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he controversy over whether
power-frequency (50/60-Hz) clee-
tromagnetic fields are » canse of
cancer can be traced to a 1979 study
by Wertheimer and Leeper |1] that re-
ported an association between childhood
cancer und the proximity of restdences to
certain types ol power lines (particularly
proximily to high-current distribution
lines), Most of the resultant discussion
has focused on power-frequency mag-
neticfields, which is how they [tamed the
issue, However, after nearly two decades
of further research, neither our own re-
views [2-4] nor a definitive 1997 review
by the National Academy of Sciences
(NAY) |5] has concluded that there is
credible evidence that power-frequency
magnetic fields uciualty do cause or con-
tribute to cancer.

Some authors [6-9] have recently sug-
gested that power-lrequency efectric
(rather than magnetic) fields might be
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linked to canger; for the most part their
conclusions are based on post-hoc
re-inferpretation of existing epidemio-
logic studies. In this article, we review
the evidence bearing on the issue of
whether power-frequency elecrric fields
might cause or cuniribute to cancer, Un-
less otherwise stated in the discussion
below, “liclds™ refer to 50/60-Hz elec-
tric ficlds.

Environmental Electric Fields
and Biological Effects
Electric fields associated with the gen-
gration, transmission, distribution. and
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consumption of electric power are ubiqui-
tous in modern society. At ground level
beneath a 7635-kV transmission [ine, elec-
tric field strength may reach 12 kV/m.
However, these fields drop off roughly as
the sguare of distance lrom the fines, be-
neath neighborhood distribution lines and
in residences (the tocus of most of the
controversy about power-trequency ticlds

r

'88 [17]; Lendon, et al,,

and cancer) the electric fields are smaller
and highly variable, In residences near
pewer lines in Los Angeles, London, eral.
| 10]. found that mean ouldeor field
strengths were 1.0-1.53 V/m, and mean in-
door lields were 4-3 V/n. In contrast,
Kaune, et al. [11], reported that the mean
field sirength in residences in Scarlle was
33 V/m, and in residences along a 735-kV
line, Levaliois, etal., [ [ 2] found that mean
indoor fields were 25 V/m. Field strength
within 30 ¢m of some appliances (e.g..
¢lectric blankets) can reach 250 V/m, but
field strength drops rapidly with distance.
Thus. the cxposure of people w clectric
ficlds is highly variable, but it is typically
in the range of 1 to 30 Vim,

Human thresholds for perceptien of

power-frequency electric fields (ussoci-
ated with movement of hairs on the skin)
have been varionsly reported 10 be at least
SkV/mand possibly inexcess af 20k V/m
[13]1. Because of the high conductivity of
body rissues. the inside of the human body
is effectively shielded from cxternal
power-frequency clectric fields. Thus, ¢x-
posure to an initially unperturbed
power-frequency field of 1 KV/m will in-
duce fields of only about 0.001 V/m in-
side the body (sce Fig. 1), which is a level
that is far below thosc duc 1o the ERG,
LEMG, and various other natural biological
processes, Electric shock, an unequivocad
hazard of electricity, requires contact with
charged conductors and is beyond the
scope of this article,

The biological cftfects of power-fre-
quency clectric fields have been studied for
many years. and hundreds of papers have
been published on the subject. 1lowever,
the literature on electrie ficlds is murky and
contentious. Carstensen [13]. in his 1987

‘o1 [10] Coghlll etal

review, listed 113 reported effects of
S0/60-Hz electric fields in o varicry of or-
ganisms; effects which were reported to
oceur at external field levels ranging from
about | ¥V/m to 300 k¥/m. He considered
34 of these reports 1o be “confirmed ™ or
“probable’ because there was independent
replicution, e considered another 49 as
“unconfirmed.” wid still another group of
J0ellects as “negated” by unsuccesstul at-
tempts at independent confirmation. The
“confirmed” effects were generally re-
ported at high fictd strengths and involved
obvious phenomena such as sfiock.
whercas many of the “unconfirmed™ or
“negated” effects were reported at external
field strengths of a few V/m and nvolved
subtle phenomena that were at the edge of
statistical detectability.

