood leukemia, adult brain
cancer, amyotrophic lateral sclerosis (ALS) and misxges.

July/August 2001

ELF EMFs (electromagnetic fields) are now classified in the same category
as DDT, lead, Carbon Tetrachloride and Chloroform, Category 2B possible
car cinogens.

IARC Finds ELF EMFs Are Possible Human Car cinogens

A working group assembled by the International AgencyRiesearch on Cancer (IARC) has
unanimously concluded that power-frequency magnetic fie&lp@ssible human carcinogens.
This finding, announced on June 27 in Lyon, France, sdoan the consistent association
between childhood leukemia and residential exposure teregly-low-frequency
electromagnetic fields (ELF EMFS).

The makeup of the IARC panel spanned all sides of the &MEoversy, from those who
openly believe that EMFs promote cancer to industrgelbemts who are skeptical of any such
connection. "We all agreed," said Dr. Larry AndersoMFs have now been formally
designated "2B Possible Carcinogens.” (For a list ofritwnbers of the working group and
their affiliations, and examples of each type of IAB&cinogens, see below.

"There was a unanimous feeling about it," said Dr. Jalwgk. Dr. Maria

The childhood leukemia studies have had a major impadt ofithese prior assessments. The
Doll report was heavily influenced by the two recenblpd analyses: one led by Dr. Anders
Ahlbom and the other by Dr. Sander Greenland. TheJARBnel was similarly swayed,
according to both Stolwijk and Dr. Elizabeth Hatch.héTAhlbom analysis was found to be
most impressive," noted Stolwijk. Much more surprising tve IARC panel members' view
of the animal data. They came close to finding "lidiitsupport for a cancer association based
on the animal exposure experiments.

IARC Carcinogens: Definitions and Examples:

Category 2B: Possible Carcinogen

Evidence: limited in humans and less than sufficieanimals

Chemical and physical agents:

Carbon tetrachloride, chloroform, DDT, ELF EMFs,deRBBs. Total number of agents: 236

June, 2001
Maximum EMF Exposure EmergesAs Strong Miscarriage Risk

A new and innovative epidemiological study has found an gixtfmld increased risk of
spontaneous abortions among women exposed to magndiaofiet6 mG or greater. The



results “should have wide implications,” concludes Dr. DeKi, who led the study team at
Kaiser Permanente’s research division in Oakland, CA.

September 2001
WHO EMF Project Now Endorses Policy of Prudent A\arice

In a major policy shift, the World Health Organizat®(WHO) International EMF Project has
endorsed prudent avoidance.

On October 3, the WHO advised that decisions on sitimgeptines should “consider ways to
reduce people’s exposures.” The WHO also recommended tatngeents and industry
should offer the public “suggestions for safe and low-a@sts to reduce exposures.” The
advice is contained in a fact sheet on extremelyftequency electromagnetic fields (ELF
EMFs) and cancer.

The project’s new outlook follows the decision by apesk panel convened by the
International Agency for Research on Cancer (IARC)lassify ELF EMFs as “possible
human carcinogens” (s&\WN, J/A01). IARC, which is based in Lyon, France, is pdthe
WHO.

German Radiation Commission Endorses Prudent Angcela

Germany’s Radiation Protection Commission is reconaimg a policy of prudent avoidance.

In a report released on September 14, the panel—knows Ggiman acronym SSK—states
that it has confidence in the ICNIRP standards. Bedlis for “minimizing” exposures to both
ELF and RF/MW EMFs to the extent “technically andremaically reasonable,” especially in
locations where people spend extended periods of time.

The SSK recommends that emissions from consumer aggdiaincluding mobile phones, be
kept as low as possible and that product labels indicassiemlevels.

On July 31, the radiation office’s current director, ¥Moh Konig, advised against the use of
mobile phones by children and called for restrictiombase station antennas near schools and
hospitals (se®VWN, J/A01L).

JUNE 2000
Strong Electric Fields Implicated in Major Leukeniesk for Workers

Long term employees of Ontario Hydro who worked in girelectric fields had much higher
risks of leukemia, Canadian researchers have found. i&gnifisks were also found for non
Hodgkin’s lymphoma (NHL) in a related study.

The elevated risks were seen among workers who spemtastetime in electric fields above
certain thresholds, in the range of 10 to 40 V/m. Thgektrincreases occurred among those
with more than 20 years on the job. Senior workerk thié greatest time above the thresholds
had an eight to tenfold increase in the risk of leukemiareininigher than in past
epidemiological studies of electromagnetic fields (EMFs).

U.K. Panel Discourages Use of M obile Phones by Children

A high level panel appointed by the U.K. government basmmended that children be
discouraged from using mobile phones and that the industimaudet phones to children.



Although the Independent Expert Group on Mobile Phonegechly Sir William Stewart,
found that there was no evidence of a health riskyitiried a “precautionary approach” given
current “gaps in knowledge.”

“I have got a grandchild of four and a grandchild of two lawduld not be recommending
that they have mobile phones,” Stewart told the BisIing that he would continue to use his
own phone. Stewart was science advisor to the primister from 1990 to 1995.

Electromagnetic radiation in the news!

Concerning power lines and appliances:

USA Today conducted a survey of 4,567 readers and reported that elagtretic fields, or
EMF's, are the number one environmental concermmerf&a. "EMF's - always present near
power lines and working electrical appliances - are lirtkeslich diseases as leukemia and
breast cancer."

"The National Council on Radiation Protection and Measients (NCRP) committee charged
with evaluating the potential health effects of elegtagnetic fields (EMFs) has completed a
draft report that calls for strong action to curtad g#xposure of the U.S. population. "It took us
nine years but we finally reached agreement,” comengbairDr. Ross Adey, of the Veterans
Administration Hospital in Loma Linda, CA, toMicrowave News.

A draft report prepared for the Environmental Protecfigency (EPA) generally endorses a 2
mG exposure limit. It would take effect immediately femnday care centers, schools and
playgrounds, as well as for new transmission lines eeating housing. The report was
funded by the EPA. Dr. Joe Elder, EPA's program officetie NCRP study in Research
Triangle Park, NC, called the committee's report "its¢ €omprehensive review of the world's
literature on EMF health effectavlicrowave News, July/August, 1995

"l have never seen a set of epidemiological studies¢nadtely approached the weight of
evidence that we're seeing with ELF [extremely loggfrency] electromagnetic fields. Clearly
there is something hereMartin Halper, EPA Director of Analysis and Support.

"Electromagnetic fields are associated with the devedoprof leukemia, brain cancer and
other serious diseases."
Paul Brodeur, writer, The New Yorker Magazine, author ofCurrents of Death
(Simon and Schuster), aiithe Great Power Line Coverup (Little, Brown).

"...studies on cats, rats, and chick brain cells hage/s that low frequency electromagnetic
radiation interacts with brain activity and could caasest of negative symptoms from
heightened stress and depression, slowed reaction tichéeaaning disabilities to
miscarriages, fetal deformities, and cancer."”

Business Week, Oct. 30, 1989.

"This is really harming people."
Dr. David Carpenter, Dean, School of Public Health, State UniversitiNefv York,
Albany.

When buying a home, it is important to check for EMHSmMes "sold...for 30% less" when
exposed to EMF's, as reported by Ykall Street Journal, September 8, 1993.

According to a survey conducted bydoor Air Review, 26% of homes have areas that register
EMF fields exceeding 3 milligauss.



"...Sweden has concluded that EMF's do lead to highes ohtmancer...I, frankly was
somewhat impressed by the arguments made by the SweBeesdent Bill Clinton

Concer ning televisions and computer displays (VDTS):

"Most unsettling of all, perhaps, is the fact thatghésed VLF and ELF magnetic fields found
routinely within a radius of about two feet from theege CRT computer terminal can be as
strong as, or even stronger than, the sixty-hertz etagirelds found inside the homes in
which Wertheirner and Savitz discovered children tolyaeg unduly of cancer."”

The New Yorker, June, 1989.
"...sit at least ten feet away from the televisen"

Time Magazine, July 17,1989.

A Swedish study has found that weak, pulsed magnetic fiefdarsio those emitted by VDTs
can cause fetal abnormalities in the offspring of pregmace. According to Tom Brokaw of
NBC News, "the findings no longer rule out the possitiliat radiation can affect human
fetuses." In Sweden, a major Swedish union (the Swéltisifederation of Professional
Employees, or TCO) is seeking more stringent limitg, @ressure is being put on the Swedish
government to change VDT work regulations to protect praggmamen.

A study released in February, 1991, by the University oti8@n California (UCS) in Los
Angeles has found an increased rate of leukemia amownigecrhivho watch black and white
televisions.
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As more evidence is compiled, concern about the linkdxen exposure to EMF and human
health is growing. Yet the experts agree only on oimgtimo one knows the extent, nature and
cause of health hazards associated with electromade&is Should we take comfort in
published reports that the evidence is "not conclusareshould we take steps now to mitigate
public exposure to EMF even if the scientific jury #f eut? An interesting parallel exists
with smoking. In spite of overwhelming evidence, theatio industry claims that ". . . it is not
known whether smoking has a role in the developmentiridws diseases” (quote from The
Smoking Controversy: Why More Research Is Needed, pedlibii the Tobacco Institute,
November, 1989). Such statements only prove that théraways be experts who disagree,
thereby causing widespread confusion. Intelligent peopl®odly need to sort through the
information and reach their own conclusions.

THE NATURE OF ELECTROMAGNETIC RADIATION

An AC electric current is defined as the movementledteons in roughly the same direction,
usually through a wire. This current, in turn, producestipes of fields: an AC electric field
and an AC magnetic field, which together are calledestremagnetic field. The AC electric
fields result from the strength of the charge and thews@netic fields result from the motion
of the charge (i.e., the flow of electrons comprigimg electric current). The AC electric field
represents the force that electric charges exerttwer charges, and this force may either repel
(as with two positive charges, for example) or attribe AC magnetic field forms a closed
continuous doughnut-shaped loop around the current and radiateglat angle to the
direction of the current.

People can sense an electric field of more than @bkilovolts/meter (kV/m) as a slight
tingling sensation on their skin. This level can bheénfib underneath high voltage power lines.
On the other hand, most people cannot feel the pres¢dd® magnetic fields except at
extraordinarily strong levels (although some people dbegw can sense even low levels of
EMF).



Interestingly, while an AC electric current creatasA& magnetic field, it is also true that an
AC magnetic field creates an AC electric current mearby conductor. This is the principle of
induction, and it is how we detect and measure AC EMd#sfiénduction is also the principle
by which a transformer raises or lowers voltages. transformer, an AC electric current
flowing through a coil of wire radiates an AC magneagtdf and another adjacent coil of wire
picks up the AC magnetic field and converts it back intoefg€tric current. The number of
coils on each side of the transformer determine by tmoich the voltage is increased or
decreased.

