
Is There an EMF-Cancer Connection? 
The question of whether electrornagneticjelds pose a health risk is being taken seriously by an 
increasing number of researchers, but don't throw out your electric hair dryer just yet 
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LIKE ~ o s r  S C I E N T I ~  10 YEARS AGO, Da- 
vid Carpenter was skeptical of claims that 
exposure to electromagnetic radiation could 
vromote cancer. But that was before he 
hireaed a $5-million project to test those 
daims with epidemiological and laboratory 
studies. Now Carpenter, who is the dean of 
the school of public health at the State 
University of New York in Albany, doesn't 
think it's such a crazy idea anymore. "I think 
there is suflicient evidence-to really raise 
some red flags here," he says. 

Although many of the mearchers who 
study this controknial field disagree with 
Carpenter about the red flags, there has been 
an undeniable shift in attitude toward elec- 
tromagnetic fields (EMFs) and their pur- 
ported health &errs. In the 1970s, it 
seemed absurd that EMFs-which ace gen- 
erated by anything electric, h m  power lines 
to household a p p l i a n c ~ o u l d  be hazard- 
ous, even in the tiniest degree. Now it's a 
legitimate open question. 

Much of the rethinking has been prompt- 
ed by a series of epidemiological studies. 
Over the past 11 years, a number of re- 
searchers have found increased risk of cancer 
among children who live dose to power 
lines or among men whose jobs expose them 
to unusually high levels of EMFs. This 
epidemiological work, which has been high- 
ly publicized, has created a great deal of 
public concern about EMFs. 

In Alexandria, V i a ,  for instance, the 
city council has tried to h e  the local 
electric company to remove aboveground 
power lines that run very close to homes in 
the city's densely packed historic district 
Hiusborough County in Florida is fighting 
the .construction of a high-power transmis- 
sion line on the grounds that the magnetic 
fields it generates are too intense to be 
considered &. In Seattle, a B o e i  Com- 
pany employee sued to be compensated fbr 
leukemia that he claimed was caused by on- 
the-job acposurc to EMFs; the daim was 
denied, but lawyers see many more such 
lawsuits in the future. 

A widely read magazine-The New York- 
&as published several sensationalistic ar- 
tides by a journalist who has made the EMF 
issue into a personal crusade. And newspa- 
pers, television newscasts, and radio talk 
shows have gotten into the act, wonying 
their audience members. Meanwhile, a re- 
~ o r t  from the Environmental Protection 
&enq assessing the possible health effects 
of EMFs is due out in final form in a few 
weeks; the deaf? version of the report labeled 
EMFs as "a possible, but not cause 
of cancer." And a bill that would set federal 
standards for EMF exposures has been in- 
troduced in Congress. 

How good is the evidence that is generat- 
ing all this concern? It is, in a word, incon- 
dusive. The half dozen childhood leukemia 
studies are somewhat contradictory, for in- 
stance, and mearchers have generally fbund 
no increased risk at all among adults living 
dose to power lines. The d& do seem 6 
imply that men working in electrical jobs, 
such as electricians and telephone linemen, 
ace at higher risk of brain &rs and other 
cancers, but EMFs may not be to blame. 
Many of these workers have tteen exposed to 
chemical carcinogens, such as benzene, that 
could explain the exaa risk. 

"It needs to be resolved," says Patricia 
Bde r ,  director of the Epidemiological Re- 
search Unit at the University ofTexas Medi- 
cal Center in Houston. BuWer, who says she 
is not persuaded that EMFs ace a health 
hazard,-nevertheless believes that epidemiol- 
ogists need to do another round of studies 
to resolve the ambiguities in the data. 

One of the complications facing epidemi- 

ologists is that nearly everyone in the indus- 
trialized world is exposed to electromagnetic 
radiation in one form or another. Created by 
moving electric charges, electromagnetic ra- 
diation propagates outward h m  any object 
that carries an electrical cumnt and contains 
two components that behave quite different- 
ly: an electric field and a magnetic field. The 
electric component pushes or pulls charged 
particles, such as ions, in the direction of the 
field; the magnetic component acts on mov- 
ing charged @des and pushes them per- 
pendicular to their direction of motion. 

In terms of possible health elkts ,  the two 
components have an even more important 
distinction. An electric field is easily 
screened-only a tiny part makes it through 
the walls of a house or even through skin- 
but magnetic fields travel right through 
most matter without losing strength. 

