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      THE EMF BOOK


      What You Need to Know About Electromagnetic Fields,Electromagnetic Radiation, and Your Health


      

         “An indispensable guide…a practical and user-friendly book that should be required reading for anyone needing more information

         about EMFs—and that includes all of us.”

      


      —Joel Shufro, executive director, New York Committeefor Occupational Safety and Health
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      “THE EMF BOOK is a valuable resource for anyone who wants a comprehensive introduction to this emerging but uncertain area

         of scientific activity”

      


      —Dr. Robert B. Goldberg, Information Ventures, Inc.
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      “A terrific reference manual! It fills a great void for people trying to come to grips with the issue…and is both educational

         and practical. This book provides a much needed single source of information about EM fields and their possible hazards.”

      


      —Dottie English, board member, National EMR Alliance
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      “Mr. Pinsky has taken a complicated, vital subject and made it accessible…readable, entertaining, and above all, balanced.

         The subject needs the respect which Mr. Pinsky affords it.”

      


      —Michael Hiles, president and CEO, Norad Corporation
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      “Here is a visionary book that will be seen as amazingly on target… practical, balanced, well informed, I welcome THE EMF

         BOOK as must reading on the number one environmental issue in America.”

      


      —George S. Lechter, Safe Technologies Corporation
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      INTRODUCTION


      THIS BOOK IS ABOUT ELECTROMAGNETIC FIELDS (EM FIELDS) AND electromagnetic radiation (EM radiation)—two forms of energy. Everyone who lives or works near electronic devices or who

         uses electricity is exposed to one or the other, or to both. EM fields and EM radiation are present almost every-where you

         are.

      


      Not long ago I made a list of the ways my family and I are exposed. We live in a suburban community, and so our experience

         is similar to millions of other people’s. We have power distribution wires strung on telephone poles along the edge of our

         property, and feeder wires bring power from the distribution line to our house. My wife and I have an electric bedside alarm

         clock, and my son has a lamp clipped to his hunk bed. Our stove is electric, and in our kitchen there is a microwave oven,

         a mixer, a coffeemaker, a washing machine, a dishwasher, and two small fluorescent lights. We have two television sets, one

         “boom box” radio,

          and a component stereo. Our forty-five-year-old house has metal (as opposed to plastic) plumbing, which can conduct electricity.

         Though we cannot see the wiring in the walls, the electrical outlets every ten to fifteen feet show us the path electricity

         takes. My son’s playroom, located directly below the master bedroom, has a ceiling fan.

      


      In my office, I use both a desktop and a laptop computer. My desk lamp uses a halogen bulb, and the heavy base contains a

         transformer that, like all transformers, emits relatively high EM field levels. The electric power feeder line runs along

         the outside wall of my office, though the “drop—off point” is in the basement of the building, two stories down. The photocopier

         and laser printer—both known to put out strong EM fields—are in a far, outside corner of the second office in my suite.

      


      My son’s day-care center has fewer exposure sources inside, but 200 feet away is a large, green metal structure that contains

         a transformer serving not only the day-care building but also the neighboring hospital. Visible from the day-care center is

         an electric power transmission line, the type suspended from tall metal towers. It is too far from the day-care center to

         concern me, but nearby it cuts across an elementary school yard and within fifty feet of one side of the school. It also passes

         near a residential development.

      


      Driving in my community, I pass industrial buildings with small lattice metal towers supporting radio transmitters for local

         delivery systems. Along the way, I see microwave relay dishes—they look a little like gray kettledrums on their sides.

