Hello, my name js Dr. James T. Webber, Radiologist, Mountain West Medical Center .
Tooele Utah. My family and I reside on the Sou£h East Bench. Thank ybu Tooele i
County Planning Comrﬁission for giving me the opportunity to present my comménts this
evening.

A few weeks ago, I presented some information concerning health risks and emfs. I was
dismayed that my comments, at that time, were felt to be perhaps less than relevant given
the fact I am only a local physician. While it true that I claim no expertise relevant to this
topic, as a Radiologist I see cancer frequently on imaging studies, and as the radiation
safety officer for our local hospital, I have somewhat of a knowledge of radiation and the
health risks from it.

Since that last meeting a few weeks ago, I have gone right to the source of my previous
comments. I have personally contacted Dr. David Carpenter, have had several telephone
conversations with him concerning emfs and their associated health risks, and tonight I
will read a letter that has been sent from h1m addressed to the Tooele County Planning
Commission. In addition, I will review some of the‘ pertinent information that he sent me
from two additional articles on the subject of emfs and health risks.

Read the letter.

According to Dr. Carpenter, in his publication Electromagnetic Fields and Cancer: The
Cost of Doing Nothing from the President’s Cancer Panel January 27, 2009, he states the
following: Since the pioneering studies of Wertheimer and Leeper in 1979, there has
been evidence that residential exposure to elevated magnetic fields results in an increased

risk of childhood leukemia. Most subsequent studies have confirmed elevated risks of

levkemia in children. The challenge that the power industry, including Rocky Mountain




Power, poses is in their assertion that there is no definite cause and effect relationship
between emf exposures and health risks such as childhood leukemia. However,
according to Dr. Carpenter, while no single mechanism has been identified to be the basis
for the development of cancer as a result of exposure to EMFs and no animal studies have
been able to consistently demonstrate cancer as a result of exposure to EMFs, this is not
sufficient evidence to completely dismiss the association of emfs and cancer as irrelevant.
Furthermore, although EMFs are non-ionizing, that does not mean they are not
carcinogenic, meaning cancer-causing. EMFs, according to Dr. Carpenter, are known to
induce genes, generate reacﬁve oxygen species, trigger formation of heat shock proteins,
and cause indirect DNA damage, any one of which might lead to cancer. Furthermore, a
study by Reif et al. demonstrated that dogs living in hofnes with very high wire codes
(comparable to those associated with elevated risk of childhood cancer) showed a
significant 6.8-fold elevated risk of developing lymphoma. Therefore, the concluding
point that I want to forcefully submit is that Rocky Mountain Power’s claim that there is
no increased health risk from emf exposure because there is no definitive mechanistic
data or experimental animal data that shows a definite cause and effect relationship, is
absolutely irresponsible, and, in the words of Dr. Carpenter is erroneous and invites later
litigation. Therefore, it is outrageous to conclude that power lines and emf exposures
don’t put children at increased risk of childhood leukemia. They substantially do, upto a
two-fold increased risk of this disease alone. In summary, it is fundamentally wrong to
knomgly allow power lines to be placed close to children’s homes. This is a public

health concern that cannot be mitigated.




In Dr. Carpenter’s other publication, Setting Prudent Public Health Policy for -- -
Electromagnetic Field Exposures from.Reviews on Environmental Health November,
2008, he points out the other fallacy of the argument that power line companies, such as
Rocky Mountain Power make, that given there is no definite cause and effect relationship
betweeﬁ emfs and health risks, that we should just ignore the mounting data against this
conclusion. Specifically, he states that the level of proof used by the medical scientific
community is that the associations from expe_rimenta.l animal and cell stL_lldies and from
human epidemiologic studies are established such that no more than a 5% possibility
remains that the results could be due to chance. This possibility is called the 95%
confidence interval, or even better the 99% confidence interval, at which ﬁo more than a
1% possibility exists that the results are due to chance. This level is the accepted
standard of proof of association (not causation) in laboratory and epidemiologic studies,
and when achieved, the results are concluded to be statistically significant. According to
Dr. Carpenter, when evaluating the findings of statistically significant relations (meaning
no more than a 1% possibility the results are due to chance), the relations between EMF
exposure and ciisease, the evidence for leukemia in children is sufficiently strong to meet
the criteria. The associations of disease with adult leukemia and brain tumors and
neurodegenerative diseases such as Alzheimer’s and Lou Gehrig’s disease, is less
extensive, but still sufficient to meet most of the criteria. Therefore, the conclusion I
draw from this is again, direct cause and effect is not necessary to show that increased
exposure to emfs DOES lead to a generalized increased risic of childhood leukemia, and

it most certainly WILL lead to a similar increased risk in our own children here in

Tooele County.




Therefore, I would strongly petition that the Tooele County Planning Commission deny
Rocky Mountain Power’s conditional use permit request. The health risks from the

proposed route are too great and they cannot be mitigated. Thank you.

Attachment: Dr. David O. Carpenter, Director Institute for Health and the Environmental
University at Albany New York - Letter, CV and Study Research




!ﬁ UN IVE RS ITYATALBA_NY ‘ Institute for Health and the Environmz;:;

State University of New York Department of Environmental Health Sciences
School of Public Health

3 March 2010

Tooele County Planning Commission ‘
Re: Rocky Mountain Power’s Application for Conditional Use Permit 2010-1
Tooele South East Bench Route 345kV high Power Transmission Line

Dear Sirs/Madams:

In the 1980s I served as the Exccutive Secretary of the New York State Powerlines Project, a state-funded
study designed to determine whether there were adverse health effects from living near to powerlines.
Our study confirmed earlier reports that children living near to powerlines which generate significant
magnetic fields suffered from an elevated risk of leukemia. After the Powerlines Project was finished I
became the spokesperson for New York State on the issue of health effects of electromagnetic fields. In
the meantime there have been many additional studies demonstrating that exposure to magnetic fields
increases risk of leukemia and probably brain tumors both in children and adults, and also increases risk
of neurodegenerative disease (Alzheimer’s and amyotrophic lateral sclerosis) in adults. Some other
adverse health effect may result, but the evidence for other diseases is less well documented.

While all of us depend on electricity for everyday life, the evidence that human (especially child)
exposure to magnetic fields from powerline poses a hazard to health is sufficiently strong that it is
imperative that every reasonable effort be taken to reduce exposure to the greatest number of persons
possible. This must be a critical consideration when routes for a new high voltage powerline are being
considered. To the greatest degree possible every effort must be made to route new lines away from areas
which impact residences, schools, churches and any other place where children are likely to spend
significant amounts of time. This is complicated in some situations, but is not difficult in your
community, where it would be easy to route the line outside of areas where a large number of people live,
tearn and worship. To fail to do so, given the strong evidence of harm to humans, is both irresponsible

and invites later litigation.

I am a public health physician, whose responsibility it is to do what I can to reduce human disease from
exposure to environmental agents. I am attaching two publications that provide detailed evidence for my
recommendations, one of them coming from a presentation to the President’s Cancer Panel a year ago. |
am also attaching by curriculum vitae which gives my credentials. 1 urge you to disapprove any route for
a high voltage power line that is not designed to minimize risk to the population. Thank you for your

- consideration.

Yours sincerely,

P Li/ ! :i..l;—-:“'k"',. L ?‘..
David O. Carpenter, M.D.
Director

Institute for Health and the Environment
University at Albany

e
East Campus, 5 University Place, Room A217, Rensselaer, NY 12144-3429
pH: 518-525-2660 Fx: 518-525-2665
www.albany.edu/the




Name:

RECEIVED

| MAR 032010
CURRICULUM VITAE Fiom Teoele Gty Concervel Civens G

SUBMITTAL #._____

David O, Carpenter

Home Address: 2749 Oid State Road

Education:

Schenectady, New York 12303

Position Held:

Director, Institute for Health and the Environment
University at Albany

Professor, Environmental Health Sciences
Professor, Biomedical Sciences

School of Public Health, University at Atbany

5 University Place, A217, Rensselaer, NY 12144

1958 B.A., Harvard College, Cambridge, MA
1964 M.D., Harvard Medical School, Boston, MA

Positions Held:

Research Fellow, Department of Physiology, University of Goteborg, Sweden with Professor

9/61-6/62
Anders Lundberg .

7/64-6/65  Research Associate, Department of Physiology, Harvard Medical School, Boston, MA under
the direction of Dr. Elwood Henneman

7/65-2/73  Neurophysiologist, Laboratory of Neurophysiclogy, National Institutes of Mental Health, Dr.
Edward V, Evarts, Chief, Assistant Surgeon, USPHS, currently @ Reserve Officer in the
USPHS. _ ‘

2/73-3/80  Chairman, Neurobiology Department Armed Forces Radiobiology Research Institute,
Defense Nuclear Agency, Bethesda, MD

3/80-9/85  Director, Wadsworth Center for Laboratories and Research, New York State Department of
Health, Albany, NY

9/85-1/98  Dean, School of Public Health, University at Albany

9/85-Pres.  Professor, Departments of Environmental Health Sciences and Biomedical Sciences, School
of Public Health, University at Albany.

9/85-7/98 Research Physician, Wadsworth Center for Laboratories and Research, New York State
Department of Health, Albany, NY

1/98-Pres.  Adjunct Professor in the Center for Neuropharmacology & Neuroscience, Albany Medical
College, Albany, NY

2001-Pres. Director, Institute for Healih and the Environment, University at Albany, SUNY, Rensselaer,
NY

2005-Pres. Senior Fellow, Alden March Bioethics Institute, Albany Medical College/Center, Albany, New
York

Editor-in-Chief: Cellular and Malscular Neurobiology

1981 - 1987

Editorial Advisor: Cellular and Molecular Neurgbiology

1987 - Present

Editorial Board: Journal of Public Health Management and Practice

1995 - 2002
International Journal of Occupational Medicine & Environmental Health

1996 - Present
Journal of Alzheimer’s Disease — Associate Editor
2007-2009 -

_‘1_ N -
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Reviews in Environmental Health; 2008-present
International Archives of Occupational and Environmental Health; 2009-present.

Joumnal of Environmental and Public Health, 2009-present.
Environmental Health Perspectives, 2010-present

National and Infternational Committees:

1978, 1981
1679-19856
1874-1981

1981-1989
1985-1986

1986-1987
1987-1989
1987-1990
1885-1993
1986-1997
1989-1994
1994, 1995
1994-1997
1997

1987-2000
1998-Pres.
2000-Pres.
2001-2008
2002-2003
2003-Pres.

2003-Pres.

Physiology Study Section (Ad hoc member)

NtH International Fellowship Study Section

Member, Steering Committee of the Section on the Nervous System, American
Physiclogical Society (Chairman of the Committee, 9/76-4/80)

Member, USA National Committee for the International Brain Research Organization
Committee on Electric Energy Systems of the Energy Engineering Board, National
Research Council _

Member, Neurophysiology Peer Panel for the National Aeronautics and Space
Administration

Member, Science Advisory Council of the American Paralysis Association

Advisory Panel for the Electric Energy System Division, U.S. Department of Energy
Committee #79, National Council on Radiation Protection and Measurements

Member, Legislative and Education Committees, Association of Schools of Public Health
Member, Neuroscience Discipline Working Group, Life Sciences Division of the NASA
Federation of American Societies for Experimerital Biology Consensus Conference on FY

- 1985 Federal Research Funding

Member, Legislative Committee of the Association of Schools of Public Health
Member, Executive Commitiee of the Association of Schoals of Public Health
National Advisory Environmental Health Sciences Council of the National Institutes of

Health
Member, U.S. Section of the Great Lakes Science Advisory Board of the International Joint

Commission

Member, Board of Directors, Pacific Basin Consortium for Hazardous Waste Health and
Environment; Treasurer, 2001-2004, 2008-Pres; Chair, 2004-2008

United States Co-Chair, Workgroup on Ecosystem Health of the Science Advisory Board of
the Intsrnational Joint Commission

Member, Committee on the Implications of Dioxin in the Food Supply, The National
Academies, Institute of Medicine :
Member, United States Environmental Protection Agency, Children's Health Protsction
Advisery Commitiee

Chair, Advisory Committee to the World Health Organization and National Institute of
Environmental Health Sciences an collaborative activities.

State and Local Committees:

1980-1987
1985-1989
1986-1989

1991-1982
1891-1992

1991-1992
1992-1993
1987-1998
1091-1895

1994
1997-2008.
2000-Pres.

Executive Secretary, New York State Power Lines Project

Board of Scientific Advisors, Institute of Basic Research, OMRDD, N.Y.

Member, Steering Committee, Health Policy and Administrative Consortium of the Capital
District

Member, Connecticut Academy of Sciences and Engineering Commitiee on
Electromagnetic Field Health Effects

Member, Board of Directors of the Capital District Chapter of the Alzheimer's Disease and
Related Disorders Association, Inc.