Identifying Humon Corcinogens

The issue we are interested m. how-
everl, is not whether “effects”™ exise. but
rather how strong the evidence is that such
poewer-frequency clectric fields cause or
contribute to cancer under real-world ex-
posurc conditions. Jdentifying human car-
cinogens is a complex business. as theic
appears to be no simple “cause” of cancer.
and thus there is no single delinitive test
for carcinogenic potential [14.15]. Fora
review of carcinogen risk assessment as it
applics 1o electromagnetic liglds. see Fos-
ter, et al. [3].

When evaluating possible human car-
cinogens, agencies such as 1he Interna-
tional Agency tor Research on Cancer
(LARC) and the U5, Environmental Pro-
teetion Agency {(EPA) use a weight-of evi-
dence approach that attempis o evaluate
all relevant cvidence. The range of relevant
cvidence includes epidemiclogy, standard-

Table 1 Cancer and Fiesmentlal Exposure ta Power-Frequency Electric Flelds

Major studies:

Savitz. et al,,

6 (8] Tynes and Haldorsen 97 [18].

Childhood lsukemia {4 studies), childhood brain cancer {2 studies); overall childhood cancer (1 stucly)

| Major sites:

« Electrical fields measured in residences were associated with childhood leukemia in one study [8). but not in two
others [10,17].
« Elcctrical ficlds measured in residences were not associated with chitdheod brain cancer [17].

Results:

|
: ‘ « Calculated or measured electrical fields external to residences were not associated with childhood leukemia
‘ [10,18], childhood brain cancer [18], or overall childhood cancer [18].

‘ « Proximity to high-voltage transmission lines was associated with childhood leukemia in one study [19]. but notin
‘ three others [18, 20, 21].

» Proximity to high-voltage transmission lines was not assaciated with childhood brain cancer [18,19]. overall
Chl|dh00d cancer [18,14,] or any lype of adult gancer [20 22]

Exposure response: | One study [8] shows evidence for an exposure-response relationship for chlldhood leukernia and measured fields
" in residences; otherwise, there is no evidence for an exposure-response relationship for any type of cancer and
| any measure ot electric field exposure.
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ized invivo (animul) sereening studies, and
in vitre {celiular) studies related 1o mecha-
nisms of carcinogenesis. In vivo und in vi-
tro studies may examing en:inmints related
1o different mechunisms of carcinogenesis;
for example. genotoxicity (dumage 1o
DNA) or epigenetic mechanisms (e.p.,
preamotion). Also examined is the pharma-
cology tin the case of chemicals), or the
biophysics (in the case of physical effects),
ot the agent.

These different studies have ditferent
strengths and weaknesses, Epidemiology
provides direct evidence abont humun
health, but such studies are difficult to
control (because of the helerogeneity of
human pepulations) and arc susceptible to
many sources O bias that affect study va-
lidity, Thuy, epidemiclopy v an inher-
ently poor method for detecting weak
carcinogens or for detecting carcinogens
that affect small. but as vet unidentified,
subpopulations. Animal screening studies
can be well-comrolled, but they tvpically
require high exposure levels to produce
measurable increases in tancer, and this
(as well as biclogical differences between
the anmmuals and humans) complicales -
lerpretation of results. Mechanistic (typi-
cully in vitro) studics can provide
additional support for a causal connection
belween exposure and disease, but their
refevance to human health is often diffi-
cult to determine.

Evaluating the Evidence
Here we present a comprehensive re-
view of dara relevant to 30/60-Hz electric
fields and carcinogenesis, using criteria
modilied from Hill [16] as a [rumewark
for analysis.

Epidemiclogy of Cancer and
Exposure to 50/60-Hz Electric Fields

By now, more than o [0} epidemiol-
ogy studies related to power-lrequency
electric or magnetic fields und cancer

Major studies:

Major sites:

Resulis:

| Exposure-response:
- A

: aExposure was at 16.67 Hz
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Fears about
power-frequency
electrlcfieldsseem to
be reappearing
folluwmgthefallure to
demonstrate hazards
from weak magnetic

ﬁe]ds |

have been published. Ax indicated above,
most have Tocused on magnetic field ex-
posure, However, somie scaltered data ex-
ist that bear directly on the issue of electric
fickds (Tables [ and 2).

