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BEFORE THE
PENNSYLVANIA PUBLIC UTILITY COMMISSION

MICHELE HRIADIL and
FRANCIS HRIADIL,

Comptlainant,
vs. | : No: C-2016-2571726

DUQUESNE LIGHT COMPANY,

Respondent.

RESPONSE TO RESPONDENT’S
FIRST SET OF DISCOVERY
REQUESTS DIRECTED TO

COMPLAINANTS

Filed by Michele and Francis Hriadil

hriadil@attglobal. net
(412) 779-3314

331 Shady Ridge Drive
Monroeville, PA 15146

RESPONSE TO RESPONDENT’S
FIRST SET OF DISCOVERY REQUESTS DIRECTED TO COMPLAINANTS

THIS IS COMPLAINANTS RESPONSE TO RESPONDENT'S FIRST SET OF DISCOVERY
REQUESTS. '

A COPY OF THIS MATERIAL HAS BEEN SENT TO ALJ JEFFREY A WATSON, AND A
CERTIFICATE OF SERVICE HAS BEEN FILED WITH THE COMMISSION’S SECRETARY, PER
JUDGE WATSON’S OCTOBER 3, 2017 INTERIM ORDER.

= )/\/am Mﬂmu

Francis Hriadil
October 26, 2017
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11. State the full name, address, and telephone number of each person who You expect to

call to testify as an expert witness at any hearing of this matter and, for each expert witness, state:

a. The subject matter on which the expert is expected to testify;

b. The substance of the facts and opinions to which the expert is expected {o testify;, and
C. A summary of the grounds for each expert opinion.

ANSWER:

a., b., c. | have been in direct contact with a number of experts, particularly:

David O Carpenter, MD
Director, Institute for Health and the Environment, University at Albany
Area of Expertise - Primarily, Health Effects and Risks

Note: Dr. Carpenter has written a letter to the PA PUC and ALJ
Watson on our behave, which is included in this Discovery
response as v it -6,

Ronald M Powell, PHD
Applied Physics, Harvard University
Retired, Executive Office of the President, the NSF, and the NIST
Area of Expertise - Primarily, Physics and Biomedical Research

Andrew A Marino,
PHD., Biophysics, Syracuse University
JD, Law, Syracuse University
Area of Expertise - Primarily, Health Effects and Risks

Samuel P Milham, MD, MPH
Retired, Section Head, Chronic Disease Epidemiologist
Washington State Department of Health
Area of Expertise - Primarily, Health Effects and Risks

The Hearing dates are unclear at this date. A request has been submitted to the
PA PUC to reschedule the Hearing for March 2018. People’s schedules need to
be considered in light of the Hearing dates, therefore the availability of any expert
witness cannot be stated at this time.

As soon as this can be determined with certainty, and a decision can be made,
the Respondent will be informed of the planned appearance of any expert
witness, and their specific details.

In any event, documents, expert testimony, and reports by these experts have
already been and will be submitted as Exhibits.
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12. Produce the report of any expert You intend to call to testify on Your behalf at trial.
ANSWER:

A number of reports and documents from these experts have aiready been submitted
with our previous filings. Some additional documents from these experts have been supplied

with this response to Respondent’s First Discovery Request.

13. Produce the curriculum vitae of any expert that You intend to call to testify on
your behalf at trial.
ANSWER:
The availability any one of these experts, or any potential other experts, is not known for
a certainty at this time.
In any case, their backgrounds and/or curricuium vitae have been included here, as a

proactive measure.

Exhibit CV-1: David O Carpenter, MD

A Background / Curriculum Vitae, proactively, has been provided.

Dr. Carpenter has written a letter to the PA PUC and ALJ Watson
on our behalf, which is included in this Discovery response
as Exhibit E-£.

Exhibit CV-2: Ronald M Powell, PHD (retired)

A Background / Curriculum Vitae, proactively, has been provided.

1

Exhibit CV-3: Andrew A Marino, MD. JD

A Background / Curriculum Vitae, proactively, has been provided.

Exhibit CV-4. Samuel P Milham, MD, MPH (retired)

Author of the book, “Dirty Electricity: Electrification and the Diseases of
Civilization” [ https://www.amazon.com/Dirty-Electricity-Electrification-Diseases-
Civilization/dp/193890818X ]

A Background / Curriculum Vitae, proactively, has been provided.
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22 October 2017

Pennsylvania Public Utilities Commission
400 North Street
Harrisburg, Pennsylvania 17120

Judge Jeffrey Watson

PA PUC Pittsburgh Administrative Law Judge Office
310 Fifth Ave, Suite 220

Piatt Place

Pittsburgh, PA 1222

Re: Case C-2016-2571726

Dear Sirs/Madams:

This is concerning potential adverse health effects associated with exposure to radiofrequency
(RF) radiation, specifically that from electronic utility meters. | am a public health physician and
former Dean of the Schoo! of Public Health at the University at Albany. | have been involved in
review and analysis of studies on electromagnetic fields, including radiofrequency fields, for
many years. | served as the Executive Secretary to the New York State Powerlines Project in
the 1980s, and have published several reviews on the subject. In addition | was invited to
present to the recent President's Cancer Panel on the subject of powerline and radiofrequency
fields and cancer, and the publication that came from that Panel is attached. [ have edited two
books on effects of EMFs, including RF radiation. | served as the co-editor of the Bioinitiative
Report (www.bioinitiative.org), a comprehensive review of the literature on this subject. The
public health chapter from this report was subsequently published in a peer reviewed journal,
which is attached. This is a subject which | know well, and one on which | take a public health
approach that has as a fundamental principle the need to protect against risk of disease even
when one does not have all the information that would be desirable.

There is clear and strong evidence that intensive use of cell phones increases the risk of brain
cancer, tumors of the auditory nerve and cancer of the parotid gland, the salivary gland in the
cheek by the ear. The evidence for this conclusion is detailed in many publications in the peer-
reviewed scientific literature. Most recently the National Toxicology Program reported that
chronic exposure of rats to cell phone radiation resulted in the development of the same kinds of
brain cancer and auditory nerve tumors (although in this case in the heart not the ear) that are
seen in human using cell phones excessively. Electronic meters use similar radiofrequency
radiation, in some cases exposing the whole body to levels of radiofrequency radiation similar to
cell phones. The difference between a cell phone and an electronic meter environment is that
while the cell phone is used only intermittently a smart meter environment is continuous. There
is also strong evidence that leukemia rates are increased among people living near to powerful
AM radio transmission towers. Because WiFi, radio transmission towers and electronic meters
all generate similar RF radiation, my conclusion is that if the whole body is exposed, leukemia is

h
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the major cancer of concern, while if only the head is exposed as in using a cell phone, one
sees increased risk of local cancers, such as brain cancer. There are a variety of other health
effects reported as a result of exposure to RF radiation, but in my judgment the increased risk of
cancer is both the best documented and the disease of greatest concern.

There have been few careful studies specifically of the health effects of electronic meters to my
knowiedge, in great part because they haven't been around very long. But they utilize the same
type of RF radiation that is used in cell phones. It should be noted that the World Health
Organization has declared radiofrequency radiation to be a possible human carcinogen. While it
is true that the nature of exposure to RF from electronic meters is not significantly different from
that coming from other wireless devices, what is important is cumulative, aggregate exposure.
My position is that we should practice “prudent avoidance”, which is to say reduce unnecessary
exposure to the degree possible until the magnitude of risk is fully understood.

My specific concerns about electronic meters are as follows:

1. The benefit of the electronic meters is entirely to the utllities, and is economic in nature.
if they install these meters they can fire those individuals who at present are employed to
go around reading meters. Thus this is a job-killing proposal, and will increase
unemployment which is already too high.

2. When an electronic meter is installed residents have no choice in the matter or ability to
avoid exposure. But every individual has the option to use or not use other personal
wireless devices. There is a major difference between an exposure which an individual
chooses to accept and one that is forced on individuals who can do nothing about it.

3. Most electronic meters transmit signals to the utility for relatively short periods of time, but
generate radiofrequency pulses at frequent intervals all day and night. Thus the device
continuously generates RF radiation that will expose anyone nearby 24/7.

4. The evidence for adverse effects of radiofrequency radiation is currently strong and .
grows stronger with each new study. Analog meters with shielded cable do not increase
exposure. :

5. The installation of these meters also pose security and privacy concerns as they will
allow the utility to monitor individual appliance usage and can be hacked.

As a public health physician with specific expertise in the human effects of radiofrequency
radiation, | urge you to require Duquesne Light Company to install analog meters where
residents request them. At the very least individuals concerned about their health and the health
of their families should be allowed to choose an analog meter. Analog meters have withstood
the test of time for safety and are not a source of RF radiation. Instillation of electronic meters
will adversely affect the health of Pennsytvania residents and will ultimately invite legal action
arising from the developmerit of diseases known to be associated with exposure to RF radiation.



Thank you for the opportunity to comment on this important public health concern, and on
the general issue of electronic meters. The use of electronic utility meters is unwise from both a
public health point of view, which is where my expertise lies, but and also from a purely short
and long-term economic point of view.

Yours sincerely,

. 7/
David O. Carpenter, M.D.
Director
Institute for Health and the Environment
University at Albany



NGO in Special Consultative status with the Economic and Social Council of the United Nations (ECOSOC)

Planetary Association for Clean Energy, Inc.

100 Bronson Avenue, Suite 1001
OTTAWA, Ontario K1R 6G8, Canada

(613) 236-6265 / fax: (613) 235-5876
paceincnet@amail.com / www.pacenet.homestead.com

An international collaborative network of advanced scientific thinking

November 30, 2018

As President of the Planetary Association for Clean Energy (PACE), | wish to bring to your considerations stemming from
several decades of independent scientific research and of multi-disciplinary peer review into electromagnetic and other

For the attention of

Pennsylvania Public Utility Commission
400 North Street
Harrisburg, Pennsylvania 17120
The United States of America

and

Judge Jeffrey Watson
PA PUC Pittsburgh Administrative Law Judge Office
301 Fifth Avenue, Suite 220 / Piatt Place
Pittsburgh, Pennsylvania 15222
The United States of America

Regarding:

Francis Hriadil and Michele Hriadil
Docket # C-2016-2571726
(Formal complaint with the PA PUC, filed 10/1/2016
with regards to Duquesne Light Company (DLC)

installation of an Itron/Centron Openway SK9AMI7 Smart Meter
in a Smart Mesh at 331 Shady Ridge Drive, Monroeville, Pennsylvania 15146,

The United States of America

issues that appertain to this Docket.

Our organization was founded by Senator Chesley W. Carter, while Chair of the Canadian Senate's Standing Committee
on Health, Welfare and Science as well as member of the Senate Special Committee on Science Policy. He and his
colleagues considered electromagnetic field issues to be among the top 3 scientific and technological priority issues of
national concern. They arranged for a comprehensive study by the National Research Council and Queens University
on the biological effects of electromagnetic fields, especially microwaves, which were published in official reports
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between 1971 and 1972. Like research was done by Medical Research Council (MRC) -replaced since 2000 by Canadian
Institutes of Health Research (ClHR) and by other facilities.

Results are confirmed and elaborated by US National Toxicology Program /NTP (per 2004 US FDA request).

From the mid-1980s, due to governmental high-level policy concerns, PACE organized specialists’ conclaves, at pioneer
international conferences, on electromagnetic issues involving scientists, engineers, MDs and agencies. it was the first to
facilitate the in-depth examination of medical issues associated with environmental hypersensitivity (EHS) and to help
develop realistic exposure guidelines and standards, accepted since in many circles, including the European Union.
These initiatives also led to now-mainstream electromagnetic measuring instruments, protocols, procedures for
monitoring & tracing technological errors. PACE worked with Canada Mortgage and Housing Corporation (CMHC) to
examine electromagnetic fields in Canadian housing, including those with advanced SMART systems. PACE conducts
surveys premises with advanced metering infrastructure (smart meters) since Hydro Québec’s experimental run, years
before their authorization by the provincial government’s regulatory board (Régie de I'énergie) in 2011.

We have provided, and continue to do so, expert testimony with regards to electromagnetic field issues, including those
associated with advanced metering infrastructure. This includes expert reports and opinions on relevant documents and
the introduction of evidence, even “hearsay”, as well as testimony via video link.

In our expert opinion, and based on monitoring that we have made with occupants with smart meters and their
premises for several years, as well as assessment of the related and relevant medical evidence of some of these
individuals, the complaint Docket is sufficiently credible, with the potential for proof of health concern effects, to
reserve considerable risk of adverse affectation from the meter being deployed. Such risk has been observed to be
cumulative to numerous factors associated with the premises of the occupants, and their surroundings. The adverse
affectations from smart meters, such as the ones at issue in this Docket of Francis and Michele, have been noted, in our
surveys, to accrue, furthermore, with those who are more vulnerable to injurious affectation due to age - infants,
pregnancy and seniority (both Francis and Michele are elderly), chronic health (Francis has chronic conditions), and
duration of occupancy. There are also other known risks of great concern: safety and fire hazards, including explosions,
economic / insurance coverage such as standard exclusion from liability coverage for claims.

We are in a position to introduce at least two relevant documents in our file as well as some reports, if admissible. As
required we may submit supporting information for this matter.

We are disposed to participate in the proceedings in a mutually acceptable manner.

ey,

Dr. Andrew Michrowski
President
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- EXHIBITEB -

Andrew Michrowski, Phd
Curriculum Vitae

=  Dr. Andrew MichroWski studied at the faculties of Architecture and Urbanism at
the Politecnico di Milano, Milan, italy,

where he received his Dott. Arch. Degree with honours.

= He

- has served with the Department of Indian and Northern Affairs
as Chief Planner;

- followed by senior positions with the Secretary of State of Canada
as forecaster, analyst and program evaluator, including EMF issues;
- is currently the President of the Planetary Association for Clean Energy (PACE),

founded by Senator Chesley W. Carter, while Chair of the Canadian Senate's
Standing Committee on Health, Welfare and Science, as well as member of the
Senate Special Committee on Science Policy. He and his colleagues considered
electromagnetic field issues to be among the top 3 scientific and technological
priority issues of national concern.

NGO in Special Consultative status with the Economic and Social Council
of the United Nations (ECOSOC)

= He has authored such papers as,
“Solutions to the global environmental crisis”
(Address at the United Nations).
- "The electromagnetic dimension of indoor environments”

(Proceedings: 5th International conference on Indoor Air Quality and
Climate; Toronto, 1990).

- “Nuclear fuel waste management and disposal concept”’

- “Electromagnetic fields exposure and incidence of breast cancer”

(Proceedings: World Conference on Breast Cancer; Ottawa, Ontario.
July 26-31, 1999; also in Explore for the Professional.
Volume 9(6). July, 2000.

- “Practical EMF pointers”

= He has edited/co-edited such books as:
- New enerqy technology,

- Basis of electromagnetic hygiene,
- Studying problems associated with video display systems,
- The ELF factor: selected bibliography,
- Emerging energy science .
(also developed into an electronic information database of same name),
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- VDT sources: the ELF factor, selected references,
- An ELF primer.

He has served as Scientific Advisor/Consultant for:

- national prime-time NOVA TV series, TV specials, and award-winning
documentaries:

¢ scientific advisor of national prime-time TV special Nikola Tesla - the
forgotten genius,

o special advisor to the producer of the film, The secret of Nikola Tesla (with
Orson Welles),

e scientific advisor for the award-winning (best United Kingdom documentary of
the year) BBC Horizon/NOVA series production, The mysterious Mr. Tesla;

° prodUcer of the investigative TV documentary, The question of video display
terminals.

- international EMF organizations (South Africa, Netherlands) and their initiatives.

Between 1993 and _1 996, he headed

the Canada Mortgaqge and Housing Corporation (CMHC) study team
analyzing electromagnetic fields (EMF) in Canadian houses.

in 2012, he developed the Safe Housing Guideline
for the Canada Mortgage and Housing Corporation (CMHC).

From 1980 - present (2018),
EMF shielding, electric & hybrid car, and protective testing and evaluation
for Consumer Reports.

He has presented briefs

at the United Nations (UN), Geneva and New York
at the Royal Society of Canada

He
lectures before scientific and engineering societies
makes presentations on current scientific issues before concerned groups.

Since 1991, he has been providing extended Workshops on EMF,
some of which lead to certificates, with a view on enabling participants to identify
and to mitigate EMF problems in the built environment.

He has been and is a recognized legal EMF issues expert witness;
expropriation electromagnetic field (EMF) affectation assessment reports.
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- EXHIBIT C -

[ http:/Awww . essentia.cal\Workshops/workshops.htm ]

Electromagnetic fields at home, at work
| WORKSHOP
Characteristics, health effects, how fo properly

detect problem sources and identify effective mitigation
Dr. Andrew Michrowski, instructor

$ 395 (minus $25 per person, if 2 or more attending) + HST.
price reductions apply for advance payments, please inquire

Friday introductory only: $75 (minus $25, 2 persons) + HST

WHO SHOULD ATTEND?
health practitioners, architects, engineers, electricians, the responsible laypersons willing to improve their
lifestyle.

Electromagnetic spectrum; bioeffects; electric, magnetic, electromagnetic fields; thermal/non thermal, linear/ non-linear
effects; absorption characteristics; scalars; melatonin link;

symptoms for types of exposure;

transmission & propagation of electromagnetic signals; harmonics, transuents damping.., exposure situations,
magnification and reduction;

guidelines - their development; emerging regulations;

exposure hygiene: who should be protected, at what age, where (school, bedroom, long-term usage, medical device
usage);

wiring types, code, grounding,

typical problems/inexpensive solutions;

critical exposures: workstation and therapy area environment; rural environments;

measuring equipment. electrical, electrostatics/ion discrimination, magnetic {(dosimeters, gaussmeters, single and multi-
pole probe), static magnetic fields; RF & mw; ammeter; electrical resistivity;

protocol and procedure; tracing, geopathics and health - situations and health effects;

hypersensitivity - allergen link with electromagnetics;

subtle energy interface;,

interface of medication; subtle energy therapeutics;

personal protection devices - what to expect, rationale.

Friday evening session is introductory and for the general public,

Saturday, Sunday sessions are directed at professional training. (vour professional society may grant education credits for the
workshop.)

Certificate issued, at request, upon successful exam

WORKSHOP SYNOPSIS

Friday (introductory) 7 - 10 PM
Electromagnetic spectrum; its use by sector, mode of transmission as dependent on frequency and wavelength,
dispersion; Nomenclature: Hertz, Tesla, Gauss, Watt/cm?, Range of bioeffects: electric, magnetic, electromagnetic; differentiation
between thermal and non thermal, linear and non-linear; absorption characteristics; scalar electromagnetics; the melatonin
connection. Transmission & distribution: wiring, transmission lines,antennae. Concept of circuits. Voltage /
amperage.Harmonics, transients, beating of 2 or more frequencies [F1 + F2 = (F1 + F2) + (F1 - F2) /30 + 10 = 40 + 20]. How
magnetic fields are magnified: spacing of conduits (knob and tube wiring), loop circuits, re-radiation phenomena. How magnetic
fields may be reduced: phasing, compacting wires; annulling; counteractors; "white noise" formula; shock bow effect /
Faraday effect; absorption. Type of situations encountered: wiring configuration -- knob & tube, series, grounding wires,
transmission lines, shielding with MuMetal. Guidelines based on independent European experience -- how developed in early
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1980s. New regulations coming along: 2mG, preference for 1mG. Exposure hygiene: who should be protected, as of what age,
where (school, bedroom, long-term usage). Symptoms to fook out for (powerline frequencies: German statistics; for microwave:
disorientation, incoherence immune system breakdown) .

Saturday (practical) 9AM - 5PM

Basic wiring configurations: panel, sub-pane!l {good & to avoid). Electrical Code grounding requirements. Purpose of
grounding systems. Mitigation: sundry fields; water main problematics. re-grounding, transformer poles, some neighbourhood
dynamics; isolation of critical areas - bedroom, etc. Work environments & EMI - classroom dynamics, farm environments (general
and barns), supercomputer facilities.

Sunday (hands-on experience) 9AM - 5PM
Equipment: electrical, electrostatics / ion discrimination, magnetic (dosimeters, gaussmeters, single and multi-pole probe), static
magnetic fields; RF & MW; ammeter. Protocol and procedure of analysis of situation (indoor/outdoor, peripheral, walk through,
profiles). Tracing. Determination of panel-driven EMF. Balance equation of grounding returns: neutral, grounding wire, TV,
Cable. Hands-on experience.

Instructor: A. Michrowski

Dr. Andrew Michrowski studied at the faculties of Architecture and Urbanism at the Politecnico di Milano, Milan, Italy, where he
received his Dott. Arch. Degree with honours. He has served with the Department of Indian and Northern Affairs as Chief Planner,
followed by senior positions with the Secretary of State of Canada as forecaster, analyst and program evaluator.

He has authored such papers as, Solutions to the global environmental crisls (Address at the United Nations), 7he electromagnetic
dimension of indoor environments (5th International conference on Indoor Air), Nuclear fuel waste management and disposal
conceptand Practical EMF pointers. He has edited, co-edited such books as: New energy technology, Basis of electromagnetic
hygiene, Studying problems associated with video display systems, The ELF factor: selected bibliography, Emerging energy

science (also developed into an electronic information database of same name), VDT sources: the ELF factor, selected references,

and An ELF primer,

He was scientific advisor of a national prime-time TV special, Nikola Tesla - the forgotten genius, special advisor to the producer of the
film, The secret of Nikola Tesla (with Orson Welles), sclentific advisor for the award-winning (best United Kingdom documentary of the
year) BBC Horizon/NOVA series production, The mysterious Mr. Tesla; and, producer of the investigative TV documentary, The
question of video display terminals.

He lectures before scientific and engineering societies and makes presentations on current sclentific issues before concerned

groups. Since 1991, he has been providing extended workshops, some of which lead to certificates, on EMF with a view of enabling
participants to identify and to mitigate EMF problems in the built environment. Between 1993 and 1996 he headed the study team
analyzing electromagnetic fields in Canadian houses for Canada Mortgage and Housing Corporation.

Please call for information on our next workshop in your area.
MONTREAL les 25, 26, 27 mars 2011
TORONTO: Coming soon ~ please inquire
OTTAWA: Coming soon, with emphasize on Safe Building EMF guidelines / Building inspector protocols /
upgrading certification levels — please inquire
VANCOQUVER: Coming soon ~ please inquire

Friday evening: from 7 - 10 PM / Saturday and Sunday: from SAM to 5PM

ESSENTIA

100 Bronson Avenue # 1001
OTTAWA, Ontario K1R 6G8

(613) 238-4437 fax: (613) 235-5876

For further information on this event,

or to pay with Mastercard or VISA
phone (888) 639-7730

Our complete electromagnetic survey service* is provided throughout Canada. Reserve well in advance to arrange for convenient
scheduling!
* lncludes survey, report, recommendations, mitigation follow-up and consultation,
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State University of New York Department of Environmental Health Sciences
School of Public Health

This is a report on the review of the California Council on Science and Technology document, “Health
Impacts of Radiofrequency from Smart Meters”. 1 am a public health physician and former Dean of the
School of Public Health at the University at Albany. 1 have been involved in review and analysis of
studies on electromagnetic fields, including radiofrequency fields, for many years. I served as the
Executive Secretary to the New. York State Powerlines Project in the 1980s, and have published several
reviews on the subject and have edited two books. In addition I was invited to present to the recent
President’s Cancer Panel on the subject of powerline and radiofrequency fields and cancer.