In order to distribute electricity economically oveng distances, high voltages are used.
Between the power plant and your home, a series ciftnaners reduce the voltage along the
way so that by the time it reaches your home, thiage has been reduced to the 120/240 volt
level. It is desirable to use alternating current (A)ce most transformers work only with

AC. AC means that the direction of the current alitgs back and forth. The frequency of the
back and forth cycle is measured in Hertz (Hz), whiehds for cycles per second. Hence,
when we talk about a 60 Hz current, which is the standairee United States, this means that
the direction of the current is changing back and forttirb@s per second. In Europe and other
parts of the world, the frequency of AC electric poveesd Hz rather than 60 Hz.

A graph of AC current (voltage vs. time) will form aeiwave, with a positive voltage for half
of the time, and a negative voltage for the other & same is true of the electric and
magnetic fields, which travel in one direction and ttlenother, corresponding with the
changes in direction of the AC current. Since powesslimousehold wiring and appliances all
carry electricity with a 60 Hz cycle, the resulting Aléctric and AC magnetic fields also
oscillate at 60 Hz. Such frequencies are at the low &tlte@lectromagnetic spectrum, and are
referred to as extremely low frequency (ELF) fieldse B0 Hz frequency originates at the
power generating station and ends up in our household apglidtigher voltages change the
strength of the fields, but not the 60 Hz frequency.

Radiation is a broad term meaning the transmissi@mefgy in the form of waves through
space or through a material medium and also the radia¢egyatself. The force field
associated with radiation is the region throughout wihielradiation is measurable.
Sometimes electromagnetic radiation is called EMRlevdiectromagnetic fields are
frequently referred to as EMF. EMR and EMF refer toghtre range of the electromagnetic
spectrum, from extremely low frequencies to radio wakepractice, EMF is used more often
than EMR because "radiation" sounds scary and its usemsate confusion with more
dangerous radiation from X-ray machines and radioactatenmal. In news reports and articles
written for the general public (such as this artid)lF is used loosely to indicate the low
frequency electromagnetic fields coming from power lihesne wiring, appliances, TVs and
computer displays.

EMF from different sources can either add together ncalaach other out. This is due to the
wave characteristics of electromagnetic radiatiothdfradiation from two sources are in
phase, then the peaks of each cycle will occur togedhdrthe fields will add together. On the
other hand, if the two sources are exactly out of plthsa one source will be reaching its
greatest strength in one direction at exactly the daneeas the other source is peaking in the
opposite direction. If the magnitude of the fields is is@htthen the fields will cancel each
other out, and the magnetic field measurement will be. Zéhis is why neutral and hot wires

in household wiring need to be paired close together.CHaigcteristic also provides a
mechanism for configuring power lines and VDTs so thdEHBevels are reduced.

EMF can be either man-made or occur naturally. Exangdlelectromagnetic radiation, in
order of increasing frequency, are extremely low frequéBEtF), very low frequency (VLF),



radio waves, microwaves, infrared (heat), visiblet|igiftraviolet, X-rays, and gamma rays.
All electromagnetic radiation travels at the speedbt.|

The frequency of the electromagnetic radiation is wlleé¢rmines its character. X-rays (and
other forms of ionizing radiation) can strip electramgy from an atom, thereby creating an
"ilon." When living systems are exposed to such radiatletrimental effects are caused by
breaking apart molecular bonds. Cancer can be causedtbyairing radiation when DNA
(the molecules that make genes) is broken apart. Atfiglgfeencies, electromagnetic radiation
IS non-ionizing, meaning it cannot knock electrons afn@y atoms or alter molecular
structures. However, low frequency electromagnetic riadigg nevertheless an energy force,
and this energy force can shake atoms and moleculesabddkrth.

The field strength of electromagnetic fields can bewtaled mathematically. Fields from
compact sources containing coils or magnets (transfsrrappliances, and computer displays,
for example) diminish most rapidly with distance F ingmdion with the distance cubed

(1/d**3; d = distance). Fields from long wire conductors in polnes drop off in proportion
with the distance squared (1/d**2), provided the currents figuwiropposite directions are
well-balanced. The field strength drops off less quickiphwecondary distribution lines, since
the currents are frequently unbalanced. In practice giasier to measure the field strength than
to calculate it, since there are usually multiple EM&rses which interact with each other in
complex ways.

THEORIESON HOW EMF AFFECTSBIOLOGICAL SYSTEMS

For many years some scientists and engineers féllothdrequency EMF could not possibly
produce significant biological changes or effects. Té@soning was based upon the fact that
low frequency EMF cannot break molecular bonds and itrgeg®only a miniscule amount of
heat - not enough to heat body tissue. However, thigmant has turned out to be incorrect
because there are other ways in which fields caraicitevith individual cells to produce
biological changes.

If we recall that magnetic fields can induce an elecurrent in a nearby conductor, the
implication is that AC magnetic fields will induce electcurrents in our bodies (although

such currents will be very small). That's because odiels are mostly comprised of a
conductive medium (salty water). Some of these curametsimilar to what a salamander uses
to regenerate a limb, and therefore the artificehtion of these currents in a human body are
of concern.

The way in which electromagnetic radiation affectsttbdy is not fully known. A similar state
of knowledge applies to the mechanisms behind how aspires a headache or reduces fever,
or why asbestos causes cancer. One theory is thatdalkes the cell walls to vibrate, or to
resonate, in the same way you can shake a bowlmfyedl observe it oscillate back and forth
at a certain frequency.

Resonance is not necessarily harmful. The body igposad of many elements that can
resonate at different frequencies. The human earagample of a part of the body which
resonates in tune with its environment. When werligb the music of a violin, we are hearing
a sound vibration of 5,000 cycles per second. The soundafngatin is transmitted by
pressure waves in the air, not magnetic radiation. Vé&khat the human body has no
difficulty dealing with this kind of sound-induced resonangdgss, of course, the amplitude
is very large, as with the sound of a jet engine).

In the case of EMF, resonance with cells occurs vthere is a "match" between the
wavelength of the radiation and the physical size @t#il. The resonance maximizes the



transfer of energy into the cell, and can result meotable biological effects which may be
harmful. One observable effect is a disruption in #eigem flow through cell walls. Calcium
acts as a messenger that penetrates into the galgying important information and
triggering proteins to carry out cell functions. Calcidsoglays an important role in
regulating certain body functions, such as muscle comrsgtheartbeat, development of egg
cells and cell division. Since cancer growth dependtpliferation, these findings seem
to explain why EMF sometimes behaves like agentspittamote, rather than initiate,
cancerous growths.

Another theory is that the altered calcium flow te tell reduces the cell's ability to fight
cancer. According to Craig Byus, a biochemist at theddsity of California at Riverside, just
because the fields are very small doesn't mean tkdagracuous. Cell membranes appear to
have a way of amplifying the fields. Due to the poordranivity of the thin cell wall, small
induced currents produce large voltage potentials acroseltileembranes, disrupting the
chemical balance.

Are weaker fields safer than stronger ones? Logiaally.experience with other pollutants
would lead us to answer yes, but scientists say thiswmialge the case because there are
"windows" or ranges of biologically active frequencied &eld strength. Some experiments
show no effect with a strong field, but when the fetiebngth is reduced an effect appears.
Other experiments show that above a certain fie&hgth, effects can be observed but no
additional effects occur when the field strength isaased.

The resonance effect between EMF and the surfacedl®imay help explain the strange
window effect. To understand why, an analogy may be mattiehe noisy shaking of water
pipes sometimes observed when running water from a fais¢he faucet is opened, a small
flow presents no problem. Then, as the initial laawflis increased, a loud noise may occur
due to pipe resonance. When the flow is increased avéef, the effect doesn't get worse,
and usually it stops.

The shape of the magnetic pulse also seems to plag,aaol as different pulse shapes cause
different effects. The strength of a 60 Hz EMF fieldhirpower lines and household wiring
increases and decreases smoothly, while the VLFffetd a VDT has a saw-tooth pattern.

All this complicated evidence makes it difficult to reaety conclusions on what level of EMF
exposure is safe and what isn't. The consensus imtratresearch is needed.

ELF AND VLF RADIATION

There are two frequency ranges for magnetic fields wdnielcommonly found around our
homes and businesses ELF (extremely low frequencyhwhdiates from a 60 Hz current,
such as power lines, and VLF (very low frequency) whimmes from the 15 kHz to 85 kHz
scanning frequencies of TVs and cathode ray tube vide@gssrhe full ELF frequency
range is between 0 Hz and 1,000 Hz, and the VLF range extenad4,000 Hz (1 kHz) to
500,000 Hz (500 kHz).

THE GAUSSMETER

A Gauss is a common unit of measurement of AC magfmgtcstrength. A Gauss meter is an
instrument which measures the strength of AC magrielitsf Inside a Gauss meter there is a
coil of thin wire, typically with hundreds of turns. Asmagnetic field radiates through the coill,
it induces a current, which is amplified by the circuitiside the Gauss meter. If a Gauss
meter were to have an induction coil with approximad€ly000 turns, a relatively low
magnetic field strength of 1 milliGauss (1,000 milliGaussGaliss) would induce enough
current to be read directly with a voltmeter. It isrenpractical, however, to build a Gauss



meter with fewer turns and, through operational amgiicecircuitry, to increase the voltage
or current and then calibrate the meter to read in GaumiliGauss (mG).

On occasion, you may encounter different units of measemt for magnetic fields, such as a
Tesla, a micro-Tesla (uT), a nano-Tesla (nT), anlibmips per meter. These units are related
as follows:

1 Tesla = 10,000 Gauss (A Tesla is 10,000 times larger thanss)Ga

1 Gauss = 1,000 miliGauss (mG) (A Gauss is 1,000 times ldrgerat miliGauss)

1 milliGauss (mG) = .0000001 Tesla = .0001 milliTesla (mT) =ictoWesla (uT) = 100
nanoTesla (nT)

1 milliGauss (mG) = 80 milliamps/meter

POWER LINES

An enormous amount of electricity is created at powaegging stations and sent across the
country through wires that carry high voltages. Thedages can be 69,000, 100,000,
161,000, 230,000, 500,000, or even 765,000 volts. All power lines emit ncagmetelectric
fields. The electric field is proportional to the Iweltage, while the magnetic field depends on
the load current.