Ax shown in Table | three of the four
residential cpidemiology studies that have
assessed eleetric fields have found no as-
sociations between cancer and the
strength of the clectric field |10, 7. 18].
The cxception (s the 1996 siudy hy
Coghill, et al. |8], which measured elec-
ric ynd nnagnede ficlds in bedrovins ol 50
boys who had developed leukemiu and an
cyual number of heakthy contrals. The in-
vestigators reported that the 24-hour
mean electric fields in the bedrooms of the
lcukemic childreen wus 13.5 (5.3 = 13.4)
Vim, compared with 7.3 (5.1 = 12.9)
V/m for the controls: a difference thal the
authors report to be statistically signifi-
cant. Further analysis showed some indi-

Table 2. Cancer and Occupational Exposure to Power-Frequency Electric Field

Leukemia (8}, brain cancer (5), overall cancer (4)

» Leukemia was associated with electric field exposure in one study [9], but not in five othars [23-27].
« Brain cancer was associated with electric field exposure in gne study [26], but not in four others [9,23-25].
« Overall cancer was not associated with electric field exposure [9,24-26].

Mo evidence for significant exposure-response relationships for any type of cancer.
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cation of an exposurg-response relation-
ship.

The validity of the Coghill, et al. [8].
study can be questioned on several
grounds. Firsi. the study had an uriblinded
design: that is, the workers doing the field
measurements knew whether the homes
were those of cases or controls, Second,
the study recruited ity subjects through
media requests, and as in any case-conirol
study, even a small tendency to select
cases from high exposure groups witl in-
troduce serious errors. Because of the
greal media attention to the possible haz-
ards of electromagnetic lields. it is quite
possible that parents of children with can-
cer who lived near high voltage lines or
other noticeable elecirical cquipment
wirihd have been more likely 1o voluniees
for the study. Finally. the farge standard
deviations in the measured electric fields
(which are farger than the difference be-
tween the mean fields of the cases and
controls) is an imdication of extreme vari-
ability in exposure.

Some residential epidemiclogy stud-
ies that did not measure electric ficlds
have been interpreted by others (not nec-
essarily the investigators themselves) as
bearing on the issue of electric field cx-
posure [5, 6]. For example, one might
speculate that residences in close prox-
wnity 1o high-voltage wransmission lines
might have elevated electric fields. How-
ever, of the five studies that did use prox-
imtty (o high-voltage transmission fines
as a measure of exposure |18-22], only
one [ 19] found any evidence for a statisti-
cally signilicant assoctation: an associa-
non that was limited to a single type of
cancer in children (Table 1), Several resi-
dential exposure studies (e.g..
Wertheimer & Leeper [1]) used “wire
codes™ (essentially, the proximity of
houses 1o different Lype of power lines)
as a measure of exposure. Interpreting
this “exposure metric” as evidence of ex-

Tynes, et al., '94 [23]3; Tynes, ot al., 04 [24]; Miller, et al., '96 [9]; Baris, et al., '08 [25]; Guénel et al., "96 [26];
Kheifets, et al., '97 [27].
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Epidemiology

liter_a't.iij;:fé ‘pmﬁ_ﬂes
only the Iw_é-a'k;e_st
evide-ﬁ_ce_' for an

associ-ati;en:b_etween
qut:_r.-_freqile.ncy
electnc fields and

cancer. L

posure toelectric fields is highly specula-
tive, as there is no cvidence that “wirc
codes” have any direct relationship to the
magnitude of electric field exposure [10,
11,171 Thus. very little of the residential
cpidemiology has any direct bearing on
the issue of power-lrequency eleciric
ficlds and cancer. and most of the studies
that do have a dircet bearing show no sig-
nificant association.