Member, State Task Force for the Reform of Middle Level Education in NY State
Member, State Needs Task Force on Health Care and Education

Delegate-at-Large, New York State Public Health Association

Member, Board of Directors of the Capital District Amyotrophic Lateral Sclerosis
Association

Chair, Coungcil of Deans, University at Albany, SUNY

Member, Board of Directors, (Chalr 1998-2004) Albany-Tula [nc.: A Capital Region Alliance
Member, Board of Directors, Healthy Schools Network, Inc.

-




2000-2003
2000-2004

2001-2008
2004-2007
2005-Pres.

2005-2008

2006-2009
2007-2009

Member, Medical Advisory Board, Hepatitis C Coalition, New York

Member, Environmental Protection Agency /National Association of State Universities and
Land Grant Colleges Task Force

Member, Board of Directors, Environmental Advocates of New York

Member, Ad Hoc Advisory Group on Brownfield Cleanup Standards

Member, Schooling Chefs Curriculum Advisory Board

Member, Board of Directors, Citizens Environmental Coalition

Member, Board of Directors, Marine Environmental Research Institute

Member, New York State Renewable Energy Task Force

Honors, Awards And Fellowships:

1959

1964

1964

1970
1871

1982, 1986
1987
1989

1999

20061

B.A. awarded magha cum laude. Thesis entitled "Metamoiphosis of visuat pigments: A
study of visual system of the salamander, Ambystoma tigrinum” (Thesis advisor, Professor

George Wald)
Elected to Phi Beta Kappa and to Sigma Xi

M.D. awarded cum laude for a thesis in a special field. Thesis entitled "Electrophysiological
observations on the importance on neuron size in determining responses to excitation and
inhibition in motor and sensory systems™ (Thesis advisor, Dr. Elwood Henneman)

Awarded the Lean Resnick Prize given to a Harvard Medical School graduate showing
promise in research

Awarded the Moseley Traveling Fellowship for study in England {Fellowship declined)

Invited as Visiting Professor of Physiclogy, Centro de Investigacion y de Estudios
Avanzados, del Institute Politecnico Nacional, Mexico 14, D.F., Mexico, for 3 months

Visiting Professor of Physiology, Department of Physiology, Kyushu
University, Fukuoka, Japan, for a period of three months each

Awarded Jacob Javits Neuroscience Investigator Award from the National [nstitute of
Neurological and Communicative Diseases and Stroke

Awarded Homer N. Calver Award from the American Public Health Association for stﬁdies
in environmental health.

Awarded 2001 Academic Laureate from the University at Albany Foundation.

Federal Grants Held: (Principal Investigator Cnly)

1980-1283

1982-1988

1984-1986

1986-1986

1989-1983

1990-1995

1995-2001

United States Air Force, "Mechanisms of Radiation-Induced Emesis in Dogs", $76,847 total
direct costs.

National Institute of Health, "Mechanisms of Desensitization at Central Synapses”,
$464,786 total direct costs.

Defense Nuclear Agency, "Mechanisms of Radiation-Induced Emesis in Dogse, $330,504
total direct costs.

National Institute of Health, "Mechanisms of Excitatory Amino Acids Actions and Toxicity",
1986-1989 $231,848 total direct costs; 1990-1996 $562,926 fotal direct costs.

National Institute of Health, "Mechanisms of Lead Neurotoxicity" $373,576 total direct costs

National Institute of Environmental Health Sciences, Superfund Basic Research Program,
"Multidisciplinary Study of PCBs and PCDFs at a Waste Site", D.Q, Carpenter, P.I.
$5,783,419 {otal direct costs.

Fogarty International Center, National Institutes of Health, International Training Program in
Environmental and Occupational Health. aCentral/Eastern European Environ/Occup
Training Programe, D.Q. Carpenter, P.I. $657,520 total costs.
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1885-2001  National Institute of Environmental Health Sciences, Supérfund Basic Research Program,

"Multidisciplinary Study of PCBs," D.O. Carpentar, P.I. $12,653,709 {otal direct costs.

1988-1988  Environmental Protection Agency, Alndoor Air Risk at Akwesasne - Pilot Projecta, D.O.

Carpenter, P.I. $9,996 total costs.

2000-2002  Association Liaison Office for University Cooperation in Development, 2Cooperative

Program in Environmental Health between the Institute of Public Health at Makerere
University, Kampala, Uganda and the School of Public Health, University at Albany, USA@,

D.Q. Carpenter, P.l. $86,432 total costs.

2001-2007  Fogarty International Center, National Institutes of Health, International Training Program in

Environmental and Occupational Health. 2Multidisciplinary Environmental Health Traininge,
D.O. Carpenter, P.], $850,000 total costs.

2006-2010  Pakistan-US Science and Technology Cooperative Program (US National Academy of

Sciences). "Association of particulate matter with daily morbidity in an urban population,”
D.Q. Carpenter, P.l., $391,104 total costs.

Research Interests:

Neural basis of human disease especially the dementias and ALS
Neurotoxicology

lonizing and non-ionizing radiation biclogy

Public health education

Human disease caused by environmental pollutants

Other Professional Acﬁvities:

Host, The Public Radio Health Show {a 30 min public health information show carried on 170+ stations
nationwide), plus the Armed Forces Radio Network and Voice of America, 1985-2001,

Authored a hiweekly heaith column in The Troy Recerd, a local newspaper, 1997-1999.

Major Peer-Reviewed Publications:

1.

Carpenter, D.O., Lundberg, A. and Norrsell, U. Effects from the pyramidal tract on primary afferents
and on spinal reflex actions to primary afferents. Experientia, 18:337, 1962.

Carpenter, D.O., Engberg, [. and Lundberg, A. Presynaptic inhibition in the lumbar cord evoked
from the brain stem. Experientia, 18:450, 1962.

Carpenter, D.O., Lundberg, A. and Norrsell, U. Primary afferent depolarization evoked from the
sensorimotor cortex, Acta Physiel. Scand., 59:126-142.

Carpenter, D.O., Engberg, |., Funkenstein, H. and Lundberg, A. Decerebrate control of reflexes to
primary afferents. Acta Physiol. Scand., 59:424-437, 1963.

Carpenter, D.O., Engberg, 1. and Lundberg, A. Differential supraspinal controi of inhibitory and
excltatory actions from the FRA to ascending spinal pathways. Acta Physiol. Scand., 63:103-110,
1965.

Henneman, E., Somjen, G.G. and Carpenter, D.O. Excitability and inhibitibility of motoneurons of
different sizes. J. Neurophysiol., 28:599-620, 1965.

Henneman, E., Somjen, G.G. and Carpenter, D.O. Functional significance of cell size in spinal
motoneurons. J. Neurcphysiol., 28:560-580, 1965.

Somjen, G.G., Carpenter, D.O. and Henneman, E. Selective depression of alpha motoneurons of
small size by ether. J. Pharmacol., 148:380-385, 1965.

Somjen, G., Carpenter, D.0. and Henneman, E. Response of motoneurons of different sizes to
graded stimulation of supraspinal centers of the brain. J, Neurophysiol., 28:958-965, 1965.
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10.
11.
12.
13.
14.
15,
16.
17.
18.
19.
20.
21,
22.
23.
24,
25.
26.
27.
28,

29.

30.

31.

Carpenter, D.O., Engberg, I. and Lundberg, A. Primary afferent depolanzatlon evoked from the
brain stem and the cerebellum. Arch. Ital. Biol., 104:73-85, 1966.

Carpenter, D.O. and Henneman, E. A relation between the thresheld of stretch receptors in skeletal
muscle and the diameter of axons. J. Neurophysiol., 29:353-368, 1966.

Carpenter, D.O. Temperature effects on pacemaker generation, membrane potential, and critical
firing threshold in Aplysia neurons. J. Gen. Physiol., 50:1462-1484, 1967.

Chase, T.N., Breese, G., Carpenter, D., Schanberg, S. and Kopin, |. Stimulation-induced release of
serotonin from nerve tissue. Adv. Pharmacol., 6A:351-364, 1968.

Carpenter, D.0O. and Alving, B.O. A contribution of an electrogenic Na* pump to membrans

potential in Aplysia neurons. J. Gen, Physiol., 52:1-21, 1968.

Olson, C.B., Carpenter, D.0. and Henneman, E. Orderly recruitment of muscle action potentials.
Arch. Neurol., 19:591-597, 1968. .
Carpenter, D.O. Membrane potential produced directly by the Na* pump in Aplysia neurons. Comp.
Biochem. Physiol., 35:371-385, 1970.

Carpenter D O and Gunn, R. The dependence of pacemaker discharge of Aplysia neurons upon
Na’and Ca". J. Cell. Physiol., 75:121-127, 1970.

Kraus, K.R., Carpenter, D.O. and Kopin, |. R. Acetylcholine-induced release of norepin-ephrine in
the presence of tetrodotoxin. J. Pharmacol. Exp. Therap., 73:416-421, 1970.

Barker, J.L. and Carpenter, D.C. Thermosensitivity of neurons in the sensorimotor cortex of the cat.
Science, 169:597-588, 1970.

Carpenter, D.O., Hovey, M.M. and Bak, A. Intracellular conductance of Aplysia neurons and squid
axon s determined by a new techniqus. Infl. J. Neurosci., 2:35-48, 1971.

Carpenter, D.O., Breese, G., Schanberg, S. and Kopin, I. Serotenin and dopamine: Distribution
and accumulation in Aplysia nervous and non-nervous tissues. Int. J. Neurosci,, 2:49-56, 1971.

Hovey, M.M., Bak, A.F. and Carpenter, D.O. Low internal conductivity of Aplysia neuron somata.
Science, 176:1328-1331, 1972.

Carpenter, D.O. Electrogenic sodium pump and high specific resistance in nerve cell bodies of the
squid. Science, 179:1336-1338, 1973.

Carpenter, D.O. and Rudomin, P, The organization of primary afferent depoclarization in the isolated
spinal cord of the frog. J. Physiol. {Lond.}, 229:471-493, 1973,

Shain, W., Green, L.A., Carpenter, D.O., Sytkowski, A.J. and Vogel, Z. Aplysia acsetyicholine
receptors: Blockage by and binding of a-bungarotoxin. Brain Res., 72:225-240, 1974.

Pierau, Fr.-K., Torrey, P. and Carpenter, D.Q. Mammalian cold receptor afferents; Role of an
electrogenic sodium pump in sensory transduction. Brain Res., 73:156-160, 1974.

Saavedra, J.M., Brownsiein, M.J., Carpenter, D.O. and Axelrod, J. Octopamine: Presence in singie
neurons in Aplysia suggests neurotransmitter function. Science, 185:364-365, 1974,

Willis, J.A., Gaubatz, G.L. and Carpenter, D.O. The role of the electrogenic sodium pump in
modulation of pacemaker discharge of Aplysia neurons. J. Cell. Physiol., 84:463-472, 1974.

Brownstein, M.J., Saavedra, J.M., Axelrod, J., Zeman, G.H. and Carpenter, D.Q. Ccexistence of
several putative neurotransmitters in single identified neurons of Aplysia. Proc. Natl. Acad. Sci.

(USA), 71:4662-4665, 1975.

Carpenter, D.0. and Gaubatz, G.L. Octopamine receptors on Aplysia neurcns mediate
hyperpolarization by increasing membrane conductance. Nature, 252:483-485, 1974,

Pierau, Fr.-K., Torrey, P. and Carpenter, D.O. Afferent nerve fiber activity responding to
temperature changes of the scrotal skin of the rat. J. Neurobial., 38:601-612, 1975.




32.

33.

34,

35.

36,

37.

38.

38.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49,

50.

51.

52.

53.

Carpenter, D.O. and Gaubatz, G.L. H, and H, histamine receptors on Aplysia neurons. Nature,
254:343-344, 1975.

Carpenter, D.O., Hovey, M.M. and Bak, A.F. Resistivity of axoplasm. Il. Internal restivity of giant
axens cf squid and Myxicola. J. Gen. Physiol., 66:139-148, 1975.

Zeman, G.H. and Carpenter, D.O. Asymmetric distribution of aspartate in ganglia and single
neurons of Aplysia. Comp. Biochem, Physiol., 52C:23-26, 1975,

Pierau, Fr.-K,, Torrey, P. and Carpenter, D.O. Effact of ouabain and potassium-free solution on
mammealian thermosensitive afferents in vitro. Pflugers Arch., 359:349-356, 1975.

Swann, J.W. and Carpenter, D.O. The organization of receptors for neurotransmitters on Aplysia
neurons. Nature, 258:751-754, 1975,

Yarowsky, P.J. and Carpenter, D.O. Aspartate: distinct receptors on Aplysia neurons. Science,
192:806-809, 1976.

Foster, K.R., Bidinger, J.M, and Carpenter, D.O. The electrical resistivity of agueous cytoplasm.
Biophys. J., 16:991-1001, 1976.

Carpenter, D.Q., Greene, L.A., Shain, W, and Vogel, Z. Effects of eserine and neostigmine on the
interaction of a-bungarotoxin with Aplysia acetylchoiine receptors. Mol. Pharmacol., 12:999-1006,
1976.