      


      I have made many choices to reduce my EM field and EM radiation exposures. I do not use cellular or cordless phones, except

         in emergencies. I used a meter to measure EM fields and EM radiation to identify the areas in my home where the levels were

         highest, and I made some changes. My wife and I placed my son’s crib, and later his bed, in the

          area in his room where EM fields were lowest. Instead of a wireless room monitor, we used an intercom with a wire. Our television

         sets are located so that they hack against out-side walls, since the highest FM radiation levels occur at the hack and on

         the sides. For the same reason, I set up my computers so that exposures are minimal under normal circumstances. The copier

         and laser printer are in a far corner, away from desks and common work areas. The halogen lamp is pushed as far back on the

         desk as possible. The wires bringing electricity to my office building are new, bundled wires that are known to produce significantly

         lower EM field levels than older wiring systems. Though I did not take measurements in the office, I used a simple experiment

         to determine that the EM field levels were low. I placed a computer monitor along the wall near the bundled wires to see whether

         the image on the screen was distorted in any way, a problem that occurs when a strong field is present. The image was unaffected.

      


      In our kitchen we put our microwave oven on top of the refrigerator, as far as possible from my son, and we make a point of

         keeping our distance while it operates. We usually run the dishwasher and washing machine only when we are in other rooms

         or out of the house. The electric stove is hard to avoid when we’re cooking. We turn the fluorescent lights on only when we

         really need them.

      


      We never leave the ceiling fan running while my wife and I are in our bedroom. When I took measurements in and around our

         home, I looked for—and fortunately did not find—evidence of high EM fields from electricity running along the metal plumbing.

      


      While generally reassuring, my survey raised a few concerns, particularly the pervasiveness of EM field and EM radiation sources.

         Every day I notice a potential emissons source that I had overlooked previously. At the same time,

          everywhere I go I scan for sources to try to identify practical ways to reduce exposures. Almost always the solutions are

         clear and simple.

      


      If you have heard about EM, fields, most likely it was in conjunction with power lines. Scientific research has linked power lines with childhood cancer, some

         types of adult cancer, and other health disorders. For the past fifteen years, public interest in EM fields has grown steadily,

         encompassing not only power lines but also the wiring in our homes, the computers we use at work and at home, appliances such

         as hair dryers and razors that make our lives easier, and other electrical devices.

      


      EM radiation, a broad category that includes everything from microwaves to radio broadcasts to cellular phone signals, is similar to EM

         fields in many respects but different in key ways (see Chapter 4). Scientists have been probing possible health effects for

         more than fifty years, and have found evidence of hazards almost from the start. In the mid-1970s, briefly, pockets of public

         concern developed, most often over plans to build new satellite communications facilities or to increase the size or power

         of a television or radio transmitter. More recently, claims that police radar devices cause cancer and that cellular phones

         may do the same have catapulted EM radiation back into the public eye.

      


      In most public discussions, EM fields are known as EMFs, while EM radiation is called nonionizing radiation, nonionizing electromagnetic

         radiation, or sometimes just microwave or radiofrequency radiation. This book uses EM fields and EM radiation to reduce confusion.

      


      The EMF Book explains in a straightforward way the scientific research that has prompted concern about EM field and EM radiation health

         effects, tells you how to look for EM

          field and EM radiation sources, and explains what you can do to reduce your exposures.

      


      You can take steps to protect yourself and your family without knowing every scientific detail about EM fields and EM radiation.

         I have tried to provide pertinent information in a balanced way so that you can reach your own conclusions with confidence.

         Most of the steps you can take are fairly simple and inexpensive—ranging from rewiring to increasing distances between FM

         field and radiation sources and people. Reducing exposures while we wait for more definitive answers—and it will he a long

         wait—need not always be expensive, intrusive, or difficult. Engineers have found myriad low-cost and no-cost ways to reduce

         exposures in public places. In some instances, it is as simple as flipping a switch.

      


      Not all situations are simple, however. Some readers may face unusual exposure conditions or he unable to identify the sources

         of the exposures due to a complexity of wiring systems or unknown sources. Readers who find themselves at odds with their

         electric utility, a private company. public officials, or their employers need to know what precedents exist. There is an

         extensive history of legal disputes, citizen action to oppose legislative debates, and regulatory rulings that have served

         as de facto public policy. The EMF Book recounts the major decisions and describes how a diverse set of public officials, citizens, and companies have addressed

         health concerns.