Outcome

Endponnl

Mutation

» Mo increase in mutation in mammalian cells at 0 0001-0.011 kV/m™ [46].
. No mcrease in mutahon in bacterla exposed to 11 kwim? [47]

Chromosome
i abnormalities

Tabie 3. Expenmental Assessment of the Carcmoge

There have also been numerous epide-
miological studies of occupational cxpo-
sure to 30/60-Hz clectric Gelds (Tahle 2).
Same workers are unequivocally exposed
to large elcctric and magnetic fizlds {¢.g.,
utility linemen). However, in most occu-
pations, cxposure to power-[requency
electric and mugnetic fields are poorly
correlated [ 28], so that evaluation of elec-
tric fields us a causal agent requires exam-
ination of studies (hat have looked at
clectric field exposurc separate from mag-
netic ficld exposure. Miller, et al. [9]. re-
ported an increascd risk of leukemia (but
not overall cancer, brain cancer, or any
other of 13 cancer types) for accupational
exposure to power-frequency electric
ficlds. Guénel, et al. [26], on the other
hand, reported an increased risk of brain
cancer, but not leukemia, for similar occu-
pational exposure to electric fickds, Other
studies of occupalional exposuare 1o
power-frequency electric lields have
found no significant associations with ei-
ther leukemia [23 271, brain cancer [9,
23-25]. lymphoma [9. 24-26]. or overall
cancer [9, 24-26].

These occupational exposure studies

have not consistently identified a group of

workers who are both highly exposed o
clectric tields and who have a significant
increase in any one form of cancer, For the
comparatively few carcinogens that were
first identilied by epidemiology, the situa-
ton was quitc different (e.g., o large, con-

« No increase in muiation in fruit fhes exposed to 700-2500 kV/m? [43].
« No increase in mutation in mice exposed to 15 {42], 20 [45], or 50 KV/m® [4

b

sistent, and exposure-related increase in
bladder vancer reported in dye-factory
workers and, equally striking. consistent
and exposure-rclated increase in mesothe-
In contrust.
the occupational epidemiology of cleciric
(and magnetic} ficlds consists of a scatier-
ing of weak positive findings in a back-
ground of generally negative results,

Thus. the epidemiology literature pro-
vides oniy the weakest evidence for an as-
sociation between power-frequency
electric fields and cuncer, The studies that
do show statistical evidence for an associ-
ation (e.g., Coghill, et ah. [8]. Miller. ¢l al.
[911. are technically weak, show only very
weak associations, show little or no evi-
denee for an exposure response relation-
ship, and/or are contradicted by similar
studies done by other groups.

As with the studies involving cancer
and exposure to magnetic felds, uncer-
tainties in electric ficld exposure assess-
ment aiso may result in significant
misclassification errors (i.¢.. misclassity-
ing subjects into high or low cxposure
aroups). Such errors would dilute the
magnituce ol any observed cffect, Thus, if
the studies such as those of Coghill. et al.
[8]. and Miller, et al. [9], huve identified a
real ellect of electric lields, the offect
would have to be considerably stronger
than indicated by the studies. Other Kinds
of evidence, which we now consider be-

lioma in asbestos workers).

nic Potenhal of Power-Frequency Electrlc Flelds

2].

« No increase in chromosome abnormalities in mice exposad to 15 [42], 50 [42], or 100 kW/m? [48].
« Increase in chromosome abnormalities in mice exposed to 170- 290 Kv/m? [44].
« No increase in chromosome abnormalities in plants at 0.01 KV/m® [44].

| « No increase in chromosome abnormalities in human celis exposed at 0.03 [49,50] or 1.0 mA/cm- sq [29].

DNA strand
| breaks

Epigenetic
activity

I

E‘The f|elds to which the organisms ot cullure vessels were exposed.

The 11e|d strengih in the nutrient medlum
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« No increase in chromosome abnormalities in human cells exposed 1o 0.5-10 kv/im® [57].
« Increase in chromosome abnormalities in mammalian cells exposed at 0.002-1.0 mA/cmusqb [51].

« Increasa in chromosome abnarmalities in human cells exposed to spark discharges in one experiment [29]. but notin
an mdependent rephcahon [62].