Saavedra, J.M., Ribas, J., Swann, J. and Carpenter, D.O. Phenylethanolamine: Anew putative
neurotransmltter in ADIvsta Science, 195:1004-1006, 1977,

Carpenter, D.O., Swann, JW. and Yarowsky, P.J. Effect of curare on responses to different
putative neurotransmitters in Aplysia neurons. J. Neurobiol., §:119-132, 1977.

Yarowsky, P.J. and Carpenter, D.O. GABA mediated excitatory responses on Aplysia neurons. Life
Sci., 20:1441-1448, 1977,

Willis, J.A., Myers, F.R. and Carpenter, D.O. An ionophoretic module which controls
electroosmosis. J. Electrophysiol. Tech,, 6:34-41, 1977.

Yarowsky, P.J. and Carpenter, D.O. Receptors for gamma-aminobutyric acid (GABA} on Aplysia
neurcns. Brain Res., 144:75-94, 1978,

Carpenter, D.O., Gaubatz, G., Willis, J.A. and Severance, R. Effects of irradiation of Aplysia
pacemaker neurons with 20 MeV electrons. Rad. Res., 76:32-47, 1978.

Yarowsky, P.J. and Carpenter, D.O. A comparison of similar lonic responses to gamma-
aminobutyric acid and acetylcholine. J. Neurophysiol., 41:531-541, 1978.

Blum, B., Auker, C.R. and Carpenter, D.Q. A head holder and stereotaxic device for the
rattlesnake. Brain Res. Bull., 3:271-274, 1978.

Swann, J.W., Sinback, C.N. and Carpenter, D.O. Dopamine-induced muscle contractions and
madulation of neuromuscular transmission in Aplysia. Brain Res., 157:167-172, 1978.

Swann, J.W., Sinback, C.N. and Carpanter, D.O. Evidence for identified dopamine motor neurons
ta the gill of Aplysia. Meurosci. Lett., 10:275-280, 1978.

Kebabian, P.R., Kebabian, J.W. and Carpenter, D.Q. Regulation of cyclic AMP in heart and gill of
Aplysia by the putative neurotransmitters, dopamine and seratonin. Life Sci., 24:17867-1764, 1978.

Carpenter, D.Q. [nterchangeable association of neurotransmitier receptors with several ionophores.
Brain Res. Bull,, 4:149-152, 1979.

Pellmar, T7.C, and Carpenter, D.0O. Voltage-dependent calcium current induced by serotonin,
Nature, 277:483-484, 1979.

Ruben, P.C., Swann, J.W. and Carpenter, D.O. Neurotransmitter receptors on gill muscle fibers
and the gill peripheral nerve plexus in Aplysia. Canad. J. Physiol. Pharmacol., 57:1088-1097, 1978.
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55,
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57,

58.

58.
60.
61.
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63.

64.

63.

66.

67.

68.

68.

70.

71.

72,

73.

Pellmar, T.C. and Carpenter, D.O. Serctonin induces a voltage-sensitive calcium current in neurons
of Aplysia californica. J. Neurophysiol., 44:423-439, 1980,

Parver, L.M., Auker, C. ahd Carpenter, D.O. Choroidal blood flow as a heat dissipating mechanism
in the macula. Am. J. Ophthamol., 89:641-646, 1980.

Mell, L.D., dr. and Carpenter, D,O, Flucrometric determination of octopamine in tissue
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Abstract: Electromagnetic fields (EMF) permeate our envirenment, coming both from such natural sources as the sun
and from manimade sowrces like eleciricity, communication technologics and medical devices. Although life on earth
would rot be possible without sunlight, increasing evidence indicates that exposures to the magnetic fields associated
with electricily and to communication frequencies associated with radio, television, WiFi technology, and mobile
cellular phones pose significant hazards to human health, The evidence is strongest for leukemia from electricity-
frequency fields and for brain tumors from communication-frequency fields, yel evidence is emerging for an association
with other diseases as well, including neurcdegenerative diseases, Some uncertaingy remains as to the mechanism(s)
responsible for these biological effects, and as to which components of the fields are of greatest importance,
Nevertheless, regardless of whether the associations are causal, the strengths of the associaiions are sufficiently strong
that in the opinion of the authors, taking action lo reduce exposures is imperative, especially for the Fetus and children.
Inaction is not compatible with the Precautionary Principle, as enunciated by the Rio Declaration. Because of
ubiquitous exposure, the rapidly expanding development of new EMF technologies and the long latency for the
development of such serious diseases as brain cancers, the failure to take immediate action risks epidemics of
potentially fatal diseases in the future,
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92 D,0. CARPENTER AND C, SAGE

INTRODUCTION AND BACKGROUND

Few issues have been as uncerfain and divisive
for so long a period as the question of whether
exposure o electromagnetic ficlds (EMF) poses
significant healih hazards. The question of hazards
from power line frequency EMF (50 Hz in much of
the world, but 60 Hz in the United States (US), was
first raised by the report of Wertheimer and Leeper
/1/, who found elevated rates of childhood cancer
in homes in Denver, Colorado that had elevated
magnetic fields from neighborhood power lines.
This initial report, greeted with significant
skepticism, has been more-or-less replicated in
most /2-4/ but not all /5-6/ succeeding studies. As
everyore in the developed world is constantly
exposed to electricity-derived EMFs, the question
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of whether such exposures constitute a significant
health hazard is of critical public health relevance.

The concerns, however, go way beyond just
those exposures from power line-frequency EMFs.
Figure 1 shows the electromagnetic spectrum,
which goes from DC fields such ag the magnetic
fleld of the earth and the extremely low frequency
{ELF) fields characteristic of electric power, to the
very high frequency cosmic, gamma and X-ray
EMFs, which have sufficient energy to break
chemical bonds and are therefore are “ionizing”
radiation. What is in between includes ultraviolet
radiation, known to have significant adverse health
effects /7/, visible light, which is essential for life,
and the wide range of communication frequencies
that are usually referred to as “mmicrowaves’ or
‘radiofrequency’ (RF) fields.
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Fig. 1: The electromagnetic spectrum, showing the relation s between ELF and RF fields, wavelength and
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Public exposure to RT fields is increasing at a
rapid rate. AM and FM radio and television
stations Dbroadcast signals that can be received
almost everywhere in most countries. Most
members of society now have and use cordless
phiones, cellular phones, and pagers. In addition,
most populations are also exposed to antennas in
communities designed to transmit wireless RF
signals. Some developing countries have even
given up running land lines because of the expense
and their vulnerability, and because of easy access
to cell phones. Long-term and cumulative exposure
to such massively increased RF has no precedent in
human history. Furthermore, the most pronounced
change is for children, many of whom now
routinely spend hours each day on the cell phone
chatting or sending or receiving text messages.
Everyone is exposed to a greater or lesser extent,
No one can avoid exposure because even il living
on a mountain-top without electricity, exposure to
communication-frequency RF is likely. Vulnerable
populations  (pregnant women, very young
children, elderly persons, the poor) are exposed to
the same degree as the general population.

The energy within the EMF spectrum increases
with the frequency; therefore, on the reasonable
assumption that the relative health hazards are
proportional to the energy, one would expect
comparable RF exposures to be more hazardous
than power-line frequency exposures. Although
very little scientific investigation has been carried
out on the health effects of RF fields until quite
recently, the rapid profusion of WIiFi (trade name
for a high-frequency wireless local area network
technology used in home networks, mobile phones,
video games, and more), cell-phone towers, and
cell-phone use in all segments of the population,
including young children, makes it essential that
risks to health be considered as technology
advances, '

This review was triggered by several reports /8-
12/ and actions by governments and courts /13/
that, in the opinion of the authors, unjustifiably
imply and/or conclude that EMF exposure does not

pose a significant health hazard to humans, These
reviews and reports are important because they
become the basis Tor regulatory standards. Each of
these reporis, however, presents evidence for the
existence of human health hazards associated with
EMFs, as well as discussions of the limitations in
the overall understanding of the basis for such
effects. The conservatism of their conclusions, in
our view, fails to meet the standards of the
European Commission Constitution Principle on
Health (Section 3.1) /14/, European Union Treaties
Article 174 /15/, the European Environmental
Agency /16/, and cther international statements on
the “precautionary principle” as enunciated by ihe
Rio Declaration of the United Nations /17/. The
working definition used in the European Environ-
mental Agency and that has been daveloped during
the debates that followed the 2001 report, is
explicit about specifying both uncertainty and
ignorance as contexts for applying the principle,
and in acknowledging that a case-specific
sufficiency of scientific evidence is required to
justify public policy action;

“The Precautionary Principle provides
Justification for public policy actions in
situations of scientific complexity, uncertainty
and ignorance, where there may be a need to
act in order to avoid, or reduce, potentially
serious or irreversible threats to health or the
environment, using an appropriate level of
scientific evidence, and taking into account
the likely pros and cons of action and
inacrion” /16/.

We find that current standards in most countries
are not protective of human health, and provide our
reasoning for this important conclusion aleng with
recommendation for standards that we feel to be
appropriate based on current scientific evidence
plus a consideration of the need for precaution. The
issues surrounding EMF exposure are particularly
important because of the exposure encountered by
everyone to a greater or lesser extent. More
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difficult is determining the degree of risk when no
population is unexposed. Furthermore, the sources
of EMF in the environment are such that exposure
for any one person varies greatly throughout the
day, depending upon where they are at any
particular time. Exposure occurs at home from
power lines in the street, household wiring,
appliances, and wireless devices. Exposure will
vary depending upon where one is in the house and
what appliances or devices one is using or near.
Exposures occur when walking down the street,
while going to school or work, and during
recreational activities. Each exposure is different in
both frequency and intensity. Therefore, deter-
mining cumulative exposure over any significant
petiod is exceptionally difficult. For all of these
reasons it is likely that most studies, operating
within these major limitations, have led to an
underestimation of the true risk to human health.
Therefore, considering ways in which to evaluate
risk and reduce exposure is imperative. Good
public health policy requires preventalive action
proportionate ¢ the polential risk of harm and the
public health consequence of taking no action,

KEY FALLACIES AND ANSWERS IN THE
DEBATE OVER EMF EVIDENCE

Several arguments (false, in our view) have been
presented by those who minimize the strength of
the relation between exposure to both 50-60Hz
ELF and RIF EMFs. These arguments are as follows:

“Evidence for elevated risk of childhood leukemia
from exposure to power line frequency EMT is
weak and inconsistent”

The evidence reporting a relation between EMF
exposure and childhood leukemia is neither weak
nor inconsistent. The NRC (1997) report /8/ states,

“The link between wire-code rating und
childhood leukemia is statistically significant

(unlikely to have arisen from chance) and is
robust in the sense that eliminating any
single study from the groups does to alter
the conclusion that the assoclations exists.

In his introduction to the NIEHS EMF-RAPID
program (1999} report /10/, Dr. Kenneth Olden,
Director of the National Institute of Environmental
Heaith Sciences, characterizes the state-of-the-art
by the statement,

"The strongest evidence for health effects
comes fiom associations observed in human
populations with two forms of cancer:
childhood leukemia and chronic lymphocytic
lewkemia in occupationally exposed adults.
While the support from individual studies is
weak, the epidemiological studies demon-
strate, for some methods of measuring
exposure, a foirly consistent pattern of a
small, increased risk with incregsing
exposure that is somewhat weaker for
chronic lymphocytic  leukemia than for
childhood leukemia. "

Both reports then go on to minimize the
observed relations based on the absence of
knowledge about mechanisms explaining such
relations. This is more directly stated in the 2007
WRO report /12/,

“Resolving the conflict hetween epidemio-
logical data (which show an association
between ELF magnetic fleld exposure and
an increased risk of childhood leukemia)
and experimental and mechanistic data
(which do not support this association) is the
fighest research prioyity in this field, "'

Leaving aside the issue of mechanisms, which
will be discussed later, it becomes apparent that all
three reports have accepted the demenstration of a
statistically significant relation between exposure
to elevated magnetic power line fields and child-
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hood leuikemia. This conclusion is supported by at
least three meta-analyses of the relation between
childhood leukemia and EMFs. Wartenberg /18/
reported on 16 epidemiologic studies, considering
reports using the Wertheimer and Leeper /1/ wire
codes as well as measured fields, and concluded
that “the observed results identify a consistent risk
that canpnot be explained by random variations”
Two more recent meta-analyses have been
published, Greenland et al. /19/ reported a signifi-
cantly elevated risk of 1.68 [95% Confidence
Interval (CI) = 1.23-2.31] based on pooled results
from 12 studies, using a time-weighted average of
exposure greater than 3 mG (0.3 pT). Ahlbom et
al. /20/ reported on nine studies, and found a
efevated risk of 2.0 (5% CI = 1.27-3,13) for
exposures equal or greater than 4 mG (0.4 pT) as
compared with less than | mG (0.1 uT).