This document is not an accurate description of the state of the science on the issue of radiofrequency
fields, and is full of inaccuracies. My specific concerns are as follows:

1. The benefit of the smart meters is entirely to the utilities, and is economic in nature. If they install
smart meters they can fire those individuals who. at present are employed to go around reading
meters. Thus this is a job-killing proposal, and will increase unemployment in a state that already
has too much.

2. When a smart meter is installed residents have no choice in the matter nor ability to avoid
exposure. But every individual has the option to use or not use other personal wireless devices,
until more is known about health consequences of chronic RF exposure. There is a major
difference between an ‘exposure which an individual chooses to accept and one that is forced on
individuals who can do nothing about it.

3. The statement “The potential for behavioral disruption from increase body tissue temperatures is
the only biological health impact that has been consistently demonstrated and scientifically proven
to result from absorbing RF within the band of the electromagnetic spectrum that smart meters
use” is totally wrong. In the first place there are many adverse health effects other than
“behavioral disruption” demonstrated as a result of tissue heating. The evidence for increased risk
of brain tumors, acoustic neuromas and parotid gland tumors in individuals who have used a cell
phone for 10 years or more is consistent, and the tumors occur predominantly on the side of the
head where the phone is used. There is also strong and consistent evidence for increased risk of
leukemia in individuals who live near to high power AM radio transmission towers, even though
this report characterizes such exposures as being “quite low” and show in Figure 7 that they are
lower than the RF fields from smart meters.

4. The statement “The scientific consensus is that body temperatures must increase at least 1°C to
lead to potential biological impacts from the heat” is totally wrong, and makes it obvious that no
persons with medical or biological expertise participated in this report. Every enzyme system in
the body is exquisitely sensitive to temperature, and increases activity by even a fraction of a
degree increase in temperature. In fact all RF generates heat, and what is defined as “non-
thermal” is only a function of our ability to measure the temperature increase.

5. The statement “While concerns of brain cancer associated with mobile phone usage persist, there
is currently no definitive evidence linking cell phone usage with increased incidence of cancer” is
incorrect. The evidence is strong and consistent among studies looking at long-term and intensive
use of cell phones. The AM radio studies mentioned above are also relevant, particularly because
like smart phones radio transmission towers give whole body radiation, not just to the head.

6. The statement “There currently is no conclusive scientific evidence pointing to a non-thermal
cause-and-effect between human exposure to RF emissions and negative health impacts is

A
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State University of New York . - Departmient of Environmental Health Sciences
) School of Public Health

inaccurate, and depends totally on what one defines as conclusive”. In biology and medicine there
is nothing that is 100% proven. We rely on statistical significance and weight of evidence when
drawing conclusions about health effects. When one uses these definitions there is conclusive
scientific evidence for adverse health effects in-humans. S

7. The evidence for adverse effects of radiofrequency radiation is currently strong and grows
stronger with each.new study. Wired meters with shielded cable do not increase exposure. The
report clearly indicates that “smart meters could conceivably be adapted to non -wireless
transmission of data. However, retrofitting millions of smart meters with hard-wired technology
could be difficult and costly.” Clearly the answer to this dilemma is not to install wireless smart
meters to begin with. ' : ' ‘

Thank you for the opportunity to comment on this faulty report, and on the general issue of smart meters.
Their use is unwise fromboth a public health point of view, which is where my expertise lies, but and
also from a purely shortiand long-term economic point of view.

Yours sincerely,
4 Wé%f’/ Q{*zmw

Sy DR Dav1d O Carpenter, M.D.
Director, Institute for Health and the Env1r0nment
*Universityiat Albany -

=
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“/\/\aIS . n du 21¢ siecle

LE MAGAZINE DE LA MAISON SAINE

Smart Meters: Correcting the Gross
Mlsmformatlon

agfauteux | 11 juin 2012 | 60 Commentaires

Quebec-based magazine La Maison du 21¢ siecle asked physician David Q. Carpenter,
Sormer founding dean of the University at Albany (NY)’s School of Public Health, to
comment an open letter published in the Montreal daily Le Devoir last May 24. This
letter claimed wireless smart meters pose no risk to public health. More than fifty
mtematzonal experts contrtbuted fo the followmg rebuttal

Dr David O. Carpenter, founder, University at Albany (NY) School of Public,Health .

We, the under51gned are a grpup of smentlsts and health professlonals Who together have
coauthored hundreds of yeer—rev;ewed studles on the health effects of electromagnetlc '
ﬁelds (EMFs) We WlSh to correct some of the Lross mlsmformatlon found in ‘the l_ette_;_
cgarding wi 'r'n meters that wa _]1_1‘_ ,g-._-, ’)aov
May 24. Subrmttedbyagroup Juebec engineers, physicists and ¢hemiss theletterm )
question reflects an obvious lack of understanding of the science behind' fhe health ‘impacts

of the radloﬁrequenc_y (RF )/rnlcrowave EMFs ernlt_ted by these,rneters

The, statement that « Thousands of studles both epldemlologlcal and expenmental 1n o
humans, show no 1ncrease m cancer cases as a result of exposure to radlo waves of Iow '
intensity... » is falsg ' ; studi
of mobile phone use, certalnly not thOUSands have reported no elevatlons of cancer and




most were funded by the wireless industry. In addition, these reassuring studies contained
significant experimental design flaws, mainly the fact that the po:pulatlons followed were
too small and were followed for a too short period of time.

Non industry-funded studies have clearly demonstrated a significant increase in cancer
cases among individuals who ha2 ye suffered from prolonged exposure to low-level
microwaves, transthittéd notably l§y 1di6 anterinas. The effects: we;re_‘h'e’sttdocumented in
meta-analyses that have been publlshed and that include grouped results from several
different studies: these analyses consistently showed an:ing ‘of

among regular users of a cell phone who have been exposed to microwaves for at least ten
years. : -

Brain Cancer Rates . i A A, o
Furthermore, the arg;umegt that bram,eancer :ates do not mdlcate an overall mcrease m
incidence-is nop evidence, that cell phepes.are safe the, latency for brain canger in, adults
after en\(lronmental gxposure can be long?\up to 20- 3Q years, Most North Amerxeans e
haven’t used cell phones extens;yely for\}hat ,long The evudepee of the ] link between long- A
term cell phone use and brain cancer comes pnmanly from Northern Europe, where cell
phones have been commonly used since the 1990s. Nevertheless, the most recent collection.

of primary brain tumors mined from pathology units in Australia'showed brain cancer
incidence rose by about 35% between 2000 and 2008 in tie Australian Capital Territory
and New South Wales (total population : more than 7 m1lllo}33 :

the evidence is sufficiently compelling for any cautious parent to Wan to reduce thelr loved
one’s exposure to RF/microwave emissions as much as possible, as recommended by .

various couniries such as Austria, Belgium, Germany, Russia and the Hnimi&mgdgm

| W Ve Y .'.2 :',“J‘ft: [ ’ FEEIRE D

Electrosensmwty
Public fears about wlreless smart meters are well—founded They are backed by Vanous o
medical a hontlles such as those. of the S y (Cahfoﬁﬁéi) Puhlic 'H‘e"alth‘ ’

Departme

..These authorlﬁes are womed about'the growmg num’Ber of cttlzens who say
they have developed electrohypersensLUVIty (EI—’IS) especmlly smce for ‘miany of them, the
symptoms developed aﬁer the mstallauon of such meters (1t takes some tlme for most

peopletolmkthetwoevents) o o e o

Tty

Since the turn of the mjlt‘eﬁﬁimﬁ,’ ‘peaple &té incteasingly affected by ambierit microwaves
due to the owmg popularlty of w1reless devices such as cell ‘phones and Wi-Fi Internet.
'I‘herefore,%he mass. deployment of Smiit gr1d3 could expose large chunks of the genefal
populatlon to alarmmg risk scenarlos vmthout thelr consent Accordmg to se eg eys




become electrosensitive. The most famous person to publicly reveal her electrosensitivity is

Gro Harlem Brundtland, formerly Prime Minister of Norway and retired Director of the
World Health Organization (WHO).

While there is no consensus on the origing and mechanisms of EHS, many physicians and
other specialists around the world have become aware that EHS symptoms (neurological
dermatological, acoustical, etc.) seem to be triggered by exposure to EMF levels well
below current international exposure limits, which are established solely on short-term
thermal effects (2). Organizations such as the Austrian Medical Association and the
American Academy of Environmental Medicine have recognized that the ideal way to treat
of EHS is to reduce EMF exposure.

Therefore, caution is warranted because the growing variety of RF/microwave emissions
produced by many wireless devices such as smart meters have never been tested for their
potent1al biological effects. :

Well-known bioeffects :

While the specific pathways to cancer are not fully understood 1t is smentlﬁcally
unacceptable to deny the weight of the evidence regarding the increase in cancer cases in
humans that are exposed to high levels of RF/microwave radiation.

The statement that « there is no established mechanism by which a radio wave could
induce an adverse effect on human tissue other than by heating » is incorrect, and reflects a
lack of awareness and understanding of the scientific literature on the subject. In fact, more.
than a thousand studies done on low intensity, high frequency, non-ionizing radiation, -
going back at least fifty years; show that some biological mechanisms of effect do not
involve heat. This radiation sends signals to livingtissue that stimulate biochemical -
changes, which can generate various symptoms and may lead to diseases such as cancer.

Even though RF/microwaves don’t have the energy to directly break chemlcal bonds
unlike ionizing radiation.such as X-rays, theére is scientific evidence that this energy can
cause DNA damage indirectly leading to cancer by.a combination:of biological effects.
Recent publications have documented the generation of free radicals, increased
permeability of the blood brainbarrier allowing potentially toxic; chemicals to.enter the
brain, induction of genes, as well as altered electrical and metabolic activity.in human
brains upon apphcatlon of cell phone= RF/mmrowaves smular to those produced by smart .
meters R K ; : o : - -
These effects are cumulative and-depend on many factors including RF/microwave levels,
frequency, waveform,” exposure time, ‘biovariability between individuals and combination -
with other toxic agents. Clear evidence that these microwaves are indeed bioactive has
been stiown by the fact that low-intensity EMFs-have proven clinically useful in some -
circumstances. Pulsed EMFs have long been used to successfully treat bone fractures that
are resistant to other-forms of therapy. More recently, frequency-specific, amplitude-
modulated EMFs have been found useful to treat advanced carcinoma and chronic pain.



High frequency EMFs such as the microwaves used in cell phones, smart meters, Wi-Fi
and cordless ‘‘DECT’’ phones, appear to be the most damaging when used commonly.
Most of their biological effects, including symptoms of electrohypersensitivity, can be seen
in the damage done to cellular membranes by the loss of structurally-important calcium
ions. Prolonged exposure to these hlgh frequenc1es may eventually lead to cellular
malfunction and death. :

Furthermore, malfunction of the parathyroid gland, located in the neck just inches from
where one holds a cell phone, may actually cause electrohypersensitivity in some people by
reducing the background level of calcium ions in the blood. RF/microwave radiation is also
known to decrease the production of melatonin, which protects against cancer, and to -

promote the growth of existing cancer g@ll§

Early warning scientists attacked ’ -
In recommending that the Precautionary Principle be apphed in EMF matters, the European
Environment Agency’s Director Jacqueline McGlade wrote in 2009: “We have noted from
previous health hazard histories such as that of lead in petrol, and methyl'mercury; that:
‘early warning’ scientists frequently suffer from discrimination, -from loss of research
funds, and from unduly personal attacks on their scientific integrity. It would be surprising
if this is not already a feature of the present EMF controversy..: » Such-unfortunate .-+
consequences have indeed occurred.

¥

The statement in the Le Devoir letter that « 1f wer con31der that a debate should/take place it
should focus exclusively on the effects oficell phones on health »is basically.an |
acknowledgement that there is at least some reason to be concerned about cell:phones.
However, while the immediate exposure from.a.cell;phone is of much greater mtensrty than
the exposure ﬁom smart meters, cell phone ‘use is temporary '

Smart meters

neurological effects have been reported in' people who‘ sustam close ,prox1m1ty to wireless
meters, espec:lally under 10 feet G metres) i » e
A wireless smart meter producés tradlofrequency microwave radlatlon wn:h two ,
antennas in approximately the:same frequency range (9oo MHz to.2.4 GHz) as a-
typical cell tower. But, depending on how closé it is to.occupied space within.a.
home, a smart meter can cause much higher RF exposures than cell towers
commonly do. If a smart meter is located on a common wall with a bedroom or
kitchen rather than a garage wall, for example, the RE-exposure can be the same .
as being within 200 to 600 feet distance of a cell tower with multiple carriers.
With both cell towers and smart. meters; the entire body isimmersed by
microwaves that go out in all directions, which increases the risk of overexposure
to many sensitive organs such as the eyes and testicles. With a cell. phone people
are exposed to microwaves primarily in the head and neck (unless using speaker
mode), and only when they use their device. - - :



Wireless smart meters typically produce atypical, relatively potent and very short pulsed
RF/microwaves whose biological effects have never been fully tested. They emit these
millisecond-long RF bursts on average 9,600 times a day with a maximum of 190,000 daily
transmissions and a peak level emission two and a half times higher than the stated safety
signal, as the California utility Pacific Gas & Electric recognized before that State’s Public
Utilities Commission. Thus people in proximity to a smart meter are at risk of significantly
greater aggregate of RF/microwave exposure than with a cell phone, not to mention the
cumulative exposure received by people living near multiple meters mounted

together, pole-mounted routers or utility collector meters using a third antenna to relay RF
signals from 500 to 5,000 homes.

A technical study performed by Sage Associates in California indicates that RF levels from
various scenarios depicting normal smart meter installation and operation may violate even
the out-of-date US public safety standards which only consider acute thermal effects. This
can happen when a person stands close to the meter to read the power consumption, or
touches it, or shades the meter face with a hand to better read it. Emissions are also
increased by reflective materials, such as stainless steel, other metals and mirrors, which
can re-radiate stronger that the otherwise unaltered background. Microwaves. are absorbed
and dissipated by partially conductive materials, such as cement and special RF shielding
paints and fabrics. : :

o

In addition to the erratic bursts of modulated microwaves emitted by wireless smart meters
transferring usage data to electric, gas and water utilities, wireless as-well as wired smart
(powerline communication) meters are also a major source of “’dirty electricity’’ (electrical
interference of high frequency voltage transients typically of kilohertz frequencies). Some -
scientists, such as American epidemiologist Sam Milham, believe that many of the health
complaints about smart meters may also be caused by dirty electricity generated by: the «,
switching » power supply: activating all smart meters. Since the installation of filtersto. - -
reduce dirty electricity circulating on house wiring has been found to relieve symptoms of
EHS in some people, this:method sheuld be considered among the priorities aimed at
reducing potential adverse impacts. Indeed, the Salzburg State (Austria) Public Health ..
Department confirms its concern about the potential public health risk when:in coming
years almost every electric wire and device will emit such trans1ent electric fields in the
kilohertz-range due to wired smart meters. SRR T -

Rather be safe than sorry - -

The apparent adverse health effects noted Wlth smart meter exposure are hkely to be further
exacerbated if smart appliances that use wireless communications become the norm and
further increase unwarranted exposure o

To date, there have been few independent studies of the health effects of such sources of
more continuous but lower mntensity microwaves. However, we know after decades of
studies of hazardous chemical substances, that chronic exposure to low concentrations of.
microwaves can cause equal or even greater harm than’ an acute exposure to: hlgh
concentrations of the same microwaves. :



This is why so many scientists and medical experts urgently recommend that measures
following the Precautionary Principle be applied immediately — such as using wired
meters — to reduce biologically inappropriate microwave exposure. We are not advocating
the abolishment of RF technologies, only the use of common sense and the development
and implementation of best practices in using these technologies‘in order to reduce
exposure and risk of health hazards.
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Abstract

Global exposures to emerging wireless technologies from applications including mobile phones, cordless phones, DECT phones, WI-FI,
WLAN, WiMAX, wireless internet, baby monitors, and others may present serious public health consequences. Evidence supporting a public
health risk is documented in the Biolnitiative Report. New, biologically based public exposure standards for chronic exposure to low-intensity
exposures are warranted, Exxstmg safety standards are obsolete because they are based solely on thermal effects from acute exposures. The
rapidly expanding development of new wireless technologies and the long latency for the development of such serious diseases as brain cancers
means that failure to take immediate action to reduce risks may result in an epidemic of potentially fatal diseases in the future. Regardless of
whether or not the associations are causal, the strengths of the associations are sufficiently strong that in the opinion of thie authors, taking action
to reduce exposures is imperative, especially for the fetus and children. Such action is fully compatible with the precautionary principle, as
enunciated by the Rio Declaration, the Européan Constitution Prmmple on Health (Section 3.1) and the European Union Treaties Article 174.
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1. Intmductmn and backgmund

Exposure to elect:romagnenc ﬁelds (EMF) has been linked
to a variety of adverse health outcomes: that may have sig-
nificant public health consequences {1~13]. The most serious
health endpoints that have been reported to be associated with
extremely low frequency (ELF) and/or RF include childhood
and: adult leukemia, c¢hildbood and-adult brais¥ tiimors, and
increased risk of the neurodegenerative diseases, Alzheimer’s
and amyotrophic lateral sclerosis (ALS). In addition, tHere
are reports of increased risk of breast cancer.in both men
and women, genotoxic.effects (DNA damage and micronu-
cleauon), Jpatholpgical leakage of the blood—-bram bamer,
altered immune function including mcreased allergxc and
1nﬁammatory responses, miscarriage and some, cardxovascu—
lar effects.[1-13]. Insomnia (sleep dxsrupuon) is reported in
studies of people living in very low-intensity RF environ-
ments with WI-FI and cell. tower-level exposures [85-93].
Short-term effects on cogmtlon memory and learning, behav-
ior, reaction: txme, attentlon and concentratlon, and altered
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brainwave activity (altered EEG) are also reported in the sci- -
entific literature [94-107]. Biophysical mechanisms that may
account for such effects can be found in various artlcles and
reviews [136-144]. i

The public health implications of emerging wireless tech-
nologies are enormous because there has been a véry rapid
global deployment of both old ‘and new forms in the last 15
years. In the United States, the deployment of wireless infras-
tructure has accelerated greatly in the last few years ‘with
220,500 cell sites in 2008 [14--16]. Eighty-four percent of
the population of the US own cell phones T16]. Anmiatized
wireless revenues in 2008 will reach $144 billion and US
spending on wireless communications will reach $212 bil-
lion by 2008. Based on the current 15% annual growth rate
enjoyed by the wireless industry, in the next 5 years wireless
will become ‘a larger sector of the US economy than both the
agriculture and automobilé sectors; The ‘annualized use of
cell phones:in the US'is estithatéd to be 2.23 trillion minutes
in 2008 [16]. There are 2.2 billion usersof cell phones world-
wide in- 2008 {17] and many rmlhon more users of cordless
phones.

Over 75 billion text messages were sent in the United
States, compared with 7.2 billion in June 2003, according to
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CTIA, the Wireless Association, the leading industry trade
group [ 16]. The consumer research company Nielsen Mobile,
which tracked 50,000 individual customer accounts. in the
second quarter of this year, found that Americans each sent
or received 357 text messages a month then, compared with
204 phone calls. That was the second consecutive quarter in
which mobile texting srgmﬁcantly surpassed the number of

voice calls [17]. S

The Electronics Industries Alhance (EIA) represents 80%
of the $550 billion US electronics industry! “that provides
two million jobs for American workers.” Its members include

companies from the consumer electronics and telecommuni-,

cations industries, among others [17]. ,

There is intense industry competition for market share.
Telecom taxes form an immense revenue generator for the
government sector. Sale of the airwaves (auctions selling
off wireless bandwidth) is a multi-million dollar industry

for governments; and ‘miulti-billion dollar global-advertising.
budgets are common. Lobbying dollars from the telecoms -

related industries aré estimated to be $300 mﬂhon annually

The media is neatly silent’ on health 1ssues perhaps in’part

because of global advemsmg revenues that compromlse jOUl‘-

nalistic mdependence and dxscourage balanced coverage of )

health, equity and economic issues,

vioed b

2. Evidence supporting a pubhc health rlsk

Even if there is only a small risk to health from chronic
use of and exposure to wireless technologies, there is the
potential . for -a profound public. health impact. RF, radi-
ation now saturates the airwaves, resulting. in exposure
to .both users, and non-users, - The effects are both. short-
term (sleep disruption, hormone disruption, impairment of
cognitive function, concentration,: attention, behavior; jand
well-being) and they are almost certainly -long-term. (gen-
erational impacts on health secondary to DNA .damage,
physiological stress, .altered immune function, electrosensi-
tivity, miscarriage risks, effects on sperm quality and motility
leading to infertiility, increased rates of cancer, and neuro-
logical diseases including Alzheimer’s disease and ALS—at
least for ELF exposures). (Chapters 512 of the BloInm,auve
Report:[1] and papers in this Supplement.). .. . .

