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" to the overall weight of evidence about

Over the last year, numerous stories in the .

‘print and electronic media have highlighted
- electric and magnetic fields (EMFs) asa.
_possible cause of human cancer. Readers
* may. recall reperts about three specific types

of cancer: leukemia, brain cancer, and breast
cancer.: These news stories followed publica--

" tion of large-scale, ep1dermolog1c studies of

workers exposed to EMFs on the job.

V ‘In this expanded issue of RISK IN PER- .

SPECTIVE, we discuss how the hew human
studies publlshed in the last year contribute

EMFs and human cancer. Our assessment is

" based on a review of the related literature
. and-discussions w1th HCRA’s Advisory

Committee on EMF and Human Health, a

- distinguished panel of scientists (named on

the last page) from the fields of medicine, -
public health, engineering, biology, physics,

and risk-analysis. While there are significant -
" differences of opinion on this issu¢ among
- responsible scientists, including members of
- the HCRA panel, there are also important -
‘points of agreement-about whiat is known

and'not known, and about what can be -

: learned through future- research

Interest in the relauonshrp between EMF and ;

© cancer was triggered in 1979 when an associ-

" ation was reported between utility wire con-

. figurations outside homes and the occurrence

~ of childhood leukemia. This report, support- -
. ed by some later reports, generated consider-

© . able scientific debate and public corcern.

Since then, numerous laboratory and human

- studies have been launched to study the pos-.

sible health effects of low level EMFs, many
of which are.still in progress. It has been
estlmated that the public and private sectors’
in the U.S. are now spending $25 to $30

" million per year on research into EMFs and

human health
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WHY STUDY WORKERS? o
. If EMFs iri homes are “potent” enough to .~

cause leukemia in children (a hypothesis | Stlll’
under intense study), then it is prudent to

‘éxamine whether more highly exposed

workers are experiencing adverse health

effects from EMFs on the job. Employees in -

the utility and rnanufacturmg sectors of the -

" economy are logical groups to study because -

they are ‘exposed to various patterns, fre-

‘quencies, and magnitudes of EMFs. Almost O
- all of the chemlcals known' to cause cancer
- in people were identified through studies of

exposures to workers. Scientists also find i it -

easier to study workers than residents

because of the health and demographlc e
information that some busmesses can supply

.t researchers B

I EMFs are hot shown to cause cancer in

- adult workers; it is still possible that EMFs

could cause childhood ¢ancers. Not only i is - -

it possible that children are particularly

susceptible to carcinogenic stimali, but _

" childhood and adult leukemia may be subtly

different diseases with potentially different -

" caises. New ep1dermolog1c studies of chil-
" dren and adults exposed-to EMFs at home
* are in progress and should be pubhshed in

the years ahead.:

ADULT LEUKEMIA

Leukemia in adults is an uncommon and
often fatal form; of cancer. The available
treatments for the dlsease are not very
effective. Roughly 1 in 10,000 Americans -

. is diagnosed with leukemia each year.
. The most common forms’ of the disease
are acute myeloid leukemia (AML),
~ chronic myeloid leukemia (CML), acute
lymphocytic leukemia (ALL), and chromc s
" lymphocytic leukemia (CLL)."



DO EMFS CAUSE LEUKEMIA?

: 'On a scale of 0- 100 how conﬁdent are sc1ennsts that exposure

S o) EMFs on the ]ob is @ cause of leukerma?*

Range of Screntrflc Oplmon

EMFs and Leukerma ' miplete.
dence .

. #The range reflects the breadth of v1ewpomts on HCRAS Adv1sory Commlttee s
~on EMF and Human Health v 2

3

Despite decades- of study, lrttle is known
about what causes leukemia. The disease
arises from the hematopoietic (or blood cell
"formmg) stem cells of the bone marrow. -
There is an interruptior of normal cell differ-
entiation in bone marrow cells and uncon- -
trolled cell proliferation, causing abnormal
cells in the marrow to accumulate and spill
“out into the penpheral blood system. -

The only known environmental causes'of -

adult leukémia are large acute exposures to - i

ionizing radiation and certain chemicals,

such as benzene. (The inheritance or acqu1sr-’

tion of a number of diseases, such as

" Down’s syndrome, is also associated with an

* increased risk of developing leukemia.) Less

s understood about the potentlal relation--
ship between chronic exposure to low levels
of these environmental agents and the onset

of leukemia. Tt has ‘proven very difficult to
devise good-animal models of the leukemia
disease process in the laboratory, thereby -
retarding biological- understandmg of the

disease. Many hematologists who study and

treat patients with leukemia do not regard
.EMFs asa plausrble cause of the disease:
They are more impressed with the hypothe-
sis that particular viruses-and/or genetic
factors may explain the occurrence of
leukemia. But clinicians are the firstto
" acknowledge that they may perform better
as healers than as researchers.