The EMFs that most people come in 
contact with are quite weak. The magnetic 
field generated by an overhead power line or 
a video terminal, tbr instance, is normally 
only a few milligauss, or about 1% of the 
earth's magnetic field. And although the 
electric field directly below a high-tension 
power line can be as much as 10 kilovolts 
per meter, the comesponding field induced 
inside the body will be only about 1 milli- 
volt per meter-no bigger than the electric 
fields naturally generated by some cells. 

These facts, more than any other, initially 
persuaded scientists that EMFs must be &. 
How could such seemingly insigdcant 
magnetic and electric fields be dangerous? 

So in 1979 when Nancy Wectheimer and 
Ed Leeper 6rst reported a correlation be- 
tween childhood cancer and high EMF a- 
posuce from power lines, almost no one 
believed it. Wertheimer and Leeper had 
perfbrrned a case-control study in which 
they compared the EMF exposures of 344 
children in Colorado who died of cancer 
h m  1950 to 1973 with those of an approx- 
imately equal number of controls-dddren 
born at the same time as the cancer victims 
but who did not get cancer. The rcsearchers 
conduded that children h m  high-exposurr 
homes were two to three times as likely as 
those h m  l o w q x m r e  homes to develop 
cancer, particularly leukania, lymphomas, 
and nervous system tumors. 
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It was a nearly unbelievable result, and 
other researchers didn't have to look too 
hard to find reasons to doubt it. The study's 
major weakness was that Wertheimer and 
Leeper had not actually measured the EMFs 
that the children were exposed to. They had 
merely estimated them according to what 
types of electric power lines ran near the 
homes. (Such lines carry anywhere from 115 
volts to several hundred kilovolts, depend- 
ing on their hnction in the distribution 
system; most lines near homes are no more 
than 35 kilovolts.) Moreover, this "wire 
coding" was not even done blind: The two 
researchers knew which homes had the can- 
cer cases and which had the controls. "Ev- 
eryone expected that the Wertheimer study's 
flaws were fatal," Carpenter recalls. 

That certainly was Carpenter's expecta- 
tion. He first got involved in EMF research 
in 1980 when he was asked to direct a series 
of EMF studies paid for by New York 
power companies and administered by the 
state health department. Carpenter asked 
David Savitz at the University of Colorado 
Medical School to try to replicate the Den- 

statistical power of the results is low. But the 
major shortcoming is that no one has found 
a consistent dose-response relationship be- 
tween cancer rates and EMF exposures. If a 
little electromagnetic radiation is bad, then 
more should be worse, but that doesn't 
emerge from the data. One study, for in- 
stance, found a higher cancer risk in homes 
where the average magnetic field was lower. 

A related problem is finding a correlation 
between cancer risk and measured-as op- 
posed to estimated-EMF exposures. Even 
the well-regarded study by Savitz, for in- 
stance, found an increased risk in high- 
exposure homes as rated by wire coding, but 
a weaker or absent relationship between 
cancer rates and EMF exposures as deter- 
mined by spot measurements in the home. 

This is not a fatal flaw, Savitz says. He 
argues that because electrical usage varies 
widely from day to day and even hour to 
hour, long-term EMF exposure may be 
more accurately estimated by looking at the 
types of power lines near a home than by 
taking a one-time measure of the EMFs in 
or near that house. Still, he says, the ques- 

tion on "everything else we can think of' 
that might cause or promote cancer in an 
effort to rule out other possible causes if an 
increased risk appears. He plans to report 
the results at an October meeting sponsored 
by his finding agent, the Electric Power 
Research Institute. Meanwhile, he is keep- 
ing his findings under wraps. 

Although a majority of the studies of 
childhood cancer and EMF exposure have 
found at least some correlation, those look- 
ing at adults living close to power lines have 
generally been negative. In 1982, Wert- 
heimer and Leeper claimed to have found 
increased cancer rates among adults living in 
various parts of Colorado who were exposed 
to higher than average doses of EMFs. But 
several other studies since then have found 
little or nothing. And that's hard to explain. 
Why should EMFs increase the risk of child- 
hood cancer while having little or no effect 
on adult cancer? One possible explanation is 
that it is much more difficult to separate out 
EMFs from other risk factors for adults than 
for children, but no one really knows. 