Typically high voltage transmission lines carry highreat and therefore give off both high
electric and high magnetic fields. The ELF magnetid fehitted by a 500,000 volt
transmission line can be as high as several hundredime@ly underneath the power line, and
the field can still be measured (at reduced levels) tinane a thousand feet away.
Unfortunately, the problem of EMF does not end with tpglwver transmission lines. Networks
of secondary distribution lines criss cross mostsaied towns, and these distribution lines
have strong magnetic fields, even if one is 10-50 feey.awa

The amount of EMF coming from a high power transmisk@ndepends upon its particular
configuration. Power companies know which power linefigarations are best for reducing
EMF, but most utilities feel that the evidence sodiaes not support costly changes in the way
electricity is delivered.

One of the more common transmission line configunatie called a "vertical double-circuit,"
where a set of three cables is attached, one onftegch other, to each side of the
transmission tower. The three cables in each sapase the "three phases" of the power
network, with each cable carrying current. The curpeatks in each cable are intentionally out
of phase with each other (i.e., they don't peak asahee time) by 1/3 of a cycle. Electric
utilities use the letters A-B-C to denote a three plasait, with each letter representing one
cable and its phase. EMF can be reduced by 50 percentremntb very little expense by
reversing the phase order in one circuit with respetitémther (i.e., C-B-A). This
configuration causes both the electric and magnetasfigl partially cancel each other. In
early 1989, the Bonneville Power Administration adopteslgsbheme for implementation on
both old and new transmission lines. This configuraBarot used by most utilities, however,
because it creates interference with nearby TVs alids, and it causes snapping and buzzing
noises.

A single-circuit transmission line still has thredlesa, one for each phase. Typically the three
cables are strung in a flat configuration, with alethcables in the same plane. Significant
cancelling can be achieved by merely changing froratadinfiguration to a "delta”
configuration, with the three cables forming a trianieving the cables closer together also
helps to cancel the fields, but it reduces safety ®mthintenance workers and degrades the
line's performance during lightning.



Sometimes burying electric power lines can reduce EMEtHis is not necessarily the case, as
magnetic fields travel through dirt, rocks and cemente&inthe underground lines are
configured to reduce EMF, simply hiding the lines out oftsigay create a false sense of
security. If the underground service is just a single piase radiation levels on the ground
directly over the wire will be higher than from ovedd lines because you will be closer to the
source. On the other hand, some underground lines haemalkercuits which can be balanced
to cancel the magnetic field.

In a 1991 study conducted by the Electrical Systems Divisidhe Electric Power Research
Institute, researchers found that magnetic fields produgeaderground cables vary by as
much as 10 to 1, depending on the method of installatioeaid construction. According to
the study, a person standing directly over an undergrounel wihlthe worst configuration
(from an EMF perspective) will be exposed to the sawel bf EMF as a person standing at
the edge of the right-of-way for an overhead transomsigie. Unfortunately, the study also
found that the best configurations for the lowest Ei-lass efficient for electric power
transmission.

With concern about EMF in mind, new and different undargdocable systems are being
developed. The lowest field underground design has threetesaables lying adjacent to
each other in an oil-filled pipe that cools the cablédss configuration can result in magnetic
fields 1/10 to 1/20 of the equivalent overhead line. The E&tFbe reduced even further,
sometimes to near ambient background levels, if theipipeunded in a special way.

SUBSTATIONS

A substation is an assemblage of circuit breakers, mi®ming switches, and transformers
designed to change and regulate the voltage of electfeityary distribution lines, carrying
high voltages typically of 115,000 volts to 230,000 volts, brimgdirrent from the power
plant to the substation, where the transformers retitadower voltages, typically 4,000 to
13,800 volts. The transformers give off magnetic fieldabse they depend upon magnetic
fields to operate. (See discussion of transformers ufidher Nature of Electromagnetic
Radiation.") Further compounding the problem, the incoramdjoutgoing currents at a
substation are generally unbalanced. High magnetic fieldssubstations have been blamed
for causing cancer clusters among nearby residents.

Paul Brodeur wrote about several such cancer clustére fuly 9, 1990, issue of the New
Yorker. Citing evidence that a cancer cluster had ocdwangong the residents of Meadow
Street in Guilford, Connecticut, Brodeur pointed out thaindua twenty year period, seven
tumors - four brain tumors, an eye tumor, an ovariarotyand a bone tumor - were recorded
among the residents. This was particularly extraordigiaice the street has only nine houses.
The cancer victims lived in five of six adjacent haukeated near an electric-power
substation and next to a pair of 115,000 volt high-currentldision lines, called feeders,
which carry current to the substation. Measurementsaginetic fields taken at that time near
the peripheral fence around the Meadow Street substitemmed magnetic fields ranging

from 20 mG to several hundred mG.

NEIGHBORHOOD TRANSFORMERS

A key component of a utility's electrical distributiogtwork depends upon numerous, small
transformers mounted on power poles. A transformer lbkds small metal trash can,
usually cylindrical. Even when the electrical servicanderground, you will often see a metal
box (usually square) located on the ground near the siaei people don't realize that when
they see a transformer, the power line feeding thesfmamer is 4,000 to 13,800 volts. The



transformer then reduces the voltage to the 120/240 vatiedeby nearby homes. Since these
transformers can be seen in almost every neighbdrhibey are a source of popular concern.
The ELF magnetic field near a transformer can be lighdue to its small structure, the field
strength diminishes rapidly with distance, as it does fagpoint source. In fact, measurements
at street level directly underneath a power pole tram&foare no greater than underneath the
power lines themselves. Ground level transformersiraag readings as high as 200 mG right
next to the box, and 50 mG at 4 inches away. Fortungtelffrelds drop off quite rapidly, with

a 3 mG reading at 2 feet, and near ambient levels 1@viest. For this reason, having a
transformer located near your home is not usually amsajurce of concern, although just to
make sure, you should measure the field strength around it.

WIRING INSIDE THE HOME

WARNING: DO NOT TOUCH ELECTRIC WIRES, EVEN IF YOUHINK THE
CURRENT IS TURNED OFF. IF YOU NEED TO DISCONNECT ECTRICAL
CIRCUITS TO DETERMINE THE SOURCE OF MAGNETIC FIELDSOU SHOULD
CALL A LICENSED ELECTRICIAN.

AC magnetic fields can be found inside everyone's hdimese fields can come from power
lines outside the home, wiring inside the home, and aqmelsa Some experts feel a
background level of less than 1 mG is desirable, but mames have readings much higher
than this level. If your home has high EMF readings, iitnportant to determine the sources of
the magnetic field so that remedial action can be takpossible. Often the source of a high
AC magnetic field is incorrect wiring, so it is impantdo understand how you can correct this
problem.

Household electric current comes through two hot winglsaane neutral. For appliances that
require 240 volts, the "hots" are put together; for applaace outlets that need only 120
volts, just one hot wire is used. Modern homes hawraal outlets with three holes - two
rectangles and a smaller half-round hole at the boffdw.rectangle on the right is smaller,
and this is for the hot wire. The rectangle on tffteddarger, and this is for the neutral wire.
The ground is wired to the bottom, half-round hole irheadtlet. The most important
consideration in wiring a house is that the ground andalemires be kept separate and run
directly back to the panel box (either a fuse box arauit breaker box), where they are
grounded. This is a requirement of the National Eled¢t@oale (NEC). Under no
circumstances should the neutral or ground wires be grouadéd plumbing or any other
ground except at the panel box.

Electric current needs to flow through a closed looprdeoto work. This closed loop is
referred to as a circuit. To understand how the cursesupposed to flow in a correctly wired
circuit, let's examine a circuit used to power a refag@r. From the panel box electricity flows
through the hot wire to the refrigerator, where it suttee motor. The electricity then flows
back through the neutral wire to the panel box. Withdbe closed in this way, the field is
canceled out because the hot and neutral wires aretolpsther. A ground wire runs from the
panel box to the refrigerator, but if everything iseslicorrectly then the ground carries no
current. The ground is for safety reasons, so that yiboot get electrocuted in case the
insulation on the hot wire becomes worn and the hiet gomes into contact with the frame of
the refrigerator. The frame of the refrigerator ismmected to the ground, so that any stray
current from a worn or loose wire will flow back tlhugh the ground instead of through your
body.

If the neutral has been grounded to your plumbing insteaghaing back to the panel box,
your house is wired incorrectly, and this may resudt significant magnetic field. Suppose
this is the case. Tracing the flow of the electtiorent from the panel box to the refrigerator,
after the electric current powers the refrigeratavilitrun to the neutral and, if wired



incorrectly, through the plumbing where it is grounded. &inhes no longer paired with the hot
wire, the magnetic field will not cancel out. Instetigtre will be a magnetic field around the
hot wire that is connected to the refrigerator, aratlar field may surround all your
plumbing. Just one incorrectly grounded appliance can sectdi@tg through all your water
pipes, and create a magnetic field throughout your entusdi@hanging the plumbing from
metal to plastic is not a proper solution, becauser@extrrent is not supposed to flow
through the plumbing. The only solution is to rewire eotly, with all hot and neutral wires
paired closely together, and without any current flowimgugh the ground wire or through
your plumbing.

Ground currents from underground non-electric utility linage also been implicated in as a
major source of EMF in the home. Present regulatiotisa United States require that utility
lines such as gas, cable TV, telephone, and waterrireected at each residence to the same
ground as used for electric current. This practice "pro\atiesiternate path for the [neutral
return] current to flow from your house back to the distion system,” says Gary Johnson, an
executive at a General Electric facility doing EMFeash for the Electric Power Research
Institute. As a result, an imbalance is created wtadaices the cancelling effect of the
neutral's field on the hot conductor. This little-knofaot can be an eye opener for explaining
mysterious EMF in some homes. According to Johnsamcgalld create fields in your
neighbor's house when you switch your appliances on &nahafyour neighbor could create
them in your house, too. This phenomenon can alsaiatéor fields outside of the home and
in overhead distribution lines.

Still another source of EMF comes from the powerere it enters your home. The area of
your home near this feeder line will have a readingy évde rest of the house is properly
wired. If your supply line enters your home with an oeaxhwire, as opposed to underground,
you may want to avoid using a corner of your home, drgfaa room, for any prolonged

period of time.

To test your home for magnetic fields, simply walk throygar home with an ELF Gauss
meter. If the reading is generally below 1.0 mG exceat appliances, your home is wired
correctly. If you find extensive zones of higher regdjryou need to first determine if the
EMF is coming from your own wiring or from a source agsyour home. To start, walk
outside and see what the readings are around your honreturheoff your electricity at your
panel box and check inside your home. The results Wilde if you need to go further and
check your wiring.

If you suspect that your home is wired improperly, obtiaservices of a licensed electrician.
Ask the electrician to disconnect all circuits at plamel box and test one circuit at a time. If
your home has circuit breakers, you can just turn ofhallcircuit breakers and turn on one at
a time. Then take a reading throughout the house witG#luss meter. As an alternative, your
electrician can test for the presence of unwanted groumédnts with a clamp-on ammeter
attached to your plumbing (it should read zero), but a Gaassr is still recommended as it is
generally more sensitive and doesn't require open aicéss plumbing. This way, you'll be
able to determine which circuits or appliances are ngube problem. Hopefully only a single
circuit will be responsible for most of the troublet sometimes the house is in need of
complete rewiring.