      


      Ultimately, this book should be used as a resource and a reference. Section 4 includes a comprehensive guide to key research,

         a glossary you can refer to for scientific terminology, and suggestions for further reading.

      


      Too many times over the past decade, people who simply want to find out what EM fields and EM radiation are, whether they

         pose a hazard, and how to protect themselves

          and their loved ones have had to start from scratch. Until now there has been no comprehensive, clear, reliable, and affordable

         handbook. It is to meet these needs that I wrote The EMF Book.

      


      Mark A. Pinsky


      Lower Makefield, PA
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      CHAPTER 1


      GRAPPLING WITHEM FIELD ANDEM RADIATIONHEALTH EFFECTS


      DOTTIE ENGLISH AND HER HUSBAND, FRANK, ARE UNLIKELY activists. “Neither Frank nor I were ever involved in community issues before EM fields,” she explains. “We worked all day,

         came home, and in some cases we hardly even knew our neighbors.” Now in her mid-fifties, Dottie English is a businesswoman

         who speaks softly and calmly, dresses conservatively, exercises extreme restraint in her statements, and always makes her

         points carefully and logically. That, one utility official explained, is what made her a threat.

      


      Many of the people concerned about EM fields and EM radiation have young children, and most, like Dottie English, have no

         history of activism. Some fear for their children, some for themselves, some for their property values. “Concern about the

         research on kids and cancer really sent people through the roof,” English says.

      


      Dottie led a quiet, suburban life until 1990, when she learned that Philadelphia Electric Company (PECO) was

          installing a new electric power transmission line along an abandoned railroad track behind their home in upper Southampton,

         Pennsylvania. One of the company’s workers told the Englishes that he would be concerned about the EM fields the line would

         emit if he were them. A few weeks later at a public meeting, a utility spokesman announced that the projected EM field levels

         in the yards next to the proposed line would be nothing to worry about, even though he said the levels would be about 20 milligauss.

         By then, the Englishes knew on the basis of news stories that this was ten times as high as the exposure levels that several

         studies had linked to cancer in children.

      


      “The electric company brought the opposition on itself,” Dottie English believes. “They were telling us there was no reason

         to be concerned before we even knew anything about the transmission line.” The utility told them not to discuss the line with

         their neighbors and not to ask questions at local municipal meetings.

      


      Within a month the Englishes had plunged into the research data and found themselves part of a burgeoning international network

         of people in similar situations. What they were reading and hearing worried them. “Once you start looking at the volume of

         research and the length of time it has been around, it starts to look like someone wanted to keep us from the facts,” she

         says.

      


      They organized a local group, Parents Against an UnSafe Environment (PAUSE), forced the state Public Utility Commission (PUC)

         to reopen its deliberations on the planned power line, and forced Pennsylvania’s public officials to take their first serious

         look at EM fields, just as officials in dozens of other states were doing. Although they eventually lost their challenge when

         the PUC refused to hear testimony from scientists supporting their claims, they raised awareness of an important issue.

      


      

         At home, Dottie and Frank made changes they thought would help protect them. They rearranged furniture, lights, and their

         television set to reduce their exposures based on what they had learned. They decided to stay away from their dishwasher and

         microwave oven when they were in use. “We didn’t stop using electricity. It’s a vital part of our life,” she notes. Some neighbors

         took more severe actions. One family threw away its microwave oven, and several stopped using many other appliances.

      


      A growing number of people who have closely evaluated the EM field and EM radiation research have found ways to reduce exposure

         levels. Granger Morgan, a prominent researcher at Carnegie Mellon University in Pittsburgh, Pennsylvania, moved his son’s

         bed across the room, stopped using electric blankets, and shifted electric bedside clocks away from the beds. Diane Allen,

         a television reporter who investigated the EM field controversy, revealed at a congressional hearing that her reporting led

         her to bury the electric wires that bring power to her home. The lead author of a U.S. Environmental Protection Agency report

         recommending that FM fields he classified as “probable human carcinogens” and that EM radiation he labeled “possible human

         carcinogens” put away his electric razor, and measured levels in his home to see if there were exposure conditions of concern.