These reports are important in that they show
consistency of a clearly elevated risk of leukemia
in children having EMF exposure from power-line
fields in homes. These meta-analyses lead to the
conclusion reflected in the WHO report that an
association exists between childhood leuksmia and
exposure to elevated magnetic fields in homes,

In addition, several recent studies add to the
conclusion that the exposure-leukemia relation is
strong. Draper et al /6/ studied rates of leukemia in
children in relation to proximity of their home to
high-voltage power lines. The investigators found
a dose-dependent relation, with relative risk being
1.69 (95% CI = 1.13-2.53} when comparing rates
in children Hlving within 200 m to those living
> 600 m from the line, and the relative risk being
1.23 {95% CI = 1.02-1.49) for children living 200-
600 m as compared with > 600 m. A significant
(P <.01) trend was found in refation to closeness
to the power line. In children with Down’s
Syndrome, Mejia-Arangure et al. /21/ found an OR
of 3.7 (95% Cl=1.05-13.1) between spot meas-
urements of magnetic fields greater than or equal
to 6 mG (0.6 uT) and leukemia. Foliart et al. /22/
examined the relation between magnetic field
exposure and the survival of children with acute

lymphoblastic leukemia in the US and found a
hazard ratio of 4.5 (95% CI = 1.5-13.8) for child-
ren exposed to greater than 3 mG (0.3 pT) as
compared with those having exposure to less than
I mG (0.1 uT). Svendsen et al. /23/ performed a
similar study of German children with leukemia,
and reported a hazard ratio of 2.6 {(95% CI = 1.3-
5.2) for the survival of children with acute
lymphoblastic leukemia (ALL) exposed to 2 mG
(0.2 uT) during recovery as compared with those
exposed to less than | mG (0.1 uT).

Lowenthal et al. /24/ looked at adult lympho-
proliferative and myeloproliferative diseases in
relation to childhood residence within 300 m of a
high-veltage power line during the first 15 years of
life and found an OR of 3.23 (5% CI = 1.26-
8.29). For those who lived within 300 m of a
power line in the first 5 years of life, the increased
risk was 4.74 (95% CI = (1.98-22.9), providing
support for the hypothesis that younger children
are more at risk, and that the resultant disease may
occur many years later during adulthood. Infante-
Rivard and Deadman /25/ showed that maternal
exposure during pregnancy increased the risk of
children 0-9 years of age developing leukemia (OR
=2.5,95% CI = 1.2-3.0, for children of mothers in
the highest 10% of exposure).

The observations of Lowenthal et al. /24/ and
Infante-Rivard and Deadman /23/ are very
important in that they demonstrate clearly that the
fetus and young children are at greater risk than are
adults, and that early life exposure may result in
cancer many years later. This finding is consistent
with a large body of information showing that the
fetus and young child are more vulnerable than
older persons are to chemicals /26/ and ionizing
radiation /27/. This susceptibility may be why the
evidence for the relation between magnetic field
exposure and leukemia in children is stronger than
that for adults. These considerations have led the
US Environmental Protection Agency to propose a
10-fold risk adjustment {or the first 2 years of life,
and a 3-fold adjustment for years 3 to 5 /27/. Even
these adjustments do not deal with fetal risk, which
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is likely to be significantly greater because during
this period of life, rapid organ development occurs.

In conclusion, the evidence for a relation
between childhood exposures to magnetic fields,
whether determined from residential wire codes or
measwed magnetic fields, and elevaled rates of
leukemia is consistent, Although the reported odds
ratios are not particularly high, the limitations in
the exposure assessment (consideration of only
residential exposure from external power lines) are
such that one would expect considerable under-
estimations of the actual risk.

“Only a small number of children are affected”

This argument is not correct because we do not
know precisely how many children are affected
with leukemia resuliing from of EMF exposure. In
1988, Carpenter and Ahlbom /28/ attempted to
answer this question based on the results of the
New York State Powerlines Project and the results
of the study of Savitz et al. /2/, concluding that if
the magnetic fields homes in the US were similar
to those in Denver, Colorado (where both the
Wertheimer and Leeper /1/ and Savitz et al. /2/
studies were done), fully 10% to 15% of US child-
hood leukemia (about 1,000 cases) could be
associated with residential magnetic figld exposure
from external power lines. The researchers then
suggested that exposure to magnetic fields from
non-residential sources (particularly appliances)
must be at least equal in magnitude and that if so,
then these two sources of exposure would account
for 20% to 30% of all childhood leukemias. Other
estimates are even higher /29/.

In the meta-analyses mentioned above, however,
Greenland et al. /19/ calculated the attributable
fraction of cases of childhood leukemia from
residential magnetic field exposure in the US to be
3%. Kheifets et al. /30/ attempted to calculate the
attributable fraction of worldwide childhood
leukemia due to EMFs based on the meta-analyses
of Ahlbom et al. /20/ and Greenland et al. /19/. The
authors concluded that the attributable fraction of

leukemia was between < 1% to 4%. The recent
WHO Environmental Health Criteria ELF Mono-
graph #238 /12/ states,

“td)ssuming that the association is causal,
the number of cases of childhood leukaemia
worldwide that might be atiributable to
exposure can be estimated to range from
100 to 2,400 cases per year. However this
represents 0.2 to 4.9% of the total annual
incidence of lewkaemia cases, estimated to
be 49,000 worldwide in 2000. Thus, in a
global context, the impact on public health,
if any, would be limited and uncertain.”

We strongly disagree with the overall
conclusion that these calculations indicate that the
fraction of childhood leukemia atfributable to
EMFs is so small that it lacks serious public health
implications. There are several reasons why the
WHO ELF Environmental Health Criteria Mono-
graph /12/ conclusions (as well as those of the
earlier reports) are not justified. These studies all
considered either only measured magnetic fields in
komes or wire codes from power lines, ignoring
exposure from appliances, wireless devices, and all
exposures outside of the home. Thus, these metrics
do not come close fo accounting for any
individual’s cumulative exposure to EMFs. If
residential magnetic fields cause cancer, then those
from other sources will add to the risk, but only the
Carpenter and Ahlbom /28/ analysis considered
this factor. The failure to measure total EMF
exposure would tend to obscure the relation and
lead to significant underestimations of the true
relation between exposure and disease.

A few reports have looked at childhood cancer
specifically and solely in relation to appliance use.
Savitz et al. /31/ reported weak associations
between childhood leukemia and the use of both
prenatal and postnatal electric blankets, Hatch et
al. /32/ found statistically significant elevations in
ALL in children whose mothers reported using an
electric blanket or mattress pad during pregnancy
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(OR = 1.539, 95% CI = 1.11-2.29). Children’s use
of electric blankets or matiress pads also showed a
significant elevation in risk of ALL (OR = 2.75,
95% CI = 1.52-4.98). These reports clearly support
the proposition that appliance use must be
incorperated into the measurements of total
expasure. None of the studies done to date has
dealt with exposures at day care centers or schools,
or at other places outside of the home where
children spend time. Yet all such places are
important in the consideration of cumulative
exposure and risk.

Although the evidence for a relation between
exposure and childhood leukemia may be
considered to be definitive at exposure levels of 3
or 4 mG or higher; evidence from some (but not
all) of the other studies indicates an elevated risk at
levels not greater than 2 mG /2,33/. No evidence
has been reported that exposures at lower levels are
‘safe’, as persons with such exposures usually
serve as the ‘control’ group. Therefore, this WHO
statement fails to acknowledge the true magnitude
of the problem, even when considering only

childhood leukemia. The global attributable risk of

childhood leukemia resulting from exposure to
EMFs must be significantly greater than that
calculated from consideration of only residential
50/60 Hz magnetic fields in studies having no
unexposed control,

“The risk is low”

This argument is incorrect because at present,
determining the magnitude of the risk is not
possible. Clearly as far as EMFs are concerned, no
unexposed population exists. Therefore, one can
only compare groups having different levels of
expostire, We can perhaps say with confidence that
the elevated risk of leukemia from residential
exposure of children to magnetic fields is ‘low’
{meaning ORs in the range of 2-4), but this does
not congider the child’s exposure to appliances,
exposure in antomobiles and at daycare or school,
exposures in playgrounds, and at all the other

places that a child spends time. Even if the risk to
one individual is low, the societal impact when
everyone is exposed may be very significant,

In addition, the exposure assessiment is grossly
inadequate, even in the best of studies. Most
reports deal only with either characterization of the
fields within residences or with job titles in
occupational settings. Scme studies attempt to
quantify other sources of exposure, such as the
frequency of cell-phone usage or the use of other
appliances, but these studies almost always do not
consider residential exposure from power lines or
living, working, or going to school in a WiFi
building. In no investigation has it been possible to
follow the exposures of a large number of people
over a number of years with an accurate
monitoring of total exposure to EMFs. Such a task
would of course be almost impossible to do for the
very good reason that as a person moves through
his or her environment, the exposures vary from
place to place and from moment to moment. To
truly and objectively determine the risk of exposure
to EMFs, however, considering residential, occu-
pational (or school) and recreational exposures to
the full range of the electromagnetic spectrum,
including appliances and wireless devices is
essential. This coverage has not been accomplished
in any study, and without such information,
determining the overall magnitude of the risk is not
possible. What is possible, indeed likely, is that
upon consideration of both childhood and adult
diseases that the risk is not low.

“Evidence that adult to 50/60 Hz EMYF exposure is
insufficient”

The ievel of evidence definitively proving an
association between exposure to EMFs and adult
cancer is less strong than the relation with
childhood leukemia. Multiple studies, however,
show statistically significant relations between
occupational exposure and levkemia in adults
despite major limitations in exposure assessient.
Significant elevations in the rates of leukemia
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following occupational exposure to elevated EMF
have been reported in review articles /34/ and in a
meta-analysis /35/. Kheifets et al. /35/ report an
OR of 1.18 {95% CI = 1.12-1,124) for all leukemias
based on data from 38 studies, with significant
elevations for both acute myelogenons (AMLY} and
chronic  lymphoeytic {CLL), but with non-
significant elevations in acute lymphocytic (ALL)
and chronic myelogenous (CML) leukemia.
Although the reported ORs are somewhat lower
than those in most childhood studies, this
difference may be not remarkable given the greater
variety of seftings in which most adults spend time
with all of accompanying difficulties in evaluating
total cxposures. Most important, the strongest
evidence for a cancer is fthat the same cancer
(leukemia) is significantly elevated in children.
Yet, considering only occupational exposure
without attention to residential and recreational
exposures is certain to lead to inadequate exposure
assessment.

Some recent studies report similar elevations,
whereas others do not. Savitz and Loomis /36/ did
not find any elevation in risk of leukemia in a study
of 138905 electric utility workers. Minder and
Pfluger /37/ report elevated lenkemia mortality
among Swiss railway employees exposed to
magnetic flelds (OR = 24, 95% CI = 1.0-6.1),
whereas Harrington et al. /38/ reported no elevated
rates of lenkemia among UK electricity generation
and transmission workers when Compat‘ed with the
rest of the UK population. The failure to find a
relation could of course reflect the healthy-worker
effect. In a 1997 review, Miller et al. /39/ reported
that of 124 studies reporting odds ratios for
leukemia in relation to occupations associated with
clectricity, 41 showed a significant elevation, and 4
showed a dose-response relation. The studies
concluded that there is a reasonable relation with
occupational exposure, but that occupational EMF
exposure alone cannot account for the majority of
leukemia cases among working men.

Feychting et al. /40/ conducted an investigation
of adult leukemia in relation to exposure to

magnetic fields with consideration of combined
residential and occupational exposures. The
investigators found no relation between residential
exposure alone with either total leukemias or any
of three specific types of leukemia, and,only a non-
significant elevation of risk of leukemia with
occupational exposure alone, Nevertheless, when
both residential and occupational exposures were
considered, the authors reported a significant
elevation of risk of all leukemias with an OR = 3.7
(35% CI = 1.5-9.4), and significant elevations in
both AML and CML, but a non-significant
elevation in CLL, This study convincingly demon-
strates the importance of considering exposures in
multiple settings, especially both residential and
occupational. :

In adults, some evidence has been found for a
relation between magnetic field exposure and other
kinds of cancer, which is strongest for brain
cancer. Kheifets et al. /41/ performed a meta-
analysis of 29 reports of brain cancer and EMFs
and found an OR = 1.21 (95% CI = 1.11-1.33) for
all electrical workers. The authors found signifi-
cant elevations for electrical engineers, welders,
and power station workers, Rodvall et al, /42/
investigated glioma and meningioma in central
Sweden in relation to job title, and reported only
non-significant elevations of both neoplasms in
relation to measured magnetic fields. Villeneuve et
al, /43/ also reported only non-significant elevations
in rates of all brain cancers in relation to residential
exposure to magnetic fields, but found a highly
significant relation among men diagnosed with
glioblastoma multiforme {OR = 5.36, 95% CI =
1.16-24.78).

