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Public Health Officials Urge
Precaution To Limit Cancer Risk

Three senior members of the public health community—each with ex-
tensive experience with electromagnetic field (EM F) hedlth research—have
called for precautionary policiesto limit leukemiarisksto children.

At apublic hearing convened by the Connecticut Siting Council (CSC)
on January 9, David Carpenter, Raymond Neutraand Daniel Wartenberg tes-
tified in support of prudent avoidance, as advocated by the Connecticut De-
partment of Public Health (DPH). Prudent avoidanceisastrategy of adopting
low-cost ways of reducing human exposuresto EMFs.

In areport prepared for the siting council, Peter Valberg of the Gradient
Corp., aconsulting firm in Cambridge, MA, put forward a 100 mG exposure
limit. Michael Repachali, theformer head of theWorld Health Organization’s
EMF project in Genevawho is now working on behalf of Connecticut Light
& Power Co. and the United Illuminating Co., two electric utilities, has en-
dorsed Vaberg's proposal (see MWN, November 13, 2006).

The state DPH opposes Vaberg's 100mG guideline as “ill-conceived.”
Susan Blancaflor, thehead of itsenvironmental section, toldthe CSC that such
atarget level “does not consitute prudent avoidance” nor doesit provide “ ad-
equate protection of public health.” The DPH favorsa10mG exposure limit.

The 100mG standard is “way too high,” Carpenter said at the public
hearing. “ It'smisguided.” Carpenter isthe director of the Ingtitute for Health
and the Environment at the University of Albany. From 1980 to 1987, hewas
thedirector of the New York State Power Line Project. The project’sfina re-
port, which highlighted the childhood cancer risk, prompted national atten-
tiontoEMFs.“ Theoddsarethat weare grossly underestimating thereal risks,
if therisksarered,” Carpenter warned.

Valberg held his ground. “|1 fedl very confident that 100mG is safe,” he
said. “1 would alow my children to be exposed to 100mG—Tif thiswerethe
case,] | could dleep at night.”

While Repacholi agreed that prudent avoidance was a worthy goal, he
kept repesting that the science which forms the basis for precautionary poli-
cies is somewhere between “weak” and “very weak.” “Mogt scientists be-
lieve that there is something strange in the [epidemiol ogical] data [because]
these fields just cannot cannot cause cancer,” Repacholi said.

“It’'s not strange,” countered Wartenberg, the director of environmental
epidemiology at the Robert Wood Johnson Medical School in Piscataway,
NJ. “Why would you assume that the epidemiology is wrong? It does not
make sense to throw out the childhood epidemiologica data.” Wartenberg
wasamember of theNational Academy of Sciences—Nationa Research Coun-

(continued on p.2)



Public Health Officials Urge Precaution To Limit Cancer Risk

cil (NAS—NRC) pand that issued areport on power-lineEM Fs
in 1996. Two years|ater, he served on the EMF Working Group
assembled by the National Ingtitute of Environmenal Health Sci-
ences(NIEHS). Wartenberg has carried out three meta-analyses
on EM F—cancer risks—for the NAS-NRC, for theNIEHS and
for the CaliforniaEMF program.

“| believe thereis solid evidence supporting an association
between exposure to magnetic fields and the incidence of child-
hood leukemia,” Wartenberg told the CSC. “ Asa public health
professional, | believe strongly that prudent action to limit the
exposure and possibly prevent severd children from developing
cancer is essential unless the costs...outweigh the value of the
impact on these children’slives.”

Neutra, who ran the $7 million, eight-year CaliforniaEMF

program, said that hewould classify power-frequency EMFsas
a possible human carcinogen—as the NIEHS and the Interna-
tional Agency for Research on Cancer (IARC) had donein 1998
and 2001, respectively. Neutra, who works for the California
Department of Health Services, testified by phone.