      


      Like the Englishes, some people have organized community groups to raise awareness about EM fields and EM radiation and, in

         some instances, to oppose new or existing sources of emissions. People have organized in places as diverse as suburban New

         jersey, rural Michigan, and New York City. Some have quit their jobs to press EM field or EM radiation issues, and some have

         sold their homes at sustantial losses.

      


      Dottie and Frank English moved from Pennsylvania to

          the Midwest in 1993, but Dottie, in particular, remained actively involved in the issue as a hoard member of the EMR Alliance,

         an international network, and as a co-director of the Center for Public Information on EM Radiation.

      


      Dottie English is confident that her concern and her activism are justified. Asked whether she overreacted to the issue, she

         responds firmly. “I underreacted, and I am sorry that we weren’t better organized. I’m really sorry that I wasn’t more vocal, more involved,” English

         muses. Eventually, research will give us clear answers about EM field and EM radiation safety, she believes, but “it’s going

         to take a lot of years. Until we get truly independent research, I don’t think this issue is going to he solved,” she says.

      


      As Dottie English and hundreds of other people have learned, the research completed thus far is a mixed lot. There has never

         been a concerted, organized effort to understand whether EM fields and EM radiation are dangerous and, if so, how, despite

         the fact that EM fields and EM radiation are the by-products of electricity and increasingly common electrical devices such

         as cellular phones.

      


      Our knowledge is based on a hodge-podge effort that nonetheless has produced compelling evidence that makes up in quantity

         at least some of what it lacks in quality. A handful of studies have found that children exposed to EM fields above a certain

         level—approximately 2 milligauss (a milligauss is the unit of measure for EM fields)—are approximately twice as likely to

         die from cancer as are children exposed to fewer than 2 milligauss. These studies are the most compelling and alarming of

         all the research, but they are not the only evidence that a problem exists. Adults exposed to EM fields and EM radiation on

         the job also are more likely to develop or die of cancer.

      


      What really concerns scientists and public health specialists is that the levels associated with cancer are very low.

          Indeed, millions of people experience 2 milligauss EM fields for extended periods every day. This research is inconclusive,

         however. What investigators have not yet found is an explanation for how EM fields and EM radiation at the very low levels

         we commonly encounter can cause cancer or any of the other health effects attributed to exposure. In other words, no one has

         yet found the mechanism of interaction—the smoking gun, so to speak.

      


      That is not to say that research has not produced evidence pointing toward an explanation. Experimental results have produced

         at least four possible mechanisms. The hunt is on to prove or disprove whether exposure to EM fields or EM radiation causes

         cancer and other health problems. For scientists, this means that they must observe some or all of the following factors:

      


      • A strong statistical association. If exposed people are only slightly more likely to develop cancer after exposure, that would be a weak association.

      


      • A consistent association. The apparent link should be observable among people from diverse economic, racial, and geographic groups.

      


      • A specific association. Exposure should produce a specific result—that is, a particular type of cancer.

      


      • A sequential association. The exposure should precede the health effect.

      


      • A dose-response relationship. As exposure conditions increase, the statistical association should grow stronger.

      


      • Scientific consistency. There must be a plausible mechanism for the health effect, and the association should fit with prevailing scientific knowledge.

      


      • Agreement between human and animal studies. Findings of cancer among humans should be reflected in findings of cancer among laboratory animals or animal cells or organs.

         

      


      • A scientific precedent. There should he an analogous association between a causal agent and an effect.

      


      EM fields and EM radiation are, based on all that we know now, unprecedented. No chemical or physical agent affects the human

         body in any of the ways that EM fields and EM radiation seem to.

      


      As a result, scientists working to understand how EM fields and EM radiation might be dangerous are grappling with very complex

         problems on the cutting edge of research. The layers of difficult and unresolved questions overwhelm even some specialists.