The evidence for a relation between EMF
exposure and breast cancer is relatively streng in
men /44/, and some /45-46/ but by no means all
/47-49/ studies show female breast cancer also to
be significantly elevated with increased exposure,
Peplonska et al. /50/ recently found increased risk
of breast cancer in women occupationally exposed
to elevated magnetic fields. Less evidence has been
published on other cancers, but Charles et al. /51/
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reported that workers in the highest 10% category
for EMF exposure were twice as likely to die of
prostate cancer as those exposed at lower levels
{OR =2.02, 95% CI = 1.34-3.04). Villeneuve et al.
/52/ report statistically significant elevations of
nen-Hodgkin's  lymphoma in  electric  utility
workers in relation to EMF exposure, whereas
Tynes et al. /53/ report elevated rates of malignant
melanoma in persons living near to high voliage
power lines. Although these observations need
replication, they suggest a possible relation
between exposure and cancer beyond leukemia and
brain cancer in adults.

The evidence for an association between ELF-
EMF exposure and the neurodegenerative diseases
Alzheimer’s and amyotrophic lateral sclerosis
(ALS) is strong. For Alzheimer’s disease, Qio et
al. /54/ found ORs of 2.3 (95% CI = 1.0-5.1),
Feychting et al. /55/ reported ORs of 2,3 (95% CI
= 1.6-3.3), and Hakansson et al. /56/ found ORs of
4.0 (95% CI = 1.4-11.7}. For ALS, Savitz e{ al.
/57/ reported ORs of 3.1 (95% CI = 1.0-9.8) and
Hakansson et al. /56/ found an OR of 2.2 (95% CI
= 1.0-4.7). Rcosli et al. /58/ looked at neuro-
degenerative  diseases among Swiss railway
employees and reported an elevated risk for train
drivers as compared with a risk of 3.15 (95% CI =
0.90-11.04) for Alzheimer’s discase in station
masters. For every 10 pT years of cumulative
exposure the authors found Alzheimer’s disease
risk to increase by 9.4% (95% CI =2.7-16.4). No
elevated risk was found for Parkinson’s disease or
multiple sclerosis. Garcia et al. /59/ reported a
meta-analysis of EMF exposure and Alzheimer's
disease. From 14 different studies they found an
OR of 2.03 (95% CI = 1.38-3.00 for case-conlrol
studies, and [.62 (95% CI = 1.16-2.80) for cohort
studies. These reports show a consistent pattern of
elevated risk that cannot be ignored,

[n total, the scientific evidence for adult disease,
especially leukemia, brain cancer, Alzheimer’s
disease and ALS, associated with ELF-EMF
exposure is sufficiently strong that preventive steps
are not only appropriate but also called for. This

conclusion is despite all the difficulties with
exposurc assessment. Although many possible
sources of false-positive results can be found in
epidemioclogic studies, even more possible reasons
exist for false-negative results, depending on the
sample size, exposure assessment, and a variety of
other confounders, Discounting the positive studies
just because not every investigation shows a
positive result is inappropriate. Although further
research is needed with better exposure assessment
and control of confounders, the evidence for a
relation between ELF-EMF exposure and adult
cancers/neurodegenerative diseases is sufficiently
strong at present to merit preventive actions to
reduce EMF exposure.

“There is little evidence that low-intensity RF
fields pose human health hazards”

The thermal effects of radiofrequency radiation,
including microwaves, have been studied for many
years (see review by Elder /60/), and are well
known to cause serious harm if exposures result in
tissue heating. The important question, however, is
whether adverse health effects occur at RF
intensities that do not cause heating. Present
international standards for expaosure to RF fields
are based on limited information and the
questionable assumption that there are no non-
thermal hazardous effects of RF radiation. That
non-thermal effects occur in biological systems is
clear, but the degree to which these constitute a
hazard is less clear /61/.

Current thermally based RF standards are
designed only to protect against acute (not chronic)
exposures and protect only against thermal damage
based on a six-foot man model. Because size and
shape are important determinants of RF exposure,
the existing public safety standards are deficient in
providing protection to children and smaller adults.

The literature for health hazards from RF fields
is not as extensive as that for power lines
frequencies. Yet, a large body of evidence reports
elevations in cancer in relation to exposure.
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Szmigielski /62/ investigated cancer morbidity in
Polish military personnel and found that persons
occupationally exposed to RF/microwave radiation
had a greater than two-fold risk of any cancer than
unexposed personnel. The relations were strongest
for hematopaoetic cancers, which were elevated
between 5.8 and 13.9 fold. Grayson /63/ reported a
significant 1.39-fold elevation (95% CI = 1.01-
1.90) in brain tumors in US Air Force personnel
exposed to RF radiation.

Several studies have reported elevated risk of
lenkemia resulting from exposure to RF fields from
AM and FM radio communication frequencies.
Dolk et al. /64/ reported a 1.3-fold elevation in
lenkemia among individuals living near an FM
radio transmitter in England. Michelozzi et al. /65/
found a significant dose-dependent eievation in
adult and childhood leukemia among residents
living near to a high-powered radio station in Rome,
Park et al. /66/ investigated cancer rates in Korea in
individuals tiving near AM radio broadcasting
towers, and found significant elevations in leukemia,
especially in the young (standardized mortality
ratic (MMR) = 2.29, 95% CI 1.05-5.98 for 0-14
years and MMR = 2.44, 95% CI = 1.07-5.24 for
15-29 years).

Ha et al. /67/ reported on an expanded cohort of
1,928 Korean children with leukemia, 956 children
with brain cancer, and 3,082 age-matched controls
with respiratory illnesses. The investigators found
a significant elevation in risk of leukemia for
children residing within 2 kn1 of the nearest AM
radio transmitter as compared with those residing
more than 20 km away (OR = 2.15, 95% CI =
1.00-4.67), but no significant relation with brain
cancer. This study is consistent with the hypothesis
that radiofrequency EMFs increase risks of the
same diseases repotted for 50/60 Hz EMFs.
Because radiofrequency EMFs have higher energy
than do power line frequencies, one might expect
that rediofrequency EMTFs would be even more
likely to cause disease.

Evidence is rapidly meunting that brain tumor
rislke is elevated with long-term cell-phone use.

Hardell et al. /68/ first reported that on multivariate
analysis, the OR for ipsilateral temporal, occipital,
or temporoparietal lobe brain tumors was 2.62
{95% CI = 1.02-6.71), whereas no elevation in risk
was found for the contralateral brain (OR = 0.97,
95% CI = 0.36-2.59). Later, Hardell et al. /69/
found that individuals using analog cell phtones had
a pgreater than eightfold increased risk of
developing brain tumors, and with cordless phone
usage, the increased risk was more than fourfold.
Additionally, Lonn et al. /70/ found an increased
risk of acoustic neuroma (a form of brain cancer)
among persons in Sweden who had been using a
cell phone for 10 years or more.

Results are beginning to appear from the
European INTERPHONE study, and although not
coinplete as yet, both the German /71-72/ and the
French /73/ preliminary reports present at least a
suggestion of an elevation in rates of some forms’
of brain cancer and acoustic tumors among indi--
viduals who are the heaviest and longest duration
users of cell phones. Schoemaker et al. /74/
reported on mobile phone use in a case-control
study in five North European countries, and found
that risk of acoustic neuroma on the same side of
the head as reported phone use was raised for use
for 10 years or longer (OR = 1.8, 95% CI = 1.i-
3.1). Lahkola et al. /75/ reported on a similar study
but focused on glioma. The authors report an OR
of 1.39 (95% CI = 1.01-1.92, p for trend 0.04) for
mobile phone use on the same side of the head, but
no significant elevation in the contralateral
hemisphere. In neither the Schoemaker /74/ nor the
Labkola /75/ stodies was there a significant
increase in overall risk of acoustic neuroma or
glioma based simply on the use of a mobile phone.
An Israeli component of the INTERPHONE study
has reported a significant and dose-dependent
elevation in the development of parotid gland
tumors on the ipsilateral side (OR 1.58, 95% CIL =
1.11-2.24), but no relation with contralateral
tumors /76/. Other large studies, however, have not
detected any relation between either brain cancer
/77-78/ or acoustic neuroima and mobile phone use
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/7. Some researchers who did not find a relation
have noted that cell-phone usage is sufficiently
recent such that concluding that long-term exposure
is without hazard is not possible (ef. /77/).

Kundi et al. /79/ summarized the results of nine
different human epidemiologic studies made in
another recent review by ICNIPT et al, /80/, which
points out that not all human studies are consistent,
and that so many deficiencies are present in the
studies conducted to date that one cannot role out
an association between exposure and cancer,

Recently a meta-analysis was published that
focused on cell phone use and cancer. Hardell et al.
/81/ examined 2 cohort and 16 case-control studies.
Nine of the case-control studies were of cases with
a latency period of greafer than 10 years, but most
of these included few cases. The risk of glioma
was estimated to be 1.2 (95% C1 = 0.8-1.9}, and
increased to 2.1 (95% CI = 1.2-3.4) for ipsilateral
use. Acoustic neuroma risk was estimated to be 1.3
{95% ClI = 0.6-2.8), increasing to 2.4 (95% Cl =
1.1-5.3) for ipsilateral use. The enormous and very
recent increase in the use of cell phones by children
is particularly worrisome. Inadequaie information
is available at present concerning the long-term
consequences of cell phone use, especially by
children, but the reports cited above suggest that
the risk of brain tumors and acoustic neurons is
significant. Should further study confirm these
relations, we may be facing an epidemic of disease
resulting from cell-phone usage, Because the
latency for developing such diseases is long, this
situation is of particular concern, especially for
children.

A pumber of human studies of biological
effects other than cancer associated with RF flelds
have been repotted, as well as a number of studies
not finding such effects. Huber et al. /82/ showed
that human exposure to digital radiotelephone
handsets affects brain physiology in young healthy
male subjects, medifying their eleciroencephalo-
gram during subsequent sleep. Koivisto et al. /83/
reported that exposure to 902 MHz fields actually

accelerates simple reaction times fn  human
participants. A number of other biological effects
that are not believed to be secondary to thermal
changes have been reported. Such effects include
increase spontaneous abortion, shifts in red and
white blood cell counts, increased mutations in
lymphocytes (see /84/), and changes in brainwave
activity /85-86/. Seitz et al, /87/ reviewed studies
of electromagnetic hypersensitivity and subjective
health complaints associated with EMF exposure
and concluded that such effects are not proven, but
that at present, long-term etfects of impaired well-
being also cannot be excluded. Three recent reports
suggest a relation between cell-phone use and
reduced male fertility /88-90/. Further studies are
needed (o determine whether significant effects of
RF fields affect both nervous system function and
fertility, but with careful exposure assessment and
adequate concern for confounders,

Divan et al. /91/ reported that prenatal and
postnatal exposure of children to cell-phone
frequencies was associated with a significant
increase in behavioral problems of emotion and
hypetactivity around the age of school entry (OR =
1.80, 95% CI = 1.45-2.23). Although the results
need replication, they point to an elevated
susceptibility of the fetus and young children and
suggest a variety of adverse effects of cell-phone
frequencies beyond just cancer.

Although these studies do not provide the same
level of proof found in the studies of power line
frequencies, they most certainly do not allow one
to conclude that RE exposures are safe.

“There is no animal evidence”

It is correct to say that no adequate animal
model system is available that reproducibly
demonsirates the development of cancer in
response to exposure to EMFs at the various
frequencies of concern. McCann et al. /92/
reviewed the animal studies, and whereas the
authors found most studies (o be negative, several
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showed suggestive positive results. The investiga-
tors also clearly identified issues that must be
improved in further animal carcinogenesis research,
Kheifets et al, /93/, however, in a policy review
noted that,

“...even consistent negative toxicological data
cannot completely overcome consistent epi-
dentiological studies. First, a good animal
model for childhood lewkemmia has been
lacking. Second, particulurly for ELF, the
complex exposures that humans encounier on
a derily basis and a lack of undersianding of
the biolagically relevant exposure calls info
question the relevance of exposures applied in
toxicology. Another imitation of toxicologic
studies is that animals cannot be exposed lo
fields that are orders of magnitude more
powerful than those encountered by himans,
decreasing their power fo detect smail risks. "

Further, they conclude that,

“(Athough the body of evidence is always
considered as a whole, based on the weight
of evidence approach and incorporating
different lines of scientific enquiry, epidemi-
olagic evidence, as most relevant, is given
the greaiest weight.”’

More striking is the report from Denver,
Colorado, using the wire-code characterization
originally developed by Wertheimer and Leeper /1/
showing that pet dogs living in homes that are
characterized as having high or very high -wire
codes, as compared with those with low or very
low wire codes or buried power lines, showed a
OR of 1.8 (95% CI = 0.9-3.4) for developing
lymphoma after adjustment for poteatial con-
founders, whereas dogs that lived in homes with
very high wire codes had an OR of 6.8 (95% Cl =
1.6-28.5) /94/. This study is impressive because the
exposure of the dogs reflects the environment in

which exposure has been associated with elevated
risk of human cancer in two independent investi-
gations /1,2/,

One positive animal study is that by Rapacholi
et al. /95/, who demonstrated that lymphoma-prone
transgenic mice developed significantly more
lymphomas after exposure to 900 MHz fields
{lymphoma being the animal equivalent of human
leukemia) than did unexposed animals. Utteridege
et al. /96/, however, were not able to replicate this
observation, although their exposures were not
identical.