Automatic ice makers in refrigerators and in-sink dispasdsé are often the source of
unwanted EMF since these devices are usually connectagythcopper piping to your
plumbing. It is important that these devices be wirethabno current flows through the
ground.



COMPUTER DISPLAYS

A video display terminal (VDT) is used to display inforroatfrom a computer, either in the
form of text or graphics. A VDT can be one of sevdifférent types: cathode ray tube (CRT),
liquid crystal display (LCD), gas plasma display, and eldatnmescent display. By far the
greatest percentage of video displays are of the CRT ayjoefor this reason the term "VDT"
is generally used to mean the CRT-style VDT.

CRT-STYLE VDTs

A CRT-style VDT uses the same type of picture tubetatesision set. The cathode ray tube
is a large vacuum tube made of glass, and coated with phasplioe inside. An electron gun
shoots a beam of electrons from the back of thetmard the front of the screen (i.e., toward
the computer operator) until it hits the phosphor. Thesphor gives off visible light when it is
excited by the electrons. A full screen image is cosepriof thousands of dots, each one of
which is refreshed (re-excited by a burst of elecirbrsween 50 and 80 times per second.

A CRT's resolution is expressed as two numbers, sue#hCaX 480, 800 X 600, 1024 X 768,
1280 X 1024, 1600 X 1200, or more. The first number is the numlt@rizbntal dots, or
pixels, between the left and right sides of the scraed the second number is the number of
vertical dots between the top and bottom of the sciEem electron beam starts in the upper
left corner of the screen, and then scans eachdmbaizline from left to right, one at a time,
lighting up whatever pixels are required to comprise the@ciAt the end of each line, the
electron beam is pushed back to the beginning of thelinextvhere it begins another
horizontal scan. The deflection coils, which are wbaround the yoke (the rear, narrow part
of the tube) of the CRT, control the movement ofdleetron beam as it sweeps across the
screen. The horizontal deflection coils push the eladbeam from side to side between
15,000 and 85,000 times a second or more (corresponding with easeaf 15 to 85 kHz),
and the vertical deflection coils push the electromrbfeam the bottom line back to the top
line 50 to 80 times a second or more (corresponding witfresh rate of 50 to 80 Hz).
CRT-style VDTs give off all sorts of electromagnetdliation: radio waves, infrared radiation
(heat), visible light, ultraviolet light, microwaves;rays, ELF and VLF radiation. The radio
waves are typically shielded with a layer of conduatnagerial in order to meet the limits set
by the Federal Communications Commission. The infraaeliation in the form of heat is not a
health hazard, and of course the visible light is reszgsn order to see the screen. The levels
of ultraviolet light are substantially less than indleorescent lights or outdoor sunlight, and
the amount of microwaves is so small that it is @lmodetectable. X-rays were once a
problem, but strict guidelines in effect since 1970 have estitite level of X-rays to less than
what is naturally present in the environment. Mogtegts now agree that X-rays from CRT-
style VDTs pose no problem unless the display is detectiv

It is the ELF and VLF electromagnetic radiation froRTCstyle VDTs which is presently
raising concern. The ELF radiation (50 Hz to 80 Hz) cofmmes the vertical deflection coils,
and the VLF radiation (15 kHz to 85 kHz) results from thezomtal deflection coils. CRT-
style VDTs also have a power transformer which egat60 Hz field, and a flyback
transformer which steps up the CRT's voltage to tetisoafsands of volts and emits VLF
electromagnetic radiation.

The levels of EMF emitted by a VDT can be quite higlt,the measurements drop off rapidly
with distance. That's why it is important to sit batkeast an arm's length from the front of the
screen. Measurements taken from a typical color VDdofaular 13 inch color display was
used for this test) show 37 mG of ELF at 6 inches, 12.Ga01Z inches and 4.5 mG at 20
inches. The VLF field (which contains several hundie@$ more energy than an ELF field at
the same mG reading) is 6.3 mG at 6 inches, 2.0 mG at i&sinand .66 mG at 20 inches. At



6 to 7 feet the ELF level drops to background, but the é\kEllis still measurable 10 feet
away.

Because the EMF comes from the internal compondm@ £ MF levels on the back and sides
of a VDT are higher than in front, often by a facdd2. This means you must distance
yourself further away from the back and sides of a VaXTiqast 3 to 4 feet, respectively) in
order to achieve the same level of exposure. Smalldrsvare not necessarily better, either. A
15 inch VDT might well generate a stronger magnetic fiedoh a 21 inch one, because the
field's strength depends more on the internal desigreatefiection coils and electronic
components than on the screen size.

The electric components of a VDT consist of an etetatic potential and alternating electric
fields at ELF, VLF and radio frequencies. The electitasteotential results from a build-up of
an electric charge on the surface of the screeefféist is similar to what most of us have
experienced when we get a static shock by walking aeroaspet and touching a metal object
in a dry environment. This static may attract dusyaur screen and cause eye irritation. On
some occasions, skin irritations have been reportiugh this is infrequent and the cause
has not been proven. Fortunately, no long-term ocogetealth effects have been attributed to
the electrostatic or alternating electric fields. Bwer, the electric fields can easily be blocked
by incorporating a grounded conductive layer into an aategihield.

On the other hand, ELF and VLF magnetic radiation iseagy to block. Low frequency
magnetic fields can easily travel through layers dflsdiminum, copper or steel with little
reduction in strength. Further, unlike an electric fieldoh travels in a straight line, a
magnetic field loops outward in curves, forming an irreguiaunded envelope of energy.
Adding to the problem is the source of the EMF, whialoisthe front of the screen but the
deflection coils, flyback transformer, and power supmydie the VDT. The EMF travels up
and over the top of the screen, around the sides, andneadlein all directions.

"Screen savers" designed to blank out the screen adtesraperiod of inactivity are useful to
prevent "burn in" or damage to the VDT's phosphor coting constant use, but even if the
image is blank, the components which generate ELF afdevhissions are still active.
Similarly dimming the display will do nothing to reduce fledds.

Shields placed in front of a VDT's screen do not block Ehagnetic fields. They do block
electric fields, but the ELF magnetic field is the mzomcern.

Some well-meaning people, when they hear the word mawljdahink that lead shielding is a
solution. It isn't. Unlike X-rays, ELF and VLF magnéi@ds can penetrate right through lead.
One shielding method which has shown partial succéssnstall a Mu metal barrier around
the deflection coils and flyback transformer insidedabinet of the VDT. Mu metal is an

alloy of nickel, iron, and various other trace metatgch is magnetically permeable, meaning
that it is a good conductor of magnetic lines of fofidee percentage of each element in the
Mu metal affects its performance, as does the thickare$she method of manufacture. While
Mu metal can reduce magnetic radiation if installed prgpgrtannot block all the radiation

in the same way that lead blocks out X-rays.

Mu metal is not recommended as a do-it-yourself soldtioseveral reasons. The
configuration and placement of the Mu metal will varyhagach different model of VDT,
sometimes requiring many hours of experimentation targhte the optimum configuration.
Frequently its use may cause distortion in the image, rmeguetuning by a service technician.
Moreover, because the Mu metal redirects the magmats, fit is possible to actually increase
fields, rather than reduce them. And last but not |€2RT -style VDTs can provide a
dangerous electric shock if you don't know what not tohpsioice the tube stores up



thousands of volts, even when it is not plugged into e i short, using Mu metal is an art
rather than a science.

In response to users' concerns, many display manufachaee modified their VDTs to
produce lower levels of magnetic radiation. Some lowatamh models use a compensating
coil adjacent to the deflection coils to create an sppanagnetic field. When the two
opposing fields meet, most of the radiation is cancalédL@w radiation displays may also
incorporate extra shielding around the yoke and flybacistoamer.

HEALTH CONCERNSRELATING TO CRT-STYLE VDTs

According to a study by The Mount Sinai School of Mediamd the 9 to 5 National
Association of Working Women organization, there are 86 milion VDTSs in the United
States. Of those, 67%, or 24 million, are being used logemo Out of that subset,
approximately 3 million are used by women who are epinegnant or likely to become
pregnant in a short period of time. Is there reas@way large group of VDT workers should
be more concerned than others?

Based upon the results of a number of studies, the arswumerertain (see section on
"RECENT STUDIES CAUSE CONCERN?"). Manufacturers suclhBad cite studies and
reports by reputable organizations such as the Ame¥eaiical Association to back their
position that there is no evidence that VDTs are hdnm pregnant women or to anyone else.
In May, 1991, IBM wrote:

"Based on our examination of available scientificlewice and on the conclusions of national
and international health organizations, we believe\idif s are safe. . . . We concur with the
International Radiation Protection Association whiahconjunction with the World Health
Organization, stated that available epidemiological @iataot provide any basis for health
risk assessment useful for the development of exposttg.'llm

Meanwhile IBM has obtained a patent on a device wtadinces VDT radiation and the
company is using this technology to reduce the EMF cofrimy its displays.

Other studies concerning the effects of EMF on embsiiosv reason for concern. According
to Dr. Ezra Berman of the Environmental Protecigency, "the Henhouse Study [of chicken
embryos exposed to low frequency magnetic fields] perfdrimé&our countries has

contributed significantly to the growing database imghgpan association of [EMF with an]
increase of abnormalities in chick embryos." Expenik Slesin, publisher of VDT News,

says "the new results should help convince skepticsrthghetic fields can be biologically
active at very low levels."

However, pregnant women and their unborn fetuses ard@amnly ones at risk. CRT-style
VDTs can emit levels of ELF magnetic radiation whgkar higher than 2 to 3 mG (the level
associated with higher risks of brain tumors, leukemibaaher cancers). A link between VDT
use and cancer has not been established, but this atoeean there is no danger. Consider
the fact that the vast majority of VDT operatorsha U.S. are women and that the incidence
of female breast cancer has been rising steadilgalath VDT use. Breast cancer now
accounts for 29% of all cancers among women, and aarabihg 1 out of 9 women will
contract the disease.

Because of the relatively short period of time computex® been used, more studies are
needed before there is conclusive evidence regarding adgagsterm effects. However, with
the extremely strong evidence that ELF magnetic radiaticreases the incidence of leukemia
and brain cancer, some experts fear that long-term M&&Twill also be shown to increase the



likelihood of contracting cancer, and/or inhibit thdighof the computer operator to fight off
cancer that might otherwise be held in check or destrty the body's immune system.
Remember that power lines have been around for oneduigdars and the cancer link is just
now being established. It took over 40 years of resdarcbnclusively establish the dangers
of smoking. VDTs have only been widely used for the pashty years.