         Stripping away the layers, however, reveals two basic questions: What effects occur? And how do they occur?

      


      Scientists have tried to answer these questions through large-scale studies of people—known as epidemiological studies—and

         laboratory studies. This chapter summarizes some of the major findings. (In this relatively new and unexplored field, there

         are nonetheless more than 50 epidemiological studies and more than 12,000 laboratory studies. Appendix A details the major

         epidemiological findings on a study-by-study basis.) It spotlights the most widely recognized theories, questions, and effects,

         but it does not try to cover every facet.

      


      If you read the original research, you will find that scientists have yet to determine whether it is more important to know

         the field strength, the wave shape, the frequency, the relationship of the field to the earth’s geomagnetic field, the duration

         of exposure, or some other factor. You will also discover that every research result on EM fields and EM radiation health

         effects seems to raise more questions than it answers. For instance, researchers have observed changes at certain frequencies

         and power levels but not at others, with no obvious trends to explain the so-called windows.

      


      

         It is important that you are aware of these issues, and it will help if you understand the research at at least a rudimentary

         level. Keep in mind, however, that there is uncertainty in all that we know—uncertainty that only more and better research

         can resolve. The scientific community, with few exceptions, accepts the need for a substantial research program that can answer

         at least some of the questions about EM fields and EM radiation—Why are research results uneven and inconsistent? What are

         the right studies to do? And in what order?

      


      ELECTRICITY AND YOUR BODY


      In fundamental ways, our bodies run on electricity. Electric signals help cells communicate, relay information to and from

         the brain, and keep our complex network of vital organs operating smoothly. Paradoxically, scientists on both sides of the

         debate believe this supports their views.

      


      Scientists who believe that the research cannot be pieced together into a coherent picture to show an EM field and EM radiation

         risk (a small—and shrinking—but influential group) say that the laws of physics make health hazards impossible. They reason

         that low-level EM field and EM radiation signals are much weaker than the signals the body creates for normal cell functions,

         and that therefore the signals generated by an external field get lost in the body.

      


      In contrast, a growing number of scientists have come to interpret the research as suggesting, but not proving, that EM field

         and radiation health effects are possible. Dr. David Savitz, a prominent researcher at the University of North Carolina, articulated

         this mainstream thinking in a 1993 article: “When the question is posed, Is there theoretical or empirical evidence that exposure

         to [EM] fields at commonly,

          encountered levels poses a threat to health?, the answer must he a firm yes.”

      


      At EM radiation frequencies, scientists are starting to reach similar, though more tentative, conclusions. The late Dr. Cletus

         Kanavy, a scientist with the U.S. Air Force, argued shortly before his death in 1993 that, “A large amount of data exists,

         both animal experimental and human clinical evidence, to support the existence of chronic, nonthermal effects.”

      


      EM FIELDS AND EM RADIATION


      EM fields and FM radiation are two types of electromagnetic energy. EM fields result from the flow of electric current—through

         a wire, for instance. The most common source of EM fields are power lines, such as the ones that carry electric current across

         the country and the ones that bring the current to your neighborhood or apartment building. In fact, any electric current

         produces an EM field (see Table 1).

      


      EM radiation results from the acceleration of electrical charges, the building blocks of electricity. It comes from a diverse

         range of sources, such as radio and television broad-cast antennas, cellular phones, and computer terminals (see Table 2).

      


      Both EM fields and EM radiation are most readily understood as waves, similar to ocean waves and sound waves. The waves have

         characteristics such as frequency and wavelength that allow us to describe them and explain how they work.

      


      EM fields have lower frequencies than EM radiation. Since frequency and wavelength are inversely related—one goes up as the

         other goes down—EM fields have shorter wavelengths than EM radiation. (Appendix B; “An EM Field and EM Radiation Primer,”

         explains this in greater detail. See also the glossary that starts on page 227.)