Salford et al. /97/ reported that lew power RF
fields, below that which caused thermal effects,
increase the leakage of protein from the blood-
brain barrier, and they later found that this resulted
in direct damage to nerve cells from microwaves
from a GSM mobile phone /98/. Tattersall et al.
199/ found that RF field applications below the
level that causes heating resulted in changes in the
electrical activity of brain slices, suggesting that
such fields can alter nervous systemm function,
Wang and Lai /100/ reported altered performarce
of rats in leaming tasks exposed o 2450-MHz
microwaves.

Curiously, in many legal situations the courts
are reluctant to accept evidence that a chemical
substance causes cancer in animals without
corresponding evidence in humans. In the case of
EMFs, we have strong evidence that magnetic
fields cause cancer in humnans, but much less
evidence from1 animal models. The US Supreme
Court /101/, in the case of Daubert vs. Merrell
Dow Pharmaceuticals, effectively ruled that animal
studies were not relevant to himan health, and that
the only admissible evidence must be from human
epidemiclogic studies! Although this is certainly
not a justifiable conclusion, the situation with
regard to EMFT health effects is that we have strong
evidence for human cancer from epidemiologic
studies but do not have good evidence for cancer in
experimental animals. Yel, humans are what we
should be concerned about, not laboratory rats!
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“We do not know a mechanism”

We do not know the mechanism of cancer in
general, although we do know a lot about cancer, It
came as a major surprise to most scientists when
Lichtenstein et al. /102/ reported that genetic
factors play a minor role in causing most types of
cancer because it had been commonly assumed
that genetics was the major cause. Yet, Lichlen-
stein et al. concluded from their study of identical
twins that environmental factors were the initiating
event in the majority of cancers. This finding does
not of course mean thal genetic susceptibility to
environmental contaminants s unimportant, but
rather that genetic factors alone do not result in
cancer in most cases. We know the mechanisms of
action for cerfain carcinogenic substances, but for
most cancers, we know neither the environmental
trigger nor the mechanism of action, Thus, there is
no reasen to negate the evidence that EMFs cause
cancer just because we do not know a single
mechanism to explain it's mode of action. Whether
magnetic fields actually cause childhoed leukemia,
or whether some other component in the
electromagnetic enviranment is responsible for the
association, is a subject of debate within the
scientific community, but from a public health
point of view, this controversy does ot matter.

We do not know the mechanism or cause for
the development of Alzheimer's disease or ALS.
We do know that both are more common in
individuals in certain occupations and that
exposure to certain 1metals is associated with
increased risk /103-104/. In the case of Alzheimer's
disease, abnormalities of amyloidB and the tau
protein have been found /105/, but the
understanding of why or how they form is very
limited. Neither the association with metals nor the
presence of abnormal proteins constitutes a
mechanism for the cause of these diseases. So,
rather than discounting the relation between EMF
exposure and neurodegenerative diseases, we
should be using this information as a tool Lo better
enderstand the etiology of these diseases.

Clear evidence has emerged from animal and
cell culture studies that ELF and RFR have
biclogical effects. Furthermore, such effects occur
at intensities commonly experienced by humans.
We know a number of ways in which EMFs alter
cell physiology and function. Electromagnetic fields
affect gene Iranscription /106-110/, induce the
synthesis of stress proteins /111/, and cause
breakage of DNA /112/, probably through the
generation of reactive oxygen species /113-114/,
Changes in the blood-brain-barrier and in caicium
metabolism have been demonstrated for various
RF frequencies {(see review by Lai /115/), and such
effects occur at exposures that do not cause
significant heating. Any one of these actions might
be responsible for the carcinogenic and/cr neuro-
degenerative actions of EMFs. As with many
environmental agents, however, assuming that only
one target or mechanism of action exists would be
a mistake. For example, it is unlikely that the
mechanisms causing effects on the nervous gystem
and behavior are secondary to the same as those
leading to cancer. More likely is that multiple
mechanisms of action are in force leading to
disease. Yet, the lack of complete understanding of
basic mechanisms does not alter the importance of
the relations.

LEVELS OF PROOF AND STANDARDS OF
EVIDENCE FOR DECISION-MAKING DIFFER
AMONG PROFESSIONS

The tevels of proof that are required for general
accepiance vary among the disciplines. The level
of proof that should trigger a public health
response does not, and should not, require the same
leve] of proof as that required for proof of a
mathematical theorem or a basic principle in
biology. The principal reason that the levels of
proof are different in these situations is that in the
case of public health, an enormous cost, in terms of
human life lost, in doing nothing could be involved.
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Evaluating the strengths of scientific evidence
on public health and environmental hazards
requires that these differences are recognized and
transparent. Decision-makers and the public will
be best served by a clear recognition that differing
standards of evidence and levels of proof are
expected and justified, and making them explicit in
review processes is essential.

These differing standards reflect both the
standards of the different professions and the
training given to students of ditferent disciplines.
The consequences of these differences are of
paramount importance in understanding why
different ‘experts’ can arrive at apparently opposite
conclusions when reviewing the same body of
evidence. Such experis will differ in their judg-
ments about when the evidence justifies drawing
conclusions, what degree of evidentiary proof is
sufficient to do so, and what actions might be
justified at any point on that information
continuun.  This approach, however, creates
confusion, during which different expert panels

Standards for Action

Standards of evidence for decision-making, as used in mathematical proof, scientific investigations, legal and

reviewing the same body of evidence may well
come to diamefrically opposed opinions about
whether sufficient information is available af a
point in time to reasonably link cause to effect,

Figure 2 shows that at least four standards of
evidence are accepted as levels of proof or
requirements for action in different professions,
The following discussion is presented to highlight
several of the main differences in the professional
approach and traditional ways of viewing and
interpreting scientific evidence. The most rigorous
is mathematical proof, which constitutes proof at
100% confidence. This level is the standard in
mathematics, physics, and chemistry but is a level
of proof that in almost every sitwation cannot be
achieved in biology and medicine,

The level of proof used by the biology and
medical scientific community is that the associa-
tions from experimental animal and cell studies
and from human epidemiologic studies are
established such that no more than a4 5% possibility
remains that the resulis could be due to chance.
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This possibility is called the 95% confidence infer-
val, or even heiter the 99% confidence intervel, at
which no more than a % possibility remains that
the resulis are due to chance. This Jevel is the
accepted standard of proof of association (not
necessarily of causation) in laboratory and
epidemiologic studies, and when achieved, the
results are coneluded to be “statistically significant’.
We expect thal all possible evidence (animal, cell,
and epidemiologic studies, with replications) will
show a high degree of consistency.

In human epidemiologic studies, the Hill

Criteria are important factors for consideration.
These Criteria were suggested by Sir Bradford Hill
in a lecture in 1963 /116/. The Hill Criteria are
important when one attempts to go beyond
‘association’ to ‘causation’. Although some insist
that each of the ‘criteria’ must be met {o assign
causatiorn, understanding how Hill introduced these
considerations is important. The Hill Criteria are
listed in the sidebar, together with quotes from his
article. Clearly, Hill did not Delieve that each
consideration had to be met before concluding that
a relation exists between exposure and disease.
Rather, he meant these considerations to be the
factors that are considered in determining the
‘weight of evidence’. The concept of weight of
evidence is very important, and is basically what
the Hill Criteria are about—dealing with the
strength of association, how similar the findings
are from different studies, how strong the evidence
is that more is worse, and how well the studies in
different model systems provide consistent results.
The Hill Criteria provide a framewark for taking
action when the weight of evidence indicates a
relation between exposure and disease, even when
some unknowns remain.

When evaluating the findings of statistically
significant relations between EMF exposure and
disease in relation to the considerations outlined by
Hill, the evidence for leukemia in children is
sufficiently strong to meet the criteria. The
associations of disease with adult leukemia and
brain tumors and for the neurodegenerative diseases

Alzheimer’s disease and ALS is certainly less
extensive, but still sufficient to meet most of the
criteria. The evidence for the adverse effects of RF
exposure, although growing rapidly, is not as
complete but is still strongly suggestive. Thus, the
question remains of how to deal with evidence that
is incomplete, but for which the public health
impact is potentially great.

The legal profession looks at the burden of
proof and standards for judging the evidence in a
far different way. The level of proof that is the
standard applied in civil legal proceedings is ‘more
likely than not’. In other words, if there is a S0%+
likelihood of harm, then this level is taken as
evidence for a relation, as shown in Figure 2. It is
not necessary that the evidence of harm be
conclusive, neither is some uncertainty of causation
a reason to cenclude that no relation exisls between
exposure and harm, In fact, a certain amount of
uncertainty is allowable, even under the more
stringent {criminal) standard of evidence, namely
“beyond a reasonable doubt”. No legal standard
requires complete certainty of effect to make a
defensible judgment on the evidence at hand. The
level of certainty about an éffect that is sufficient
to take action (in this case to decide the
admissibility of evidence or the outcome of a court
trial) can be lower than a strictly scientific
determination on causality. Important social issues
must often be decided based on uncertain scientific
evidence. This level of evidence has been more
than reached for the association between prolonged
and fiequent use of cell phones and increased risk
of ipsilateral brain tumors, acoustic neuromas, and
parotid gland tumors.

Prudent public health policy requires yet a
different approach to standards of evidence, based
on precaution (far right bar in Figure 2). A large
difference can be seen between what constitutes
causal svidence for purposes of achieving scientific
consensus, what constitutes "a more likely than not"
case under the law, and what constitutes sufficient
evidence for purposes of interim public health
policy. The demonstration of a low level of prool of
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The Hill Criterta, as presented by Sir Bradford Hill:

1. Strength of the Association: He indicates that a strong association is an important consideration, but comments
“In thus putting emphasis upon the strength of an associalion we must, nevertheless, look at the obverse of the
coin. We must not be loo ready lo dismiss a cause-and-cliect hypothesis merely on the grounds that the observed
associalion appears (o be slight. There are many occasions in medicing when this is in truth so. Relatively few
persons harboring the meningococeus fall sick of meningococeal meningitis, Relatively fow persons
accupationally exposed to rat's urine contract Weil's disease.” Thus while strength of the association is an
important consideration, it must be placed in centext, With regard to health hazards firom EMF it is true that in
most studies the odd ratios are relatively low, often in the range of 1.5-3.0. But the consistency with which

_elevated and statistically significant ORs are found is the important consideration, particularly in light of the

inadequacy of exposure assessment,

2, Consistency: This means that different studies get the same resulls, Bul again, Hill cautions “I would myself
put a good deal of weight upon similar results reached in quite different ways, e.g., prospectively and
retrospectively, Once again looking at the obverse of the coin there wilt be occasions when repetition is absent or
impossible and yet we should not hesiate to draw conclusions.™ Thus, one does not need to demonsteate a
statistically signiticant relation in every study. especially given the problem with exposure assessment,

3. Specificity; Specificily is to say that the effect is due to the specific exposure. He concludes, “We must also
keep in mind that diseases may have more than one cause. Il has always been possible 1o acquire a cancer of the
scrolurn without sweeping chimoeys or taking to mule-spinning in Lancashire. One-to-one relations are not
frequent. Indeed I believe that multi-causation is generally more likely than single causation though possibly il
we kiew all the answers we might get back to a single Factor. In short, if specificity exists we may be able to
draw conclusions without hesitation; if it is nol apparent, we are nd1 thereby necessarily [efl silting irresolutely
on the fence.”

4. Temporality: Temporality refers (o the time relation between exposure and disease. But this is often difticuli to
determine. HMill stales, “This is a question which might be particularly relevant with diseases of slow
development. Does a particular diet lead to disease or do the early stages of the disease lead to those peculiar
dietetic habits?" The issue of brain tumors and acoustic nevrons from cell phone use is a perfect example of the
problem with diseases with a long latency.

3. Dose-Response Relation {which Hill calls “biological gradient™): Finding a dose-response relation is often '
considered a key factar in any toxicologic investigation. Bui Hill cautions, “Ofien the ditficulty is lo secure some
satisfactory quantitative measure of the environment which will permit us 1o explore this dose-response. But we
should invariably seek it.” Thus, lack of a dose-response relation does not destroy a causal connection.

6. Plansibiligr Hill notes, “It will be helpful if the causation we suspect is biologically plausible, But this is a
feature 1 am convinced we cannot demand, What is biologically plausible depends upon the biological
knowledge of the day.” This consideration is particulatly relevant o EMF considerations.

7. Coherence: Coherence means {hat there should not he serivus cenflict between known [acts of the disease
under consideration. Hill discusses coherence in reflation lo smoking and lung cancer and says “Personally, [
regard as greatfy conlributing to coherence the histopathological evidence from the bronchial epithelium of
smokers and the isolation from cigarette smoke of factors carcinogenic for the skin ef iaboratory animals.
Nevertheless, while such laboratory evidence can enormously strengthen the hypothesis and, indeed, may
determine the actual causative agent, the lack ol such evidence cannot nutlify the epidemiological observations
in man. Arsenic can undoubtedly cause cancer of the skin in man but it has never been possible to demonstrate
such an effect on any other animal.™ Again, ihis consideration is directly relevant to the issue of a lack of an

animal model for EMF-induced leukemia.
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an environmental hazard, especially il there is a
potential for a significant public health impact,
should warranl preventative action and mitigation
of impacts, Furthermore, the threshold for and the
degree of action should vary with the magnitude of
the potential impact on human health.