Other less severe problems sometimes associate¥vifk are headaches, fatigue, nausea,
dizziness, irritability, skin redness or rashes, arstsain.

THE SWEDISH STANDARD

Sweden has been a leader in developing recommended vigoiabmic and electromagnetic
emission standards for computer displays. In 1987 the Swdtginal Board for
Measurement and Testing (MPR) introduced the first, nandatory testing procedures for
VDTs. The test methods, called MPR 1, specified a maxioius® nT (.5 mG) of peak VLF
magnetic field strength in the 1 kHz to 400 kHz range at 5Q1&17 inches) from the front of
the screen. The full test procedure called for 16 measutsrtaken on 5 horizontal planes at
22.5 degree intervals all around the display F for a té@0oneasurements in all. No ELF
requirements were included in the MPR 1 standard, becadsspead concern over ELF
radiation was just developing.

On July 1, 1991, new guidelines became effective. The rewriethods, called MPR 2,
specify less than 2.5 mG rms (root mean square) of Eddhatic emissions in the 5 Hz to 2
kHz range (Band 1) and less than .25 mG rms of VLF magesiigsions in the 2 kHz to 400
kHz range (Band 2). The number of measurements was redud8ddr each band F taken at
50 cm (19.7 inches) starting from the front of the sces&hevery 22.5 degrees all around the
display (16 points) on each of three horizontal planes2&part.

The change in the VLF standard from the previous .5 m& fpe®25 mG rms, as explained by
Lars-Erik Paulsson of Sweden's National Institute afié&&@n Protection, is not a tightening
of the standard, but rather a change in the method agunement. "The two limits are
essentially the same," Paulsson stated, because ‘dkevglee is the maximum reading during
each cycle, while the rms value is a time-weightedage" Commenting on this, electrical
engineer Mark Kettering says that "using an oscillos¢coEudy the wave forms from VDTs
shows that the two limits are not 'essentiallysame.’ The shape of the wave form (mG vs
time) varies, depending upon the manufacturer. Some VD/sdtearp spikes in their wave
form, but the rms value essentially ignores these spiBased on current knowledge, it is not
known which method of measurement is most appropriate.

MPR 2 also includes guidelines for visual ergonomics (sadbaus, jitter and character
distortion), X-ray radiation (which is not a probleralectrostatic potential, electrostatic
discharge, and AC electric fields. The source of thetridefields are the power supply and
deflection coils. These components can also cresiieface potential of several kilovolts,
depending upon humidity, temperature, air velocity and iogerdnation in the air. Reduction
of the electrostatic potential and the electric fiesddsormally achieved by a conductive
surface coating on the screen, which is connecteaetpdawer ground, together with metallic
shielding of the power supply. Sometimes a CRT-style Millllinclude a metal cage around
all the components, or metal foil on the inside efthbinet, to help shield the electric field.
The Swedish guidelines have received a formal embranerfrany major manufacturers of
computer displays. Yet even in Sweden there is not @letenconsensus on the limits. A
major Swedish union (the Swedish Confederation of Bsadaal Employees, or TCO) is
seeking more stringent limits and test protocols Fyaasa® 2 mG for ELF magnetic fields at 30
cm (12 inches) from the front of the screen. Theasoming is that levels above 2 mG have
been linked to increased risks of cancer, and that MBiyusers' heads, hands and/or breasts



are often closer than 50 cm from the screen. Sometexpeeve also questioned the validity of
.25 mG for VLF, pointing out that the higher frequency Miell contains more energy than
ELF. These experts say that if induction levels are tseneasure the amount of energy in the
radiation, then 2.5 mG of ELF is equal to .01 mG of VLRR response is that "there are no
proven biological reasons" for limiting VDT EMFs, art the guidelines are not based on
health risks. Rather, the recommended limits are b@ase&dhat is technically feasible to
measure and on what is achievable "today or withiméae future.”

This presents a dilemma for VDT users: If a computer ajspieets the Swedish guidelines, is
it safe? No one can say for sure, since there atemclusive studies which quantify the
danger. On the other hand, there is no harm in beungpoa. This means when buying a VDT
you should know whether it meets just MPR 1 (in whicled¢he ELF fields could still be quite
high), or whether it complies with MPR 2, which includds= measurements. Purchase your
low radiation VDT from a reputable company, or bringhgla Gauss meter and buy the
display with the lowest emission levels, not justahe which claims it meets the Swedish
standard.

The United States does not have any regulations gogefhiR and VLF emissions from
VDTs. FCC requirements deal only with radio frequencyssioms.

For health enthusiasts, Technology Alternatives Catjmmr offers CRTs certified at 0.1
milligauss. All experts agree that fields under 0.5 miligare safe.
(Seewww.safelevel.con)

NON-CRT DISPLAYS

LCDs (liquid crystal displays) are commonly used in poeddghtop and notebook computers.
Many experts consider LCDs safe, believing that tleehower EMF levels. Since LCDs are
backlit or sidelit with fluorescent lights, they emiagmetic fields in the ELF and VLF range.
The strength of the ELF and VLF magnetic fields comimgnfan LCD vary greatly,
depending upon the manufacturer. Although LCD magnetic fiedelleas than those produced
by CRT-style VDTs at comparable distances, at 6 inshe® laptops emit up to 22 mG of
ELF magnetic fields, and 2 mG of VLF fields and thatefareeds the levels set under the
Swedish MPR 2 guidelines at 20 inches. This is signifibeantuse a laptop may actually be
placed on a person's lap.

Technology Alternatives offers LCDs that have beentifeed at 0.0 milligauss.
(Seewww.safelevel.con)

TELEVISIONS

TVs emit the same assortment of radiation as compligglays, since both devices
incorporate a cathode ray tube (CRT). Fortunatelygwaen doesn't have to sit right next to a
television set to still see the image. Sitting test Bavay from a 19 inch TV distances the
viewer from any measurable ELF or VLF fields. Someusions, though, are particularly
strong, so it makes sense to test your TV with a Gaessr. A Gauss meter is also useful
when buying a TV, since sets can vary quite a bit foom another.

Many appliances generate AC electric and AC magnelitsfieven when they are turned off.
For example, televisions with remote controls ke current flowing when not in use. This
current generates EMF, although it is less than whei this in use. Radios, too, may
produce EMF even when turned off.



If you need to watch TV in a confined space, you shoulgider purchasing a small LCD TV.
They have quite a strong electric field at 1 inch, buhatdistance of 1 foot, the magnetic
fields are negligible.

ELECTRIC BLANKETS

Electric blankets create an AC magnetic field that frates about 6 or 7 inches into the body.
Thus it is not surprising that an epidemiological studylihked electric blankets with
miscarriages and childhood leukemia. This pioneering woskpeaformed by Dr. Nancy
Wertheimer and Ed Leeper, who originally discovered tegnetic fields were linked to
childhood leukemia.

In response to EMF concerns, the major U.S. elelkaicket manufacturers: Fieldcrest, Casco-
Belton and Northern Electric (Sunbeam) have come d@tt"zero magnetic field" blankets. In
one design the wires are laid out in pairs so that tgnatic fields are balanced. Another
design uses DC electricity, which doesn't emit pulsed EAtRough these models reduce or
eliminate magnetic fields, the blanket may still prodeleetric fields, even when turned off.
This is because current does not have to be flowingralectric field to exist. If the on/off
switch cuts the neutral wire instead of the hot viine,user would then be subjected to the
electric field coming from the hot wire in the blank€hat's why it is best to use an electric
blanket only to warm your bed before you get in it. Oymé're in bed, the blanket should be
unplugged to be absolutely safe. This advice is especaliti/for children and pregnant
women.

Waterbeds should be warmed during the day, but unplugged befagetgdied. However, an
unheated water bed can get quite chilly, so you may ndeckamattress pad or quilt to stay

warm. Use of heating pads for chronic problems shouttide®ntinued and replaced with hot
water bottles.

ELECTRIC CLOCKS

A dial-face (analog) electric clock has a very high &gnetic field, as much as 5 to 10 mG
up to two feet away. If you are using a bedside plug-in d@d-alarm clock, it should not be
placed near your head. Studies have linked high ratesioftbraors with chronic exposure to
magnetic fields, so it is wise to place all plug-in cloaksl other electric appliances at least 5
feet from your bed. Better yet, you may want to usattely-powered alarm clock. Some
travel clocks feature snooze, a digital display and evedia alarm, yet they work on
batteries so they have a negligible magnetic field.

FLUORESCENT LIGHTS

Fluorescent lights have replaced incandescent lighte#t affices and schools. Fluorescent
lights are cooler, last longer and consume less agtigso they are more economical to use.

A fluorescent bulb has no filament. Instead, the Bilbated on the inside with a fluorescent
material called a phosphor. The bulb is also filled \aitipon gas and mercury vapor, and a
transformer (called a ballast) is used to increas&dhage to the electrodes on each end of the
bulb. The high voltage excites electrons in the gaghndive off ultraviolet light. When the
ultraviolet light strikes the phosphor coating on the bilib phosphor emits visible light which
passes through the glass.

Fluorescent lights produce much more EMF than incandebathg. At a distance of two
inches from an incandescent bulb, the ELF field is& and at six inches it is barely
measurable. On the other hand, a typical fluorescemt & the type commonly found in

office ceilings can have a reading of 160 to 200 mG 1 in@dyat 6 inches the reading drops



to 45 mG, at 12 inches the reading is 14 mG , at 24 inchdew#l is 1.7 mG, and at 30 inches
the level is close to background. Thus rooms with lodngs and fluorescent lights may have
readings above 2 mG at head level. In multi-story ssheh fluorescent lights, although
young children may be far enough away from the ceiliigries, they may still be exposed to
EMF from the lights on the floor below.

MICROWAVE OVENS

Microwave ovens are interesting because they emitypes of radiation: microwave and
ELF. The microwave radiation, which is very highneduency (in the bilion Hertz range), is
produced by an element called a magnetron. Microwaves wetle molecules vibrate. It is
this vibration that creates the heating process, @ay microwaves can cause serious health
problems by heating body tissue. Current regulations rethatea microwave oven leak no
more than 1 milliwatt per square centimeter when tdeahe factory. We have no idea if this
level is safe, and one study has indicated that thedboeld be less than .5 milliwatt per
square centimeter. Since microwave emissions cargehaith normal use, it is best to have a
gualified repairman check your oven each year.

Microwave ovens also create a 60 Hz EMF field becahesgltiave a strong power
transformer. The 60 Hz component of a microwave ovaallydravels five feet, so it is
recommended that you stay at least five feet away &oncrowave oven while it is in
operation.