         

      


       


      


      Table 1


      Common EM Field Sources


      

         

         

            	At Home

         


         

            	Electric power transmissionlines

         


         

            	Electric power distribution lines

         


         

            	Appliances

         


         

            	
Air conditioners

         


         

            	
Blenders

         


         

            	
Clocks

         


         

            	
Electric blankets

         


         

            	
Electric mixers

         


         

            	
Electric razors

         


         

            	
Fluorescent lighting

         


         

            	
Hair dryers

         


         

            	
Heating pads

         


         

            	
Microwave ovens

         


         

            	
Portable electric heaters

         


         

            	
Power tools

         


         

            	
Refrigerators

         


         

            	
Televisions

         


         

            	
Toasters

         


         

            	
Vacuum cleaners

         


         

            	In-home electric wiring and

         


         

            	
circuit boxes

         


         

            	

                  At Work

         


         

            	Electric power transmissionlines

         


         

            	Electric power distribution lines

         


         

            	
Office equipment

         


         

            	
Calculators

         


         

            	
Fluorescent lighting

         


         

            	
Laser printers

         


         

            	
Pencil sharpeners

         


         

            	
Photocopiers

         


         

            	
Video display (computer)terminals

         


         

            	Office wiring

         


         

            	
Circuit boxes

         


         

            	
Transformers

         


         

            	Industrial equipment

         


      


            


      Table 2


      Common EM Radiation Sources


      

         

         

            	Baby monitors

         


         

            	Cellular phones

         


         

            	Cordless phones

         


         

            	Industrial equipment

         


         

            	
Radiofrequency sealers

         


         

            	
Medical systems

         


         

            	Local radio communicationssystems

         


         

            	Microwave ovens

         


         

            	Microwave phone links

         


         

            	Radar

         


         

            	
Police radar devices

         


         

            	
Military radar

         


         

            	
Weather radar

         


         

            	Radio broadcast signals

         


         

            	Satellite uplinks

         


         

            	Television broadcast signals

         


         

            	Video display (computer) terminals

         


         

            	Walkie–talkies

         


         

            	Wireless office networks

         


      


      HEALTH RESEARCH


      The health research on EM fields and EM radiation is inter-related but not interchangeable. EM radiation research comprises

         less study of human exposures and more study of animals than EM field research, in part because it is difficult to find a

         large group of people exposed in a uniform way to EM radiation.

      


      EM radiation also is a much broader topic. The number of EM radiation frequencies is enormous, the number of forms EM radiation

         can take at each frequency is virtually limitless, and the thinking about where to target research is limited. Asa result,

         we have more specific information about EM field exposures—most of which occur at one frequency, 60 hertz—than we do about

         EM radiation exposures that occur at millions of frequencies.

      


      Nonthermal vs. Thermal Effects


      By the start of World War II researchers knew that EM radiation could cause heating in the human body and that the heating

         could be harmful, even fatal. As a result, health research concentrated on determining how much heat individual body parts

         could absorb from EM radiation and yet return to normal temperature within a short period. Most of this research was done

         in the United States by the military, since EM radiation was just beginning to be widely used for radar and communications.

         By the end of the war, the military was the single largest user of EM radiation, a position it continues to hold.

      


      Medical researchers were using EM radiation-generated heat on a limited basis for therapeutic purposes. Scientists

          rapidly learned to use higher and higher frequency EM radiation for military and medical applications.

      


      Higher frequencies mean shorter wavelengths, which penetrate the body more readily, depositing more energy inside. More energy

         produces heat more rapidly. With the potential for faster and more efficient heating, scientists began assessing how efficiently

         the body and individual body parts could cool.

      


      Sweat and the flow of blood are two ways the body reduces heat, and some body parts (such as the eyes) do not sweat and have

         limited blood flow, reducing their ability to cool. As a result, researchers hypothesized that EM radiation might produce

         cataracts, much as can other forms of electromagnetic energy such as ultraviolet light. In addition, they discovered from

         experiments involving people and from accidental exposures among radar operators and others that increasing EM radiation exposures

         caused discomfort leading to illness and, if not stopped in time, death. Clearly there was a limit to safe EM radiation heating.