A central confuision in this debate has been
whether prudent environmental policy and public
health decisions necessarily require conclusive
scientific evidence to first be demonstrated. We do
not believe that this is the case. The state of the
science needs to be presenied in an understandable
and scientifically accurate manner, but prudent
public health actions do not and should not require
proof of harm at any leve! described above, When
some evidence for danger that may lead to
significant harm is reported, taking preventative
actions and imple-menting policies that are
profective of public health, safety, and welfare
rather than waiting for absolute scientific certainty
may be essential.

ELECTROMAGNETIC FIELDS AND PUBLIC
HEALTH STANDARDS OF EVIDENCE -

In the case of EMF, where everyone is exposed,
the societal implications may be huge if a real risk
exists whose magnitude has simply not yet been
clarified. For several of the major health effects
discussed above (childhood and adult leukemia,
Alzheimer’s, and ALS) the degree of evidence of
serious disease resulting from exposure is
sufficient to merit action on the basis of traditional
scientific criteria. For many other possible health
outcames (health effects of exposure to RF, EMF,
electrosensitivity), the results are less certain.
Public policies are needed to address the issue of
decision-making in the face of this scientific
uncertainty, especially when the potential for a
significant impact on the health of the public is
high. What should the public policy be when the
level of certainty (10% to 40%) is relatively low?
How should the lack of an unexposed population

be factored into the decision? What should policy
be when one of the major concerns is the exposure
of children, who currently often spend hours per
day text messaging or chatting on a cell phone?

The landmark publication “Late Lessons from
Early Warnings: The Precautionary Principle 1896-
2000” /117/ has given a roadmap to those who
wish to make more informed decisions about
“when there is enough information to act” on
environmental and health issues which, if ignored,
could rvesult in costly consequences. Future
decision-makers have to balance the costs of being
too restrictive with the costs of being too
permissive. If problems are identified early, but
questions still exist about possible risks, then
identifying reasonable actions that are precautionary
and proportionate is necessary. Choosing which
actions to take depends upon the level of proof and
on the gize, nature, complexity, and distribution of
the costs of being wrong (Figure 3}.

“The level of proof depends on the size and
naiure of the potential harm, the claimed benefits, the
available alternatives, and the potential costs of
being wrong in both directions, i.e., of acting or not
acting in the context of uncertainty, ignorance and
high stakes." (page 193) “The goals of science and
public policy-making on health and environmental
hazards are different: science puts a greater priority
on avoiding "false positives” by accepting only very
high levels of proof of “causality”, whereas public
policy tries to prioritize the avoidance of 'false
negatives” on the basiy of a sufficiency of evidence of
potential harm.”

The Precautionary Principle as encoded by the
European Environmental Agency /t17/ is a
roadmap for decision-making. It describes how
varying levels of scientific evidence (from scant to
causal) can be interpreted in choosing appropriate
levels of action that are based on the level of
certainty or uncertainty involving risks. Both
prevention and precaution are included as key
principles in the European Treaty,
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Table I: Late lessons from carly warnings: Table on evidence

example, asbeslos

Situation State and dates of knowledge Examples of action
. ces Prevention: action taken to redace known
“Known’ impacts; *known® probabilities; for R )
Risk hazards; for example, eliminating exposure o

asbestos dust

Uncertainty

‘Known® impacts; ‘unknown® probabilities; for
example, antibiotics in animal feed and
associated human resistance to those antibiotics

Precautionary prevention: aclion takea to
reduce exposure to potential hazards

*Unknown' impacts and therefore ‘unknown’
probabilities; for example, the ‘surprises’ of

Precaution: action taken to anticipate, identify

lgnorance b o ‘ad
chlorofluorocarbans (CFCs), pre-1974. and reduce the impact of ‘surprises
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Fig. 3: Standards of evidence for precautionary/preventative action
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Table 1 clarifies the basis on which these terms
can be applied to take “appropriate precautionary
actions to avoid serious threats to health or
environments” /117/, How one determines a
reasonable, proportionate, and defensible level of
action depends on what evidence is available, how
high the level of ignorance is about potential
factors and outcomes, and what if anything, can be
deduced about probabilities of risk. Factors that
influence the level of precautionary or preventative
action, or regulation, include the following:

« the costs (health, societal, economic, techno-
logical);

+ the probable consequence of taking no action
at all;

= how large an effect could oceur;

+  the populations potentially at risk;

« the nature, acceptability, and irreversibility of
patential impacts; and

« the ethics of doing nothing in light of evidence’

of harm.

Preventative action is a clear and defensible
choice for some level of action, when waiting for
scientific proof might put millions at risk of a dread
disease that could be avoided by simple education,
by behavioral changes, or by the use of technology,
as shown diagrammatically in Figure 3.

The Rio Declaration, coming from the 1992
Convention of the United Nations Environment
Programime /17/ lists the following as Principle 15:

“In order to protect the environment, the
precautionary  approach  shall  be widely
applied by States according lo their capa-
bilities, Where there are threats of serious or
irreversible damage, lack of fidl scientific
certainty shall not be used as @ reason for
postponing cost-gffective measures to prevent
environmental degradation.”

This concepl was further developed at a
Wingspread Conference in 1998 /118/, which

defined this principle as

“When an activity raises threats of harm to
human  health or the environment, pre-
cautionary measures should be taken even if
some cause and effect relations are not fully
established scientifically. In this context the
proponent of an activilty, rather than the
public, should bear the burden of proof The
process of applying the Precautionary Prin-
ciple must be open, informed, and democratic
and must include potentially affecied parties.
The Precautionary Principle must also invoive
an examination of the [full range of
alternatives, including no action.”

The Precautionary Principle does not include a
focus on economic factors, but rather implies that
caution should be exercised in all decisions
affecting human exposures. This principle is a
formulation of the things your mother taught you—
“An ounce of prevention is worth a pound of cure,”

In the case of power-frequency and RF EMF,
the sheer nunbers of people who are at risk makes
the wise handling of this issue a health policy
imperative, In the face of inadequate evidence, the
public health response should be proportional to
the potential public health impact (Figure 4). It
may be true that the risk to any one individual is
not great, but from a societal perspective, the
impact of exposure may be very large. Proof of
harm should not be a pre-condition for taking
action when the potential health impact is huge.
What decision-makers need fo address is what
standard of evidence is appropriate now to guide
them with respect to EMF exposures that are
clearly of environmental and public health
concern. The prudent approach from a public
kealth paoint of view is to take preventive actions as
if causation had been proven, while at the same
time to continue to search for mechanisms of
action. The fact that there are unknowns does not
negate or ovetride the wultimate public health
responsibility, which is to protect the population
from exposures that cause disease.
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Fig.4: A public health-hased response must be relative to the magnitude of the potential impect of inaction. When the
potential impact is high, action shouid be taken even when the evidence of risk is low.

DEFINING NEW EXPOSURE STANDARDS FOR
ELF AND RF ELECTROMAGNETIIC FIELDS
BASED ON THE PRECAUTIONARY PRINCIPLE

The most contentious issue regarding public
and occupational exposures to ELF involves the
resolute adherence by many couniries to the
existing International Commission on Non-Ionizing
Radiation Protection (ICNIRP) standards /119/ of
1,000 mG (100 pT), in face of the growing
scientific evidence of health risks at far lower levels.
The basis on which most standard seiting agencies
justify their failure to set new safety limits for ELF
and RF is nearly always that no certain proof of
harm from exposure and no known mechanism of
action have been presenfed. A demand for a causal
level of evidence and scientific certainty is implicit
in nearly all discussion on what are the appropriate
safely standards for ELF and RF. This demand,
however, runs counter lo both the existing
scientific evidence and good public health practice.

Two obvious factors work against governments

taking action to set exposure guidelines based on

current scientific evidence of risk:

« Contemporary societies are very dependent
upon electricity usage and RF communications,
and anything that restricts current and future
usage potentially has serious economic
consequences,

» Power and communications indusiries have
enormous politival clout, and even provide
support for a significant fraction of the
research done on EMF.

This state of affairs results in legislation that
protects the status quo and scientific publications
whose conciusions are not always based only on
the observations of the research. This situation also
hinders wise public health policy actions and the
implementation of prevention straiegies because of
the huge financial investments already made in
these technologies. Huss et al. /120/ analyzed 59
studies of the health effects of cell phone use and
found that studies funded exclusively by industry
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were least likely to report a statistically significant
result,

Substantial evidence indicates that ELF is
carcinogenic at levels of exposure inthe 2 mG to 5
mG (0.2-0.5 pT) range and above. ICNIRP and
other standards that place public exposure limits as
high as [,000 mG (100 uT) are outdated and
should be replaced, based on the evidence
presented above. New standards are warranted
now, based on the totality of scientific evidence,
the risks of taking no-action, the large population
at risk, the costs associated with ignoring the
problem in new and upgraded site selection and
construction, and the loss of publie frust by
ignoring the problem. Wew exposure limits must be
developed for ELF-EMF based on the clear
sufficiency of evidence for carcinogenicity to
humans at levels that are routinely approved today
for occupancy by children, pregnant wommen, and
others. To wait any longer to adopt new public
safety limits for ELF is not prudent public health
policy. Such limits should reflect the exposures
that are commonly associated with increased risk
of childhood leukemia (in the 2 to 5 mG {0.2-0.5
pT) range for all children, and over 1.4 mG (0.14
uT) for children age 6 and younger.

Defining a new exposure standard for RF is
complex, if we are to address properly new
scientific results for chronic exposure to pulsed
radiofrequency {(for example from cell towers, cell
phones, and other wireless technologies). Whereas
the evidence of serious harm is strong, knowledge
regarding the relation between cumulative exposure
and risk of disease is inadequate. Uncertainty about
how low such standards might have to go to be
prudent from a public health standpoint should not
prevent reasonable efforts 1o respond to the
information at hand. No lower limit for bio-effects
and adverse health effects from RF have been
established, and no assertion of safety at any level
of wireless exposure (chronic exposure) can be
made at this time. A major concern is the exposure
of children. We strongly recommend that wired
alternatives to WI-FI be implemented particularly

in schools and libraries so that children will not be
subjected to elevated RF levels until more is
understood aboul possible health impacts.

The Bioinitiative Report /121/ presents a much
more extensive and exhaustive discussion of the
literature on health effects of both ELF and RF EMF
than can be presented here. The Report contains a
recommendation of an RF standard of 0.1 uW/em?,
but with the full knowledge that hazards may be
agsociated with even [ower exposures.

This review has focused on those diseases for
which the evidence of increased risk with EMF
exposure is the strongest. Other biological effects
and polential health outcomes are presented in
detail in the Bicinitiative Report /121/. The effects
that drive the need for immediate action in
lowering exposure are cancer and neurodegenerative
diseases. Leukemia appears the cancer of greatest
concern when the exposure to either ELF or RF is
aver the whole body, as is the case with most ELF
exposures and exposure from RF towers. When
exposure is focused on a part of the human body,
such as is the case of the head in cell phone use,
one sees cancers of the brain, acoustic nerve, or
parotid gland. For these diseases, the evidence is
clearly sufficient to warrant regulatory changes in
public safety limits now, at levels that are widely
reported to be associated with increased risk of
childhood Teukemia and brain tumors. Exposure
limits against these diseases will also likely be
profective for other less-well-defined health impacts.
The Biolnitiative Report /121/ provides additional
justification for the adoption of these levels to
prevent the health hazards resulting from exposure
to ELT and RF.

CONCLUSIONS

The evidence for hazards to human health from
both ELF and RF EMF is sufficiently strong as to
merit immediate steps to reduce exposure. Such a
reduction can best be achieved by setting exposure
goals that are lower than levels known to be
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associated with disease, even while understanding
that these exposure goals are significantly lowet
than wany current exposures. A reasonable
approach would be a t mG (0.1 pT) planning limit
for structures adjacent 1o all new or upgraded
power lines, and for occupied space that affects
sensitive receptors (homes, schools, day-care, pre-
school, etc), and targets not to exceed 2 mG (0.2
uT) for all other occupied new construction.
Although reconstructing all existing electrical
distributions systems is not realistic, steps to
reduce exposure [rom these existing systems
should be encouraged. For RF EMF, setting a level
with certainty is difficult. A precautionary action
level would reasonably be 0.1 pW/em?2.

The proposals presented here reflect the
evidence that a positive assertion of safety cannot
be made with respect to chronic exposure to low-
intensity tevels of ELF and RF radiation.