TELEPHONES

Telephones can emit surprisingly strong EMF, especialin the handset. This is a problem
because we hold the phone so close to our heads. Meggdiffienent telephones before you
buy is important because the field strength can vargat gleal in just a matter of inches.
Place a Gauss meter right against the ear piece anwbtité piece. There are several
telephone handsets in the market with no measuralols, fighile others emit a relatively
strong field that travels several inches. That'sstrae distance from your ear to your brain!
As with most small appliances, the body of the telephmas a magnetic field that extends one
or two feet. Because of this it is a good practice titjom the phone as far as possible from
the user.

ELECTRIC RAZORSAND HAIR DRYERS

An electric razor which plugs into the wall produces xneenely high-strength AC magnetic
field, as high as 200 to 400 mG one-half inch away fronttiieng edge. This seems
alarming, but we don't know if this is worse (or bgttean exposure to a 2 to 3 mG field (the
level linked to increased risk of cancer). If exposursuch high fields is a problem, the
duration of the exposure (the dose-rate concept) miglgfatatthe effects. To understand the
dose-rate concept, consider that we can zip a fingeughrthe flame of a match without
burning ourselves. This is evidence that short-term&xeoto certain harmful influences can
produce dramatically different results than longer expositiee dose-rate concept applies to
EMF (and we don't know if it does), since an electior is used only a few minutes each
day, it is probably safe. Keep in mind, however, thatdata on short-term exposure to high-
strength fields is incomplete, and that the use of thectree razor blades will eliminate all
EMF risks. There are now wind up mechanical razordadblaj which use a non electrical
flywheel for power. A small epidemiological study foundn& between electric razor use and
higher skin cancer in men. Presumably the fields, bdowg to the brain, could influence
production of melatonin, a cancer fighting hormone. Alsgent reports are pointing to the
fact that cells go through the most disturbance atelebing of field exposure, and later try
to compensate. As such, non electrical razors acameended.



Electric hair dryers are another source of extremmgly AC magnetic fields because they
require high currents to produce heat. A 1600-watt model willgpce 100 to 200 mG near the
handle and 10 to 50 mG at normal drying distances (6 to 18spcWhen it is operated on its
"high heat" setting, it will draw more current and geteehigher magnetic field than when it
is operated on its "low heat" setting. Again, in evahgathe health risks, the dose-rate concept
may provide comfort, since a hair dryer is used ongwarhinutes each day. On the other
hand, hairdressers who use a hand-held hair dryer repeesetil workday may have

something to worry about.

PRUDENT AVOIDANCE

Electricity is an inseparable part of our modern daye$pcThis means that electromagnetic
radiation will continue to be all around us for the &meable future. But, as Discover
Magazine postulated, aside from making our lives easieleasricity also making our lives
shorter? Perhaps a more important question is "Untiensoknown, what can we do to
minimize the potential risks?"

Prof. M. Granger Morgan, a well-known expert at Carndtpdion University, says it certainly
can't hurt to take simple steps. EMF "may pose no rieksays, "but most experts | have
talked with give me odds somewhere between 10 percent andagbipeat within the next
decade it will become clear that they do." Prof. Morgdwocates "prudent avoidance."
"Prudence" means to be sensible and to exercise soundgantgnpractical matters. Hence,
prudent avoidance means that we should avoid exposure tonlkifit is consistent with
sound judgment. In other words, learn where EMF comes &ad then distance oneself from
it whenever such avoidance won't cause too much pergsoeabnomic disruption.

Most experts agree that limited, non-chronic exposuieMé is not a threat. For example, it is
probably acceptable to be near a toaster in the ngyrbut it is not advisable to sleep under an
electric blanket operating all night. Certainly the parea/ho works on a computer all day,
watches TV close up at night, lives near a power éin€, sleeps under an electric blanket, is
under an extreme case of chronic exposure. This com@igiplies to millions of Americans

and people throughout the world.

If you wish to practice prudent avoidance, the followidgiee is offered:

Measure your environment with a Gauss meter, and aveéds avhere the field is above 1 mG.
Measure the fields both inside and outside your home, amitlleioyour children play near
power lines, transformers and microwave towers.

Measure the magnetic fields from appliances, both wheyndre operating and when the are
turned off. Magnetic fields are created only when cunsefibwing, but some appliances (such
as TVs) are still drawing current even when they aitcked off.

Don't sleep under an electric blanket or on a waterlbgdu want to warm your bed before
go to sleep, when you're ready to get under the cover, utifduglectric blanket (don't just
turn it off). Even though there is no magnetic field wkiee blanket is turned off, there may
still be a high electric field.

Don't sit too close to your TV set. Distance youratleast 6 feet, but keep in mind that EMF
from some TV sets can be measured as far away astldr i@ere. An ELF and VLF Gauss
meter can help you decide where to sit.

Don't sit too close to your computer display. Keep atlaa arm's length away from the
screen, but remember that at this distance you wlibstwithin the magnetic field. Computer
monitors vary greatly in the strength of the magrfetids which they emit.

Rearrange your office work area so that you and youraxixevs are not exposed to EMF from
the sides and backs of each other's VDTs.



Turn off your VDT when you are not using it.

Consider purchasing a low radiation VDT which contaima@ive compensating coil, or a
zero radiation display based on shielded LCD technology.

Don't stand close to your microwave oven when in Esen if your microwave oven is not
leaking microwaves, it will still give off strong ELFagnetic fields.

Move your electric clock away from your pillow. Seveiedt away should be sufficient. Better
yet, buy a battery-powered digital clock.

Keep other electric appliances away from your pillow, fbelephones and answering
machines generate EMF.

Eliminate dimmers and three-way switches; they criigfe fields.

Eliminate wires running under your bed.

Be wary of cordless appliances such as electric toashbs, which use magnetic induction to
charge the battery. Such devices deliberately creargemagnetic field.

Remember that EMF passes right through walls, so chécklmat's on the other side. It could
be a cordless electric toothbrush, or a televisibnosea clock-thermostat radiating EMF into
your bedroom.

A final note on AC fields: just like medicines have g@wd bad effects, not all AC electric
and magnetic fields are negative influences. Under cliedrorcumstances, AC fields can be
used to help our health. Some AC magnetic fields, fompley are used at hospitals to
promote bone growth in the case of fractures. Simjildhgnetic Resonance Imaging (MRI)
machines are very useful in detecting tumors, aneuryms,and are an excellent alternative
to X Rays or CAT Scans. Other devices that use AC etaxirelds are also in use, such as
AC Tens units to treat pain, as well as other magudetiices that treat other symptoms and
complaints. Static magnets have now been reportdr imedical literature as being benefitial
for diabetic neuropathy, (tingling and chronic pain infdet), a condition affecting half of all
diabetics, or almost 10 million people. Static mageat® lalso been shown to be effective in
many pain complaints.

About Technology Alternatives Corporation

Technology Alternatives Corporation, located in Miakii, has been a pioneer in the area of
prudent avoidance of EMF. Technology Alternatives manufaes a zero radiation LCD
computer display and several models of hand-held, inexge@siuss meters for measuring
magnetic radiation from power lines, home wiring, appkan televisions, and computer
displays. Technology Alternatives also markets ultrafladiation CRT-style video displays,
and offers a radiation reduction service for retrofiftselected models of existing CRT-style
VDTs.

Technology Alternatives Corporation has received waddvacclaim for its innovative
products. The company has been featured or mentionee ylitwing news sources: The
Boston Globe, the Chicago Sun Times, The Washingtst, Basiness Week, MIS Week, The
Boston Business Journal, UPI, NBC radio, WXEX in Rionah, Virginia, Channel 6 in
Providence, RI, Good Morning America, USA Tonight, GielrY, an ABC affiliate in New
York, Glamour Magazine, PC Week Magazine, Lotus Maga@oejpuserve Magazine
("Averting Desktop Cherno-byl"), Adweek's Computer Magat@ever story: "Are VDT's
Safe?"), Marketing Computers Magazine (Cover story: "Camgihe Crossfire"), PBS TV,
WAGA Atlanta TV (a CBS affiliate), Channel 4 WNBC NW, and CNN Business News.

For free information, contact:
Technology Alternatives Corporation
1950 NE 208 Terrace

Miami, FL 33179



www.safelevel.commgauss@netrox.net

Phone 1-800-222-3003

1-305-933-2026

Copyright 1991, 2003 Technology Alternatives Corporation.
All Rights Reserved.

Appendix 1. The Latest News:
The Latest News:

Excerptsfrom: MICROWAVE NEWS -- A Report on Non-lonizing
Radiation

August 2002
California EMF Program toissue Strongest Health Warning Y et

After spending more than $7 million over the last ejglars, the California Department of
Health Services (DHS) will soon issue the strongesthimg to date on the potential health
risks from exposure to power-frequency electromagnetasfi&EMFs).

Drs. Raymond Neutra, Vrncent DelPizzo and Geralding Wwee wrote the report, conclude
that they "are inclined to believe" that EMFs a@ase of childhood leukemia, adult brain
cancer, amyotrophic lateral sclerosis (ALS) and misxges.

The final report of the EMF Program, which runs mawant500 pages including
appendices, has not yet been releasedViberowave News has obtained a copy. It "is slowly
working its way through the bureaucracy," said Neutra®fiHS, who led the program. He
expects to submit it to the California Public Utigi€ommission (PUC) "at the end of the
summer."

"We lowered a few of the risk estimates, but overal¢onclusions in the final report are very
similar to those in the draft," said DelPizzo, whoved as research director of the EMF
program before retiring recently to Reno, NV.

July/August 2001

ELF EMFs (electromagnetic fields) are now classified in the same
category asDDT, lead, Carbon Tetrachloride and Chloroform,
Category 2B possible carcinogens.

|ARC FindsELF EMFsAre Possible Human Car cinogens

A working group assembled by the International AgencyRiesearch on Cancer (IARC) has
unanimously concluded that power-frequency magnetic fie&lp@ssible human carcinogens.
This finding, announced on June 27 in Lyon, France, sdoan the consistent association
between childhood leukemia and residential exposure teregly-low-frequency
electromagnetic fields (ELF EMFsS).

The makeup of the IARC panel spanned all sides of the &MEoversy, from those who
openly believe that EMFs promote cancer to industrgelbemts who are skeptical of any such
connection. "We all agreed," said Dr. Larry AndersoMFs have now been formally



designated "2B Possible Carcinogens.” (For a list ofritwnbers of the working group and
their affiliations, and examples of each type of |IAB&cinogens, see below.