_There is credible scientific evidence that RF sexposures
cause changes in.cell membrane function, ,metabol;sn_; and
cellular signal communication, as well as activation.of proto-
oncogenes and triggering of the production of stress proteins
at exposure levels below current regulatory, timits. There is
also generation of reactive oxygen species, which cause DNA
damage, chromosomal aberrations and nerve cell death. A
number of different effects on the central nervous system have
also been documented, including,activation of the endoge-
nous opioid systems, changes in brain function including
memory loss, slowed learning, motor dysfanction and per-
formance impairment in children, and increased frequency of
headaches, fatigue and sleep disorders. Melatonin secretion

is reduced, resulting in altered circadian rhythms and disrup-
tion of several physiological functions. (Chapters 5-12 of the
Biolnitiative Report [1] and papers in this Supplement.) ~
These effects can reasonably be presumed to result
in adverse health effects and disease with chronic and
uncontrolied exposures, and children may be particularly
vulnerable [1,19]. The young are also largely unable to

; L
-remove themselves from such envirofiments. Second-hand

non-ionizing radiation, like second-hand smoke may be con-

. sidered -of public health concern based on the evidence at

hand.
‘,2.1. Maiignant brain tumors

At present, the most persuasive evidence for cancer result-
ing from RF exposure is that there is a significantly increased
risk of malignant glioma in individuals that have used a
mobile phone for 10 or more years, with the risk-being'ele-

“vated only on the side of the head on which the phone is used

regularly (ipsilateral use) [1,3,4,6-8,18]. While the risk for

" ‘adulis after 10 or more years of use is reported to be more

 than’ doubled, there is some éevidence begmnmg to appear
that mdlcates that the risk is greater if the mdxvrdual Jbegins
to use a mobile phone at younger ages., Hardell et al. [18]
reponed higher odds ratios in the 20-29- year«old group than
other age ranges after more than 5 years of use of either ana-
log or cordless phones. Recently in a London symposium
Hardell réported that after even just 1 or more years of use
there is a 5.2-fold elevated risk in children who begin use of
mobile phones before the age of 20 years, whereas for all
ages the odds ratio was 1.4..Studies from Israel have found
that the risk of parotid gland tumors (a salivary gland in the
cheek).is increased-with heavy.cell phone use {7]. The risk
of acoustic. neuroma (a benign,but.space-occupying tumor
on the auditory nerve) is also significantly increased on the
ipsilateral side of the head after 10 or more years of mobile
phone use {1,3]. This relationship has also.been documented
in some. of  the published reports; of the WHO .Interphone
Study, a'decade-long 13-country international assessment of
celliphone risks and cancer [6,8]. - -

Kundi’reports that “(E)pidémiological evidence compiled
in the Tast 10 years starts to indicate an mcreased risk, in
paiticular for braii’ tamors (ghoma menmgmma, dcoistic
néuroma); from mobile phone use. Conéxdermg biases that
niay have beeh operatmg il most studies’ ‘the risk’estimstes
are’rather too low, although recall Bias could have incréaséd
risk estlmates The net result, ‘when conmdermg the different
errors and their 1mpact is still an elevated nsk” [19]

The lateney for most bram tumors is 20 years or more
when related to other environmental agents, for example, to
X-ray exposure. Yet, for ce]l phone use the increased risks
are occurring much sooner than twenty years, as early as
10 years for brain tumors in adults and with even shorter
latencies in children. This suggests that we may currently be
significantly underestimating the impact of current levels of
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use of RF technology, since we do not know how long the
average latency period really is. If it is 20 years, then the
risk rate will likely be much higher than an overall doubling
of risk for cell phone users if the peak comes later than 10
years. It may also signal very troubling risks for those who
start using cell phones, and perhaps all wireless devices, in
early childhood. We may not have proof of effect for decades
until many hundreds of thousands of new cases of malignant
gliomas are set in motion by long-term cell phone use.

The preliminary evidence that mobile phone use at
younger ages may lead to greater risk than for older persons is
of particular concern. There is a large body of evidence that
childhood exposure to environmental agents poses greater
risk to health than comparable exposure during adulthood
[20,21]. There is reason to expect that children would be
more susceptible to the effects of EMF exposure since they
are growing, their rate of cellular activity and division is more
rapid, and they may be more at risk for DNA damage and
subsequent cancers. Growth and development of the central
nervous system is still occurring well into the teenage years
so that neurological changes may be of great importance to
normal development, cognitioh, learning, and behavior. ..

A greater ‘'vulnerability of children to developing brain
cancer from mobile phone use may be the consequence of
a combination of patterns of use, stage of development and
physical characteristics related to exposure. In addition to the
fact that the brain continues to develop through the teen years,
many young children and teenagers now spend very large
periods of time using mobile phones. The brain is the main
target organ of cell phones and cordless phones, with highest
exposure to the same side as:the phone is.used. Further, due
to anatomical reasons, the brain of a child is more exposed to
RF radiation than the brain of an adult [22,23]. This is caused
by. the smaller brain size, a thinner pinna of the ear, thinner
skin and thinner skull bone permitting deeper penetration
into the child’s brain. A recent French study showed that
children absorb twice the RF from cell phone use as do adults

In addition to concerns about cancer, there is evidence for
short-term effects of RF.exposure on cognition, memory and
learning, behavior, reaction time, attentionand concentration,
altered brainwave activity (altered EEG) [95-108], and all of
these effects argue for extreme caution with regard to expo-
sure of children. The.development of children into adults is
characterized by faster cell division during growth, the long
period needed to fully develop and mature all organ systems,
and the need for properly. synchronized neural development
until early adulthood. Chronic, cumulative RF exposures may
alter the normal growth and development of children and
adversely affect their development and capacity for normal
learning, nervous system: development, behavior and judg-
ment {1,97,102]. .

Prenatal exposure to EMF has been identified as a possible
risk factor for childhood leukemia (1). Maternal use of cell
phones has been reported to advessely affect fetal brain devel-
opment, resulting in behavioral problems inthose children by

the time they reach school age [25]. Their exposure is invol-
untary in all cases. Children are largely unable to remove
themselves from exposures to harmful substances in their
environments.

2.2. Plausible biological mechanisms for a relationship
between RF exposure and cancer

2.2.1. DNA damage and oxidative stress

Damage to DNA from ELF and from RF cell phone
frequencies at very low intensities (far below FCC and
ICNIRP safety limits) has been demonstrated in many stud-
ies [1,2,26--35]. Both single- and double-strand DNA damage
have been reported by various researchers in different labora-
tories. This is damage to the human genome, and can lead to
mutations which can be inherited, or which can cause.cancer,
or-both.

Non-ionizing radiation is assumed to be of too low energy
to cause direct DNA damage. However both ELF and RE
radiation indnce reactive oxygen species, free radicals that
react with cellular molecules including DNA. Free-radical
production and/or the failure to repair DNA damage (sec-
ondary to damage to the enzymes that repair damage) created
by such exposures can lead to mutations. Whether it is greater
free-radical production, reduction in anti-oxidant protection
or reduced repair capacity, the result will be altered DNA,
increased risk of cancer, impaired or delayed healing, and
premature aging [36-54]. Exposures have also been linked
to decreased melatonin production, which is a plausible bio-
logical mechanism for decreased cancer surveillance in the
body, and increased cancer risk [34,39,44,46,47,49,50,54].
An-increased risk of cancers and a decrease.in survival has
been reported in numerous studies of ELF and RF [55-69].

2.2:2. Stress proteins (heat shock proteins or HSP)

-Another well-documented effect of exposure to low-
intensity ELF and RF is the creation of stress proteins (heat
shock proteins) that signal a cell is being.placed under phys-
iological sstress) . [70--80].. The HSP response-is. generally
associated with heat shock, exposure to toxic chemicals and
heavy metals, and other environmental insults. HSP.is a signal
of cells in distress. Plants, animals and .bacteria all produce
stress proteins to survive environmental stressors like high
temperatures, lack of oxygen, heavy metal poisoning, and
oxidative stress.

We can now add ELF .and RF exposures to this list of
environmental stressors that cause a physiological stress
response: Very low-level ELF and RF exposures can cause
cells to produce stress proteins, meaning that the cell
recognizes ELF and RF -exposures as harmful. This is
another important way in which scientists have documented
that ELF and RF exposures can be harmful, and-it happens
at levels far below the existing public safety standards. An
additional concern is that if the stress goes on too long, the
protective effect is diminished. The reduced response with
prolonged exposure means the cell is less protected against
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damage, and this is why prolonged or chronic exposures
may be harmful, even at very low intensities.

2.2.3. RF-induced gene expression changes

Many environment agents cause diseases, including can-
cer, not by direct damage to DNA but rather by up- or
down-regulation of genes that regulate cell growth and fune-
tion. Usually there are many genes whose expression is
changed, and it is difficult to determine the exact changes
responsible for.the disease. Both ELF and RF exposures have
been shown to result in altered gene expression. Olivares-
Banuelos et al. {81] found that ELF exposure of ‘chromaffin
cells resulted in changed expression of 53 transcripts. Zhao
et al. [82] investigated the gene expression profile of rat neu-
rons exposed to 1800 MHz RF fields (2 W/kg) and found 24
up-regulated genes and 10 down-regulated genes after a 24-h
exposure. The altered genes were involved in multiple celtular
functions including cytoskeleton; signal. transduction path-
ways and metabolism. Kariene et'al. {83] exposed human
skin to mobile phone radiation, and found by punch biopsy
that 8 proteins were significantly -altered in exXpression, con-
sistent with gene induction. Several 6ther studies have found
altered gene expression following RF exposure, :aithough
none have been found that explain specxﬁc dlsease states
{84]. » CLoa

DNA activation: at very low ELF and RE-levels, as in
the stress response, and DNA-damage- (strand breaks and
micronuclei) at-higher levels, are molecilar ‘precursors to
changes that are’ believed to lead to cancer. These, along
with gene induction; - provide plausxble blologxcal mecha~
nisms linking exposure to cancer. " ’

-The biochemical pathways that are. actwated are the same
for ELF and for RF exposures, and are non-thermal (do not
require heating or induced electrical currents). This is true
for the stress response, DNA damagé; generation of reactive
oxygen species.as well as gene induction. Thus it is not/sur-
prising that the major cancers resulting from expoSureto ELLF
and RF are the same; namely leukemia and brain cancer. The
safety standards for both ELF:and RF based on protéction
from heating, are irrelevant and rot protective. ELF exposure
levels of only 5-10 mG have been shown to activate the stress
response genes' (http‘//www b101mt1anve org, Sections:1 and

.

3. Sleep, cogmtlve function and performance o

The relauonsmp of good sleep to cogmuon perfor-
mance and Healing is well recognized. Sleep is a profoundly
important factor in-proper healing! ‘anti-inflammatory bene-
fits, reduction in physical symptoms of such as tendonitis,
over-use syndroime, fatigue-induced lethargy, cognition and
learning. Incomplete or- stowed physiological recovery is
common when sleep is impaired: Circadian rhythms that
normalize stress hormone production (cottisol, for example)
depend on synchronized sleep patterns. :

People who are chronically exposed to low-level -wire-
less antenna emissions report symptoms such as problems in
sleeping (insomnia), as well as other symptoms that include
fatigue, headache, dizziness, grogginess, lack of concen-
tration, memory problems, ringing in the ears (tinnitus),
problems with balance and orientation, and difficulty in
multi-tasking [85-93,99]. In children, exposures to cell phone
radiation have resulted in changes in brain oscillatory activity
during some memory tasks [97,102]. Cognitive impairment,
loss. of mental concentration, distraction, speeded mental
function but lowered accuracy, impaired judgment, delayed
reaction time, spatial disorientation, dizziness, fatigue,
headache, slower motor skills and reduced learning: ability
in:children and adults have all been reported [85-108].

.. These: symptoms are more common among “electrosen-
sitive” individuals, although electrosensitivity has not been
documented in double-blind tests of individual identifying
themselves as being electrosensitive as compared to controls
{109,110]. However people traveling to laboratories for test-
ing are pre-exposed to a multitude of RF and ELF exposures,
so they ‘may already be symptomatic prior to actual testing.
There is-also evidence that RF-exposures testing behavioral
changes-show delayed results; effects are observed after ter-
mination-of RF exposure. This suggests a persistent change
in the nervous system:that may be evident only after time has
passed, so is not observed during a short testing period..
3.1. Plausible bzologlcal mechamsms for -
neurobehavzoral effects

3l 1 i The melatomn hypotheszs : :

: ‘While there remains controversy as -to the degree that
RF and ELF fields altér neurobehavioral function; emerg-
ing-evidence providesa plausible mechanism for both effects
on sleep and cognition. Sleep is controlled by the-central
circadian -oscillator in the suprachiasmatic nucleus, located
inthe Hypothalamus. The activity of this central circadian
oscillator is, in turn, controlled by the hormone, melatonin,
which'is released from the pineal gland:{111]. There is:con-
siderable evidence that ELF expostre reduces the release
of melatonin from the pineal gland—see Section .12 of the
Bioinitiative Report [1].'There has been less study of .the
effects of RF-exposure on melatonin release;-but investiga-
tions have' demonstrated a reduced excretion of the urinary
metabolite of melatonin among persons using a mobile phone
for more: than 25 min. per day {112]. In a study of women
living near to radio and television transmitters, Clark et ak
{113] found no effect on-urinary melatonin metabolite excre-
tion among pre-menopausal women, but a strong effect in
post-menopausal women. .

 The “melatonin hypothesis” also prov1des a possﬂ)le basis
for other reported effects of EMFs. Melatonin has important
actions on learning and memory, and. inhibits electrophys-
iological .components of learning in some.but not all areas
of the brain [114,115]. Melatonin has properties as a free-
radical scavenger-and anti-oxidant {116]; and consequently,
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areduction in melatonin levels would be expected to increase
susceptibility to cancer and cellular damage. Melatonin could
also be the key to understanding the relationship between
EMF exposure and Alzheimer’s disease. Noonan et al. [117]
reported that there was an inverse relationship between excre-
tion of the melatonin metabolite and the 1-42 amino acid
form of amyloid beta in electric utility workers. This form of
amyloid beta has been found to be elevated in Alzheimer’s
patients.

3.1.2. Blood-brain barrier alterations

Central nervous system effects of EMFs may also be sec-
ondary to damage to the blood-brain barrier (BBB). The
blood--brain barrier is a critical structure that prevents tox-
ins-and other Jarge molecules that are in peripheral blood
from having access to the brain matter itself. Salford et al.
[118] have reported that a 2-h exposure of rats to GSM-900
radiation with a SAR of 2-200 mW/kg resulted in nerve cell
damage. In a follow-up study, Eberhardt et al. report- that
2-h exposures to cell phone GSM microwave RF resulted
in leakage of albumin across the blood-brain barrier and
neuronal death {119]. Neuronal albumin uptake was signif-
icantly correlated to occurrence of damaged neurons when
measured at 28 days post-exposure. The lowest exposure
level was 0.12 mW/kg (0.00012 W/kg) for .2 h. The highest
exposure Jevel was 120mW/kg (0.12 W/kg). The weakest
exposure level showed the greatest effect in pening the BBB
[118). Barlier blood—brain studies by Salford and Schlrma-
cher {120,121] report similar effects.

4. What‘are_: sources of 'Wireléss radiation?

There are many overlapping sources of radiofrequency
and microwave cmlssmns in daily life, both from industrial
sources (like cell towers) and from personal items [cell and
cordless phones, personal dlgltal assistants (PDAs), wire-
less routers, etc] Pubhshed data on typical levels found
in some cities and from some sources are available at
http://www.bioinitiative.org [1, 122-124]. -

~ Cell phones are the single most 1mportant source of

radlofrequency radxatmn to which we are éxposed because of
the relatively high exposure that results from the phone being
held right against the head. Cell phones produce two types
of emissions that should be considered. First, the radiofre-
quency radiation (typically microwave frequency radiation)
is present. However, there is also the: contribution of the
switching battery pack that produces very.high levels of
extremely low frequency electromagnetic field {125-127].

Cordless telephones have not been widely recognized as
similar in emissions to cell phones, but-they can aand do pro-
duce significant RF exposures. Since people:tend to use them
as substitutes for in-home and in-office corded or traditional
telephones, they are often used for long periods of time. As
the range of cordless phones has increased (the distance away
that you can carry on a conversation is related to the power

output of the phone), the more powerful the RF signal will be.
Hence, newer cordless phones may in some cases be similar
to the power output of cell phones. The cumulative emis-
sions from cell and cordless phones taken together should
be recognized when considering the relative risks of wireless
communication exposures.

PDAs such as the BlackBerry, Treo and iPhone units are
‘souped-up’ versions of the original voice communication
devices (cell phones). The often produce far higher ELF emis-
sions than do cell phones because they use energy from the
battery very intensively for powering color displays and dur-
ing data transmission functions (email, sending and receiving
large files, photos, etc.) [125-127]. ELF emissions have been
reported from PDAs at several tens to several hundreds of mil-
ligauss. Evidence of significantly elevated ELF fields during
normal use of the PDA has public health relevance and has
been reported in atleast three scientific papers [125,128,129].
In the context of repetitive, chronic exposure to significantly
elevated ELF pulses from PDAs worn on the body, relevant
health studies point to a possible relationship between ELF
exposure and cancer and pregnancy outcomes [130-133].

We include discussion of the ELF literature for two
reasons. As mentioned above ELF activates the same biol-
ogy as RF, it contributes to the total EMF burden of
the body. In addition; PDAs and cell phones emit both
radiofrequency/microwave radiation (RF) and extremely low
frequency ELF from the battery. switching of the .device
(the power source). Studies show that some devices pro-
duce excessively high ELF exposures during voice and data
transmission. ELF is already classified as a 2B (Possible)
Carcipogen by IARC, which means that ELF is indisputably
an issue to consider in the wireless technology debate. ELF
has been classified as a Group 2B carcinogen for all humans,
not just children, The strongest evidence came from epidemi-
ological studies on childhood leukemia, but the designation
applies to.all humans, both adults and children [1,25].

- .Wireless headsets that allow for conversations with cell
phones at a distance from the head itself reduce the emis-
sions. Depending on the type of wireless device, they may-
operate (transmit signal) only during conversations or they
may be operational continuously. The cumulative dose of
wireless headsets has not been well characterized under either
form ofi-use, Substantial, cumulative RF exposure would be
expected if the user wears a wireless headset that transmits a
signal continuously during the day. However a critical. factor
is where the cell phone is placed. If worn on a belt with a
headset, the exposure-to the brain is reduced but the exposure
to the pelvis may be significant, S

- Cell towers (called “masts” in Europe and Scandinavian
countries) are wireless 'antenna facilities that transmit the
cell phone signals within communities. They are another
major source of RF exposures for the public. They differ
from RF exposures from wireless devices like cell phones in
that they produce much lower RF levels (generally 0.05 to
1-2 wW/em? in the first several hundred feet around them)
in comparison to several hundred microwatts per centimeter
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squared for a cell phone held at the head. However they create
a constant zone of elevated RF for up to 24 h per day. many
hours per day, and the exposure is whole body rather than
localized at the head. These facilities are the distribution sys-
tem for wireless voice communications, internet connections
and data transmission within communities. They are often
erected on free-standing towers. They may be constructed on
telephone poles or electrical poles. They may be built into the
fagade or rooftops of buildings behind wood screening. These
are called stealth installations for wireless antenna facilities.
Some installations are camouflaged to resemble ‘false trees
or rocks’. They emit RF to provide cell service to spemﬁc
“cells” or locations that receive the signal. g .
Other forms of wireless transmission that are common in
areas providing cell service are wireless land area networks
(WLAN), (WiMAX) and WIFI networks. Some cities are
installing city-wide WIFI service to allow any user on'the
street to log into the internet (without cables or wire connec-
tions). WIFI installations may have a signal reach for:a few
hundred feet where WiMAX installations may transmit sig-
nal more than 10 miles, so produce a stronget RF emission
for those in close proximity. Each type has its particular sig-
nal strenigth and intended coverage area, but what they have
in common is the production of continuous RF exposure for
those within the area. We do mot know what the cumula-
tive exposure (dose) might be for people living, working or
going to school in: continupusly ‘elevated RF fields, not are
the possible health ifniplications yet known: However, based
on studies of populations near cell sites in general, thereis a
constellation of genérally observed health symptoms that are
repoited 'to occur:[85-107]. In this regard it is important to
note that children living near to AM radio transmitters have
been found to élevated risks of leukemia [134,135}.:While
AM radio RF fields are lower in frequency than that comion
in'mobile phones, this is‘a total body irradiationi-with RF.
The fact that leukemia, not'brain cancer, is apparent'in these
studies suggests that leukemia is'the cancer seen atthie Iowest
levéls of both BL.Fiand RF ﬁelds under the circumstances of
whole—body exposure.- ’ o ‘
»Commercial surveillance systems or security gates pose
an additional source of strong RF:eéxpostres. They are ubiq
uitous i’ department stores, markets and shops ‘at the entry
and-exit points to'discourage shoplifting and theft of goods.
Security gates can produce éxcessively High RF exposures
(although transitory) and have been. associated: with ‘inter-
ference ‘with ‘pacemakers in heart patients: The' exposure
levels. may ‘approach’thermal public saféty limits in inten-
sity, although no one expects a person to stand- between
the security gate bars for more than 6 min (safety limits for
uncontrolled public access are variable depending on the fre-
quency, but are all averaged over a 6-min-exposure-period).
RFID chips (radiofréquency identification chips) are being
widely used to track purchases and for security of pets, and in
some cases (o keep track of patierits with Alzheimer’s disease
and of children. RFID chips are implanted in fabrics, inserted
in many types of commercial goods, and can be implanted

under the skin. They create a detectable signal to track the
location of people and goods.

5. Problems with existing public health standards
(safety limits) :

If thewexisting standards ‘were adequate none of the effects
documented above should occur at levels to which people are
regularly exposed. The fact that these effects are seen with
our current ambient levels of exposure means that our exist-
ing public safety standards are obsolete. It also means that
new, biologically based. public exposure standards for wire-
less technologies are urgently needed. Whether it is feasible
to achieve low enough levels that still work and also protect
health! against effects of chronic RF exposure ~ for all age
grolips <+is uncertain, Whether we can protect the public and
still allow the kinds of wireless technology uses we see today
is unknown

.. The nature of electromagnetic field interactions with
biological systemis has'been well studied [136-144]. For pur-
poses of standard-setting processes for both ELF and RF, the
hypothesisithat tissue damage can'result only from heating is
the fundamental flaw in the misguided efforts to understand
the basic bxologlcal mechamsms leadmg to health effects.

The thermal standard IS clearly untenable as a measure of
dose when EMF stunuh that dlffer by many orders of magni-
tude in energy can stlmulate the same biological response. In
the ELF range, the same blologlcal changes occur as in the
RE, and no change in temperature can even be detected. With
DNA interactions the same lelogxcal responses are stimu-
lated in ELF and RF ranges even though the frequenc1es of
the stimuli differ by many orders of magnitude. The effects of
EMF on DNA to mmate the stress response ortg cause molec-
ular damage reﬂect the same bnology in different frequency
ranges For th1s reason it should be. posslble to develop ascale
based on DNA blology, and use 1t to deﬁne EMF dose in dlf—
ferent parts of the EM spectrum We also see a contmuous
scale in DNA experiments that focus on molecular damage
where single and dQuble strand breaks have long been known
to occur in the i 10mzmg ;ange, and recent studies have shown
smnlar effects in both ELF and RF ranges [144]

- « Bxisting “standard-setting ‘bodies’ thdt regulate wireless
technologies, assume that there are no bioeffects of concern
at exposurelevels that do not cause measutable heating. How-
ever; it has been éstablished beyond ahy reasonable doubt that

biceffects and séme adverse health effects oceur at far lower

levels of RF and ELF-exposure where no heating (or induced
current}. occurs; some: effects are shown to occur a thou-
sand times or mote ‘below the ‘existing public safety limits.
New, biologically based public exposure limits are urgently
needéd. New. wireless technologies for cell and cordless
phones, other wireless communication and data transmission
systems affect living organisms in new ways that our anti-
quated safety limits have not foreseen, nor protected against.
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The exposure of children to electromagnetic fields has
not been studied extensively; in fact, the Federal Com-
munications Commission (FCC) standards for exposure to
radiofrequency radiation are based on the height, weight and
stature of a 6-foot tall man, not scaled to children or adults
of smaller stature. They do not take into account the unique
susceptibility of growing children to exposures, nor are there
studies of particular relevance to children.