“My degree of certainty, like those at NIEHS and IARC
wasnot pulled down by arguments by physiciststhat physiologi-
cal or pathological effectsfrom residential power lineswas‘im-
possible’ based on the application of physical lawsto smplified
biologica moddsof cell mechanisms,” Neutrawrotein hispre-
pared testimony. “ Physicists don’t know enough about biology
for me to be convinced by their arguments.”

Below areexcerptsfrom Carpenter, Neutraand Wartenberg's
written testimony submitted to the siting council.

David Carpenter: Setting an EMF Limit Based on Negative Rat Studies
Instead of the Observed Childhood Leukemia Risk Is “Simply Foolish”

In my judgment, the proposal to establish amagnetic field
screening level of 100 mG at the edge of right-of-waysis mis-
guided. It will not be protective of human health, especidly to
children. As documented by Wartenberg (1998), epidemiologi-
cal studies of residential exposure to magnetic fields and child-
hood leukemia show a positive relationship that cannot be ex-
plained by random variation. Two independent meta analyses
show that prolonged exposure to power linefields of 3 or 4 mG
isassociated with anincreasein therisk of leukemiain children
(Ahlbomet a., 2000; Greenland et a ., 2000). Furthermore, there
isreason to believe that, aswith other carcinogens, exposure to
lower intensity fields also increasesrisk of cancer. To devisean
exposure standard onthe basis of negativerat studieswhen there
is strong evidence of increased risk of leukemiain children as-
sociated with magnetic fields from power lines is smply fool-
ish. Itischildren and other humansthat we are supposed to pro-
tect, not rats.

Since others are providing detailed comments on human
studies, |1 have been asked to discuss anima and cell culture
studies that might provide a mechanistic basis for the relation-
ship between exposureto 60 Hz magnetic fieldsand leukemiain
children. No rodent study, to date, has demonstrated that mag-
netic field exposure over a range of intensities has resulted in
leukemia or lymphoma (Boorman et al., 2000). There are sev-
eral possible reasonsfor the failure to find leukemiain this ani-
mal mode system. Human studies of childhood leukemia have
concluded that leukemia results from a combination of two
events—one primary event in the prenatal period, probably in-
volving agenetic ateration, followed by an exposureto an envi-
ronmenta factor in the early postnatal period (Kim et d., 2006).
Unfortunately, most rodent exposure studies have been of young
or adult animals, not with prenatal exposure or exposure of ju-
venile animals. Repachali et a. (1997) demonstrated levation
in the rate of lymphoma in transgenic mice predisposed to de-

velop lymphoma after exposure to radiofrequency fields, d-
though the same strain did not develop lymphoma after 50Hz
magnetic field exposure (Harriset a., 1998). Thereis, however,
no evidence that this particular mutation is relevant to human
leukemia, while the TEL-AML1 fusion gene which is docu-
mented to be associated with up to 25% of all childhood acute
lymphocytic leukemia(Kim et al., 2006) has not been studied in
an animal modd. The Harris et a. (1998) study was of animals
6-8 months of age, which again is not an appropriate mode! for
childhood leukemia because it did not include prenatal or early
lifeexposure. Themost convincing animal model which hasdem-
onstrated a relationship between risk of lymphoma and mag-
neticfield exposureisthestudy of Reif et d. (1995) who showed
that dogs living in homes that fell in the “very high current”
residential category of Wertheimer and Leeper (1979) had asig-
nificant 6.8 fold (95% ClI: 1.6-28.5) elevated risk of developing
lymphoma.