"There was a unanimous feeling about it," said Dr. Jalwgk. Dr. Maria

Stuchly, who remains unconvinced that magnetic fieldg@sponsible for promoting leukemia
in children, nevertheless joined the others in vofimghe 2B designation. "The
epidemiological data are there and it is hard to disies ' she said. Dr. Vincent DelPizzo
believes that the cancer evidence is stronger thahygof the other panelists. He cast the only
vote that there is "sufficient” human evidence fotdti@od leukemia, which implies that

EMFs are known human carcinogens. "l am sure thathilghood leukemia finding cannot

be attributed to chance, bias or confounding,” he sa&k (able below for definitions of
"sufficient,” "limited" and "inadequate")

The IARC decision follows similar reviews by panelghe U.S. and the U.K. In 1998, a
working group of the National Institute of Environmertigalth Sciences (NIEHS), using the
same |IARC criteria, also classified EMFs as 2B pass$ibiman carcinogens, a view that
NIEHS Director Kenneth Olden later endorsed in his refmoCongress. Earlier this year, an
advisory committee to the UK National Radiologicalteéotion Board chaired by Sir Richard
Doll, also acknowledged the possible link between EMIscancer.

The childhood leukemia studies have had a major impadt ofithese prior assessments. The
Doll report was heavily influenced by the two recenlpd analyses: one led by Dr. Anders
Ahlbom and the other by Dr. Sander Greenland. TheJARBnel was similarly swayed,
according to both Stolwijk and Dr. Elizabeth Hatch.héTAhlbom analysis was found to be
most impressive,” noted Stolwijk. Much more surprising tve IARC panel members' view
of the animal data. They came close to finding "lidiiteupport for a cancer association based
on the animal exposure experiments.

IARC Carcinogens: Definitions and Examples:

Category 1: Carcinogen

Evidence: Sufficient in humans

Chemical and physical agents:

Asbestos, benzene. dioxin, hepatitis C virus, radayl ghloride. Total number of agents: 87.
Category 2A: Probable Carcinogen

Evidence: limited in humans and sufficient in animals

Chemical and physical agents:

Benzo[a]pyrene, formaldehyde, PCBs, ultraviolet (A,B&&diation. Total number of agents:
63.

Category 2B: Possible Carcinogen

Evidence: limited in humans and less than sufficieahimals

Chemical and physical agents:

Carbon tetrachloride, chloroform., coffee, DDT, HEMFs, lead, PBBs. Total number of
agents: 236

June, 2001

Maximum EMF Exposure Emerges

As Strong Miscarriage Risk

A new and innovative epidemiological study has found an gixtfmld increased risk of
spontaneous abortions among women exposed to magndiofiet6 mG or greater. The

results “should have wide implications,” concludes Dr. DeKi, who led the study team at
Kaiser Permanente’s research division in Oakland, CA.



Unlike past efforts, which have essentially all useerage fields, Li focused anaximum
magnetic field (MMF) as the key index of exposure. Whillound miscarriage risks that are
significantly higher for women who had an MMF of aade16 mG, he saw no excess for
women with time weighted averages (TWA) of 3mG or mble:. did he observe any
increased risk for elevated spot electromagnetic fieldREmeasurements or with wire codes.
“With TWAs you are diluting any possible effect because sre combining relevant and
irrelevant exposures,” Li tolMicrowave News. In a paper summarizing his results, Li argued
that, “It seemed more plausible to us that EMF exposasealthreshold below which any
exposure is biologically irrelevant.”

Li's paper is an appendix to the as yet unreleased épalrt of the California EMF Project
(see p.2). An advance copy of Li's paper was obtainddibsowave News.

“My study convinced me that EMFs probably have a bicllgffect,” Li said. “We are
entering a new chapter in the field of EMF epidemioldgdyere is more evidence that there is
an association—the better conducted studies consissbially an association.

A “Robust” Association

“This population based cohort study with prospectively mnesgsEMF exposure level revealed
for the first time (based on our search of Medlinejnareased SAB risk associated with a
MMF exposure level of 16mG. The adverse MMF effect appetaréave a threshold around
16 mG and persisted regardless of the sources/locatidsiBfexposure. Prenatal MMF
exposure had a greater effect on early spontaneousaabtlO weeks of gestation) when
embryos or fetuses are much more sensitive to emagotal insults, and among women who
may be more susceptible to environmental exposures.

The association was much stronger when women whose@4MF measurements may not
reflect their true prenatal MF exposure were excludeds& belogically coherent
observations, all based on a priori hypotheses, prewidag evidence that prenatal MF
exposure above a certain level (possibly around 16 mGjnogase SAB risk. It is also
unlikely that the observed association was due to b@sesmeasured confounders, because
any such biases or confounders would have to explagbihvee observations simultaneously.
The robustness of the association against potentifdeoders was further supported by the
evidence that, despite adjusting for more than 30 variablesown or suspected risk factors
for SAB, the estimates were barely altered. Moregwermpted by the findings in this study,
Lee et al. reanalyzed the data from the study in wihieHindings related to TWA exposure
led to funding the current study,and confirmed our obserastmsion between MMF and
SAB risk. These findings raise the question of the eti€81MF on reproductive outcomes
and other health endpoints. The MMF exposure level irstudy population was quite
comparable to that found in a nationwide survey and aoulystopulation was racially /
ethnically and socioeconomically diverse. Thus, itdirfgs from our study should have wide
implications.”

DeKun Li, “A Population Based Prospective Study of PeakBrposure to Magnetic Fields
During Pregnancy and the Risk of Spontaneous Abortion,” dispatd manuscript, May
2001.

G.M. Lee et al., “A Nested Case Control Study of Redideand Personal Magnetic Field
Measures and Spontaneous Abortiolgidemiology, submitted.

Li stressed that 16 mG is not a rare exposure. He nodecpproximately 75% of his study
population had at least one exposure above this thresh@@4hour period. Li said that such
peak fields are more likely to come from household egattappliances and transportation
sources than from local electrical distribution lines.



The Kaiser Permanente study has cleared peer revieis sciseduled to be published in the
November issue dEpidemiology, Li said. His results were first disclosed at a meeting
convened by the California EMF Program on April 25. KaBermanente is the largest and
oldest health care provider in the U.S.

“It's quite exciting if it holds up,” Dr. Nancy Wertheimsaid in an interview. “ More work
needs to be done on thresholds and short term high eggdsWrertheimer, who lives in
Boulder, CO, was a member of Kaiser’s internal pedeweteam. Wertheimer and Ed Leeper
have themselves reported associations between naggsand EMF xposures from
electrically heated beds and home electrical heatsigss.

Others have also seen a miscarriage risk due to magelketscfrom video display terminals
(seeMWN, M/J88 and M/A 92) and from power lines (348N, M/A92).

“Taken together the EMF studies of spontaneous abonp@ns a consistent picture,” said one
epidemiologist, who has read the new Li paper but who asketb be identified. The new
study is the first prospective study ever done for EMHRiheaks and the first to use

maximum magnetic field exposures to gauge risks. A tot@bBfwomen who had been
pregnant for less than ten weeks qualified for the stutytfze outcomes of their pregnancies
were monitored. They wore an EMDEX meter for 24 houswaere then asked if their
activities during that particular day were “typical” oétpregnancy.

“One of the strengths of this study was that we med3uife exposure during the relevant
period and used personal measurement to capture MF expasurallfsources encountered
by a woman,” Li wrote.

Li found that women who were exposed to MMFs of 16 m@ore had 80% more
miscarriages compared to those exposed to less than 16 retatistically significant
increase. But when women who said that they had wariEMDEX on an atypical day are
eliminated from the study population, the miscarriageinisieases to three times that of the
less exposed women. And for pregnancies lost duringrteédn weeks of gestation, the risk
is close to six times that of the less exposed wowlkethese results are also significant.

Of the 159 women who had spontaneous abortions, 132 had eepabove 16 mG, and of
these 95 said that they had taken measurements on d digyica

For women who were judged to be more susceptible tocgmagntal insults—those who had
already had two or more miscarriages or who had fgniioblems—the miscarriage risk is
three times higher when they were exposed to 16 mG m#.mo

This risk rises to close to five times that of thexposed women for those pregnancies that
were lost before the tenth week of gestation, a wuimen the fetus is most sensitive to
environmental insults. Both these risks are stadityfisignificant.

“All this evidence points to an underlying biologicalesff of the magnetic field rather than
bias or a chance finding,” Li said. “If this were anhe finding, you would not expect there to
be a difference between typical and atypical exposuikbetveen early and late abortions.”
In the interview, Li said that he was “a little disapped” by the recent commentary on EMF
epidemiology by Dr. David Savitz A number of researsli@ve argued for the need to look
beyond TWAs to measure biologically relevant EMF expesur

For instance, in the early 1990s, Drs. Richard LovetyBary Wilson of the Battelle Labs in
Richland, WA, pointed specifically to MMF exposure asfiarnative exposure index (see
MWN, M/J93). Until Li, no one had followed up their suggestion.



In a previous epidemiological study, Li found that womerhnvattility problems who used
electric blankets during pregnancy had a greater char@viofy babies with birth defects (see
MWN, S/095). The risk was ten times higher among women whib elsetric blankets during
the first trimester.

September 2001

WHO EMF Project Now Endorses

Policy of Prudent Avoidance

In a major policy shift, the World Health Organizat®(WHO) International EMF Project has
endorsed prudent avoidance.

On October 3, the WHO advised that decisions on sitimgeptines should “consider ways to
reduce people’s exposures.” The WHO also recommended tatngeents and industry
should offer the public “suggestions for safe and low-a@sts to reduce exposures.” The
advice is contained in a fact sheet on extremelyftequency electromagnetic fields (ELF
EMFs) and cancer.

The project’s new outlook follows the decision by apesk panel convened by the
International Agency for Research on Cancer (IARC)lassify ELF EMFs as “possible
human carcinogens” (s&\WN, J/A01). IARC, which is based in Lyon, France, is pdthe
WHO.

Three years ago, in its last fact sheet on ELF EMfescancer, the WHO project took a very
different view. “There is no need for any specific paive measures for members of the
general public,” it stated —beyond meeting the exposurtslimcommended by the
International Commission on Nonlonizing RadiationtBetion (ICNIRP). This standard
protects against acute health hazards, such as shocksrasgbut does not address cancer
risks.

At that time, Dr. Michael Repacholi, who oversees @iwork on EMFs, toldVicrowave
News: “It is not WHO's job to be recommending ‘prudent ahamice’ to national governments”
(seeMWN, N/D98).

As late as last year, the EMF project advised that ptudendance “may be justified,” but
warned that “such actions should not be recommendedtiopabauthorities on health
grounds.”

Rather, they may be appropriate to deal with individuatgqeions of risks (seldVWN,
M/J00).