In addition there is a problem in the consideration of the
level of evidence taken into consideration by these bodies.
There have not been adequate animal models shown to have
cancer as an endpoint, and a perception that no single mech-
anism is proven to explain these associations. Thus these
committees have tended to ignore or minimize the evidence
for direct hazard to humans, and believe there is no proof of
cause and effect. These bodies assume from the beginning
that only conclusive scientific evidence (absolute proof) will
be sufficient to warrant change, and refuse to take action on
the basis of a growing body of evidence which provides early
but consequential warning of risks.

The Radiofrequency Interagency Workmg Group of the
US . governmental agencies involved in RF matters (RFI-
AWG) issued a Guidelines Statement in June of 1999 that
concluded the present RF standard “may not adequately pro-
tect the public” {145]). The RFIAWG identified fourteen (14)
issues that they believe are needed in the planned revisions
of ANSVIEEE RF exposure guidelines including “to pro-
vide a strong and credible rationale to support RF exposure
guidelines”. In particular, the RFIAWG criticized the exist-
ing standards as not taking into account chronic, as opposed
to acute-exposures, modulated or pulsed radiation (digital
or pulsed RF is proposed at this site), time-averaged mea-
surements that may erase the unique characteristics of an
intensity-modulated- RE radiation that may be responsible
for reported biologic effects, and stated the need for a com-
prehensive review of long-term, low-level exposure studies,
neurological-behavioral effects and micronucleus assay stud-
ies (showing genetic damage from low-level RF) [145]. This
important document from relevant US agencies- questions
existing standards in.the following: ways: (a) selection of an
adverse.effect level for chronic exposures not based on tissue
heating and considering modulation effects; (b) recognition
of different safety criteria for.acute and chronic.exposures at
non-thermal or low-intensity levels; {(c) recognition. of defi-
ciencies in-using time-averaged measurements of RE that
does not differentiate between intensity-modulated RF and
continuous wave (CW) exposure, and therefore may not ade-
quately. protect the public; (d) having standards based -on
adult males rather than considering children to be the most
vulnerable group. '

6. Prudent public health responses

.Emerging. environmental health problems require pre-
ventative public health responses even where scientific and

medical uncertainties still exist, but where policy decisions
today may greatly reduce human disease and societal costs
tomorrow.

Policy decisions in public health must address some amount
of uncertainty when balancing likely benefits and estimated
costs. Although new insight will allow better appreciation
of difficult issues, such as those occurring in environmental
and occupational health, an expanded perspective may also
enlarge the list of problems that need to be managed. Ignor-
ing the problems carries its own costs (as deferring a decision
is a decision in itself). With environmental and other public
health problems becoming increasingly complex and interna-
tional in scope, scientific documentation alone rdrely justifies
simple solutions [146]. ‘

Social issues. regarding the controversy over public and
occupational exposures to ELF and RF center on the resolute
adherence to existing ICNIRP and FCC/IEEE standards by
many countries, in the face of growing scientific evidence
of health risks at far lower levels [10]. The composition of
these committees, usually with excessive representation of
the physics and engineering communities rather than public
bealth professionals, results in a refusal to adopt biologically
based-exposure standards. Furthermore, there is widespread
belief that governments are ignoring this evidence and there is
widespread distrust of and lack of confidence in governments
and their health agencies. The basis on.which most review
bodies and standard-setting agencies have avoided the con-
clusion that the science is strong enough to warrant new safety
limits for ELF and RF is to require a demonstration .of abso-
lute proof before taking action.' A causal level of evidence, or
scientific certainty standardiis implicit in nearly all reviews of
the ELF and RF science, although this runs counter to good
public heaith protection policies.

. There is no. question.that global ,1mp1ementauon of the
safety.-standards proposed in the Bioinitiative Report, if
implemented abruptly.and without careful planning, have the
potential to not only be very expensive but also disruptive
of life and the economy. as we know it. Action must be a
balance of risk to.cost to benefit. The major risk from main-
taining the status quo is an increasing number of cancer cases,
especially in young pepple, as well as neurobehavioral prob-
lems at increasing frequencies. The bengfits of the status quo
are expansion and continued development of .communica-
tion technologies. But we suspect that the true costs of even
existing technelogies will only become much more apparent
with timg. Whether the costs-of remedial action are worth the
societal-benefits is a formula that should reward precaution-
ary behavior. Prudent corporate policies should be expected to
address and avoid future risks and Habilities, otherwise, there
is no market incentive to produce safe (and safer) products.

The deployment of new technologies is running ahead of
any reasonableestimation of possible health impacts and esti-
mates of probabilities, let alone a solid assessment of risk.
However, what has been missing with regard to EMF has
been an acknowledgement of the risk thatis demonstrated by
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the scientific studies. There is clear evidence of risk, although
the magritude of the risk is uncertain, and the magnitude of
doing nothing on the health effects cost to society is simi-
larly uncertain. This situation is very similar to our history of
dealing with the hazards of smoking decades ago, where the
power of the mdustry to influence governments and even con-
flicts of interest within the public health commumty delayed
action for more than a generation, with Consequent loss of life
and enormous extra health care costs to society. New stan-
dards are warranted now, based on the totality of scientific
evidence; the risks of taking no- -action, the large population
at risk, costs associated with ignoring the problem in new
and upgraded site selecuon and construction, and the loss of
public trust by i ignoring ‘the problem.

Direct medical and rehabilitative health costs associated
with treatment for diseases that are reasonably related to
wireless technologies may be very large. ‘Although there
is -unicertainty: involved in how much “disease is related to
wireless exposures, the mere scale of the problem with sev-
éral ‘billion users of ‘éell phones and even larger impacts
on ‘bystander populations (from cell site exposures; from
other WIZFI and wireless exposures in-home and conimer-
cial ‘use, etc.) the associated public health costs will likely
be mionumental. Furthermore the costs to families with can-
cers; heutological diseases or learning disabilities-in childfen
related: iti part or’in whole to wireless technologies extend
beyond medical costs. They may reasonably extend: to fam-
ily disruption and*family psychological pxoblems, losses it
job productivity and income loss. ER

- Theéhistory of governments and their official health agen-
cies to deal with emeérging and newly identified risks to health
isnot good [147<149}: This is particularly true where industry
investments in new products‘and technologies occur without
full recognition, disclosure or even knowledge of possible
heéalth consequences. Large economic -investments "in' pol-
luting- industriés often make for perilously slow regulatory
action, and theppublic health' consequences may be very great
as aresult [150,151). . .

“Free tarkets do not iiﬁtemalize*thetcosts*to society of
“guessingwrong”. Unexpected or hidden health costs of new
technologies may not be seen for many years; whenthe ability
to'recall or to identify the precise exposures related to dis-
ease outcomes is’difficult or impossible. The penalty nearly
always'falls to the individual; the family or the taxpayer and
not -to -the industry that*benefits economically—at least in
free-market economies.! Thus, the profits go to industry but
the costs may'goto the individual who'can suffér both dimin-
ished quality of life and health and ‘cconomic disadvantage.
If all' disease endpoints that may be reasonably related to
chronic ‘exposure -to electromagnetic fields: are considered
even a small attributable fraction for one or more ‘indus-
tries, it will have enormous global impact on public health.
The public health implications are immense. But they can
be reduced by strong government and public health inter-
ventions’ providing information on alternatives to wireless
technologies, public education campaigns, health-advisories,

Table | : :
Public health implications of wireless technologies argue for change in
govermnental and health agency actions.

Secure US and EU legislative mandates for safer technologies for
communication and data transmission, for security and surveillance
needs. ' v <

Protote wired alternatives for voice and data communication (cable,
fiber-optic) = - 7« :

Discourage or ban use of cell phones by children and young teen-agers

Provide permanent (unremovable) labels on cell phones “No; for use by
children under the age of 16”

Implemcm nauondl pubhc cducanon campalgns on hedlth issties (cell
WLAN and WnMAX exposures '

Promote industry redesign for safer products: support inpovation for ;.
alternatives and solutions

Slow or stop deployment of wxreless tcchnologles to dxscoux age rehance
on wireless tcohnolovxcs for commumcatxon and security needs

Put the burden of proof on intustry to show * new wxreless tech” is safe
* before deployment ) ; :

Adopt and enforce restricted use areas for sensitive or more vulnerable
segments of; somety Jincluding low-BEMF envirenments in public areas
and “No Cell” zones in mrpons hospitals, schools )

Acknowledge FCC and ICNIRP thcrmal safety s!dndards are obsoletc for

‘ wu-efess technologlcs )

Appomt néw standatd-sefting bodies: familidr with biological effects to
develop new guidelines for public safety limits. @ . ..

Develop new.biologically based standards that address low-intepsity,
chroruc exposures .

Reqmre standard of evxdence and level of proof pubhc health L

Reject “causal” standard of evidénce for taking dCthI] on smencé

Make mdustry ﬁnancmlly liable for™ gucssmg wrong “and i 1gnormg health
nsks R : oot . [

el e L Ly ' : i

a8 : B

i i

requirements for redesign of wireless devices, proscription of
use of wireless devices by children and teenagers;strong and
independent research programs on causes and prevention of
EMF-related diseases, and consultation’ with all- stakehold-
ers on issués relating to-involuntary éxposures (Bystander or
second-hand radiation exposures from wu‘eless technolocles)
(Table?l) T S

+The scientific 1nformat10n contained:in thxs Supplement
argues - for  thresholds 'or ' guidelines- that- are substantigily
below current FCCrand ICNIRP standards for localized
exposures to wirelessidevices and for wholesbody exposure.
Uncertainty :about -how:low such standards might have to
go toibe:prudent from' a;public health standpoint should
noti prevent reasonable .efforts to-respond ‘to the informa-=
tion athand. Nodowerlimit for bioeffects and adverse health
effects'from RF has been established, so the-possible health
risks of wireless"WEAN and ‘WI-FI systems, for example,
will require: further research. No assertion of safety atiany
level of witeless exposure (chronic exposure). can be made
at this time. The lower limit for reported human health
effects has dropped 100-fold below the safety standard (for
mobile phones and PDAs); 1000-10,000-fold for other wire-
less (cell towers at distance; WI-FIand WLAN:devices). The
entire basis for safety standards is called into question, and
it is not unreasonable to: questxon the safety of RF at any
level. .



C. Sage, D.O. Carpenter / Pathophysiology 16 (2009) 233-246 241

It is likely that for both ELF and RF, as for other carcino-
gens, there is no threshold of exposure that is without risk,
but the magnitude of the risk increases linearly with the level
of exposure. Our society will not go back to the pre-electric
and pre-wireless age, but the clear evidence of health haz-
ards to the human population from exposure mandates that
we develop ways in which to reduce exposure through educa-
tion, new technologies and the establishment of biomedically
based standards.

7. Conclusions and recommended actions

- New ELF limits are warranted based on a public health
analysis of the overall existing scientific evidence. These lim-
its should reflect environmental levels of ELF that have been
demonstrated to increase risk for childhood leukemia, and
possibly other cancers and neurological diseases. ELF lim-
its should be set below those exposure levels that have been
linked in childhood leukemia studies to increased risk of dis-
ease, plus an additional safety factor. It is no longer acceptable
to build:-new power .lines and electrical facilities that place
people in ELF environments that have been determined to
be risky. These levels are in the 2-4 milligauss (mG) range
(0.2-0.4 1 T), notin the 10 s of mG or 100 s of mG. The exist-
ing ICNIRP limit is 1000 mG (100 .T) and 904 mG (90.4 u.T)
in the US for ELF is outdated and based on faulty assump-
tions. These limits are can no longer be said to be protective
of public health and they should be replaced. A safety buffer
or safety factor should alse be applied to-a new, biologically
based ELEF limit, and the conventional approach is to add a
safety factor lower than the risk level. ,

. While.new ELF limits, are being developed and Ample-
mented, a reasonable ‘approach would:be a.1mG (0.1 wT)
planning limit for habitable space adjacent to all new or
upgraded ‘power lines and a 2mG (0.2 pT) limit for. all
other new. construction.- It is also recommended that a 1 mG
(0.1 wT) Jimit be. established for existing habitable space
for children and/or. women who are pregnant (because of
the possible link between childhood-leukemia and in utero
exposure-to ELF). This. recommendation is based on the
assumption that-a higher burden of protection is required for
children who cannot protect themselves, and who are at risk
for childhood leukemia at rates that are traditionally high
enough to trigger regulatory action. This situation in partic-
ular, warrants extending the 1 mG (0.1 wT) limit to existing
occupied space. “Establish” in this case probably means for-
mal public advisories from relevant health agencies. While
it is not realistic to reconstruct all existing electrical distri-
bution systems, in the short-term; steps to.reduce exposure
from these existing systems need to be initiated, especially in
places where children spend time, and should be encouraged.
These limits should reflect the exposures that are commonly
associated with increased risk of childhood leukemia (in the
2-5mG (0.2-0.5 p.T) range for all children, and over 1.4 mG
(0.14 wT) for children age 6 and younger). Nearly all of

the occupational studies for adult cancers and neurologi-
cal diseases report their highest exposure category is 4 mG
(0.4 wT) and above, so that new ELF limits should target
the exposure ranges of interest, and not necessarily higher
ranges.

Avoiding chronic ELF exposure in schools, homes and the
workplace above levels associated with increased risk of dis-
ease will also avoid most of the possible bioactive parameters
of ELF discussed in the relevant literature:

It is not prudent public health policy to wait any longer
to adopt new public safety limits for ELF. These limits
should reflect the exposures that are commonly associ-
ated with increased risk of .childhood leukemia (in the
2-5mG (0.2-0.5 w.T) range for all children, and over 1.4 mG
(0.14 nT) for children age 6 and younger). Avoiding chronic
ELF exposure in schools, homes and the workplace above lev-
els associated with increased risk of disease will also avoid
most of the possible bioactive parameters of ELF discussed
in the relevant literature.

- The rapid deployment of new wireless technologies that
chronically expose people to pulsed RF at levels reported to
cause bioeffects, which in turn, could reasonably be presumed
to lead to serious health impacts, is a public health concern.
There is suggestive to strongly suggestive evidence that RF
exposures may cause changes in cell membrane function, cell
communication, metaboljsm,-activation of proto-oncogenes
and can trigger the production of stress proteins: at expo-
sure levels below current regulatory limits, Resuiting effects
can include DNA breaks and chromosome aberrations, cell
death including death of brain neurons, increased free-radical
production, activation of the endogenous opioid system, cell
stress and premature aging, changes in brain function includ-
ing memory loss, retarded learning, performance impairment
in children, headaches and fatigue, sleep disorders, neurode-
generative conditions, reduction in melatonin secretion and
cangers (Biolnitiative Report Chapters 5+10, 12) [1].

This information now argues for. thresholds or:guidelines
that, are substantially below current FCC and ICNIPR stan-
dards for whole-body exposure. Uncertainty about how low
such standards might have to go to be prudent from a pub-
lic health standpoint should not. prevent reasonable efforts
to respond to the information at hand. No lower limit for
bioeffects and adverse health effects from RF has been estab-
lished, so the possible health risks of wireless WLAN and
WI-FI systems, for example; will require further research
and no assertion of safety at any level of wireless expo-
sure (chronic exposure) can be made at this time. The lower
limit for reported human health effects has dropped 100-fold
below the safety standard (for mobile phones and PDAs);
1000-10,000-fold for other wireless (cell towers at distance;
WI-FI and WL AN devices). The entire basis for safety stan-
dards is called into. question, and it is not unreasonable to
question the safety of RF at any level.

A cautionary target level for pulsed RF exposures for
ambient wireless that could be applied to RF sources from cell
tower antennas, WI-FI, WI-MAX and other similar sources
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is proposed. The recommended cautionary target level is 0.1
microwatts per centimeter squared (W/cm?) (or 0.614 V per
meter or V/m) for pulsed RF where these exposures affect the
general public; this advisory is proportionate to the evidence
and in accord with prudent public health policy. A precau-
tionary limit of 0.1 wW/cm? should be adopted for outdoor,
cumulativé RF exposure. This reflects the current RF science
and prudent public health resporse that would reasonably
be set for pulsed RF (ambient) exposures where people live,
work and go to school. This level of RF 1s experienced as
whole-body exposure, and can be a chronic exposure where
there is wireless coverage present for voice and data transmis-
sion for cell phones, pagers and PDAs and other sources of
radicfrequency radiation. An outdoor precautionary limit of
0.1 wW/em?would mean an even lower exposure level inside
buildings, perhaps as low as 0.01 pW/cm?. Some studies and
many anecdotal reports on-iil health have been reported at
fower levels than this; however, for the present time, it could
prevent some of the most disproportionate burdens placed
on the public nearest to such installations. ‘Although this RF
target level does mot preclude further rollout of WI-FI tech-
nologies, we alsofecommend that wired alternatives to WI-FI
be implemented, particularly’in schools and libraries so that
childrén are not subjected'to elevated RF levels until more i§
undeistood about possible health impacts. This recommen-
dation should béiseen as aii interim precautionary limit that is
intenided to guide preventativé acubns and more conservatxve
limits may be néeded in the future!’ - :
it Broadcast facilities that: chronically expose nearby res-
ideiits 'to-¢lévated RF lévels from AM,'FM and television
antenna transmission‘are also of public health concetin givert
thé poteritial for very high RF exposures near these facilities
(anteénna farms). RF levéls.can be in the 10 s to several 100s
of W/cm? in reésidential ateas within Half a mile of somé
broadcast- sites (for éxample, Lookout Mountain, Colorada
and Awbrey Butte; Bend, Oregon): Iiike wireless communica-
tion Tacilities, RF émissiohs from’broadcast facilities thiit are
located int;-or éxpose résideiitial populations and schools to
élevated levels of RF wxn very hkely need to be re-avaluated
forsafety. © " 10 ¢ b

“For eriissions from wireless dévices (cell photies, : per-
sonal dlgltal’assxstant or PDA devices, etc.) there-is enough
evidencé for increased risk 6fbrain tumors and acousti¢ neu-
fomas now'to warrant intervention with respect to their use:
Redesign of cell phones and PDAs could prevent difect head
and eye exposure, for example, by designing new units so
that they work only with a wired headset oron speakerphone
mode. : . ENE

These effects ‘can reasonably be fpresumed to result
in -adverse health effects  and disease with "chronic "and
uncontrolled exposures; and children may be particularly
valnérable. The young. are also largely unable.to remove
themselves from such envifonments. Second-hand radiation,
like second-hand smoKe is an 1ssue of. public health concern
based on the evidence at hand.- ,

In:suminary, thé following recommendations are made:

o ELF limits should be set below those exposure levels
that have been linked in childhood leukemia studies to
increased risk of disease, plus an additional safety factor.
It is no longer acceptable to build new power lines and
electrical facilities that place people in ELF environments
that have been determined to be risky (at levels generally
at 2mG (0.2 uT) and above).

e While new ELF limits are being developed and imple-
mented, a reasonable approach would be a 1 mG (0.1 T)
planning limit for habitable space adjacent to all new or
upgraded power lines and a 2mG (0.2 uT) limit for all
other new construction, It is also recommended for that
a 1 mG (0.1 uT) limit be established for existing habit-
able space for children and/or women who ate pregnant.
This.-recommendation is based on the assumption that a
higher burden of protection is required for children who
cannot protect themselves, and who are at'risk for child-
hood leukemia at rates that are traditionally high enough
to’ trigger regulatory action. This situation in particular
warrants extending the 1 mG (0.1 uT): limit'to existing
occupied space. “Establish” in this case probably means
formal public advisories from relevant health agencies. -

e While it is not realistic to réconstruct-all'existing electrical
distributions ‘systerns, in the short-term; step$ to reduce
exposure from these existing systems need to be initi-
ated and should be encouraged; especmlly in placcs whcrc
children spend time.

e A precautionary limit of 0.1 uW/cm (whlch' is- also
0.614-V per meter) should be adopted for outdoor, cumula-

-+ tive RF exposure: This reflects the current RF science and
prudent public health response that would reasohably be
set for pulsed RF (ambient) exposures where péople live,
work’ and go to school. This levéliof RF is experienced

" as whole-body expdsure, -and’can be a-chronic exposure
* where ‘there is witeless:.coverage present for ‘voice and
.data transmission for cell phones, pagers and PDAs and
" other sourcesof radiofréguency’ radiation. Some -studies
and many anecdotalreports on ill health have been réported
at lower levels than this; however, for:the presént time,
it-could ‘prevent soime of the most disproportionate bur-
dens placed on the:public nearest to-such installations:
Although this RFtarget level does not preclude further
- rollout of WI-FI technologies, we also recommend that
wired alternatives:to WI-FI be implemented; patticularly
in schools and libraries so that children are not:subjected
to elevatéd RE levels until more is uniderstood ‘about pos-
* sible health' impacts. This recommendation should be seen
.. a8 an interimi precautionary lirit that is intended to guide
* preventative actions; and more conservative hrmts may be
needed in the future ’ o
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PREFACE

Today, the Biolnitiative 2012 Report updates five years of science, public health, public policy
and global response to the growing health issue of chronic exposure to electromagnetic fields and
radiofrequency radiation in the daily life of billions of people around the world.

The Biolnitiative 2012 Report has been prepared by 29 authors from ten countries*, ten holding
medical degrees (MDs), 21 PhDs, and three MsC, MA or MPHs. Among the authors are three
former presidents of the Bioelectromagnetics Society, and five full members of BEMS. One
distinguished author is the Chair of the Russian National Committee on Non-lonizing
Radiation. Another is a Senior Advisor to the European Environmental Agency. As in 2007,
each author is responsible for their own chapter.

The great strength of the Biolnitiative Report (www.bioinitiative.org) is that it has been done
independent of governments, existing bodies and industry professional societies that have clung
to old standards. Precisely because of this, the Biolnitiative Report presents a solid scientific and
public health policy assessment that is evidence-based.

The Biolnitiative Report was first posted in August 2007. It still has a significant international
viewing audience. Each year, about 1,000,000 people still visit the site. In the five years since
it’s publication, the Biolnitiative website has been accessed over 10.5 million times, or four
times every minute. Every five minutes on the average, a person somewhere in the world has
logged on. More than 5.2 million files and 1 million pages of information has been
downloaded. That is equivalent to more than 93,000 full copies of the 650+ page report (288.5
million kbytes).

The global conversation on why public safety limits for electromagnetic and radiofrequency
fields remain thousands of time higher than exposure levels that health studies consistently show
to be associated with serious health impacts has intensified since 2007. Roughly, 1800 new
studies have been published in the last five years reporting effects at exposure levels ten to
hundreds or thousands of times lower than allowed under safety limits in most countries of the
world. Yet, no government has instituted comprehensive reforms. Some actions have been
taken that highlight partial solutions. The Global Actions chapter presents milestone events that
characterize the international ‘sea change’ of opinion that has taken place, and reports on
precautionary advice and actions from around the world.