In contrast to the uncertainty about resi- 
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ver study, expecting that the new re- dential EMF exposures, the picture that 
search would come up negative. emerges from occupational studies is 

Instead, Savitz essentially replicated . sharp. Again and again, epidemiolo- 
the Wertheimer-Leeper results. From a a gists have found that workers in various 
case-control analysis of 356 childhood SWI-UIIE) electrical jobs have higher risks for vari- 
cancer cases in the Denver area between olsmmmnURll . ' ous types of cancer, particularly brain 
1976 and 1983, he calculated a risk and nervous system cancers as well as 
ratio of about 1.5-that is, children ' leukemias. In a recently finished case- 
with high exposure to power line EMFs control study in the Los Angeles area, 
were about 1 Y' times as likely to devel- for instance, Susan Preston-Martin and 
op cancer as children with very low Wendy Mack at the University of 
exposure. Although Savids calculated ' Southern California found that men 
risks were lower than those of Werth- who had worked for 10 years or more 
eimer and Leeper, his thoroughness in a variety of electrical occupations had 
gave the results greater weight. For a ten times greater chance of getting 
example, Savitz performed statistical brain cancer than men in the control 
analyses to make sure his results were group. "Employment in these occupa- 
not skewed by such possible confound- tions is definitely conferring some type 
ing factors as socioeconomic class or of risk," Mack says, but "we don't know 
mothers smoking during pregnancy. "It whether EMFs are to blame." 
was that study," Carpenter remembers, The problem, she explains, is that 
"that caused me and most of the panel Magnetic field exposure varies according to distance electrical workers may be exposed to 
members [overseeing the New York and type of  equipment. things besides electric and magnetic 
State studies] to change our position." fields that could be causing the in- 

In addition to the Wertheimer-Leeper 
and the Savitz work, four other studies have 
looked for correlations between EMFs and 
childhood cancer-with mixed results. One 
found no increased risks at all for children 
living close to power lines; another found 
increased risks of nervous system cancers 
and lymphomas, but a decreased risk for 
leukemia; two others found higher risks for 
various cancers, but the numbers were not 
statistically significant. 

Each of these reports has a variety of 
flaws. All, for instance, included relatively 
small numbers of children, and therefore the 

tion won't be settled until the data show a 
better correlation between dose and effect. 

That information could soon be provided 
by John Peters at the University of Southern 
California, who is putting the finishing 
touches on a case-control study of 230 
childhood leukemia victims in the Los An- 
geles area between 1980 and 1987. In it he 
will compare cancer rates with 24-hour re- 
cords of actual EMF exposures in the homes 
as well as with exposures obtained by spot 
measurements and those estimated by wire 
coding. In addition to the EMF measure- 
ments, Peters says he has collected informa- 

creased cancer risk. In the past, electricians 
have worked with organic solvents, such as 
benzene, that are known to cause cancer. So 
it's premature to single out EMFs as the 
culprit. 

And proving a dose-response relationship 
here has been just as tough as in the case of 
EMFs and childhood cancer. One widely 
noted study, performed by Genevieve Ma- 
tanoski of Johns Hopkins University, did 
find a dose-response relationship for cancers 
in male New York Telephone employees 
from 1976 to 1980. Matanoski measured 
the average magnetic field exposure among 



not as high as for the cable splicers. The 
central office workers were more than 
three times as likely to get prostate cancer 
and more than twice as likely to get oral 
cancer as co-workers who were less ex- 
posed. And there were two cases of male 
breast cancer, a disease so rare that no 
cases at all would be expected among a 
group as small as the one Matanoski 
studied. 

That suggestive finding by Matanoski 
was supported by a study announced in 
June by David Thomas of the Hutchin- 
son Cancer Research Institute in Seattle, 
Washington. In a case-control study of 
250 male breast cancer patients, Thomas 
found a strong correlation with jobs that 
involved exposure to EMFs. H e  calculat- 
ed that men whose jobs involved some 
exposure to EMFs were nearly twice as 

Wertheimer-Leeper work with the Savtiz 
results. This pattern argues against the exis- 
tence of a much larger risk that is waiting to 
be identified, she says. 

And even if the effect is real, EMFs are 
clearly not as dangerous to the general pop- 
ulation as smoking, for instance. Electricity 
usage has doubled several times in the last 
40 years-and with it, probably, the average 
exposure to EMFs-but there has been no 
corresponding giant upsurge in childhood 
leukemia, or any of the other cancers sug- 
gested by the epidemiological work. If the 
implications of the Savitz study are true, 

different types of employees and found that 
cable splicers had by far the largest doses, 
followed by central office employees and 
then installation and repair workers. 

When she compared cancer rates among 
the various types of employees, she found an 
ominous result: Cable splicers were nearly 
twice as likely to contract all types of cancer 
as company employees who did not work on 
telephone lines, with the risks for leukemia 
and lymphomas being particularly high. 
Among central office workers, who are ex- 
posed to short, intense fields from telephone 
switching machinery, the rates of several 

likely to have breast cancer as those men 
with no exposure, and men likely to have the 
highest exposures~lectricians, utility line- 
men, and power plant workers-had six 
times the risk of developing breast cancer as 
men who worked in occupations with no 
EMF exposure. 