» No increase in DNA strand breaks in mammalian cells at 0.001-0.038 kV/m® [53]
. No increase in DNA strand breaks in human ce cells [54], yeast [55], or bacterla LSE] exposed to 20 kV/m

« No inhibition of repair of DNA damage in mammalian cells exposed to O. 2 30 kv/m® [58-601.
« No inhibition of repair of DNA damage in human cells at 0.001-0.02 kV/mP B1].
- No enhancemem of f"hF'mIl“Fﬂ gpnmomc‘lty in human cells eXpDSBd to D 5-1.0 kV/im® [571.

March/April 1999



low. would be required to support such a
conclusion.

Cytogenetic Studies
of “Elcctrical Workers™

In studics that blur the boundary be-
tween epidemiology and laboratory sci-
cnce, lymphocytes from workers with
occupational exposure to power-[Te-
quency electric ficlds have been exam-
ined for genoloxic injuries [29-33]. The
interpretanon of these studies s complex,
as they have all of the problems of expo-
sure assessmerd, confounding, and bias
that characterize epidemiological studics.
A major statistcal 1ssue that must be con-
sidered is that all of these studies examine
multiple endpoints and subgroups. When
examining the results of so many compar-
isons, it is impossible to determine which
“statstically significant” differences are
real effects and which are merely statisti-
cal noise—the sp-catted multiple compar-
ison problem (4].

Even with the multiple comparison
problems, several putterns cmerge. First,
the positive reports are predominantly
from workers exposed to “spark dis-
charges.” Anungreunded person standing
in a strong electric ficld who touches a
grounded and conductive object will get a
shock, called a spark discharge. Il the
electric field is strong cnough, and the ca-
pacitance of the grounded object is high
cnough, the peak value of the body current
at the point of u spark discharge can reach
several amperes, and the discharge time
can bhe several microseconds {29]. This
kind of physical stimulus is clearly quite
different from exposurc 1o electric fields
in the absence ol spark discharges. Sec-
ond, the reported effects are seen predom-
inantly in smokers and former smokers,
among whom an excess in chromosomal
abnormalities is expected. Finally, the re-
porled increases are Jargely limited (o in-
creased chromosomal aberrations, with
no effects on sister chromatid cxchanges
(SCEs). This latter observation is some-
whul surprising, as the SCE assay is gen-
erally considered to be at least as sensitive
an assay for genotoxic agents as the chro-
mosome aberration assay.

[n summary, cytogenetic studies of
workers cxposed to strong power-ire-
guency elecinic liclds provides tittle con-
vincing evidence thut 1these ficlds are
genotoxic. The reports of genotoxic ef-
fects in such workers are unreplicated
and largely conlined to current and for-
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mer smokers who were exposed to spark
discharges.

Long-Term Animal Studies with
Power-Frequency Electric Fields
There have been no standardized can-
studies using
power-frequency electric ficlds alone, but
severdl studies have been published that
bear on the tssue of whether powoer-fre-
quency electric ficlds have carcinogenic
potentiat. These studies would have been
able to detect pronounced carcinogenic or
cancer promoting cffects of strong clee-
tric fields, had any existed. The absence of
detectable carcinogenic effects at high ex-
pasure levels gives support for the ab-
sence ol hazard at much lower exposure
levels, as well.

The most extensive screenimg studies
were conducted at Battelle Pacific Norih-
west Laboratories. These studics involved
multigeneration exposures of rats [34-37]
and swine [38] at high field levels (up 1o
150 kV/m}, with evaluation of numerous
physiological and hehavioral endpoints.
The studies showed clear effects (e.g. vats
try to avoid ficlds of 100 kV/m and show
behavioral changes at similar [icld
strengths), bul the results showed no indi-
cation that the fields had carcinogenic pu-
tential or that they produced other
pronounced toxic effects,

Other studies involving long-lerm ex-
posure 1o strong (> 10 kV/m) fields were
reported by Fam [3%] and Seto, et al. [40].
These studies involved [ewer endpoints
than the Battelle studies, and, like those
studies, they reported some biological ef-
fects, but no clear indications of toxic ac-
tivity or carcinogenic potential.