* Sweden (6), USA (10), India (2), Italy (2), Greece (2), Canada (2), Denmark (1), Austria (2),
Slovac Republic (1), Russia (1)



The world’s populations — from children to the general public to scientists and physicians — are
increasingly faced with great pressures from advertising urging the incorporation of the latest
wireless device into their everyday lives. This is occurring even while an elementary
understanding the possible health consequences is beyond the ability of most people to grasp.
The exposures are invisible, the testing meters are expensive and technically difficult to operate,
the industry promotes new gadgets and generates massive advertising and lobbying campaigns
that silence debate, and the reliable, non-wireless alternatives (like wired telephones and utility
meters) are being discontinued against public will. There is little labeling, and little or no
informed choice. In fact there is often not even the choice to stay with safer, wired solutions, as
in the case of the ‘smart grid’ and smart wireless utility metering, an extreme example of a failed
corporate-governmental partnership strategy, ostensibly for energy conservation.

A collision of the wireless technology rollout and the costs of choosing unwisely is beginning
and will grow. The groundwork for this collision is being laid as a result of increased exposure,
especially to radiofrequency fields, in education, in housing, in commerce, in communications
and entertainment, in medical technologies and imaging, and in public and private transportation
by air, bus, train and motor vehicles. Special concerns are the care of the fetus and newborn, the
care for children with learning disabilities, and consideration of people under protections of the
Americans With Disabilities Act, which includes people who have become sensitized and
physiologically intolerant of chronic exposures. The 2012 Report now addresses these issues as
well as presenting an update of issues previously discussed.

Signed:m ﬁj L?%J’Vl WSigned: W//@/

David Carpenter, MD Cindy Sage, MA
Co-Editor Co-Editor
Biolnitiative Report Biolnitiative Report
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I. SUMMARY FOR THE PUBLIC
A. Introduction ;

You cannot see it, taste it or smell it, but it is one of the most pervasive environmental exposures
in industrialized countries today. Electromagnetic radiation (EMR) or electromagnetic fields
(EMFs) are the terms that broadly describe‘exposures created hy the vast array of wired and
wireless technologles that have altered the landscape of our lives in countless beneﬁcral ways.
However these technologies were designed to maximize energy efﬁcrency and convenience; not
with biological effects on people in mind. Based on new studles there is growmg evidence

among scientists and the publlc about possible health risks associated w1th these technologres

Human beings are bioelectrical systems. Our hearts.and brains are regulated by internal
bioelectrical signals. Environmental exposures to arfificial EMI‘ s can mteract thh fundamental
biological processes in the human body. In some cases, thrs can cause dlscomfort and d1sease |
Since World War 11, the background level of EMF from electrical sources has risen exponentially,
most recently by the soaring popularity of wireless technologies such as cell phones (two billion
and countmg in 2006), cordless phones ‘WI-FT' and WI-MAX networks. Several decades of
international scientific research confirm that EMF s are blologlcally actlve in ammals and in
humans, which could have major public health consequences.

In today s world, everyone is exposed to two types of EMFs: ) extremely low frequency
electromagnetic fields (ELF) from electrrcal and electromc applxances and power lmes and (2)
radxofrequeney radlatlon (RF) from w1reless dev1ces such as cell phones and cordless phones
cellular antennas and towers and broadcast transmlssron towers In thlS report we wrll use the .
termEMFs’ when referrmg to’ all electromagnetic fi elds 1n general; and the terms ELF and RF -
when referrlng to the specrﬁc type of exposure They are both types of non—aomzmg radratron,
which means that they do not have sufficient energy to break off electrons from their orbits
around atoms and ionize (charge) the atoms, as do x-rays, CT scans, and other forms of ionizing
radratron A glossary and deﬁm‘uons are provrded in Sectron 18 to assist you Some handy
deﬁmtlons you will probably need when readmg ;about ELF and RF in this summary sectlon (the

language for measurmg 1t) are shown w1th the references for this section



B. Purpose of the Report

This report has been written by 14 (fourteen) scientists, public health and public policy -
experts to document the scientific evidence on glectromagnetic fields. Another dozen
outsnde reviewers have looked at and reﬁned the Report

The purpose of this report is to assess scientific evxdence on health mlpacts from
electromagnetic radiation below current public exposure limits and evaluate what changes
in these limits are warranted now to reduce ‘possible public health’risks:in the future:

Not everything is known yet about this subject; but what is clear: is that the existing public
safety standards limiting these radiation levels in nearly every country of the world look to
be thousands of times too lenient. Changes are needed,

New approaches are needed to educate decision-makers and the public about sources of
exposure and to find alternatives that do not pose the same leyel of possible health risks,
while thel e is still time to make changes.

'
! B

A working group composed of scientists, researchers and public healthipolicy proféssionals (The
Biolnitiative Working Group) has joined together to document, the information that must .be

considered in the international debate about the adequacy (or madequacy) of ex1stmg pubhc
exposure standatds. o v b

: e oo O R T O

This Report is the product of an international research and public policy initiative to give an
overview of what is known of biological effects that occur at low-intensity EMFs exposures (for
both radiofrequency radiation RF and power-frequency. ELF, and various forms of combined
exposures that are now known to be bioactive). The Report examines the research and current
standatds and finds that theése standards are far from’ adequate fo protect pubhc health. ' *©

Recogmzmg that other bodles in the United States Unlted ngdom, Austraha many European
Union and eastern Europeari countries as well as the World'Health Organization‘are actlvely
debating this topic, the Biplnitiative Working Group has conducted.a. mdependent sgience and .
public health pohcy review process. The report presents solid science on this issue, and makes
recommetidations o décision-makers and the public:  Cofi¢lusions of the'individual authots; afid
overall conclusions are given in Table 2-1 (Biolnitiative Overall Summary Chart).

Eleéven(11) chapters that document key scientific studies and reviéws identifying low-intensity -
effects of electromagnetic fields have been written by.members of the Biolnitiative Working
Group. Section 16 and 17 have been prepared by public health and pohcy experts. These sectlons
disclisses the standard of evidence which shotld be applied in public healih planning; how'the -
scientific information should be evaluated in the context of prudent public health policy, and
identifies the basis for taking precautionary and preventative actions that are proportionate to the
knowledge at hand. They also evaluate the evidence for ELF that leads to a recommendation for
new public safety limits (not precautionary or preventative actions, as need is demonstrated).




Other scientific review bodies and agencies have reached different conclusions than we have by
adopting standards of evidence so unreasonably high as to exclude any conclusions likely to lead
to new public safety limits. Some groups are actually recommending a relaxation of the existing
(and inadequate) standards. Why is this happening? One reason is that exposure limits for ELF
and RF are developed by bodies of scientists and engineers that belong to professional societies
who have traditionally developed recommendations; and then government agencies have adopted
those recommendations. The standard-setting processes have little, if any, input from other.
stakeholders outside professional engineering and closely-related commercial interests. Often,
the industry view of allowable risk and proof of harm is most influential, rather than what public
health experts would determine is acceptable.

Main Reasons for Dlsagreement among Exnerts

1) - Scientists and pubhc health policy experts use very drfferent definitions of the standard of
cvidence used to judge the science, so they come to different conclusions about what to
do. Scientists do have a role, but it is not exclusive and other opinions matter.

2) We are all talking about essentially the same scientific studies, but use a different
way of measuring when “enough is enough” or “proof exists”.

3) Some experts keep saymg that all studies have to be consistent (turn out the same ‘way
every time) before they are comfortable saying an effect exists.

4) Some experts think that it is enough to look only at short-term, acute effects.

5) Other experts say that it is 1mperat1ve we have studies over Ionger time (showing the
effects of chronic exposures) since that is what kind of world we live in.

6) Sofrie experts say that everyone, including the very young, the elderly, preguant women,

" and people with illnesses have to be considered — others say only the average person (or

" in the case of RF, a six-foot tall man) matter.

7) "Thele is no unexposed population, makmg it harder to see increased rrsk of diseases.
The lack of consensus about a single biological mechanism of action.

' 9) The. strength of human epidemiological studies reporting risks from ELF and RF
exposures, but animal studies don’t show a strong toxic effect.

10) Vested interests have a substantial influence on the health debate.

Publi¢ Policy De01s1ons
Safety limits for public exposure to EMFs need to be developed on the basis of mteractlon andong
not only scientists, but also public health experts public pohcy makers and the general pubhc '

“In principle, the assessment of the evidence should combine with ]udgment based on other
sodietal vahies. Sfor example costs and benefits, acceﬁtdbzhfy of risks, cultural preferences; etc.
and result in sound and effective decision-making. Decisions on these matters are eventually .
taken as a function of the views, values and interests of the stakeholders participating in the
process, whose opinions are then weighéd depénding on several factors. Scientific evidence
perhaps carries, or should carry, relatively heavy weight, but grants no exclusive statits;
decisions will be evidence-based but will also be based on other factors.” (1)

.

The clear consensus of the BioInitiative Working Group members is that the existing public

safety limits are inadequate for both ELF and RF.




These proposals reflect the evidence that a positive assertion of safety with respect to
chronic 'exposure to low-intensity levels of ELF and RF cannot be made. As with many
other standards for environmental exposures, these proposed limits may not be totally
protective, but more stringent standards are not realistic at the present time. Evena
small increased risk for cancer and neurodegenerative diseases translates into an enormous
public health consequence. Regulatory action for ELF and preventative actions for RF are
warranted at this time to reduce exposures and inform the pubhc of the potentlal for
increased'risk; at what levels of chronic exposure these risks may be present and what
measures may be taken to reduce risks. ;

b

C. Problems with Existing Public Health Standards (Safety Limits) -

Today’s public exposure limits for telecommunications are based on the presumptlon that heating
of tissue (for RF) or 1nduced electric currents m the body (for ELF) are, the only concerns when
living organisms are exposed to RF. These exposures can create tissue heatmg that is well known
to be harmful in even very short~term doses. As such, thermal limits do serve a pur ose. For,
example for people whose occupations require them to work around radar facilities or. RF heat-
sealers, or for people whoinstall and service wireless antenna tower, thermalIy based limits are
necessary to prevent damage from heating (or, in the case of ‘power- frequency ELF from induced
current flow in tissues). In the past, scientists and engmeers developed ex posure standards for
electromagnetic radiation based what we now believe are faulty assumptlons(that the rlght way to
measure how much non-ionizing energy humans can tolerate (how much exposure) yv1thout harm
is to measure only the heating of tissue (RF) or induced currents m the body (ELF)

In the last few decades, it has been established beyond any reasonable doubt that bioeffects and
some adverse health effects occur at far lower levels of RF and ELF exposure S whéré ho heatlng
(or mduced ourrents) occurs at all; some effects are shown to oceur ‘at several hundred thousand
times below the existing public safety limits where heatmg is an 1mposs1b1hty

It appears it is the INFORMATION conveyed by electromagnetic rédiation (rather than
heat)’ that causes bmloglcal changes - some of these blologlcal changes may lead to loss of

wellbeing, dlsease and even death

vy i . 3

N

Effects occur at non-thermal or low-intensity exposure levels thousands of times below the levels
that federal agencies say should keep the public safe. For many new devices operating with

. wireless technologies, the devices are exempt from any regulatory standards. The existing
standards have been proven to-be inadequate to contrel against harm froth/low-intensity, chronic’
exposures, based on any reasonable, independent assessment of the 801ent1ﬁc literature. It means
that an entirely new basis (a biological basis) for new exposure standards is needed. New
standards need to take into account what we have learned about the effects of ELF and RF (all
non-ionizing electromagnetic radiation and to design new limits based on biologically-
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demonstrated effects that are important to proper biological function in living organisms. It is
vital to do so because the explosion of new sources has created unprecedented levels of artificial
electromagnetic fields that now cover all but remote areas of the habitable space on earth. Mid-
course corrections are needed in the way we accept, test and deploy new technologies that expose
us to ELF and RF in order to avert public health problems of a global nature.

Recent opinions by experts have documented deficiencies in current exposure standards. There is
widespread discussion that thermal limits are outdated, and that biologically-based exposure
standards are needed. Section 4 déscribes concerns expressed by WHO, 2007 in its ELF Health -
Criteria Monograph; the SCENIHR Report, 2006 prepared for the European Commission; the UK
SAGE Report, 2007; the Health Protection Agency, United Kingdom in 2005, the NATO
Advanced Research Workshop in 2005; the US Radiofrequency Interagency Working Group in
1999; the US Food and Drug Administration in 2000 and 2007; the World Health Organization
in 2002; the International Agency for Cancer Research (IARC, 2001), the United Kingdom
Parliament Independent Expert Group Report on Mobile Phones — Stewart Report, 2000) and
others.

A pioneer researcher, the late Dr. Ross Adey, in his last publication in Bioelectromagnetic .
Medicine (P. Roche and M. Markov, eds. 2004) concluded:

“There are major unanswered questions about possible health risks that may arise from
exposures to various man-made electromagnetic fields where. these human exposures are

-, intermittent, recurrent and may extend over a significant portion of the lzfetlme of the
mdlvza’ual T

“Epzdemzologzcal studies have evaluated ELF and rad;ofrequency fie elds as posszble rtsk
factors for human health, with historical evidence relating rising risks of such factors as
progressive rural electrification, and more recently, to methods of electrical power
distribution and utilization in commercial buildings. Appropriate. models describing
these bioeffects are based in non-equilibrium thermodynamics, with ronlinear
electrodynamics as an integral feature. Heating models, based in equzllbrzum
‘thermodyndmics, fail to explain an impressive new frontier af much greater szgmf cance.
oo Though zncompletely understood, tissue free radzcal mter actzons wzth magnettc fie ela’s
may extend to zero field levels.” (2)

St DS P

There may be no lower limit at which exposures do not affect us. Until we know if
there is a lower limit below which bioeffects and adverse health impacts do not
occur, it is unwise from a public health perspective to continue “business-as-usual”
deploymg new technologles that increase ELF and RF exposures, partlculal ly
s involuntary exposures. .t




1I. SUMMARY OF THE SCIENCE
A. Evidence for Cancer
1. Childhood Leukemia

The evidence that power lines and other sources of ELF are consistently assoelated with hlgher
rates. of childhood leukemla has resulted in the International Agency for Cancer Research (an arm
of the World Health Orgamzatton) to classify ELF as a Pogsible Human Carcmogen (m the Group
2B carcinogen hst) Leukemia is the most common type of cancer in chlldren

-

There is little doubt ‘that exposure to ELF causes 'childhood leukemia.

The exposure lévels for ificreased risk are quite low — just above background or ambient levéls
and much lower than current exposure limits. The existing ICNIRP limit is 1000 mG- (904 mG in
the US) for ELF. Increased risk for childhood leukemia starts at levels almost one thousand times
below the safety standard. Leukemla risks for young boys are reported in one study to double at
only 1.4 mG and above ) ‘Mot other studies combine older children with’ younger children (0
to 16 years) so that risK Tevels do not reach statistical significance until exposure levels reach 2
mG or 3 mG. Although some reviews have combined studies of childhood leukemia in ways
that indicate the risk level starts at 4 mG and above; this does not reflect many of the studles
reportmg elevated rlsks at the lower eXposure levels of 2 mG and 3 mG. \

2. Ot‘itye'k}Clhildhoo'd ‘Cancers

Other ch1ldhood cancers have been studted mcludmg bram tumors, but not enough work has
been done; to know if there are rtsks how high these risks mlght be or what ¢ exposure. levels might
be associated with increased risks. The lack of certainty about other chtldhood cancers should not
be taken to signal the “all clear”; rather it is a lack of study.

The World Health Orgamzatton ELF Health Criteria Monograph No 322 (2007) says that other
ch11dhood cancers ° cannot be ruled out” (8)
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““There i some evndence that other chlldhood cancexs may be related to ELF -
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exposure but not enough Studles have been done

Several recent studies provide even stronger evidence that ELF is a risk factor for childhood
leukemia and cancers later in life. In the first study (9), children who were recovering in high-
ELF environments had poorer survival rates (a 450% increased risk of dying if the ELF fields
were 3 mG and above). In the second study, children who were recovering in 2 mG and above
ELF environments were 300% more likely to die than children exposed to 1 mG and below. In




this second study, children recovering in ELF environments between 1 and 2 mG also had poorer
survival rates, where the increased risk of dying was 280%. (10) These two studies give powerful
new information that ELF exposures in children can be harmful at levels above even 1 mG. The
third study looked what risks for cancer.a child would have later in life, if that child was raised in
a home within 300 meters of a high-voltage electric power line. (11) For children who were
raised for their first five years of life within 300 meters, they have a life-time risk that is 500%
higher for developing some kinds of cancers. -

Children who have leukemia and are in recovery have poorer survival rates if their
ELF exposure at home (or where they are recovering) is between 1mG and 2 mG in

dne study; over 3 mG in another study.

Given the extensive study of childhood leukemia risks associated with ELF, and the relatively
consistent findings that exposures in the 2 mG to 4 m(G range are associated with increased risk to
children, a 1 mG limit for habitable. space is recommended for new construction. While it is
difficult and expensive to retrofit ex1stmg habitable space to a 1 mG level, and is also
recommended as adesirable target for existing:residences and places where children and pregnant
women may spend prolonged periods of time.

New ELF public exposure limits are warranted at this time, given.the‘exist_ing_ '

scientific evidence and need for public health policy intervention ’and‘px‘fe”vénﬁon, '

i

3. Brain Tumors and Acoustic Neuromas
Radiofrequency radiation from cell phone and cordless phone exposure has been linked in more
than one dozen studies to increased risk for brain tumors and/or acoustic neuromas (a tumor in the
brain on a nerve related to our hearing).

People who have used a cell phone for ten years or more have higher rates of malignant
brain tumor ‘and acoustm neuromas, Iti is worse if the cell phone has been used prlmarlly

.on one s1de of the head

For brain tumors, people who have used a cell phone for 10 years or longer have a 20% increase
in risk (when the cell phone is used on both sides of the head). For people who have used a cell
phone for 10 years or longer predominantly on one side of the head, there is a 200% increased
risk of a brain tumor. This information relies on the combined results of many brain tumor/cell
phone studies taken, together (a meta-analysis of studies).




People who have used a cordless phone for ten years or more have higher rates of malignant
brain tumor and acoustic neuromas. It is worse if the cordless phone has been used

primarily on one side of the head.

The risk of brain tumor (high-grade malignant glioma) from cordless phone use is 220% higher.
(both sides of the head). The risk from use of a cordless phone is 470% higher when used mostly
on only one side of the head.

For acoustic neuromas, there is a 30% increased risk with cell phone usé at ten years and longer;
and a.240% increased risk of acoustic neuroma when the cell phone is used mainly on one side of
the head. These risks are based on the combmed results of several studies (a meta-analysis of
studies). B :

For use of cordless phones, the increased risk of acoustic neuroma is three-fold higher (310%)
when the phone is mainly used on one side of the head.

The current standard for exposure to the emissmns of cell. phones and cordless phones is not

safe consrdermg studles reporting long-term brain tumor and. acoustlc neuroma risks.

Other indications that radiofrequency radiation can cause brain tumors comes from exposures to -
low-level RF othef than from ¢ell phone or ‘cordless phone use! Studiés of people who are
exposed in their work (occupational exposure) show higher brain tumor rates as well. Kheifets

- (1995) reported a 10% to 20% increased risk of brain cancer for those employed in electrical
occupations. This meta-analysis surveyed 29 published studies of brain cancer in relation to
occupational EMFs exposure or work in electrical occupations. (6). The evidence for a link
between other sources of RF exposure like working at a job with EMFs exposure.is consistent
with a moderatety elevated risk of developing brain tumors.

£y

4. Other Adult Cancers | B L

There are multiple studies that show statistically significant relationships between occupational

" exposure and leukemia in adults (see Chapter 11),in spite of ‘major limitations in.the exposure -
assessment, A very recent study by Lowenthal et al. (2007) investigated leukemia in adults i in
relation to fesidence near to high- “voltage power fines. While they found ‘elevated risk in all
adults living near to the high voltage power lines, they found-an OR of 3.23 (95% CI = 1.26-8.29)
for individuals who spent the first 15 years of life within 300 m of the power ‘ine This study

exposure and exposure durmg childhood increases r1sk of adult disease

A 51gn1ﬁcant excess I‘lSk for adult bram tumors in electiical workers and those adults with
occupational EMF exposure was reported in a ‘meta-analysis (review of many individual studies)
by Kheifets et al., (1995). This is about the same size risk for lung cancer and secondhand smoké
(US DHHS, 2006). A total of 29 studies with populations from 12 countries were included in this
meta-analysis. The relative risk was reported as 1.16 (CI = 1.08 — 1.24) or a 16% increased risk
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for all brain tumors. For gliomas, the risk estimate was reported to be 1.39 (1.07 — 1.82) or a 39%
increased risk for those in electrical occupations. A second meta-analysis published by Kheifets
et al., ((2001) added results of 9 new studies published after 1995. It reported a new pooled
estimate (OR = 1.16, 1.08 — 1.01) that showed little change in the risk estimate overall from 1995.

The evidence for a relationship between exposure and breast cancer is relatively strong in men
(Erren, 2001), and some (by no means all) studies show female breast cancer also to be elevated
with increased exposure (see'Chapter 12). Brain tumors and acoustic neuromas are more
common in exposed persons (see Chapter 10). There is less published evidence on other cancers,
but Charles et al. (2003) report 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). Vilieneuve et al. (2000) report statistically significant elevations of non-Hodgkin’s
lymphoma in electric utility workers in relation to EMF exposure, while Tynes et al. (2003)
report elevated rates of malignant melanoma in persons living near to high voltage power lines.
While these observations need replication, they suggest a relationship between exposure and
cancer in adults beyond leukemia. : :

In total the scientific evidence for adult disease associated with EMF exposure is sufficiently
strong for adult cancers that preventive steps are appropriate, even if not all reports have shown
exactly the same positive relationship. This is especially true since many factors reduce our
ability to see disease patterns that mlght be related to EMF exposure: there is no unexposed
population for comparison, for'éXample, and other difficulties in exposure assessment, The
evidence for a relationship between EMF exposure and adult cancers and neurodegenerative
diseases is sufficiently strong at present to merit preventive actions to reduce EMF exposure.

5. ’Bré&zst Cdn'cer !

There is rather strong evxdence from mu]tlple areas of smentlﬁc 1nvest1gat10n that ELF is related
to breast cancer. Over the last two decades there have been numerous epxdemlologrcal studies _
(studies of human 1lIness) on breast eancer in both men and women, although this relatlonshrp
remains controversial among scientists. Many of these studxes report that ELF exposures are
related to mereased risk of breast cqncer (not all studles report such effects but then, we do not
expect 100% or even 50% consistency in results in ‘scierice, and do not requlre 1t to take T
reasonable preventative action). D

v [ N S ) . .. v .-
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The evidence:from studies on women inithe workplace rather strongly suggests that ELF is

a risk factor for breast.¢cancer for:womeii with long-term exposures of 10 mG.and higher.