But other studies have found no evidence 
of a dose response for EMF exposure. A 
1987 report by Terry Thomas at the Nation- 
al Cancer Institute found an increased risk of 
brain cancer among electrical workers, but 
apparently not as a result of their EMF 
exposure. When Thomas removed those 
cases who had been exposed to lead, solder- 
ing fumes, and organic solvents, the risk for 
brain cancer among the remaining workers 
was much less than that for the general 
population. 

More recently, Joe Bowman at the Uni- 
versity of Southern California finished a 
dose-response analysis of a 1985 study in 
which Neal Pearce of the Wellington School 
of Medicine in New Zealand found an in- 
creased risk for leukemia among electricians 
and radio and television repairers and assem- 

cancers were unusually high, although , , then roughly 15% of childhood cancers 

sponse. Welders, for example, had the high- 
est exposure to electromagnetic fields but no 
leukemia cases. Although the low numbers 
of cases limit the study's statistical power, it 
is "a strike against the hypothesis that all 
EMFs cause cancer," Bowman says. 

Individually, the various epidemiological 
studies can each be challenged on one 
ground or another, but as a group they have 
a rough consistency that is harder to ignore. 
The cancers linked with EMF exposure are 
usually leukemia, lymphomas, and nervous 
system cancers, and the risk rates comparing 
exposed with unexposed persons are usually 

CHILDHOOD CANCER AND 
EXPOSURE TO POWER LINES 

on the order of two or three. 
Savitz, who is now at the University of 

North Carolina, has performed a meta-anal- 
ysis on leukemia among electrical workers in 
which he combined and analzyed the data 
from 11 occupational studies, some negative 
and some positive. He found that as a group 
the studies imply a small but unmistakable 
effect. For a wide range of occupations that 
involve some EMF exposure, the risk for 
developing leukemia was 1.2 times that of 
the general population. 

If the increased risk is real, Savitz says, the 
calculated risk ratios almost certainly under- 
state the size of the effect. The occupational 
studies, for instance, usually judge how 
much EMF exposure a person had over his 
career by relying on job titles. This imprecise 
approach must certainly lead to a great deal 
of misclassilication, which will tend to bias 
the results toward a lower risk. 

On the other hand, some researchers sus- 
pect that better studies, particularly those 
looking at childhood cancer, might find 
little or no risk from EMFs. Buffler at the 
Universitv of Texas Medical Center ~ o i n t s  

are due to power line exposure, and 
Carpenter thinks it's reasonable to guess 
that another 15  to 25% could be caused 
by appliances. But if 30 to 40% of child- 
hood cancers are caused by EMFs, there 
should have been a big jump in these 
cancers over the last 40 years. Epidemiol- 
ogists don't agree on exactly how much 
cancer rates have changed over time, but 
it would be hard for them to miss some- 
thing this large. 

Scientists would also like to under- 
stand the biological processes by which 
EMF exposure might lead to cancer. 

ff Laboratory investigations have shown 
5 that EMFs can indeed elicit some effects 

in cells, including changes in hormone 
7 

ing gun"-there is no clear laboratory evi- 
dence that EMFs either cause or promote 
cancer. Without such evidence, most re- 
searchers are reluctant to pin the carcinogen 
label on EMFs based on the somewhat 
ambiguous epidemiology studies. 

What is needed, researchers say, is more 
research, and that is coming. Two or three 
epidemiological studies, including Peters', 
are scheduled to be released in the next 
couple of months, and several large projects 
are under way which won't be finished for 2 
or 3 years. This next generation of research 
will include several improvements over its 
predecessors. The studies will in general be 
much larger-large enough to provide some 
real statistical power-and they will take 
into account what researchers have learned 
in the past few years about measuring EMF 
exposures. "If the next wave of studies 
doesn't answer the question," says Bowman 
at the USC, where several of the studies are 
being done, "it probably won't be decided 
by epidemiological means." 
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levels, in protein synthesis, and in ion Increased risk? Most studies-find risk rotios between 
1 and 2 f o r  childhood cancer. flow across cell membranes. But so far 

this research has not produced a "smok- 
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blers in New Zealand. ~ b w m a n  measured 
the average magnetic field exposures for the 
various occupations and found no dose re- particularly evident when comparing the Technology Assessment, Washington, DC, 1989). 

out that i s  the studies have improveh, the 
risk ratios have tended to get smaller. This is 
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