German Radiation Commission

Endor ses Prudent Avoidance

Germany’'s Radiation Protection Commission is reconthmg a policy of prudent avoidance.
In a report released on September 14, the panel—knows Ggitman acronym SSK—states
that it has confidence in the ICNIRP standards. Bedlis for “minimizing” exposures to both



ELF and RF/MW EMFs to the extent “technically andremaically reasonable,” especially in
locations where people spend extended periods of time.

The SSK recommends that emissions from consumer aggdiaimcluding mobile phones, be
kept as low as possible and that product labels indicassiemlevels.

The SSK also argues for more health effects rese@hehFederal Environment Ministry,
which is revising Germany’s EMF safety rules, requetitedeport (se®WN, S/097). In
July, the ministry announced that it was weighing precaaty exposure limits for mobile
phone base stations, but would wait for SSK’s advice NB&N, J/A01).

The SSK’s principal expert on non ionizing radiatio®rs Jirgen Bernhardt, who is the vice
chair—and a past chair—of ICNIRP and a former head oin@ey’'s Radiation Protection
Office.

On July 31, the radiation office’s current director, Wanih Konig, advised against the se of

mobile phones by children and called for restrictiombase station antennas near schools and
hospitals (se®VWN, J/A0L).

JUNE 2000

Strong Electric Fields | mplicated in

Major Leukemia Risk for Workers

Long term employees of Ontario Hydro who worked in girelectric fields had much higher
risks of leukemia, Canadian researchers have found. fiGagmnirisks were also found for non
Hodgkin’'s lymphoma (NHL) in a related study.

The elevated risks were seen among workers who spemtastetime in electric fields above
certain thresholds, in the range of 10 to 40 V/m. Thgektrincreases occurred among those
with more than 20 years on the job. Senior workerk thié greatest time above the thresholds
had an eight to tenfold increase in the risk of leukemiarelninigher than in past
epidemiological studies of electromagnetic fields (EMFs).

“It's very interesting that there seems to be adiwodd effect,” Dr. Anthony Miller, a coauthor
of the study, toldMicrowave News. “ These studies confirm that electric fields ang ve
important, if not dominant,” Miller said. “I think thiata very important essage.” Both studies
were based on data from Miller's 1996 study of Ontario Hginployees, which put a
spotlight on cancer risks and electric fields (8&&N, J/A 96). Formerly at the University of
Toronto, Miller is now with the German Cancer Resb&enter in Heidelberg.

Paul Villeneuve of the University of Ottawa, who I&e studies as part of his doctoral
dissertation, said, “It's remarkable that we saw aintihreshold effects for both leukemia and
NHL.”

The threshold levels were “relatively consistentthe two studies, he noted.

In an interview, Dr. Lois Green of Ontario Powem@ration (formerly part of Ontario Hydro)
in Toronto described this work as the first of its kiffdo one has ever taken a systematic look
at threshold effects before,” she said. Most previtudiess have focused on cumulative effects
or time weighted averages, which Green called “a weiteld way to view EMF exposures.”



The new work by Villeneuve, Miller and colleagues “shdiet there are other important ways
of looking at exposure,” she said. “We can’t close thar a@m this question.”

The new Canadian results stand in sharp contrast wsthEdAF epidemiological studies, most
of which have focused almost exclusively on magnetiddi Dr. David Savitz of the
University of North Carolina, Chapel Hill, toMicrowave News that the new findings
“suggest that those doing future studies reconsider the gastinout the value of electric
field data.”

“Our results suggest that there is no association batexgeosure to magnetic fields and
NHL,” Villeneuve and colleagues write in the April isspfeOccupational and Environmental
Medicine, and no threshold effects were seen with magnetic fieédther study. In the
leukemia study, some nonsignificant elevations in riskevadserved for workers with higher
average magnetic field exposure.

Miller's 1996 study also described electric fields as thms@urce of risk, but indicated that
the highest risks came from combined electric and magmgtosure. While the two new
studies “tend to confirm the dominance of electri@$gl he said, “I'm not sure they remove
any effect for magnetic fields.”

For electric fields, however, Miller now believesithhe threshold analysis in the new papers
is a more precise way of measuring their impact.

The leukemia study, published in the June issue oAtfeican Journal of Industrial
Medicine, found that the amount of time spent above these tHossivas a “significant
predictor of leukemia risk.” While average exposure was laiked to an increase in risk,
Villeneuve and colleagues write, their results indictiiat‘leukemia risk is more sensitive to
exposures above a threshold.”

For workers employed for more than 20 years, the findiagswspecially striking. Of these,
the one third who spent the most time above 10 V/m vegréimes more likely than others to
develop leukemia, a significant increase. The one thifd tive most time above 20 V/m had a
risk eight times higher than others. These odds rdt@sever, had very wide confidence
intervals.

The case control study was based on 50 cases of leukaarzD@ controls, drawn from a
cohort of over 31,000 male Ontario Hydro employees aneesti Employment data were
linked to a job exposure matrix based on both jobditle work site, with personal
measurements from over 800 workers, and to incidencerdatetie Ontario Cancer registry.
These data were the basis of Miller’'s 1996 study, whichpeat of a three utility study that
included workers at Hydro Quebec (HQ) and Electricité @ad¢e (EDF) (seBMWN, M/A94).
The Ontario research used a more detailed exposurerassésgaking into account job
location as well as title—than was used for the otitiéties.

The NHL study was based on 51 cases and 203 controls feosatie study population. It
found that the one third of workers who spent the mo® in electric fields above 10 V/m
had triple the risk of NHL. Those with the most tinae 40 V/mwere 3.6 times more likely
to get the disease.

“Many of us, starting with Genevieve Matanoski around 1886¢ long held that we need to
look at alternative indices of exposure,” Dr. IndirarNdiCarnegie Mellon University in
Pittsburgh toldMicrowave News. Confirmation of this point is “the central importanuiethese
papers,” said Nair. “Until we are able to elucidate ahmaism, studies that include these



alternate indices can provide us with understanding whaghhrelp us eventually to ‘back
into’ the mechanisms.”

Field Exposure in the Electric Utility Work EnvironmgenBioel ectromagnetics,
18, pp.365375, 1997.

Trevor Dawson, Kris Caputa and Maria Stuchly, “A Congmariof 60 Hz Uniform
Magnetic and Electric Induction in the Human Bodtiysicsin Medicine
and Biology, 42, pp.23192329, December 1997.

U.K. Panel Discourages Use of
Mobile Phones by Children

A high level panel appointed by the U.K. government basmmended that children be
discouraged from using mobile phones and that the industimadet phones to children.
Although the Independent Expert Group on Mobile Phonegechly Sir William Stewart,
found that there was no evidence of a health riskyitiried a “precautionary approach” given
current “gaps in knowledge.”

“I have got a grandchild of four and a grandchild of two lawduld not be recommending that
they have mobile phones,” Stewart told the BBC, mptivat he would continue to use his own
phone. Stewart was science advisor to the prime mirfisim 1990 to 1995.

The 12 members of the expert group issued their report grillarhey asked that radiation
exposure data for different phones—specific absorption(&#&Rs)—be “readily accessible to
consumers” and that there be no shortcutsin the pupnocess for the siting of mobile phone
base stations.

Electromagnetic radiation in the news!

Concerning power lines and appliances:

USA Today conducted a survey of 4,567 readers and reported that elagtretic fields, or
EMF's, are the number one environmental concermmerf&a. "EMF's - always present near
power lines and working electrical appliances - are lirtkeslich diseases as leukemia and
breast cancer."

"The National Council on Radiation Protection and Measients (NCRP) committee charged
with evaluating the potential health effects of elegtagnetic fields (EMFs) has completed a
draft report that calls for strong action to curtad g#xposure of the U.S. population. "It took us
nine years but we finally reached agreement,” comengbairDr. Ross Adey, of the Veterans
Administration Hospital in Loma Linda, CA, toMicrowave News.

A draft report prepared for the Environmental Protecfigency (EPA) generally endorses a 2
mG exposure limit. It would take effect immediately femnday care centers, schools and
playgrounds, as well as for new transmission lines eeating housing. The report was
funded by the EPA. Dr. Joe Elder, EPA's program officetie NCRP study in Research
Triangle Park, NC, called the committee's report "its¢ €omprehensive review of the world's
literature on EMF health effects."

Microwave News, July/August, 1995



"I have never seen a set of epidemiological studieg¢nadtely approached the weight of
evidence that we're seeing with ELF [extremely loggfrency] electromagnetic fields. Clearly
there is something here."

Martin Halper, EPA Director of Analysis and Support.

"Electromagnetic fields are associated with the devedoprof leukemia, brain cancer and
other serious diseases."
Paul Brodeur, writer, The New Yorker Magazine, author ofCurrents of Death
(Simon and Schuster), aiithe Great Power Line Coverup (Little, Brown).

"...studies on cats, rats, and chick brain cells hage/s that low frequency electromagnetic
radiation interacts with brain activity and could caasest of negative symptoms from
heightened stress and depression, slowed reaction tichdgeaaning disabilities to
miscarriages, fetal deformities, and cancer."”

Business Week, Oct. 30, 1989.

"This is really harming people."
Dr. David Carpenter, Dean, School of Public Health, State UniversitiNefv York,
Albany.

When buying a home, it is important to check for EMHSmMes "sold...for 30% less" when
exposed to EMF's, as reported by Ykall Street Journal, September 8, 1993.

According to a survey conducted bydoor Air Review, 26% of homes have areas that register
EMF fields exceeding 3 milligauss.

"...Sweden has concluded that EMF's do lead to highes ohtmancer...I, frankly was
somewhat impressed by the arguments made by the SweBesddent Bill Clinton

Concer ning televisions and computer displays (VDTS):

"Most unsettling of all, perhaps, is the fact thatghésed VLF and ELF magnetic fields found
routinely within a radius of about two feet from theege CRT computer terminal can be as
strong as, or even stronger than, the sixty-hertz etagirelds found inside the homes in
which Wertheirner and Savitz discovered children tdyaeg unduly of cancer."

The New Yorker, June, 1989.

"...sit at least ten feet away from the televisen"
Time Magazine, July 17,1989.

A Swedish study has found that weak, pulsed magnetic fiefdarsio those emitted by VDTs
can cause fetal abnormalities in the offspring of pregmace. According to Tom Brokaw of
NBC News, "the findings no longer rule out the possitiliat radiation can affect human
fetuses." In Sweden, a major Swedish union (the Swéllisifederation of Professional
Employees, or TCO) is seeking more stringent limitg, @ressure is being put on the Swedish
government to change VDT work regulations to protect pragmamen.

A study released in February, 1991, by the University otl8n California (UCS) in Los
Angeles has found an increased rate of leukemia amownigecrhivho watch black and white
televisions.
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For information on products to help protect ourselves fetectromagnetic fields, visit
www.safelevel.com(source of this document)
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