Breast cancer studies of people who work in relatively high ELF exposures (10 mG and above)
show higher rates of this disease. Most studies of workers who are exposed to ELF have defined
high exposure levels to be somewhere between 2 mG and 10 mG; however this kind of mixing of
relatively low to relatively hlgh ELF exposuire Just acts to dllute out real risk levels. Many of the
occupational studies group exposures so that the highest group is exposed to 4 mG and above.
What this means is that a) few people are exposed to much hlgher levels and b) illness patterns
show up at relatively low ELF levels of 4 mG and above This is another way of aemonstratmg
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that existing ELF limits that are set at 933-1000 mG are irrelevant to the exposure levels reporting
increased risks. : o :

Laboratory studies that examine human breast cancer cells have shown that ELF exposure
between 6 mG and 12 mG can interfere with protective effects of melatonin that fights the growth
of these breast cancer cells. For a decade, there has. been evidence that human breast cancer cells
grow faster if exposed to ELF at low environmental levels. This is thought to be because ELF
exposure can reduce melatonin levels in the bedy. The presence-of melatonin in breast cancer
cell cultures is known to reduce the growth of cancer cells. The absence of melatonin (because of
ELF exposure or other reasons) is known to result in more cancer cell growth.

Laboratory studies of animals that have breast cancer tumors have been shown to have more
turnors and larger tumors when exposed to ELF and a.chemical tumor promoter at the same time.
These studies taken together indicate that ELF is.a likely risk factor for breast cancer, and that
ELF levels-of importance are no-higher than-many people-are exposed to at home and at work. A
reasonable suspicion of risk exists and is sufficient evidence on which to recommend new ELF.
limits; and to warrant preventative action.

L S

Given’ the very high hfettme nsks for developmg breast cancer, and the critical lmportance
of preventxon, ELF exposures should be reduced for all people who are in hlgh ELF

envu‘onments for prolonged perlods of time.

P i

Reducing ELF exposure is particularly important for people who have breast cancer. The
recovery environment shouid have low ELF levels given the evidence for poorer, survival rates for
childhood leukemia patients in ELF fields over 2 mG or 3 mG. Preventative action for those who
may be at higher risk for breast cancer is also warranted. gpartlcularly for those taking tamoxifen
asa way to reduce the rrsk ‘of gettlng breast cancer, smce in addition to reducmg the effectweness
of melatomn ELF exposure may also reduce the effectlveness of tamoxxfen at these same low
exposure levels) There is no excuse for 1gnormg the substantlal body of evrdence we already ‘
have that supports an assoclatron between breast cancer and ELF exposure waiting for -
conclusive ev1dence is untenable grven the enormous costs and socxetal and personal burdens
caused by this'diséase. |

Studies of human breast cancer cells and some animal studies show that ELF is likely to be
. a.risk factor-for breast cancen.. There is~?su§pox?ting evidence for a link between breast;
cancer and:exposure to ELF:that.comes from cell and animal studies, as well as studies of

human breast cancers.

These are Just some of the cancer 1ssues to dlscuss It may be reasonable now to make the
assumptlon ‘that’ all cancers, and other dlsease endpomts mlght be related to, or worsened by
exposures to bME s (both ELF and RF )

yo,

If one or more cancers are related why would not all cancer risks be at 1ssue‘7 It can ho longer be
said that the current state of knowledge rules out or precludes risks to human health. The *
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enormous societal costs and impacts on human suffering by not dealing proactively with this
issue require substantive public health policy actions; and actions of governmental agencies
charged with the protection of public health to act on the basis of the evidence at hand.

B. Changes in the Nervous System and Brain Function

Exposure to electromagnetic fields has been studies in connection with Alzheimer’s disease,
motor neuron disease and Parkinson’s disease. (4) These diseases all involve the death of specific
neurons and may be classified as neurodegenerative diseases. There is evidence that high levels
of amyloid beta are a risk factor for Alzheimer’s disease, and exposure to ELF can increase this
substance in the brain. There is considerabie evidence that melatonin can protect the brain
against damage leading to Alzheimer’s disease, and also strong evidence that exposure to ELF
can reduce melatonin levels, Thus itis hypothe31zed that one.of the body’s main protections
against developing Alzheimer’s disease (melatonin) is less available to the body when people are
exposed to ELF. Prolonged exposure to ELF fields could alter-calcium (Ca2+) levels in neurons
and induce oxidative stress (4). It is also possible that prolonged exposure to ELF fields may
stimulate neurons (particularly large motor neurons) into Synchronous firing, leading to damage
by the buildup of toxins.

Evidence for a relationship.between exposure and the neurodegenerative diseases, Alzheimer’s
and amyotrophic lateral sclerosis (ALS), is strong and relatively consistent (see Chapter 12).
While not.every publication shows a statistically significant relationship between exposure and
disease, ORs of 2.3 (95% CI = 1.0-5.1.in Qio et al., 2004), of 2.3 (95% CI = 1.6-3.3 in Feychting
et al., 2003)-and of 4.0 (95% CI =.1.4-11.7 in'Hakansson et al., 2003) for Alzheimer’s Disease, -
and of 3.1 (95% CI =:1.0-9.8 in Savitz et al., l998) and2.2. (95% CI'='1.0-4.7 in Hakansson et al.,
2003) for ALS cannot be simply 1gnored L , ,

LS U S

Alzheimer’s disease is a disease of" the nervous system. There is strong evrdence that long-

term exposure to ELF is a l‘lSk factor for Alzhelmer s disease.

. Concern has also been raised that humans withepileptic disorders. could be more:susceptible to:

RF exposure. Low-level RF exposure may be a stressor based on srmrlarxtres of neurological

 effects to other known stressors; low-level RF activates both' endogenous op101ds and other

substances-in the'brain that funetion in a similars manner:to psychoactive drug actions. Such..

effects in laboratory animals mrmlc the effects of drugs on the part of the brain that is mvolved in
addiction.

Laboratory studies show that the nervous system of both humans and animals is sensitive to ELF
and RF. Measurable changes in brain function and behavior occur at levels associated with new
technologies including cell phone use. Exposing humans to cell phone radiation can change
brainwave activity at levels ds low as 0.1 watt pér kilogram SAR (W/Kg)*** in comparison to the
US allowable level of 1.6 W/Kg and the International Commission for Non-ionizing Radiation
Protection (ICNIRP) allowable level of 2.0 W/Kg It can affect memory and ledrning. It can
affect normal brainwave actrvrty ELF. and RF exposures at low levels are able to change -
behavior i in amrr'als
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There is little doubt that electromagnetic fields emltted by cell phones and cell phone use

affect electrical acthty of the brain.

Effects on brain function seem to depend in some cases on the mental load of the subject during
exposure (the brain is less ablé to do two jobs well simultaneously when the same part of the
brain is involved in both tasks). Some studies show that cell phone exposure speeds up the
brain’s activity level; but also that the efficiency and judgment of the brain are. diminished at the
same time. One study reported that teenage drivers had slowed responses when driving and
exposed to cell phone radiation, comparable to response tnrnes of elderly people Faster thinking
does not necessarily mean better quahty thinking. .~ 0w er

1

Changes in the way in which the brain and nervous system react depend very much on the
specnﬁc exposures. Most studies only look at short—-term effects, so the: long “term

cOn’seq‘uences of exposu’res’ are not knoWn. )
oo .

Factors that determine effects can depend on head shape and size, the location, size and shape of
internal brain structures; thinness-of the head and face, hydration of tissues, thickness of various
tissues, dialectric constant of the tissues ‘and so:on.*Age of thé‘individual-and state of health also.
appear to beimportant variables. ‘Exposure'conditions also ‘greatly influence the outcome of
studies, and can have opposite results depending on the conditions' of éxposure including
frequency; waveform, orientation of exposure, duration of exposure, number of ‘exposures, any
pilse modulation of the signal, and when effects aré'measured (some fesponses'to -RF are
delayed). There is large variability in the results of ELF and RF testing, which weuld be
expected based on the large variability of factors that can influence test results. However, it is
~clearly demonstrated that under some conditions of exposure, the brain and nervous system
functions of humans. are altered. . . The, consequence of long-term or. prolonged exposures have not
been thoroughly studled in etther adults or m chlldren

N

The-'consequence 'of'p'rolonged exposures to children, whose nervous-systems continue te
develop untll late adolescence, is unknown at tlns txme Thxs could have serlous lmphcatlons'
to adult health and functxomng in society if years of exposure: of the young- to both ELF:and

‘RF result in dlmlmshed capacnty for thinking, Judgment memory, learmng, and control "

over behavior.

T R

People who are chromcally exposed to. low-level wxreless antenna emlssmns report symptoms
such as problems.in sleeping (msomma) fatigue, headache,. d1221ness, grogginess, lack of
concentration, memory problems, ringing in the ears:(tinnitus), problems with balance and
orientation, and difficulty in multi-tasking. . In children, exposures, to.cell phone radiation have .
resulted in changes in brain oscillatory activity during some memory tasks. Although scientific
studies as yet have not been able to confirm a cause-and-effect relationship; these complaints are
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widespread and the cause of significant public concern in some countries where wireless
technologies are fairly mature and widely distributed (Sweden, Denmark, France, Germany, ltaly,
Switzeriand, Austria, Greece, israel). For example, the roli-out of the new 3" Generation
wireless phones (and related community-wide antenna RF emissions in the Netherlands) caused
almost immediate public complaints of illness.(5)

Conflicting results from those few studies that have been conducted may be based on the
difficulty in providing non-exposed environments for testing to compare to environments that are
intentionally exposed. People traveling to laboratories for testing are pre-exposed to a multitude
of RF and ELF exposures, so they may already be symptomatic prior to actual testing. Also
complicating this is good evidence that RF exposures testing behavioral changes show delayed
results; effects are observed after termination of RF exposure. This suggests a persistent change
in the nervous system that may be evident only afier time has passed, so is not observed during a
short testing period.

The effects of long-term exposure to wireless technologies including emissions from cell
phones and other. persuﬂal devices, and from whole{i)ody eprsurg to RF, transmissions
from cell towers-and antennas is simply not known yet with certainty. However, the body of
evidence at hand suggests that bioeffects and health impacts can and do occur at exquisitely

low exposure levels: levels that can be thousands of times below public safety limits.

Coa

The evidence reasonably points to the potential for serious public health consequences (and -,
economic costs), which will be of global concern:with the widespread public use.of, and exposure
to such emissions. Even a small increase.in disease incidence or. functional loss of cognition
related to new wireless exposures would have a large public health, societal and economic
consequences. Epidemiological studies can report harm to health only after decades of exposure,
and where large effects can be seen across “average” populations; so these early warnings of
possible | harm should be taken serlously now by decision-makers. .

C Effécts on Genes (DNA)

Cancer risk is related to DNA damage, which alters the genetic blueprint for growth and
development. If DNA is damaged (the genes are damaged) there is a risk that these damaged
cells will not die. Instead they will continue to reproduce themselves with damaged DNA, and
this is one necessary pre-condition for cancer. Reduced DNA repair may also be an important
part of this story. When the rate of damage to DNA exceeds the rate at which DNA can be
repaired, there is the possibility of retaining mutations and initiating cancer. Studies.on how ELF
and RF may affect genes and DNA is important, because of the possible link to cancer.

Even ten years ago, most people believed that very weak ELF and RF fields could not possibly
have any effect at all on DNA and how cells work (or are damaged and cannot do their work
properly). The argument was that these weak fields are do not possess enough energy (are not
physically strong enough) to cause damage. However, there are multiple ways we already know
about where energy is not the key factor in causing damage. For example, exposure to toxic
chemicals can cause damage. Changing the balance of delicate biological processes, including
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hormone balances in the body, can damage or destroy cells, and cause illness. In fact, many
chronic diseases are directly related to this kind of damage that does not require any heating at-all.
Interference with cell. communication (how cells interact) may either cause cancer directly or
promote existing cancers to grow faster. -
Using modern gene-testing techniques will probably give very useful information in the future
about how EMFs targets and affects molecules in the body. At the gene level, there is. some
evidence now that EMFs (both ELF and RF) can cause changes.in how DNA works. Laboratory
studies have been conducted to see whether (and how) weak EMFs fields can affect how: genes
and protems function. Such changes have been seen in some, but not all studies: -
Small:.changes in protein or gene expression might be able to alter. cell physmlogy, and might be
ableito cause later effects on health and well-being. The study of genes, proteins and EMFs is -
still in its infancy, however, by having some confirmation at the gene level and protein level that
weak EMFs exposures do register changes may be an important step in establishing what risks to
health can occur.

ot 1 i s}
What is remarkable about studles on DNA, genes and protems and EMFS is that there should be
no efféct at all if it were trué that EMFs is too wéak to cause damage. "'Stientists who Believe that
the energy of EMFs is insignificant.and unlikely to cause harm have a hard time explaining these
changes S0 are inclined to just ignore them. The trouble with this view is that the effects are
occurring, Not being able to explain thése effects is not a good reason to consider them
imaginary orumimportant. - ¢ 3G e ol e el s R

The European research program (REFLEX) documented many changes in normal biological
functioning in tests on DNA (3). The significance of these results is that such effects are directly
related to-the question of whether human health risks might occur, when these changes in genes'
and'DNA happen. This large research effort produced information on EMFs effects from more -
than a dozen different: researchers Somé of the key ﬁndmgs mcluded P X

R TS ;o . EEACEE AR

o : : S i 'f;‘,f:z‘, S S
“Gehie mutations, cell proliferation and apoptosis aré eauised by or vesult i dltered gene
and protein expression profiles. The convergence of these events'is required for'the
development of all chronic diseases.” (3)

“Genotoxic effects and a modified expression of numerous genes and protems aﬁer EMF
exposure could be demonstrated with great certainty.” (3)=- 7 00 - T

“RF-EMF produced genotoxic effects in fibroblasts, HL=60 cells, granulosacells of rats
and neural progemtor cells derzved from mouse embryomc stem cells " (Partlclpants 2, 3

' and 4) (3) , : :
“Cells reSponded 10 RF exposure berween SAR levels of 0.3 and 2 W/Kg wzth a

" sighificant increase-in sitigle- and double-strand DNA breaks and i mzcronuclez G

_ frequency " (Partmpants 2,3 and' 4) 3) SR -

““In HL-60 cells an incredse in intracellular generation of. free radzcals accompanymg
RF EMF exposure could clearly be demonstrated " (Partlcxpant 2) (3) ' '

““The induced DNA damage was not based on thermal- eﬁ"ects and'arouses consideration
" about the environmental safety limits for ELF-EMF exposure.” (3) -
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“The effects were clearly more pronounced in cells from older donors, which could point-
to an age-related decrease of DNA repair efficiency of ELF-EMF induced DNA strand
breaks.” (3

Both ELF and RF exposures can be considered genotoxic (will damage DNA) under certain

conditions of exposure, including exposure levels that are lower than existing safety limits.

D. Effects on Stress Proteins (Heat Shock Proteins)

In nearly every living organism, there is a special protection launched by cells when they are
under attack from environmental toxins or adverse environmental conditions. This is called a
stress response, and what are produced are stress proteins (also known as heat shock proteins). -
Plants, animals and bacteria all produce stress proteins to survive environmental stressors like
high temperatures, lack of oxygen, heavy metal poisoning, and oxidative siress (a cause of
premature aging). We can now add ELF and RF exposures to this list of environmental stressors
that cause a physmloglcal stress response.

Very low-level ELF and RF eXposures can cause cells to produce stréss proteins, meamng :
that the cell recogmzes ELF and RF exposures as harmful This is another nmportant way
in which scientists have documented that ELF and RF exposures can be harmful, and it -

happens at levels far below the existing public safety standards.

4

i

An additional concern is that if the stress goes on too long, the protectxve effect is dxmmlshed
There is a reduced response if the stress goes on too long, and the protective effect is reduced.
This means the cell is less protected against damage, and it is why prolonged or chromc _
exposures may be quxte harmful even at very low mtensmes

The bxochemwal pathway that is actwated is the same for ELF and for RF exposures anditis
non-thermal (does not require heatmg or induced electrical currents, and thus the safety standards
based on protection from heating are 1rrelevant and not protectlve) ELF exposure levels of only
510.10 mG have been shpwn to activate the stress response genes, (Table 2 Section 6). The
specnﬂc absorptlon rate or SAR is not the appropriate measure of blologxcal threshold or dose, -
and’ should not be used as the basm for a safety standard, smce SAR only regulates agamst o
therml damage. ' o

" E. Effects on the Immune System.

The immune system is another defense we have against invading organisms (viruses, bacteria,
and other foreign molecules). It protects us against illness, infectious diseases, and tumor cells.
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There are many different kinds of immune cells; each type of cell has a particular purpose, and is
launched to defend the body against different kinds of exposures that the body determines might
be harmful.

There is substantial evidence that ELF and RF can cause inflammatory reactions, allergy

reactions and change normal immune function at levels allowed

by current p’ul)lic safety standards.

The body’s immune defense system senses danger from ELF and RF exposures, and targets an
immune defense against these fields, much like the body’s reaction in producing stress proteins.
These are additional indicators that very low intensity ELF and RF exposures are a) recognized
by cells ‘and b) can cause reactions as if the exposure is harmful: Chronic exposure to factors that
increase allergic-and inflaminatory responses on a continuing basis are likely to be harmful to -

health, Chronic inflammatory responses can lead to cellular, tissue and organ damage over time. -
Many chronic diseasés are thought to be related to chromc problems with immune system
functlon ' * : -

The release of inflammatory substances, such as histamine, are well-known to causeskin
reactions, swelling, allergic hypersensitivity and other conditions that are normally associated
with some kind of defense mechanism. The human immune system is part of a general defense
barrier.that protects against. harmful exposures from the surrounding environment. When the .
1mmune system is aggravated by s some kind of attack, there are many klnds of immune cells that
can réspond.  Ahythinig that triggers an immune responise should be carefully ‘evdluated, since "
chronic stimulation of the immune system may over time impair the system’s ability to respond in
the normal fashion. _
RIS T SR PN o . RC NN RI EE ¢ IR ETEE ¥ RS t A R
Measurable physiological changes (mast cell increases in the skin, for example that are markers
of allergic response and inflammatory cell response) are triggered by ELF and RF at very low
intensities. Mast cells, when activated by ELF or RF, will break (degranulate) and release .
1rr1tatmg chemlcals that cause the symptoms of allerglc skm reactxons -

There is very Clear evidence that exposures t0 ELF and RF at levels assocrated w1th cell phone .
use, computers, video display terminals, televisions, and other sources can ¢ause these skin’ ’
reactions, Changes in skin sensitivity have been measured by skin biopsy, and the ﬁndmgs are
remarkable Some Qf these reactrons happen at levels equlvalent to those of wxreless echnologres
in daily ife. Mast cells are also found in the bram and heart, perhaps targets of immune’ response
by cells, responclmg to, ELF and RF exposures ‘and this mlght account for some 'of the other -
symptoms commonly reported (headache sensmvxty to light, heart arrhythmras and other cardxac
symptoms), Chromc provocatxon by exposure to ELF and RF can lead to 1mmune dvsﬁlnctron
chronic allerglc responses; inflammatory diseases and ill health if they occur on a contmulng
basis over time.

These clinical findings may account for reports of persons with electrical hypersensitivity, which
is a condition where there is intolerance for any levél of exposure fo ELF and/or RF. Although
there is not yet a substantial scientific assessment (under controlled conditions, if that is even
possible); anecdotal reports from many countries show that estimates range from 3% to perhaps -
5% of populations, and it is a growing problem. ‘Electrical hypérsensitivity, like multiple
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chemical sensitivity, can be disabling and require the affected person to make drastic changes in -
work and living circumstances, and suffer large economic losses and loss of personal freedom. In
Sweden, electrohypersensitivity (EHS) is officially recognized as fully functional impairmerit
(i.e., it is not regarded as a disease — see Section 6, Appendix A).

F. Plausible Biological Mechanisms

Plausible biological mechanisms are already identified that can reasonably account for most
biological effects reported for exposure to RF and ELF at low-intensity levels (oxidative stress
and DNA damage from free radicals leading to genotoxicity; molecular mechanisms at very low
energies are plausible links to disease, e.g., effect on electron transfer rates linked to oxidative
damage, DNA activation linked to abnormal biosynthesis and mutation). It is also 1mportant to

. remeimber that traditional public health and epidemiological determinations do not require a
proven mechanism before inferring a causal link between EMFs exposure and disease (12).
Many times, proof of mechanism is not known before wise public health responses are
implemented.

“Obviously, melatonin’s ability to protect DNA from oxidative damage has implications for.many
types of cancer; including leukemia, considering that DNA damage due to free radicals is
believed to be the initial oncostatic event in a majority of human cancers [Ceruiti et al., 1994].
In addition to cancer, free radical damage to the central nervous system is a significant
component of a variety of neurodegenerative diseases of the aged including Alzheimer’s disease
and Parkinsonism. In experimental animal models of both of these conditions, melatonin has. -
provemn highly eﬁ’ectzve in forestallzng their onset, and reducing their severity [Reiter et al
200]] ” (13) C S Lo

oo : ’ ¢

Oxidative stress through the action of free radical damage to DNA is a plausible biological
mechanism for cancer and diseases that involve damage from ELF to the central nervous

system.

G. Another Way of Looking at EMFs: Therapeutic Uses

Many people are surprised to learn that certain kinds of EMFs treatments actually can heal.
These are medical treatments that use EMFs in specific ways to help in healing bone fractures, to
heal wounds to the skin and underlying tissues, to reduce pain and swelling, and for other post-
surgical needs. Some forms of EMFs exposure are used to treat depression.

EMFs have been shown to be effective in treating conditions of disease at energy levels far below
current public exposure standards. This leads to the obvious question. How can scientists dispute
the harmful effects of EMF exposures while at the same time using forms of EMF treatment that
are proven to heal the body?
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Medical conditions are successfully treated using EMFs at levels below current public safety
stan(fards, proving another way that the body recognizes and responds to low-intensity
EMF signals. Otherwise, these medical treatments could not work. The FDA has approved

EMFs medical treatment devices, so is clearly aware of this paradox.

Random exposures to EMFs, as opposed to EMFs exposures done with clinical oversight, could
lead to harm just like the unsupervised use of phamzaceutwal drugs. This evidence forms a
strong warning that: mdlscnmmate EMF exposure is probably a bad idea.

C3

No one would recommend that drugs used in medical tr eatments and prev entlon of disease

i

be, randomly glven to the pubhc, especnally to chlldren Yet, xandom and mvoluntary

exposures to EMFs oceur all the tlme m daﬂy hfe

The consequence of multiple sources of EMFs exposures in daily life, with no regard to
cumulative exposures or-to potentially harmful.combinations.of EMFs exposures means several
things. First, it makes it verydifficult:to do clinical studies because it is almost impossible to find
anyone:who is netalready exposed. Second, people with and without diseases have multiple and
overlappmg expesures - ’(hlS \wzll vary from person to person A S

Just as. 1omzmg rad1at10n can be used 10. effectlvely dlagnose disease and treat cancer, it is. alsoa
cause of cancer under different. exposure coenditions. Since EMFSs are both a cause of disease,-and
also used for treatment of disease, it is vitally important that public exposure standards reflect our
current understanding of the biological potency of EMF exposures, and develop both new public
safety limits and;measures to prevent future exposures.