Other animal studies have reported elevations in different
kinds of cancer, even though evidence for areationship in hu-
mans is less convincing for any cancer other than leukemia.
Mevissen et d. (1998) reported that 50 Hz magnetic fields at
1000 mG caused a significant increase in skin tumors induced
by the chemical carcinogen, DMBA. However, other laborato-
ries have not been ableto replicate thisfinding, using somewhat
different procedures (Anderson et d., 2000). Svedenstal et al.
(1999) have reported DNA damage, which can lead to cancer,
using the comet assay applied to brain cells of miceraised under
ahigh-voltage power line. Thisstudy confirmsthat DNA breaks
occur with low intensity EMFs, as reported by others (see Lai
and Singh, 2004). Goodman and Blank (1998) have reported
that magneticfid dsalter transcript levelsfor specific genes. They
found that an 80 mG, 60 Hz magnetic field applied for 20 min
induces heat shock protein 70 synthesis in mammalian cdlls.
Alteration of thisand other genesisanother possible pathway to
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cancer. Magnetic fields are known to reduce secretion of mela-
tonininanimalsand humans, which could relate to el evated risk
of breast cancer (Reiter, 1995). Girgert et a. (2005) have shown
that 12 mG magnetic fields block the ability of tamoxifen to
regulate growth of human breast cancer cells in culture, con-
firming previous observations.

In my opinion, these animal studies should not be used as
the basis for setting standards at right-of-ways for several rea
sons. Adult rodents exposure is likely not a good mode of hu-
man childhood leukemia, the cancer of concern, because child-
hood leukemiadepends upon acombination of prenatal and post-
natal events. While we do not know the mechanism of cancer
induction, induced currents are likely critical, and will be very
different in animals of different shapes, again indicating that ro-
dents may not be good models of human childhood leukemia.
Finally, we have strong evidence of an association of exposure
to magnetic fields of low intensity and leukemiain humans, es-
pecialy children. Thefact that we do not asyet know the mecha-
nism does not change the existence of thisassociation. Thisevi-
dence of an association between childhood exposure to mag-
netic fields and leukemia should be the basis for setting stan-
dards at the edge of right-of-ways.
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Raymond Neutra: Unswayed by Physicists’ Arguments

In our 2002 Risk Evaluation my review of theliteratureled
me, like a scientific advisory committee at the NIEHS in 2001,
to classify power frequency EMFs as a* Possible Human Car-
cinogen” based on the childhood and adult lymphocytic leuke-
miaepidemiology. Thisisthe classification used by the Interna:
tional Agency for Research on Cancer (IARC). That classifica-
tionincludes agentslike coffee, which | doubt will turn out to be
carcinogenic and fiber glass which probably will. Thus, to be
more specific and to format our conclusionsin away that could
be used by our policy analysis contractors, the California pro-
gram scientists went further in their hazard classification, Each
reviewer also provided a“ degree of certainty that EMFs at the
95" percentile of residential exposure caused an increased risk
of disease ‘to some degree’” My degree of certainty about this
fell in the “close to the dividing line between believing and not
believing“ that thetwofoldincreasein childhood leukemiarates
in children with home exposures above 3 milliGausswasindeed
caused by EMFsand not dueto biasor confounding. A doubling

of childhood leukemia rates trandlates to an added lifetime risk
of 100/100,000. If real thiswould be well above the /200,000
de minimis risk level used for carcinogenic regulation in Cali-
fornia. “ Closeto the dividing between believing and not believ-
ing” was defined by our program as being somewhere between
40 and 60 on acertainty scaleranging from 0-100. My degree of
certainty, like those at NIEHS and |ARC was not pulled down
by arguments by physicists that physiological or pathologica
effects from residential power lineswas “impossible’ based on
the application of physical lawsto simplified biologica models
of cell mechanisms. Physicists don't know enough about biol-
ogy for metobeconvinced by their arguments. My certainty was
also not pulled down by the null results of toxicological studies
using high intensity pure 60Hz magnetic fields. Prior to these
studies being done | had gone on record that they were proneto
falsaly exonerate EMFs. Thisisbecausethey assumethat EMFs,
likechemicaswill producelarge effectswhen given at very high
doses. But the epidemiological evidence suggeststhat thisisnot
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s0. Also EMFs next to power lines are a complex mixture of
frequencies, fluctuating dosing schedul es, polarizationsetc. Test-
ing the carcinogenicity of pure 60Hz fields and concluding the
power line EMFs are safe islike testing caffeine for carcinoge-
nicity and after getting null results declaring that espresso coffee
with its many chemical ingredients is not carcinogenic. There-
forethe mostly null toxicol ogy results pulled my certainty down
only alittle. | therefore was most influenced by the epidemio-
logica evidence, which has, since 2002 been further supported
by additional studies. The fact that the associations seen in the
studies are not large compared to the resolution power of the
studieskeepsmefrom being more strongly certainthey are causa
in nature.