The overall impression of these stadies
[34-407 is that rodent behavior is atfecied
by electric fields of 100 kV/m and above,
but that weaker ficlds (tens of KV/m) have
either very subtle effects or no effects at
all, These results contrast with a study by
Murine, et al, |4!], which reported m-
creased infant mortalily (but no enhanced
adult mortality) in mice raised for several
generations in 3.7 kV/m fields. This study
has been criticized because of the possi-
hility that the animals received shocks
from their drinking water bottles, reduc-
ing their water intake. The results of that
study have not been replicated and, in the
light of the larger and more elaboraiwe
Battelle srudies |34-38], should be re-
garded with skepticism. The lack of clear
toxicity from exposure to sirong electric
fields |34-40] is significant because maost

cer Loreening
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Laboratory Studies of
animals and cells
exposed | to strong

electrlcal fields show
nomdlcatlﬁll that

theéf_e fields ean cause

or contribute to

known humun careinogens (e.g. tobacco
smoke, benzene, x-rays) are toxic, and 1o
produce measurable carcinogemiciry in
laboratory animals generally requires ex-
posure levels close to those producing
other indications of toxicily.

Also notewaorthy is the series of studies
conducted in the early 19705 with the sup-
port of the New York Power Lines Pro-
ject, The Mrojectsupported several studies
involving long-term exposure of animals
to strong electric ficlds, some involving
cancer-related endpoints, For example.
Benz, et al. [42], exposed large numbers
of mice to 60-Hz lields (upto | mT and 50
kV/m) for three gencrations. The investi-
gatars reported no increase in the muta-
tion rate (indicaling no genotoxic
potential), no reduction in hife span, and
no increase in cancer mortality. Although
this study was not a standard carcinogen
assay, tts design was such that it would
have been able to detect a pronounced in-
crease in cancer incidence from these
{comparitively very strong} electric and
magnetic fields.

Experimental Studies of the Carci-

nogenic Potential of Electric Fields
Despite rather intensive studies
[29,42-57], power-frequency electric
ficlds show no replicated evidence of
genotoxicity {Table 3). Nordenson, et al.
[29], reporied hal cxposure of huinan
lymphocytes to spark discharges caused
chromosome aberralions, bul Paile, et al.
[57]. fonnd an cvidence for this effect ina
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replication study, El Nahas and Oraby

[48] reported an enhanced incidence of

micronuclel in mice exposed to 17(-290
k¥/m fields, but found no ctfect i mice

exposed at 100 kV/m. Finally.
d"Ambrosio. et al. |51], found cxeess

chromuosome aberrations, but no excess
SCHs, in mammahan Iymphocyles ex-
posed to 5i-Hz electric fields. The repons
of El Nahas and Oraby [48] and
d*Ambrosio,ctal. [51], have nothcenrep-
licated or confirmed.

Similarly,  the
power-lrequency electrie ficlds show no
evidence of epigenctic activity {Table 3).
Whitson, ct al. 58], Frazier, et al. [61].
and Cantoni, et al. [59.60]. found no evi-
dence that power-frequency electric ficlds
could inhibil repair of DNA damage in-
duced by tontzing radiation or UV light.
Scarli, et al. [37|. found (hat
power-lrequency electric fields did not
enhance pgenotoxic injury caused by
ehemical genotoxins. Power-frequency
clectric tields also shawed no consistent
effects on immune function |62-03] or on
cell growth [54.58,641,

In summary, luboratory studies ot ani-
mals and cells exposed to strong electeical
felds itypically 1000 or more times
higher than cnvironmental fevels) show
no indication that these ficlds have the po-
lential to cause or contribute to cancer.

Biophysical and Biological
Plausibility of Carcinogenesis by
Power-Frequency Electric Fields

Biological effects in humans {rom
power-frequency magnetic Delds of the
magnitude cncountered in residential and

Cmernon

' How strong s lhe epldemlolog|c association between power- frequency elecmc fields and cancer7

ls the epldcmlolog!c evidence for an association between power-frequeoncy clectric ficlds and cancer in-

ternally and externally consustent’?

are | 1here exposure-regponse 1r9nds)?