Grih e e i
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III. EMF EXPOSURE AND PRUDENT PUBLIC HEALTH PLANNING

¢ The scientific evidence is sufficient to warrant regulatory action for ELF; and it is
substantial enough to warrant preventative actions for RF.

* The standard of evidence for judging the emerging scientific evidence necessary to take
action should be proportionate to the impacts on health and well-being

* The exposures are widespread.

» Widely accepted standards for judging the science are used in this assessment.

Public exposure th electromagnetic radiation (power-line frequencies, radiofrequency and
microwave) is growlng exponentially worldwide. There is a rapid increase in electrification in
developing countrres even in rural areas. Most members of society now have and use cordless
phones, cellular phones, and pagers. In addrtlon most populations are also exposed to antennas
in communities de31gned to transmit wireless RF signals. Some developing countries have even
given up runnmg land lmes because of expense and the 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, who now routinely spend hours each
day on the cell phone Everyone is exposed to a greater or lesser extent. No one can avoid
exposure, ysmce even if they live on a mountain-top without electrrerty there wrll lrkely be
exposure to communrcatlon—frequency RF exposure. Vulnerable populatrons (pregnant women,
very young ehrldren, elderly persons, the poor) are exposed to the same degree as the general
population., Therefore it is 1mperat1ve to consrder ways in which to evaluate risk and reduce
exposure. Good pubhc health pohcy requires preventatlve actron proportronate to the potentral

risk of harm and the public health consequence of taking no action.
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IV. RECOMMENDED ACTIONS
A. Defining new exposure standards for ELF

This chapter concludes ifrhét .HQW ELF limits a}re.Warrant‘ed,bosed on a‘pub‘lic :heaith analysis of the
overall existing scientific evidence. The public health view is that new ELF limits are needed
now. They should reflect environmental levels of ELF that have been demonstrated to increase
risk for childhood leukemia; and possibly ether cancers and neurological diseases. ELF limits
should be set below those exposure levels that have been linked in childhood leukemia studies to
increased risk of disease, plus an additional safety factor. It is no longer acceptable to buiid new
power lines and eiectrical facilities that place:people iu ELF environments that have beén
determined to be ris:ky: ‘These levels are in the 2 to 4 mflligauss* (mQG) range, not in the 10s of |
mG or 100s of mG. Thé existing ICNIRP limit is 1000 mG (904 mG i the US) for ELF is
outdated and based on faulty assumptions. ' These limits are can no longer be said to be
protective of public health and fhey should be replaced. ‘A safety buffer or safety factor should
also be applied to a new, biologically-based ELF hmlt and the convenuonal approach istoadda

safety factor lower than the risk level.

Whiie new ELF limits are being dev'eloped'and imple'ment'ed,: a redéoriable appro’ach'would beal
mG plannmg hmlt for habitable space ‘adjacent to all new or upgraded power lines and a 2 mG
limit for all other new construc’uon It is also recommended for that a I mG limit be established
for exrstmg habitable space for children and/or women who are pregnant (because of the possxble
link between chlldhood leuKernia and in ufero exposure to ELF) ThlS recommendatlon is” "
based on the assumptlon that a hlgher burden of protectlon is requlred for chxldren who cannot
protect themselves, and who are at risk for childhood leukemia at rafes that aré trachtronally high
enough to trigger regulatory action. This situation in particular warrants extending the 1 mG
limit to existing occupied space. "Establish" in this case probably means formal public advisories
from relevant health agencies. While it is not realistic to reconstruct all existing electrical
distribution

systems, in the short term; steps to reduce exposure from these existing systems need to be
initiated, especially in places where children spend time, and should be encouraged. These limits
should reflect the exposures that are commonly associated with increased risk of child hood
leukemia (in the 2 to 5 mG range for all children, and over 1.4 mG for children age 6 and

younger). Nearly all of the occupational studies for adult cancers and neurological diseases
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report their highest exposure category is 4 mG and above, so that new ELF limits should target

the exposure ranges of interest, and not necessarily higher ranges.

Avoiding chronic ELF exposure in schools, homes and the workplace above levels associated
with increased risk of disease will also avoid most of the possible bioactive parameters of ELF

discussed in the relevant literature.

B. Defining preventative actions for reduction in RF exposures

Given the screntrﬁc evidence at hand (Chapter 17) the rapld deployment of new wireless
technolog1es that chromcally expose people to pulsed RF at levels reported to cause bioeffects,
whlch in turn, could reasonably be presumed to lead to serious health impacts, is of public health
concern. Section 17 summarizes evidence that has resulted ina pubhc health recommendatton
that preventative action is warranted to reduce or minimize RF exposures to the public. There is
suggesttve to strongly suggesttve evxdence that RF exposures may cause changes in cell
membrane functron cell commumcatlon cell metaboltsm acttvatton of proto—oncogenes and can
trigger the productton of stress protems at exposure levels below current regulatory hmrts
Resultmg effects can mclude DNA breaks and chromosome aberratrons cell death mcludlng
death of braxn neurons mcreased free rad1cal productton actxvatlon of the endogenous OplOld
system, cell stress and premature agmg, ‘changes in bram functlon 1nclud1ng memory loss '
retarded learmng, slower motor functton and other performance 1mpa1rment in chrldren

s
.....

headaches and fattgue sleep dlsorders neurodegeneratlve condtttons reductron in melatomn
: 7 R .

secretron and cancers (Chapters 5 6 7 8 9 10 and 12)

As early as 2000 some experts in bloelectromagnetms promoted 20.1 ttW/cmZ limit (whrch is
0.614 Volts per meter) for amblent outdoor exposure to pulsed RF 50 generally in cities, the B
public would have adequate proteetton agamst mvoluntary exposure to pulsed radtofrequency 4
(e.g., from cell towers and other wxreless technologres) The Salzburg Resolutron 0f 2000 set a :
target of 0.1 nW/cm2 (or 0. 614 V/m) for publlc exposure to pulsed rad1ofrequency Since then,
there are many credrble anecdotal reports of unwellness and illness i in the VlClmty of wrreless '
transmitters (wireless Vorce and data commumcatmn antennas) at lower levels. Effects mclude

sleep disruption, impairment of memory and concentratton fattgue headache skin drsorders
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visual symptoms (floaters), nausea, loss of appetite, tinnitus, and cardiac problems (racing
heartbeat), There are some credible articles from researchers reporting that celi tower -level RF
exposures (estimated to be between 0.01 and 0.5 pW/cm?2) produce ill-effects in populations

living up to several hundred meters from wireless antenna sites.

This information now argues for thresholds or guidelines that are substantially below current FCC
and ICNIPR standards for whole body exposure. Uncertainty about how low such standards
might have to go to be prudent from a public health standpoint should not prevent reasonable
efforts to respond to the information at hand. No lower limit for bioeffects and adverse health
effects from RF has been establlshed SO, the possrble health risks of wrreless WLAN and WI-FI
systems, for example wrll require further research and no assertron of safety at any level of
wireless exposure (chronic exposure) can be made at this time. The lower limit for reported
human health effects has dropped lOO fold below the safety standard (for mobrle phones and
PDAs); 1000- to 10, 000 fold for other w1reless (cell towers at drstance WI—FI and WLAN

devices). The entire basrs for safety standards 1s called mto questron and 1t rs not unreasonable to

question the safety of RF at any level

S N Uk

A cautronary target level for pulsed RF exposures for amblent w1reless that could be apphed to |
RF sources from cell tower antennas WI—F/IH WIMAX and other srmllar sources 1s proposed

The recommended cautronary target level is O i rmcrowatts per centrmeter squared (pW/cmz)**
{or 0. 6l4 Volts per meter or V/m)** for (p,ulsed RF where these vexposures affect the general '

public; thls advxsory is proportronate to the ev1dence and in accord w1th prudent publ1c health

policy. A precautronary lrm1t of 0 1 uW/cmZ should be adopted for outdoor cumulatlve RF
exposure. Thrs reﬂects the current RF scrence and prudent pubhc health response that would 2

fe .ik,(ttt:;:}rt(

reasonably be set for pulsed RF (ambtent) exposures where people live, worlc and go to school

rll

This level of RF is experienced as whole—body exposure ‘and canbe a chronlc exposure where

there is wireless coverage present for vorce and data transmlssron for cell phones pagers and

3

PDAs and other sources of radlofrequency radratron An outdoor precautronary l1m1t of O 1
S _—

N W/cmZ would mean an even lower exposure level 1nsrde bulldrngs perhaps as low as 0 Ol

uW/cmz Some stud1es and many anecdotal reports on 1ll»health have been reported at lower

levels than this; however, for the present tlme 1t could prevent some of the most dlsproportronate

H
burdens placed on the publrc nearest to such 1nstallatrons Although thrs RF target level does not
preclude further rollout of WI-FI technologres we also recommend that w1red alternattves to Wl—

Fl be 1mplemented partlcularly in schools and llbrartes S0 that chlldren are not subJ ected to

PEL ‘ H, 4
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elevated RF levels until more is understood about possible health impacts. This recommendation
should be seen as an interim precautionary limit that is intended to guide preventative actions;

and more conservative limits may be needed in the future.

Broadcast facilities that chronically expose nearby residents to elevated RF levels from AM, FM
and television antenna transmission are also of public health concern given the potential for very
high RF exposures near these facilities (antenna farms). RF levels can be in the 10s to several
100’s of pW/cm?2 in residential areas within half a mile of some broadcast sites (for example,
Lookout Mountain, Colorado and Awbrey Butte, Bend, Oregon). Such facilities that are located
in, or expose residential populations and schools to elevated levels of RF will very likely need to

be re-evaluated for safety.

For emissions from wireless devices (ceﬂ phones, pers.onal digital assistant or PDA devices, etc)
there is enough evidence for mcreased risk of bram tumors and acoustlc neuromas now to warrant
intervention with respect to thexr use. Redemgn of cell phones and PDAs could prevent dlrect
head and eye exposure, for example, by designing new units so that they work only with a wired

headset or on speakerphone mode.

These effects can reasonably be presuniéd to result in adverse health effects and disease with
chronic and uncontrolled exposures arid children may be partiéuléﬂy vulnerable. THe young are
also largely unable to remove themselves ffom such environments. Second-hand radlatlon, like

second-hand smoke is an issue of public health concem based on the evidence at hand
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V. CONCLUSIONS

+ We cannot afford ‘business as usual” any longer. " It is time that planning for new power lines
and for new homes, schools and other habitable spaces around them is done with routine
provision for low-ELF environments. The business-as-usual deployment of' new - wireless
technologies is likely to be risky and harder to change if society does not make some educated
decisions about limits soon. Research must continue to define what-levels of RF related to new
wireless technologies are acceptable; but more research should not prevent or delay substantive

changes today that might save money, lives and sociétal disruption‘tomorrow.

» New regulatory limits for ELF are warranted. ELF limits should be set below those;expovsxure
levels that have been linked in chddhood leukemia studles to mcreased risk of d1sease plus an
additional safety factor It is no longer acceptable to buxld new power lines and electrical

¥

facilities that place peopie in ELF envxronments that have been determlned to be rlsky (at levels

generally at 2 mG and above).

* While new ELF limits are being developed and implemented, a ‘reasor‘\a‘blje apprdaeh Would Be
almG pianmng limit. for habltable space adjacent to all new or upgraded power | hnes and a2 mG
limit for all other new constructton, It is also recommended for that a 1 mG hmlt be estabhshed
for ex1stmg habltable space for, chlldren and/or women who are pregnant Thls recommendatlon
is based on the assumptlon that a hxgher burden of protection ; 1s requlred for chxldren who cannot
protect themselves, and who are at risk for chlldhood leukemia at rates that are tradltlonally hxgh
enough to trigger regulatory action. This situation in particular warrants extending the 1 mG
limit to existing occupied space. "Establish" in this case probably means formal public advisories

from relevant health agencies.

« While it is not realistic to reconstruct all existing electrical distributions systems, in the short
term; steps to reduce exposure from these existing systems need to be initiated, especially in

places where children spend time, and should be encouraged.

* A precautionary limit of 0.1 (uW/cm2 (which is also 0.614 Volts per meter) should be adopted
for outdoor, cumulative RF exposure. This reflects the current RF science and prudent public

health response that would reasonably be set for pulsed RF (ambient) exposures where people
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live, work and go to school. This level of RF is experienced as whole-body exposure, and can be
a chronic exposure where there is wireless coverage present for voice and data transmission for
cell phones; pagers and PDAs and other sources of radiofrequency radiation. Some studies and
many anecdotal reports on ill health have been reported at lower levels than this; however, for the
present time, it could prevent some of the most disproportionate burdens placed on the public
nearest to such installations. Although this RF target level does not preclude further rollout of
WI-FI technologies, we also recommend that wired alternatives to WI-FI be implemented,
particularly in schools and libraries so that children are not subjected to elevated RF levels until
more is understood about possible health impacts. This recommendation should be seen as an
interim precautionary limit that is intended to guide preventative actions; and more conservative

limits may be needed in the future.
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Some Quick Definitions for Units of Measurement of ELF and RF

*Milligauss (mG)

A milligauss is a measure of ELF intensity and is abbreviated mG. This is used to describe

electromagneltic fields from appliances, power lines, interior electrical wiring.

**Microwatts per centimeter squared (nW/em2)

Radiofrequency radiation in terms of power density is measured in microwalts per centimeter squared and
abbreviated (uW/cm2). It is used when talking about emissions from wireless facilities, and when
describing ambient RF in the environment. The amount of allowable RF near a cell tower is 1000 uW/cm2

Jor some cell phone frequencies, for example.

*%*Specific Absorption Rate (SAR is measured in watts per kilogram er W/Kg)

SAR stands for specific absorption rate. It is a calculation of how much RF energy is absorbed into the
body, for example when a cell phone or cordless phone is pressed to the head. SAR is expressed in watls
per kilogram of tissue (W/Kg). The amount of allowable energy into 1 gram of brain tissue from a cell
phone is 1.6 W/Kg in the US. For whole body exposure, the exposure is 0.8 W/Kg averaged over 30
minutes for the general public. International standards in most countries are similar, but not exactly the

same.
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Table 1-1 Biolnitiative Report Overall Conclusions

OVERALL SUMMARY OF CONCLUSIONS
» The existing ICNIRP and FCC limits for public and occupational exposure to ELF and RF are insutficiendy protective of public health.

 Biologically-based public and occupational exposure standards for extra-low frequency and radiotrequency radiation are recommended 10 address bioeffects and potential
adverse health effects of chronic exposure to ELF and RF. Thesc cffccts are now widely reported to occur at exposure fevels significantly below most curvent national and
taternational Hmits.

« A biologically-based exposurc limit is onc that is protective against ELF and RF inteasity and modulation factors which. with chronic exposurc, can bly be pi
to result in significant impacts to health and well-being.

= Research is needed (but should not delay) regulatory action for ELF and substantive prevearative action for RF proportionate to potential health and wellbeing risks from
chronic cxposure,

« A biologicaily-based exposarc limit should reficct current scientific knowledge of biocffects and health cfects. and impose new limits bascd on preventative action as
dofined by the Precautionary Principle (EEA, 2001).

« Biologically-based cxposure standards shall be protective against exposures levels of ELF and RF that affect or change normal biological functioning of organisms (humans).
They shatl not be based solely on cacrgy absorption or thermal levels of ereigy input. or resulting tissue heating. They shall be protective against chronic exposure responses.

« The cxisting stendards are based on thermal (heating) limits, and do not address non-thermal {or low-intensity) exposures which are widely reposted to cause biosffects, some
likely leading to adverse health effects with chronic exposure.

« Biological cffccts may include both potential adverse health cffects and loss of homeostasis and well-being.

* Biologically-based exposure standards are necded to prevent distuption of normal body processes. Effects ase reporied for DNS damage (genotoxicity that is directly linked
to integrity of the human g cetlutar ¢ ication, cellular metabolism and repair, cancer surveillance within the bady: and for protection against cancer and
neurological discases. Also reported arc neurological effects including impairment of sleep and sleep architecture, cognitive function and memory: depression; cardine effocts;
pathological lenkage of the blood-braia barricr; and impairment of normal immune function. festitity and reproduction.

* Frequency, intensity, exposure duration, and thc uumbcr of cxpostre episades can affect the response. and these factors can interact with cach other to produce differcnt
f 1

cffects. In addition, in order to unds 1 the biological cc ] cs of EMF exposure, one must know whether the effect is ive, whether P Y
result, and when homeostasis will break down.

P

» Plausible biological mechanisms that can account for genotoxicity (DNA damage) are alieady well known (oxidative damage via frec-radicul actions) although it should also
be said that there is not yet proof. However, proof of mechanism is not required to set prudent public health policy. nor is it mandatory to set new guidelines or limits if
adverse health effects occur at lower-than-existing IEEE and ICNIRP standards.
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OVERALL SUMMARY OF CONCLUSIONS (continued . ,

* The SCENIHR report (2007) states that “for breast cancer and cardiovascular discase, recent research has indicated thint ait association with EMF is uniikely.” The WHO
ELF Health Criteria Monograph (2007) states “The cvidence docs not suppart an association between ELF exposure and cardiovascular discase™ and *“(The ovidence for breast
cancer was also considered to be cffectively negative, while for other discases it was judged to be inadequate.” Neither conclusion is supported by any finding by FARC that
would classify EMF as Class 4 (Nat A Carcinogen), so it is premature for cither graup to dismiss the evidence for EMF as a potentiaf risk factor for cither breast cancer or for
cardiovascular discase.

* The standard for taking action should be procautionary: action should not be deferred while weiting for final proof or causal evidence to be establishied that EMF is harmful
to health and well-being.

» There is great public concern over increasing levels of mvolunmry exposure to radiofrequency and ELF-modufated mdlofrcqucncy cxpmurm from new wireless

hnologics; there is widespread public resi to Juency and extra-low frequency radistion exposures which are allowable under cureent, thermally-based cxposure
standards.
« There is inadequate waming and ratice to the public about possiblc risks from wircless technologics in the marketp which is Iting in adoption and use of

technologics that may have advcm: health conscquences which are stitl unknown to the public. Thete is no “informed conscat™.

= No positive asscrtion of safety can be made by governments that continuc 1o support and enforce cxposure limits for RF and ELF based on ICNIRP or {EEE criteria (or the
equivalent). Governments that are considering proposals to relax existing RF and BLF standards should rejoct these proposals given the weight of scientific ovidence that is
available; and the ciear disconnect between existing pubtic safety limits and their responsibility to provide safe and healthful living cavi for all of affected

populations.

Section 5 G fcity Based on Pr

« EMF cxpostire can change genc and/or protein expression in cestain types of cells, even at intensities lower than ICNIRP recommended values.

* The biological ctmscqucncés of most of thcbchangcd genes/proteins are stilt unclear, and need to be further explored.

 The EMF rescarch community should pay equal attention to the negative reports as fo the positive oncs. Not only the positive findings need to be replicated, all the negative
ories are also needed to be vz«lidaled.v

« The IEEE and WHO data bases do not include the majority of ELF studies (only 6 of 14 in the WHO; 0 of 16 in IEEE); they do include the majority of the RF studics (14 of
16).
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Section 6 senotoxicity (DNA Bamage fronx R¥ and ELF)

+ Toxicity to the genome can lead to a change in celular functions, cancer, and ceil death. One can conclude that ender certain conditions of exposure RF is genotosic. Data
available are mainly applicable only to celf phone radiation exposure, One study reports that RE at levels equivalent to the vicinity of base stations and RF- transmission towees

is genotoxic and could cause DNA damage (Phillips et al., 1998).

« RF may be considered genotoxic (cause DNA damage). Of 28 totat studics on radiofrequency radiation (RFY and DNA damage, 14 studics reported effects (50%) and 14
reported no significant effect (50%). Of 29 rotal studics on radiofrequency radiation and micronucleation, 16 studics reported effects (55%) and 13 reported no significant
effect (45%). Of 21 total studics on chromosome and genome damage from radiofrequency radiation, 13 studics (62%) reported effects and 8 studics (38%) rcponcd'n‘n

significant effects.

« During ccll phone use, a relatively constant mass of tissue in the brain is exposed to radiation at relatively high intensity {(peak SAR of 4 - 8 Wikg). Several studics have

weported DNA damage at lower than 4 Wikg,

* Since critical geactic mutations in one single cell are sufficient to lead to cancer and there are millions of cclls in a gram of tissue, it is inconceivable that the basc of the

IBEE SAR standard was changed from averaged over | gram of tissuc to 10 grams.

« Frequeney, intensity. exposurc duration, and the number of exposure episodes can affect the response, and thesc factors can interact with cach other to producc ditferent

resalt

P fn order to tnderstand the biologicat cons of exposure, onie must understand whether the effect is

1! q

ive, whether comp y

and when homeostasis will break down. . The choice of coll type or organism studied can also influence the outcome.

* Extremely-low frequency (ELF) has also been shown to be genotoxic and cause DNA damage. Of 41 relevant stdics of genotaxicity and BLF exposure, 27 studics (66%)
report DNA damage and 14 studios (44%) ceport no significant effect.
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Section 7: Stress Response ; ' 4

« Sci 1 011 stress.p ins has shown that the public is not being protected frony potential damage that can be caused by exposue: to BME, both power frequency |
{BLF) and sadio frequency (RF) L . . : N

* Cells m,&ct toan FJV!F as pmcmml‘l; harmful by *)roducing stross pi'otciﬁs (heat shocl( proteins or hsp). ‘ .
« Diroct interaction of ELF and RF with DNA has been documented and both activate the synthesis of stress proteins.

|+ The bichemical pathway that is aétivated i the same pathway in both ELF and RF and it is non-thermal,

* Muny biological systems are affected by EMFs (meaning both BLF and RF trigger stress prg(cins).

ngth and sure d hresholds are very tow.

« Many frequencics ade aetlve, Field

. Molccul-lr mechammm at very low encrgies arc plausible finks to disease (c.g., effect on clectron transfer rates linked to oxidative damage, DNA activation linked to
al bi and i Cells veact to an BMR as potentially harmful, . R

* Many lines of research now point to ch in DNA 1 u-unsﬁ:r as a plausible mechanism of action as a result of non-thermal BLF and RF.

« The same biological reaction (production of stress ins) 1o an BMF can be activated in more than one division of the EM spectrum,
P 1 pe

« Dircct interaction of ELF and RF with DNA has beén documented and both activate the synthesis of stress proteins.
« Thresholds triggering steess on biological systems occur at eavironment levels on the order of 0.5 to 1.0 5T for ELF.

* DNA damage (e.g., strand breaks), a cause of cancer, occurs at levels of ELF and RE that are below the safety limits. Also, there is no pmtccuon agamst cumulative cffects
stimulated by different parts of the BM spectrum, .