The policy question before regulators of power linesis:

“How certain must you be of how much disease beforeyou
would pass from inaction to cheap or to expensive EMF avoid-
ance?”’

The answer to this question is only partly driven risk esti-
matesfrom professionalslike me, costs and ethics areimportant
too. So decision makers trying to balance the interests and val-
ues of stakeholders in society are the ones that have to answer
this question.

It turnsout that the answer to this question varieswith stake-
holders depending both on their specia interestsand on the ethi-
cal framework that they bring to the problem at hand.

The Cdlifornia Public Utilities Commission (CPUC) has
authorized utilitiesto claimin their rate base around 4% of new
transmission project costsin no and low cost EMF avoidance as
long asit produces at least 15% reductionin fields. The per mile
costs of doing thisislessthan those quoted bel ow for retrofitting
exigting lines. It ismy impression that the “no and low cost (4%
project cost) avoidance that has been routinely carried out with
new transmissionlinesin Californiasincethe early 1990salmost
awaysachievesamagnetic field at the edge of right of way well
bel ow thel00mG that Connecticut utility companiesare propos-
ing asacriterion number. The CPUC did not provide acost ben-
efit rationalefor this policy. But areading of our policy projects
suggests that a modest degree of certainty that the childhood
leukemiaassociationsare causa in nature could justify the policy
on acost benefit basis.

Thisideais illustrated in the following graph taken from
the cost benefit analysis prepared by Professor Detlof von
Winterfeldt and colleagues as part of the Caifornia EMF pro-
gram. Onthe horizontal axis of the graph one hasthe* degree of
certainty that EMF exposure causes an increased risk of some
degree”’ ranging from 0 to 1.00. On the vertical axis we have
possible degrees of increased risk ranging from no increased
risk to afive-fold increase of childhood leukemiarisk.

You will seetwo zones, alarge zone shaded with diagonal
lines to the reader’s upper right and a narrower cross hatched
zone to the lower I€eft. The latter cross hatched zone represents
the combinations of epidemiological risk and the certaintiesthat
they are“real” which would lead acold blooded economist who
vauesachild'slifeat $5 million dollarsto advise against no and
low cost EMF avoidance measures. For example at a0.2 degree
of certainty of a 1.4 fold increased risk of childhood leukemia
would not be high enough for him to advise any avoidance. My
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0.4-0.6 “close to the dividing line of believing and not believ-
ing” that the2 fold increasein childhood leukemiaratesis” real”
would lead the cold blooded economist to recommend that you
usethenoandlow cost “ split phasing” to reduce magneticfields.
However even if | were 100% convinced that EMFs caused a
fivefold increased risk, the economist would not recommend
undergrounding thelines. A child’slifeisnot of sufficient worth
to the cold-blooded economist to warrant that expense. Wefound
that not al stakeholders were enthusiasts of this kind of cost-
benefit approach, but regulators, engineers and economists find
it useful. Accordingly Professor von Winterfeldt's anaysis cov-
ers both the cost benefit approach as well as an ethical analysis
of the rights and duties of the various stakeholders. | have pro-
vided apublished article on the project to my colleaguesin Con-
necticut and the full report and flexible decision models can be
found on our web site at <www.dhs.ca.gov/ehib/emf >

The"righttoknow” principlewould dictatethat utility com-
panies should provideresidentsnear thelinewith what remedia-
tion is proposed and what right of way magnetic fields are pre-
dicted and actually achieved. The CPUC did not requireour utili-
tiesto provide this information. However during the California
EMF program, utilities shared other EMF information prepared
by our department by means of “bill stuffers.” Limiting this no-
tification to some particular milligauss level, particularly 100
mG, whichisso high that notificationswill dmost never begiven,
will precipitate arguments about the rationale for choosing that
mG level that would be hard to resolve on a scientific basis.
Perhaps the advice of Mark Twain, one of Connecticut’'s most
distinguished citizensis relevant here: “ Tell the truth, you will
please half the people and surprise the rest.”