of pOWer-frequency electnc nelds’7

cancer'?
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studies ol

most occupationl settings (< 103 uT) are
implausible because of the lack of biolog-
wcally plausible mechanisims of interac-
tion |4, 66, 67]. However, as reviewad in
detail by Valberg, et al. [66]. biological
effects m humuns from 30/60-Hz eleciric
ficlds of amplitudes below 1 kV/m (out-
side the body) are equally implausible.
Fields at typical ambient levels (1-30

V/m) induce electric fields in the body of

only u fow wWV/m, a level that is several or-
ders of magnitude below natuarally
occurring fields from the ECG. ELRG. and
various other biological processes,

An additional implausibility problem is
posed by the fact that there is extensive Jub-
oratory evidence that strong power-fre-
queney mugnetic tields do not have the
potential to cither cause or contribute o
cancer [2-5]. Some of these unsupportive
taboratory
magnelic ficld strengths (> 100 QT and ol -
ten > (000 T at 30/60 Hz)., Such
high-amplitude magnetic fields induce
electric ficlds within the body that fie ex-
ceed those induced by the exicrnal electric
fields normally encountercd in the envi-
ronment (< | KV/m), Thus, if environmen-
Ll electric fields are carcinogenic, it would
appear that their interaction mechanism

studies have wused very high

cannot involve induced elecirical lields or

induced currents within the body: and no
interaction mechanisms have been seri-
ously proposed thar would not involve
such induced ficlds or currents.

Conclusion
With a body of evidenee as large and
complex as this. ene can always pick wnd
choese evidence in support of almost any

Does the incidence of cancer increase with increased exposure to power—frequency electric fields {i.e..

Are there mechanisms for carcinogenesis that are consistent with cancer blology and with the biophysics

|

Is there experimental eviderice that power-frequency electrrc fre.‘ds are genotox«c 7

Is there experlmemal evidence that power-frequency electric fields have epigenetic act:vity'r’

How strong is the overal! evidence for a causal relatlonsmp between power-frequency electric f|elds and
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hypothesis,
comimoenly point 1o the many reported "ef-
fects™ of power-frequency fields and sug-
aest that there thus might be some health
problem. With selective reporting and
skilllul writing, a scary story cun be put
together |68].

I3ut the issuc of current inferest s not
whether biological “effects”™ are produced
by power-frequency electric fielkds. or
whether post-hoc subgroup analysis ot
epidemiological studies suggests that
electric ficlds might be associuted with
canger. The issue is how strong the overall
evidence 1s that power-frequency clectric
fields cause or contribute 10 cuncer, Table
4 summarizes the results of applying
Hill’s 116] criteria to the relevant pub-
lished studics,

here is a certain symimeltry mthe his-
Betore the ap-

Luy-oriented articles

tory of this contraversy.
peurance of the Wertheimer and Leeper
study in 1979 [1]. the public concern
aboul the safety of clectromagnetic fieids
was directed almost entirely a1 1he strong
clectric fields beneuth high-veltage
power lines. Following this study, public
concern gradually shified to the rela-
tively weuk magnetic fields in homes due
to ngighborhood distribution systems
and from electrical apphances. Fears
about power-frequency electric fields
seem to be reappearing following the
tuilure of science to demonstrate hazards
from weak magnetic fiekds. But the over-
Wl case that power-Itequency eleeiric
fields ure causally linked to human cun-
ceris even weaker than that tovmaynetie
fields zmd canl reasonably be called non-

existent (Table 4).

Table 4 Hill's Cnterla [16] Applled to Power Frequency Electrlc Fuelds and Cancer

} Strength of Evidence
Very weak or no assocmt\on
\
4
|

Very inconsistant

No consistent evidence for
axpnsure-responsea trends

i No piausible mechanisms

Mo reglicated evidence 1ar
genotoxicity

|

\

! No evidence for epigenetic
: activity.

Nonexistent
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Governments und electrical utilities in
several countries have funded research in-
vestigations of the reported links between
power-line trelds and cancey, despite the
guestionuble credibility of such claims.
We belicve that fears about possible links
o cancer have been adequately addressed,
and see no reason to recommend further
studies on this subject. WNeedless o say,
our secliety has many urgent health prob-
lemns, but to all uppearances, cancer from
power-line fields i« not e of them.
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