As with many other standards for environmental
exposures, even these proposed limits may not be
completely protective, but more-stringent standards
are not realistic at the present time.
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Abstract. Bveryone is exposed to electromagnetic fields (EMFs) from electricity {extremely low frequency, ELF),
communication frequencies, and wireless devices (radiofrequency, RF). Concern of health hazards from EMFs has
increased as the use of cell phones and other wireless devices has grown in all segments of society, especiaily among
children. While there has been strong evidence for an association between leukemia and residential or occupational
exposure to ELF EMFs for many years, the standards in existence are not sufficiently stringent to protect from an
increased risk of cancer. For RF EMVFs, standards are set at levels designed to avoid tissue heating, in spite of
convincing evidence of adverse biological effects at intensities too low to cause significant heating. Recent studies
demanstrate elevations in rates of brain cancer and acoustic neuroma only on the side of the head where individuals
used their cell phone. Individuals who begin exposure at younger ages are more vulnerable. These data indicate that the
existing standards for radiofrequency exposure are not adequate. While there are many unanswered questions, the cost
of doing nothing will result in an increasing number of people, many of them young, developing cancer.

knowledge of biology or medicine /2/. There are
legitimate concerns as to what mechanisms might
explain the association between exposure and

INTRODUCTION

It has been known for many years that high

frequency EMFs (X-rays, gamima rays, Cosmic rays)
have sufficient energy to directly break chemical
bonds, causing damage o molecules ranging from
water lo DINA, leading to increased risk of cancer
and birth defects /1/. Thus these forms of EMF are
“ionizing”. There is less consensus as to whether
lower energy forms of EMFs, such as
radiofrequency and ELF, can cause disease. In spite
of strong documentation that exposure to non-
ionizing EMFSs is associated with an elevated risk of
cancer, most national and international bodies have
discounted this evidence, based on the belief that
lower energy EMFs cannot possibly have adverse
biological effects. This particular point of view is
held by many in the physics and engineering
comnmunities, individuals not known for their

2010 Freund Publishing House Limited

cancer. The purpose of this presentation is to
provide an overview of the issues, explore both the
associations between exposure and disease and the
mechanisms that might “explain them, and to
propose biologically-based standards of exposure
which, although difficult to achieve, would be more
protective of human health, While there are a
variety of diseases of possible concern, this review
will focus on only cancer.

HEALTH EFFECTS OF ELF EMFS
There has been evidence that residential
exposure to elevated magnetic fields resulls in an
increased risk for childhood leukemia since the

pioneering 1979 studies of Wertheimer and Leeper
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f3/. Most subsequent sludies have confumed
elevated risks of leukemia /4/, and several meta-
analyses have shown significantly elevated odds
ratios (ORs) whether exposure was determmed
through use of wire codes or measured magnetic
fields /5/. In addition there is evidence that
leukemia is elevated in adults employed in
occupations that involve elevated exposure to
EMFs from electricity /6/. Meta-analyses of
occupational exposure hiave also reported elevated
risks for leukemia, with less strong evidence for
associations with other kinds of cancer /7/. A meta-
analysis has also reported a significant elevation in
rates of brain cancer among adults working in
“electrical” occupations /8/. Thus the association
between ELF exposure and cancer, especially
leukemis, is very well docomented in both children
and adults and has been replicated in multiple
investigations.

HUMAN DISEASE FROM EXPOSURE TO
RF EMFS

Until recently there has been relatively Hitle
attention to RF exposures and hwman health. Older
studies have reported elevations in both leukemia
and brain  tumors among individuals  with
occupational exposures to RF (see www.bioinitiative.
org for references), but the results were not very
consistent across studies. Recent reports have
found elevated rates of leukemia among children
who live near AM radio transmitter sites /12/. This
is the same cancer elevated with exposure to
power-line frequency EMFs, suggesting that
leukemia is the cancer most likely to show elevated
risk with whole body exposure to EMFs of any
frequency. With the advent of enormous increases
in the use of cell phones, we now have a situation
in which a very large segment of society is
regularly exposed to high levels of RF. In addition,
the whole population has increased exposure
through the placement of cell phone towers,

wireless buildings and even wireless cities. The
strongest evidence for hazards has come from
Europe, especially Scandinavia, where cell phones
were initially manufactured and have been in wide
use for a longer period of time than in other parts
of the world. Long-term use of a cell phone is
associated with an elevated risk of ipsilateral brain
tumors and acoustic neuromas. A meta-analysis by
Hardell et al. /13/, based on four studies, reported
an OR of 2.0 (95% CL = 1.2-3.4) for glioma
among adults who have used a cell phone for ten
years or more, but only on the side of the head
where the phone was used. There was also an OR
of 2.4 (95% CL = 1.1-5.3) for acoustic neuroma
among long-term users. Risks for meningioma
were elevated, but not significantly so. Kundi /14/
has reported on 33 epidemiological studies, and
finds that the combined ORs from these studies
show an OR of 1.5 (95% CL = 1.2-1.8) for glioma.
There was also a non-significant elevation in ORs
for acoustic neuroma but no relationship with
meningioma. Hopefully, additional information
will come from the pooled results of the
INTERPHONE study, a 13-nation investigation
coordinated by the World Health Organization
(WHOQ), which should be available in the near
future. The Israeli component of this study has also
found an elevated risk of ipsilateral parotid gland
cancer with long-term cell phone use /15/. There is
reason for particular concern about risks to
children exposed to RF, Hardell et al. /16/ studied
relative risk based on the age when a person began
to use a cell phone. For use of either analog or
cordless phones when assessed at >1 or »5 year
latency, he found that individuals whose use began
while they were in their 20s has higher ORs for
brain cancer than those whose use began use at an
older age. Later Hardell reported at a meeting in
London last September that children who began
use of a cell phone prior to the age of 20 had-an
OR of developing glioma of 5.2 (95% CL = 2.2-
12) after only onet year of cell phone use, while
for all ages the OR was 1.4 (95% CL = 1.1-1.7).
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The same relative relationship was seen with use of
a cordless phone, where use before the age of 20
years gave an OR of 44 (95% CL = 19-10),
whereas for all ages the OR was 1.4 (95% CL =
1.1-1.8). These studies support the conclusion that
use of cordless phones also increases risk, and that
children are more vuluerable to risk of brain cancer
than adults, The elevaled risk to children poses a
major concern given the cumrent extensive use of
cell phones by even young children.

WHY HAVE THESE RESULTS NOT BEEN
REFLECTED IN NEW STANDARDS OF
EXPOSURE?

In spite of this consistency in observations
relating to ELF EMFs and lenkemia, and the
developing evidence for a relationship between cell
phone use and elevated risk of brain cancer and
acousiic neuroma, there has been a general failure
of governments and international advisory bodies
to accept the reported relationships as being cause
and effect, and to follow through with standards
designed to reduce exposure. This is a consequence
of two major scientific problems, public support of
wireless technologies and the political power of the
industry. No single mechanism has heen identified
to be the basis for the development of cancer
following exposure to EMFs, In addition, animal
studies have not consistenily demonsirated cancer
ag a result of exposure to ELF EMFs. This
dilemma is captured well by a stalemeni from the
2007 WHO report /17/: “Resolving the conflict
between epidemiological data (which show an
association between ELF maguetic field exposure
and an increased risk of childhood leukemia) and
experimental and mechanistic dala (which do not
support this association) is the highest research
priovity in this field.” The central question in this
issue is whether the statement that the
experimental and mechanistic data “do not supportt
this association” is cotrect. There is the widespread

but mistaken belief that ali carcinogens act by
causing direct DNA damage, as is the case with
ionizing radiation. However, many proven human
carcinogens do not cause direct DNA. damage.
These agents are identified as “non-mutagenic
carcinogens” by the US Environmental Protection
Agency and include such well-documented
carcinogens as arsenic /18/ and dioxin /19/. Exact
mechanisms are not known to explain the
carcinogenicity of either. Thus the fact that ELF
and RF EMFs arc “non-ionizing” does not mean
they are not carcinogens. Both ELF and RTY EMFs
are known to induce genes /20/, generate reactive
oxygen species /21/, trigger formation of heat
shock proteins /20,22/ and cause indirect DNA
damage /21,23/, any one of which might lead to
cancer (see www.biloinitiative.otg for additional
references and detailed discussion). Thus the
argument that mechanistic data does not support a
relationship between EMF exposure and cancer is
simply wrong. The other argumnent for discounting
the Twman health information is that animal
models have not consistently demonstrated cancer
as an outcome. While this is the case for most
rodent laboratory studies, Reif et al. /24/ have
demonstrated that dogs living in homes with very
high wire codes (comparable to those associated
with elevated risk of childhcod cancer) showed a
significant 6.8-fold elevated risk of developing
lymphoma. EMFs differ significantly from
chemical carcinogens, and it is not clear exactly
what field parameters would be comparable to
those levels resulting in cancer in humans, It is
important to note that the US Supreme Court in the
case of Daubert vs. Merzell Dow Pharmaceuticals
/25/ effectively ruled that animal studies were not
relevant to human health, and that the only
admissible evidence must be from human studies.
While this is certainly not a justifiable conclusion,
in the case of EMFs we have sirong evidence for a
relationship between exposure and cancer in
humans, but much weaker evidence from animal
studies. For all of the above reasons lack of strong
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evidence for cancer in animals is not a sufficient
reason to disregard that strong evidence for a
relationship between both ELF and RF exposure
and cancer in humans.

PROPOSED EMF STANDARDS THAT ARE
BASED ON STUDIES OF HUMAN HEALTH
AFTER EXPOSURE

The Bioinitiative Report (www.bioinitiative.org)
presents recommendations for standards of EMF
exposure that are based on the epidemiolagical
evidence in human populations. For ELF EMFs the
proposed standard is 1 mG (0.1 pT), to be
compared with the current Tnternational Commission
on Non-ionizing Radiation Protection standard of
1,000 mG (100 pT). For RF radiation the proposed
standard is 0.1 pW/em®, to be compared with the
US Federal Communications Commission standard
of 583 pW/em® for 875 MHz cell phone frequency,
and 1,000 pW/em® in the frequency range of
1,800-1,950 MHz. The differences between these
numbers show the magnitude of the problem.
There is no question that a sudden imposition of
standards so drastically different from those
existing would impose hardship. However, there is
also no question that the human studies clearly
indicate that the existing standards are not
protective of human health. The benefits to society
derived  from  electricity and  wireless
communications are significant, and certainly none
of us is willing to retumn to the pre-electric age,
However it is imperative that society at least
acknowledge the disparities between current
standards and cument evidence of risk of cancer.
Rigid and sudden impesition of the standards we
propose is unrealistic, but these ievels are
appropriate goals that could at least be approached
by a comhination of development of new
technology and changes in behaviors.

THE COSTS OF BEING WRONG

At present we do not know precisely to what
degree the risk of cancer is increased by exposure fo
EMFs. Human studies are difficult under any
circumstances, but those difficulties are even greater
when studying the effects of EMFs. Levels of
exposure for each of us vary over the course of
every day as we move through our environment and
use appliances, cell phones and other wireless
devices. This makes exposure assessment extremely
difficult. Given the long latency for development of
cancer, one would expect that the actual risk of
EMF-induced cancer is significantly greater than
that indicated by studies with inadequate exposure
assessment, There {s considerable evidence that
children are more vulnerable to many envirenmental
insults than are adults /26/. The reality is that
children are using cell phones at increasing rates and
for long durations. Therefore, if the risks are real,
and especially if children are more susceptible, we
may be facing an epidemic of brain and other
cancers. The concemn is increased because to date,
there has been litile wamning advising restrictions on
use of cell phones, especially by children. While
questions regarding mechanisms are not all
answered, the evidence for a relationship between
EMF exposure and cancer is sufficiently strong so
as to demand action. The alternative may be
significant increases in certain cancers, especially
leukemia and train cancer. It is not clear whether
there is increased risk of other kinds of cancer
following exposure because there has not been a
study of, for example, the health hazards of wearing
a cell phone on your belt and pelvic cancers.
Fortunately, the rates of leukemia and brain cancer
are not high, at least not at present.

There have recently Tbeen  significant
improvements in treatment of lenkemia, especially
among children, Kundi /14/ has hypothesized that
use of cell phones may increase the rates of brain
cancer by as maucl as 50%. Even if this is true, this
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certainly does not mean that every exposed person
will develop brain cancer. However an increase in
brain cancer of 50% would still have a significant
impact, not only on the individuals affected but also
on socicty, especially given that much of this
increase is likely to oceur among young people. It is
not appropriate to deny the well-documented
relationship between EMF exposure and cancer only
becanse the mechanistic details are uncertain. The
evidence that we have at present is foo convincing
to be ignored. Owr national and international
standards are obsolete, and ignore cvidence reported
by many different investigators, The lack of
certainty with regard to mechanisms and animal
models iz no reason to ignore studies of human
health,

We need the electric and communications
industries to be proaclive in developing products
that can be used with reduced exposures. We need
govemments and international organizations to set
standards that are based on the evidence of hazard,
not on a hypothesis that is not credible based on the
evidence from animal, cellular and human stndies.
Most importantly, we need individuals to
understand that personal decisions will significanily
impact the level to which they are exposed to both
ELF and RF EMFs.
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