Thissuggeststhat routine disclosure should be doneregard-
less of milligauss levels. It istrue that this will sometimes pre-
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Cipitate questioning and arguing. However, the costs of no and
low cost avoidance in new transmission lines and in reacting to
residents adjacent to the proposed transmissionslines should be
considered as afraction of the revenues of the utility during the
lifetime of the proposed project.

Below | quote from the California Policy Options docu-
ment that our department sent to CPUC in 2002. They havecho-
sen only to deal with new transmission lines and not with the
other policy issues detailed below.

[continues...]

Daniel Wartenberg: Solid Scientific Evidence
Supporting an EMF-Childhood Leukemia Association

| have been asked to offer comments on the Connecticut
Siting Council’s Draft Electric and Magnetic Field Best Man-
agement Practices For the Construction of Electric Transmis-
sion Facilities in Connecticut (Sept. 28, 2006 draft), hereafter,
BMP. The BMP suggests that many public health agencies be-
lieve that, “there is no established link between adverse hedlth
effects and EMF exposure (p.2),” and that other study groups
concluded that, “thereis no consistent evidence that exposureto
typical power-line MF causes adverse hedlth effects (p.2).” On
the basis of these views, and the Council’s desire to focus its
policy on “prudent avoidance,” the Council proposes a screen-
ing level based on no-effect levels determined through animal
experiments modified by traditional safety factors, leading to an
acceptable leve of lessthan 100mG at peak |oad averaged over
24 hours at the edge of the Right of Way.

STATEMENT

| believethereis solid scientific evidence supporting an as-
sociation between exposure to magnetic fiel dsand theincidence
of childhood leukemia. | base this opinion on my review of the
literature, my participation on two expert review panelsand my
conduct of three commissioned meta-analyses. There are four
important issues to consider:

(2) isthere evidence of an association between exposureto
meagnetic fields and childhood cancer;

(2) if so, isit likely that this association might be due to
bias;

(3) if so, isit likely that this association might be due to
confounding;

(4) given the data, what is the estimated impact of these
EXPOoSUres;

(5) inlight of these estimates, arethere appropriate actions
that should be taken to limit risk.

| consider each, in turn.

EVIDENCE OF ASSOCIATION

More than 100 epidemiologic studies have been conducted
in over 10 countries using a wide variety of study designs and
waysof measuring exposureto EMFs, both inthe residenceand
occupationaly. To summarize these studies, the weight of evi-
dence approach has been applied severd times, by bothindividu-
als and expert pands. There have been over two dozen expert
panel reviews of the EMF issue, far too many to review here.
Tworeviews, inwhich | participated, were conducted inthe Uni-

ted States. Thefirst panel wasconvened by the National Research
Council of the Nationa Academy of Sciences. After several years
of meetings, workshops and deliberations, the group reportediin
the Executive Summary thet, “ Livinginhomesclassifiedasbeing
in the high wire-code category is associated with about a 1.5-
fold excess of childhood leukemia (p.3).” * The second pandl,
convened by the National Institute of Environmental Health
Sciences (NIEHS), was instructed to follow the procedures de-
veloped by the International Agency for Research on Cancer.
The Working Group concluded that, “ ELF EMF are possibly
carcinogenic to humans (Group 2B).”2 This was based princi-
pally on “the results of studies on childhood leukemiain resi-
dential environmentsand on CLL [chronic lymphocytic leuke-
mia] in adults in occupationa settings.” My most recent meta-
analyses, conducted for the California Department of Health Ser-
vices, reported that therisk for leukemiawas €l evated and stetis-
tically significant, particularly at the higher exposure cut-points.®
There was some evidence that supported an exposure-response
gradient. Two pooled analyses of childhood leukemia statisti-
caly significantly elevated risksfor those children at the highest
exposure categories (>3 or 4 mG).4®