      


      After the war, a military team set the first EM radiation exposure standard, focusing exclusively on the heating problem.

         This approach established criteria that continue to influence thinking about EM radiation and FM fields today: if exposure

         does not produce significant heating, it must be safe. Indeed, the widely used voluntary industry guidelines for EM radiation

         exposures, known as the ANSI standard, addresses only thermal effects.

      


      The military model dominated thinking into the late 1980s, but it no longer rules scientific thinking because researchers

         have demonstrated that nonthermal EM radiation and EM field exposures can cause changes in cell behavior, in the production

         of key hormones that regulate body functions, and in other physical processes.

      


      

         EPIDEMIOLOGICAL STUDIES


      Epidemiological studies are real to people because they are about real people. These studies involve large numbers of people,

         some of whom either were exposed to a suspected agent such as EM fields or EM radiation or who had developed or died of a

         disease thought to be linked to one or more agents. They use statistics to determine the probability that an agent is associated

         with an effect. Because they involve humans, their findings are directly useful in shaping personal and public responses to

         real or perceived hazards. Unfortunately, the complexity of our lives often makes it difficult for an epidemiological study

         to show a link that is not called into question by one or more variables. Indeed, epidemiological studies are not supposed

         to prove anything but merely to pinpoint trends.

      


      For EM fields, epidemiological studies have been the driving force behind public concern. Because power lines are a primary

         source of EM fields, it is fairly easy for researchers to find a large group of people with common exposure conditions. To

         date, five studies have linked EM field exposures to childhood cancer, and thirty-nine have found associations between adult

         cancer and on-the-job exposure. A smaller number of studies have found a weak link between cancer among adults and EM field

         exposure at home.

      


      EM radiation exposure is more difficult to study epidemiologically. EM radiation sources are not as uniform as power lines,

         and so it is relatively difficult to find a good study group. Only a couple of EM radiation studies have been completed for

         cancer. Their results suggest an association between EM radiation and cancer, but they raise too many questions about exposure

         conditions and other variables to provide unequivocal information. A slightly larger

          number of studies have suggested a link between EM radiation and reproductive problems.

      


      EM Field Studies


      The first, and most important, EM field study appeared in 1979. Dr. Nancy Wertheimer and Ed Leeper reported that children

         living near power distribution lines were roughly twice as likely to develop cancer as were other children.

      


      Their study hypothesized that these power lines produced very weak magnetic fields that were a likely cause of the increased

         disease rate. Most scientists were skeptical of this theory. The Electric Power Research Institute (EPRI), a research association

         of electric utilities, offered a critical analysis that provided several alternative explanations for the cancer link. For

         instance, EPRI suggested that the power lines were taking the blame for harm caused by other (non-EM field) exposures such

         as air pollution from cars and trucks, since power distribution lines in the study area generally ran along streets.

      


      Wertheimer and Leeper’s results seemed highly implausible, so most observers expected Dr. David Savitz’s attempt to replicate

         the study to disprove the findings. Commissioned by the New York State Power Lines Project, Savitz studied a similar group

         of children in Denver over a comparable period. His 1988 study confirmed Wertheimer and Leeper’s findings, showing an association

         between power distribution lines and all types of childhood cancer, as well as between the lines and brain cancer in children.

      


      At least three other studies of children in other areas and nations have confirmed Wertheimer and Leeper’s conclusion. Another

         study using a different method of estimating exposure levels found no statistically significant increase due to exposure.

      


      

         The childhood-cancer link to power frequency EM fields is generally considered the most convincing evidence that EM fields

         can be hazardous. Studies of adults living near power lines have produced less clear results. There are approximately an equal

         number of positive adult studies (those that find an association) as negative ones (those that don’t). Adult cancer is more

         difficult to study because most adults have at some time in their lives been exposed to a wide range of chemicals and other

         agents known or suspected to cause cancer. Linking a single case of cancer to any one EM field or radiation exposure is very

         difficult.
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