In the eprdemrologrc lrterature on EMFs and
cancer; many types of cancers are studied;
but leukemias are the most frequently
reported disease. About half of the 30 or so
published studies examining EMF and
leukemia (including the first positive réport

of leukemra in the workplace in, 1982) have
found a higher rate-of various forms of

leukemia among men in. occupations with
: presumed exposure to EMFs. Many of these -

excesses. are statlst1cally significant by.con-
ventlonal measures, particularly when sub-

- groups of exposed, workers are éxamined -

for specific'types of leukemla The associa-
tions. appear to be stronger for acute .-

I . “leukemia (pamcularly AML), but some"

studies also report associations with chronic
leukemia. The associatioris are more consis-
tent for certain occupat1onal categories such -

* as lineman, electrical engirieers, and electri-

cians: The magnitudes-of the excess risks
(technically called “relative risks or RRs”) -

“are typically modest, ranging from near 1.0 -

to 2.0. A RR = 1.5 implies that exposed

. workers experience 50% more cases of dis- -

ease than other workers (or than members . -
of the general adult populatien). The RR
represents the best estimate of excess isk -
basei on the study data, with the statistical

- uricertainty in the result expressed.as the

95% confidence interval or CL (The 95% ‘

* Cl esfimates a rarige of values in which we

are 95% certain that the “true” RR Value
lies, assuming that the data and models '
are’ unbrased ) S

In the last year, three new studles reported

information on EMFs and leukemia among
workers. These studies are larger, better

" designed, contain more information on mea-.

surerient of EMF’ ‘exposure and potential
confounding factors, and are more carefully
documented than the previous ‘studies. Yet,

in light of the fact that leukemia is a rare
disease in adults, even these larger studies

~ have limited power to detect increases in this

d1sease The results of the new studres are
not very consistent.

Therrault and colleagues studred 223, 000

- utility workers in Canada and France. For =

- workers who had more than the mediap ‘

- cumulative exposure to magnetic fields, they -

. report ‘excess risk for acute nonlymphoid

- leukemia (RR 24;Cl=1.1-54)and :
AML (RR = 3.2; Cl=1.2-8.3). Clear. dose-

" response relationships were not observed,

and the results were not.consistent across =

" the three utilities in the study

Armstrong and colleagues used a drfferent .

measure of exposure (“p ulsed” EMFs)-in a

study of two of the three ut1llt1es studled by



Thetiault and colleagues. They found no
association between pulsed EMFs and

- leykemia (RR =0.7; CL = 0.4 - 1.2),

although an unexpected assoc1at1on with®

" lung cancer was reported

Savitz and colleagues examrned a populatlon
“of 138,000 men from five electric power

plants in the Umted States. They found no

association between indices of 1 magnetic field

- exposure and leukemia’ mortality in exposed .
=1.1;Cl=06-"

" occupations in general (RR
.2.1), although work as an electr1c1an was

.. associated with a 2.5 fold elevation in

* leukemia after 20 years of employment

Overall the ava1lable human data on EMFs
-and leukemla aré too inconsistent to estab-.
lisha cause-and-effect telationship, but:there
s enough evidence of association to raise

" concern. There is relatively lirtle biological -

. data to support - the hypothesis that EMFs, =

by themselves, can.cause leukerma Some
research 1nvest1gators believe that.the mea-

“sured levéls of EMF energy absorbed by the
‘human body in household and occupatlonal

~ settings are far below what would be -

required to disrupt chemical bonds in the
. DNA, -as would be required to cause

. leukemia or other cancers. Large- -scale ani- -~

mal tests of EMFs are underway, as well as

testing of turmor promotion hypotheses and .

~ effects on cell signaling, but there is 1io
" strong basis for believing that expenmental
ists 3 will be able to resolve thlS issue iri the

* "near future

c BRAIN CANCER

Cancer of the central nervous: system (brain

~ and spinal cord) is also uncommor, w1th
incidence in the U.S. ‘now at about6 in" - -
/100,000 per year. Primary central nervous

", SySterm.tumors are a diverse group of neo-

- plasms that develop- after transformation of
cells within the brain or spinal cord. Because

of their location within the skull and prox- ’
"~ imity to delicate brain structures, brain -
tumors may cause severe neurologlc prob-~ :

lerns as well as death

- The-causes of the drsease dre largely o
, unknown and there are few known risk fac-
. tors. Many of the factors assocrated with an

increased isk for other types of ‘cancer, such . |/
--as smol(mg, diet, or excessive alcohol intake, " e

“have not been found to correlate Wltl’l pri- -
“mary- braln tumors. Iomzmg radlatlon to the Bl

scalp isa known risk factor for brain cancer,

" but there is little or no evidence from direct

biological expériments suggesting that

' non-ionizing radiation may bea risk factor.

'Epldemrologlsts have examlned whether
_ EMFs are associated with brain cancer, but
- the body of data.is smaller than exists for

" leukemia. Whrle several early studies .falled

to reveal positive associations, others report-
ed modest elevations in the- risk of brain
¢ancér among exposed, workers. The RRs
reported in some studies were 2.0- and .

Vgreater among Workers exposed to EMFs.:

" Three new studres reported in the last year

examined the brain cancer hypothesis..

~ Theriault and colleagues found that workers T
~ with the hrghest cumulative exposure to

maghnetic fields had an elevated risk of brain -

. ‘cancer (RR 1.95) that Wwas not statistically -
significant (CI = '
- colleagues fourid a s1rn1lar association
between pulsed EMF exposure at the high-
est cumulative exposure level. arid brain
cancer that again was not statistically signif- T
“jcant (RR = 1.9; CI = 0.5 - 7.6). Savitz and. .
_coworkers reported-a consistent assocratron
- between indices of magnetic field exposure '

0.8 - 5.0). Armstrong and

and brain cancer. The relative risk of mor-
tality from brain ¢ancer was 2. 3(Cl=1. 2 -
4.6) in the category of workers with the

highest exposure to magnetic fields: The
. most persuasive aspect of the Savitz finding -
‘was some evidence of a dose-response rela-

tionship between amount of EMF exposure

~ and risk of brain cancer. When compared to

the ‘general population, there was no overall
‘excess brain cancer among the 138, 000
workers in the study popu_lanon

: ',.no EMFS CAUSE BRAIN cAm:En

: Lto EMFs on the Iob 1s a cause of bram canc

#The range reflects the breadth of vie
foon EMF and Human Health .