As aresult of all of these studies, their apparent consis-
tency, and thelack of an accepted mechanism of action that might
have been used to justify the extrapolation of possible health ef-
fects from animals to humans, | do not understand the logic or
reasoning behind the use animal experiment datain the determi-
nation of a safe exposure level to limit childhood cancer risk. It
ismy belief that the human cancer epidemiologic dataare more
relevant in assessing the potential hazards to humans.

BIAS

In 1999, | reviewed the EMF literature for the Cdlifornia
Department of Health Services. | concluded that it is unlikely
that selection bias can be the sole explanation of the reported as-
sociations between exposure to magnetic fields and childhood
cancer incidence. In apaper | published as part of that review,® |
stated that, “ giventhewidevariety of study populationsand meas-
urement protocols, it isunlikely that asingle design flaw hasre-
sulted in consistent effects across all studies and can bethe sole
explanation for the reported associations.”

CONFOUNDING
If an agent, in this case wire codes or magnetic field inten-
sity, is corrlated both with an outcome, such as childhood leu-
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kemia, and other factors, the role of those other factors, even if
carcinogenic, doesnot invalidate the primary rel ationship. Rather,
those other factors are called confounders and must be adjusted
for inthe analysesto try to derive a measure of the independent
effect of the primary factor, as has been done in many of the
EMF studies. One study showsthat for another factor that itself
is associ ated with both EM F exposure and childhood leukemia
to be sufficient to explain the observed associationsbetween EM F
exposure and childhood cancer, that factor would have to be a
very strong risk factor for childhood leukemia” It seems un-
likely, but not impossible, that a major risk factor for leukemia
could have gone largely unnoticed throughout al the studies
conducted to date. However, to have credibility for its presence,
investigators will need to identify this unknown factor, specifi-
caly, and demonstrate statistically that it impartsalarge enough
leukemiarisk to explain the observed association between EM F
exposure and leukemia. Thisis atal order and has yet to be
demonstrated despite thelarge number of studies conducted and
the many potentid risk factors assessed.

POTENTIAL IMPACT

Often, in developing policy, it is useful to estimate the ef-
fect of an intervention. In this case, estimates of the magnitude
of the elevated risk to children living in higher exposure areas
(based on the pooled analyses and meta-analyses) can be com-
bined with estimates of number of children living in higher ex-
posure areas (based on household surveys) with the annual aver-
age incidence of childhood cancers to estimate the number that
likely are dueto exposureto EMFif, in fact, the observed asso-
ciationiscausal. Three studieshave estimated the potential num-
ber of childhood leukemia cases attributable to EM F exposure.®
48 |f the reported associations are causal, these studies suggest
that as many as 120-175 additional cases per year in the US/
North American may result from residential exposure alone.

PRECAUTIONARY PRINCIPLE

Inanarticle | published with Dr. Dale Jamieson,® | address
these concernsexplicitly inthe context of the Precautionary Prin-
ciple. In that piece, specifically addressing the EMF issue, we

argue that, “ since the scientific uncertainty is unlikely to be re-
solved in the foreseeable future, policy decisions must be based
on the possibility of risk and the cost and technology of reduc-
ing exposure.” Given the potential impact cited above, the ques-
tioniswhether it isabetter strategy to: (a) accept the science as
proven and have government act to reduce exposures; (b) view
thedataasinconclusive and ignore the exposurein order to save
remediation costs; or, (C) to prudently lower exposures of great-
est concern in case the possible risk is shown eventualy to be
true. Asapublic health professional, | believe strongly that pru-
dent action to limit the exposure and possibly prevent several
children from developing cancer is essentia unless the costs
(monetary and otherwise) outweigh the value of the impact on
these childrens’ lives.
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