* 'The scientific basis for BMF safety limits is flawed wheu the same bxologxcal mechanisms are activated in ELF and RF ranges at vastly different levels of the Spoclﬁc .
Absorption Rate (SAR). Activation of DNA to synthesize stress pmzcms (the stress response) is stimulated in the ELF at a non-thermal SAR level that is over a biflion times
tower than the same process activated by RF at the thermal fevel, .

o There is 1 need for a biological siandard to replace the thermal standard and to also protect against cumulative effects across the EM spectrtin.

» Based on studies of gtress proteins, the specific absorption rate (SAR) is not the appropriate measure of biological theeshold or dosc, and should not be used
as a basis for & safety standard since it regulates against thermal effects only.
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Section 8 Effects on unune Function

+ Both human and animal studies report targe immunological changes with cxposure to environmental levels of clectromagnetic fields (EMFs). Some of these exposure tevels

arc equivatent to those of c.g. wireless technologics in daily life,

« Measurable physiological changes (mast cells increases, for exampic) that are bedrock indicators of allergic response and inflummatory conditions are stimulaied by EMF

CXPOSUTCS.

» Chronic cxposure to such factors that increase alfergic and inflammatory responscs on & continuing basis may be harmfui to health.

« ft is possible that chronic provocation by cxposurce to EMF can lead to immunc dysfunction, chronic atlergie responses. inflammatory responses and ill health if they occur on

a continuing basis over time. This is an important area for future research.

system: morphological alterations of

« Specific findings from studics on exposurcs to various types of modern cquipment and/or EMFs report over-reaction of the i

immunc cells; profound increases in mast cells in the upper skin layers. increased degranulation of mast cells and larger size of mast cells in clectrohyperscensitive individuals;

presence of biological markers for inflammation that aec sensitive to BMF exposure at non-thermal lovels: changes in fymphocyte viability: decreased count of NK cetis:

decrcased count of T fymphocytes: negative effects on pregi y (utcropl c y disturbances and placental dysfunction with possible risks to pregnancy);

SUpp d or impaired 1 function: and inflammatory responscs which can yltimately result in ecllular, tissuc and organ damage.

+ Electrical hypersensitivity is reported by individuals in the United States, Sweden, Switzerland, Germany. Deamark and many other covntrics of the world. Bstimates range

from 3% to perhaps 10% of populations. and appears to be a growing condition of ilt-health leading to lost work and productivity.

+ The WHO and IEEE literature surveys do not include all of the relevant papers cited here, Icading to the conclusion that evidence has been ignored in the current WHO BLE
Health Criteria Monograph; and the proposed new [EEE €95.1 RF public exposure limits (April 2006).

« The current international public safety limits for EMFs do not appear to be sufficiently pratective of public health at all, based on the studics of immune function. New,

biologically-based pubtic standards arc warranted that take into account low-intensity effects on immunc function and health that are reported in the scientific literature.
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Section 9 Neurology and Behavioral Effects

= Effects on ncurophysiological and cognitive functions are quite well established.

« Studics on EEG and brain cvoked-p ials in humans expx “ to cellular phone radiation predominantly showed positive effects (i.c., positive means the cxposure has the

ability to change brainwave activity cven at exposurc levels where no cffect would be expected, based on teaditionat understanding and safety limits).

» There is little doubt that clectromagnetic fields cmitted by celf phones and ecl] phone use affect clectrical activity in the brain.

« The behavioral q of these neurocl physiological changes are not always predictable and rescarch on clectrophysiology also indicates that effects arc
depeandent on the mental load of the subjects during cxp ¢.g.. on the plexity of the task that a subject is carrying out.
« Most of the studies carricd out so far are short-term cxposure experiments, wt cell phone use causcs long-term repeated exposure of the brain.

« In most of the behavioral experiments, cffects wene obscrved after the termination of RE cxposure. In some experiments, tests were made days after exposure, This suggests 4

pessistent change in the nervous system after expasure to RF.

* In many instances, neurotogicat and behavioral effocts were observed at a SAR less than 4 Wikg. This directly contradicts the basic ption of the IEEE guideline criterion.

« Caution should be taken in concluding that a neurological cffect resulted solely from the action of RF on the central nervous system because it s well known that the

functions of the central nervous system can be affected by activity in the periphersl nervous system.
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Section 10 Brain Tumors and Acoustic Neuromas

« Studics on brain tumors and usc of mobile phones for > 10 years gave a consistent pattern of an increased risk for acoustic neuroma and glioma.

 Ccll phonc use > 10 years give a consistent pattern of an increased risk for acoustic neuroma and glioma, most pronounced for high-grade glioma. The risk is highest for

ipsilateral exposure,
Section 1) Brain Tumors and RF - Epidemiofogy

Tt

ings including lack of quantitative

*  Oaly a few studics of long-term exposure 10 low levels of RF ficlds and brain tumors exist. all of which have methodotogical shor

exposure assessment. Given the crude cxposure categorics and the likeliiood of a bias towards the null hypothesis of no association. the body af evidence is consistent with

a moderately elevated risk.
*  Qccuputional studics indicate that long-icrm exposure at workplaces may be associated with an efevated brain tumor risk.

»  Although the population atributable risk is fow (likely below 4%), stifl more than 1,000 cases per year in the US can be auributed to RF cxposwre &t workplaces atone. Duc

10 the lack of conclusive studies of eavironmental RF exposure and brain tumors the potential of these exposures 10 increase the risk cannat be cstimated.

¢ Overall, the cvidence suggests that long-tenm cxposure to Jevels generatly below current guideline tevels still canry the sisk of increasing the incidence of brain tumors.

» Epidemiological studies as reviewed in the IEEE C95.1 revision (2006) are deficicnt to the extent that the entire analysis is professionally unsupportable. IEEEs dismissal of

cpidemiological studies that link RF cxposurc to cancer endpoints should be disregarded, as well as any 1BEE conclusions drawn from this flawed analysis of epidemiological
studies, ) v
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Brain Temors and Acoustic Neurorous
dditionat Data from Section 10

* Mobile phone use increases the risk of acoustic neuroma for persons using a mobile phone 10 years or longer by 30% (when used on both sides of head) to 240% (habimaliy
used on onc side of head),  This information relies on a mews-unalysis of several major studics. F:‘or acoustic neuroma studies by Lonn ctal,, (2004), Christensen et al,,

{2004) Schocmaker et al,, (2005) and Hardell ct al., (2006q) all giving results for at least 10 years latency period of more. Overall OR = 1.3, 95 % Cl = 0.6-2. 8 was ohm.mcd
increasing to OR =2. 4,95%Cl = 1.1-53 for lpsllalcra,l mobile phone use (Lorm et al., 2004, Schocmakcr etal, 2005, Hardell et al,, 2006)." '

« There is obscrvational support for the iation between i and the usc of mobile phones since some studies report that the tumor is oficn located in an

anatomical area with high cxposure during calls with celtular or cordlcss phrmé:'s (Hardell et al., 27003)

« Mabile phone ¢ increases the risk of brain turriors (glioma) for persons using & mobile phoné 10'years or longer by 20% (when used on both sides of head) to 200%
(habitually used on one side of head). This infi o3 relics on a met: lysis of several major studies, For glioma OR = 1.2, {95 % CI = 0.8-1.9] was calculated (Lﬁnn et
al.,, 2005, Christensen et al,, 2005, Hepworth et al., 2006, Schiiz et al., 2006, Hardell et al., 2006b, Lahkola ct al., 2007). lIpsilateral use yiclded OR = 2.0, [95 % Cl = §.2-
3.4 J(Lana ot al., 2005, Hepworth et al., 2006, Hardell ct al., 2006b, Lahkola et al., '2007). ’ ’ ' '

* Cordless p]hné use Is also associated with an increased risk for acoustic neuromas and brain tumoss {both low-and higfz—gmdc gliomas (Hardelt et al., 2006 u,b)"

* The increased risk of ncousuc neuroma from use of a cordless phone for ten ycam or more was rcpom:d o be 310% higher risk (when the cordless phone habitmally used on
the same-side of the head) in Hardcll ctal., 2006a.

« The increased risk of high-grade glioma from usc of a cordicss phonc for ten years or more was reporied to be 220% higher risk (when cordless uscd on both sides of head)
10 470% higher risk (when cordless uscd babitually on same side of head) in Hardelt ¢t al., 2006b.

* The increascd risk of Jow-grade glioma from usc of a cordiess phone for ten years or more was reported to be 60% higher risk (when cordiess used on both sides of head) to
320% higher risk (when cordiess used habitually on same side of head) in Hardell et al., 2006b.

* The current standard for exposure to microwaves during mobile phonc use and for cordless phone use is not safe considering studics reporting long-term brain tumor risk.
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Section 11 Leukemia

«  The balance of evidence suggests that childhood leukemia is associated with cxposure to power freguency EMFs cither during carly 1ifc or pregnancy.

*  Considering only average ELF (MF flux densitics) the population sttributable risk is low to moderate. However there is a possibility that other exposure metrics are much

mote strongly refated to childhood leukermia and may account for a substantial proportion of cases, The population awributable fraction ranges between 1-4% (Kheifeis cual.,
2007): 2-4% (Greenland & Kheifets 2006). and 3.3% {Greenland, 2001) assuming only exposuces above 3 to 4 mG (0.3 - 0.4 #T) arc relevant, However. if it is not average
ELF (average MF flux density) that is the metric cavsally related to chitdhood leukemia the aftributable fraction can be much higher. Up to 80% of childhood leukemia may be

caused by cxposure to ELF.

¢ Other childhood cancers except leukemia have not been studied in sufficient detail to allow conclusions about the cxistence and magsitude of the risk,

« 1EEE guideline levels arc designed to protect from short-term immediate effects, tong-term effects, such as cancer arc cvoked by levels scveral orders of magnitudes below

current guideline levels,

«  Mcasures should be implemented to guarantee that exposuse duc to transmission and distribution lines is below an average of about | mG (0.1 4#T) and precautionary

measures are warranted that can reduce all aspects of exposure.
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Section 12 Melatonin, Alzheimers Disease and Ereast Cancer

« There is strong epidemiolagic evidence that Jong-ter P to ELF ic field (MF) is a risk factor for Alzheimers discasc.

* There is now cvidence that 1) high levels of peripheral amyloid beta arc a risk factor for AD and 2) medium to high MF exposure can inceease peripheral amyloid beta.
High brain levels of amyloid beta are also a risk factor for AD and medium to hight ME exposure to brain celts tikely also increases these cells’ production of amyloid beta.

« There is considerable in vitro and animal cvidence that melatonin protects against Alzheimer’s discase, Tt it is certainly possible that Jow levels of melatonin

production are associated with an increase in the risk of AD.
« There are insufficient studics to formulate an opinion as to whether radiofrequency MF exposure is a risk factor for AD.

+ Some studics on EMF show reduced melatonin levels, Thero is sufficicnt evidence from in vitro and animal studies, from human biomarker studics. from occupational and

light-at-night studies, and a single longitudinal study with appropriatc collection of urine samples to conclude that high MF cxposurc may be a sisk factor for breast cancer.

« There is rather strong evidence from case-control studics that longterm, high occupational exposure (= 10 mG or 1.0 #T)) to ELF mugactic ficlds is a risk factor for breast

cancer.

» Scamstresses are, in fact, one of the most highly MF exposed i with exf fevels g Hy above 10 mG (1.0 #T) over a significant proportion of the

wotkday. They have also been consistently found to bo at higher risk of Alzhcimer™s discase and (female) breast cancer. This occupation deserves attention in future studies.

« There ate no studics of RF magnctic ficlds on breast cancer that do not exclude BLF magnetic ficld, so that predictions of RF ic ficld alone on breast cancer cannot be

assessed at this time.
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Section 13 Melatonin ~ Cell and Animat Studies

« An association between power-frequency clectromagnetic fields (ELF) and breast cancer is strongly supported in the scientific literature by a constellation of relevant

scientific papers providing mutually-reinforcing evidence from cell and animal studics.

* ELF at environmental levels negatively affects the ancostatic effects of both melatonin and tamoxifen on human breast cancer cells at common environmental kevels of BLF
exposurc at 6 10 12 mG (0.6 10 1.2 4T). Epidemiological studics over the Iast two decades have reporied increased risk of majc and female breast cancer with exposures to

residential and occupational levels of BLF. Animal studics have reported increased mammary tumor size and incidence in association with ELF exposure.

« ELF limits for public exposure should be revised to reflect increased risk of breast cancer at environmental fevels possibly s low as 2 mG or 3 mG (0.2 10 0.3 3T): certainly
as low as 4 mG (0.4 47T).

Sectivo 14 Eifects of Modulation of Slgnai

« There is substantial scientific cvidence that some modulated fields (pulsed or repeated signats) are bioactive, which increases the likelihood that they could have health
impacts with chronic exposurce even at very low exposare levels.

+ Modulation signals may interfere with normal, non-linear biolagical processes.
« Modulation is a fundamental factor that should be taken into account in new public safety standards; at present it is not even 1 contributing factor.

 To properly cvaluate the biological and health impacts of exposure to modulated RF (carrier waves), it is also essential to study the impact of the modulating signal (lower
frequency fields or ELF-modulated RF).

-+ Current standards have ignored modulation as a factor in huan health impacts, and thus are madequate in the protection of the public in terms of chronic cxposurc to some
forms of ELF-modulated RF signals.

* The cument HEBE and ICNIRP standards are not sufficicntly protective of public health with respect to chronic exposure to modutated fietds (particularly new technologics
that arc pulse-modulated and heavily used in ccllular telephony).
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Section 14 Eftects of M fon of Signal inucd)
« The collective papers on imodulation appear to be omitted from consideration in the receat WHO and IEEE scienoe reviews. Thls body of n:swrch has been ignored by
current standard sciting bodies that rely only on traditional encrgy-bascd (thermal) concepts.

* Maore rescarch is needed to determine which modulation factors, and combinations arc bioactive and deletcrious at fow intensitics, and are likely to result in disease-related
processes and/or health risks; however this should not delay p ive actions supporting public health and wetiness.

= If signals aced to be modulated in the development of new wircless technologies, for cxample, it makes sensc to use what cxisting scientific mformauon is available to avoid
the most obviously dclctcnous cxposure parameters and sclect others that may be less hkc!y to interfere thh noemal biolegical processes in fife.

* The current mcmbcnhxp on Risk Assessraent committecs needs to be made more inclusive, by adding scncnus!s experienced with the research reporting non-thermal
biological effects.

* The cureent practice of segregating scientific investigations (and resulting publu. hcdllh Ixmnm) by artificial divisions of frequency needs to be changed because (h!s approach
dramatically diltutes the impact of the basic scicnce results and olinii of modulation signals, thereby reducing and disiorting the weight of evidence in any
cvaluation process.

Section' {5 ‘Therapeutic Uses of EMF at Low-Inteasity Levels

« EMPs arc both a cause of disease, and also used for treatment of discase (at levels far below existing public expasure standards),

» Electromagnetic ficlds arc widely used in therapeutic medical applications.

* Proof of effecti s has been d din clinical applicarions of low-i ity BLF and RF.

* EMPFs have been shown to be effective in treating conditions of discasc at encrgy levels far below current public exposure standards.
« Indiscriminate EME exposure is ill advised at even at common environmental levels.

* Multiple sources of EMF cxposure in daily life, and cumulative cxposures to potentially harnful combinations of EMF arc ignored - we don't even study it propery yet.
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Section 16 The Precautionary Principle

« The Precautionary Principle has been developed to help justify public policy action on the protection of health where there are plavsible, serious and irreversible hazards

from current and Tuture cxposures and where there are many unceetainties and much scientific ignovance. BMF is characterized by such circumstances.

« The lessons from the historics of most well known hazards show that precautionary- based yet proportionate measures taken in responsc to robust carly wamings can avoid

the kinds of costs incurred by asbesios. smoking. PCBs X rays cte. Such lessons aee relevant to the EMPF issuc.

« Palicymakess need to be aware of the systematic biases within the environmental health science against finding a true hazard, in order to not compromise scientific integrity.

Howcever, this bias can Icad to the health of people or eavironments being compromised,

« The Precautionary Principle introduces the use of different levels of proof (or strengths of evidence ) to justify actions to reduce exposure, where the level of proof chosen
depends upon the nature and distribution of the costs of being srong, in acting, or not acting; the benefits of the agent or substance in question; the availubility of alicrnatives,
cte. Waiting for high levels of scientific proof of causality. or for knowledge about mechanisms of action, can be very expensive in terms of compensation, health care. job

losses, reductions in public trust of scicatists cte.

« The fevel of proof chasen to justify action docs not determine any particular policy measure, or type of action. This is dependent on factors such as the costs of different

measures, equity, the origins of the risk, ie voluntary or imposcd, cte.

« There is a need to involve stakeholders in helping to frame prablems for risk assessmeats and to cheose appropriate lovels of proof and types of sctions 1o reduce exposure.
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Section 17;  Key Scientific Evidence and Public Health Policy Recommendations

« We cannot afford ‘busincss as usual” any longer. 1t is time that planning for new power lines and for new homes, schools and other habitable speces around them ix done

with provision for low-ELF environments. The busincss-as-usual deployment of new wircless technologies is likely to be risky and harder to change if socicty docs not make

hnalomi hi

some cducated decisions about limits soon. Research must continue to define what levels of RF solated to now wirel gics are but more h should

not prevent or delay substantive changes today that might save money, lives and socictal disruption tomorrow.

AT o T Tk

ia studics to i d risk of

« New regulatory limits for ELF are warranted. ELF limits should be st below those cxposure levels that have been linked in ¢!
diseasc, plus an additional ssfety factor. It is no longer acceptable to build new power lines and electrical facilities that place people in ELF environments that have been
determined to be risky (at levels generatly at 2 mG (0.2 4T) and above).

« Whilc new ELF limits arc being developed and imph d,a ble apg h would be 2 § mG (0.1 4T) planning limit for habitable spacc adj to alf now or

upgraded power lines and & 2 mG (0.2 #T) limit for alf ether new construction, It is also recommended for that & | mG (0,1 #T) limit be cstablished for existing

is based on the assumption that a higher burden of protection is required for children who

habitable space for chitdren and/or women who are pregl . This
eannot protect themselves, and who arc at risk for childhood leukemia at rates that are traditionally high enough to trigger regulatory action. This situation in particular

warrants extending the | mG (0.1 pT) limit to existing occupiod space. "Establish” in this case probably means formal public advisories from relevant health agencics.

« While it is not realistic to reconstruct all existing elecirical distributions systems, in the short term; steps to reduce exposure front these cxisting systems need to be initiated,

cspecially in places where children spend time, and should be encouraged.

« A precautionary limit of 0.1 gW/cm2 (which is also 0.614 Volts per meter) should be adopted for outdoor, cumulative RF cxposure. This reflects the current RF science and
prudent public health responsc that would reasonably be set for pulsed RF (ambicat) exposures where people live, work and go to school. This level of RF is experienced as
whole-body oxposure, and can be a chronic exposure where there is wircless coverage present for voice and datu transutission for celt phones, pagers and PDAs and other
sources of radiofrequency radiation. Some studics and many anccdotal reports on il health have been reported at lower levels than this; however, for the present time, it could

prevent some of the most dispropertionate burdens placed on the public nearest to such installations, Although this RF target level does not preclude further roltout of WI-Fi

technol we also rece d that wired alternatives to WI-FI be implemented, particularly in schools and librarics so that children are not subj i to et d RF levels

until more is understood about possible health impacts. This reccommendation should be seen as an interim precautionary limit that is intended to guide preveatative actions;

and more conservative limits may be needed in the futare.
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Section 17:  Key Scientific Evidence and Public Health Policy Recommendations (continued)

« New public safety limits should be developed and impiemented for ELF (50 Hz and 60 Hz electrical power frequencies). ELF fimits should be set below those exposure
levels that have been linked in chifdhood leukemia studies to increased risk of discase, plus an additional safety factor,

* Guidance should be provided to clectric utilitics on the need to seduce ELF exposures in siting and construction of new power lincs and substations. Mitigation of existing
sources of BLF over | mG (0.1 #T) should be encournged, particufarly where children and women who are pregnant, or who may be come pregnant spend significant portions
of their time.

« Requests for measurcment and monitoring of BLE and RF should be provided by uilitics (for power fine and houschold ELF) and by employers (for workplace ELF and RF)
.and those who request information should receive full results of sich surveys on request.

« International health organizations and agencies should issuc public health advisorics for those exposed o levels of ELF and RF implicated with increased risks from
cancer/ncurodegencraiive discases and memory/learning/immunc/siress responses. These advisories should address both residential and occupational exposures.

« Retiable, unbiased information should be developed and distributed through a clearinghouse that is available to the public. Scientific, public health and policy option
information should be provided for independent review at an atfordable cost to the public, Rescarch articles and prudent avoidance strategics should be made available in
many languages.

« Cell phones and other wireless devices should be redesigned 1o operate only on speaker-phone mode or tcxt message mode.

« Restrictions should be placed on the sale and advedising of cell phanes and other wircless devices to children age 0 to 18 years,

« All countries should continue to provide wired phone service: and should be strongly discouraged from phasing it eut; including pay telephones in public places.

» Manufacturers of devices that aperate with wircless features should be required to carry SAR level information and warning labels on the outside packaging (not hidden
inside). Wircless devices that create elevated RF levels for the user should be required to warn the uscr of possible adverse effects on memory and learning, cognitive function,
sleep disruption and insomnis, mood disorderss, balance, headache, fatigue, ringing in the cars (tinnitus), immune function, and other adverse symptoms of use.

» Warning labels on celf phones and PDAs (personal digital assistant devices) and other wireless devices are needed to alert users to cxcessively high ELF emissions from the
switching battery pack, and require labels to list mitigation measures to reduce exposure (do not wear on or ncar body in "ON-Receive™ position; use only with earpicce or on
speaker mode, ¢Ic).

+ Disclosurc should be provided to the public on the location and operating characteristics of all wircless antenba sites in a fashion casily accessible to the public so informed
choices can be made about where to live, shop, work and go to school. Such information should fatorily include | RE/MW cxposures based on caleulations from
FCC OET Bulletin 65 (or cquivalent) at ground level and second story level in increments of 50 fect outward from the facility to a power density of 0.1 pW/em2 or 0.614
V. Signage for the public should be a mandatory condition of approval for all sites, and shoutd be kept current.  Public agencies that approve and monitor wircless sites
should require the applicant to identify locations of wireless facilities.
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Section 17:  Key Scieatific Evidence and Public Health Policy Reconnmendations (continucd)

» Mobile phane - free and WI-RI-frce public areas should be established in arcas where the public congregates and can have a rcmsonablc cxpecumon of safety. mcludmg
slrports, public shopping, hospitals, librarics, medicat clinics, convalescent homes and assisted Yiving fucilitics, theatres, restaurants, parks, ete.

« Health agencies and school districts should strongly discourage or prohibit celf towers on or near {within 1000 of} schoot properties, shoutd delay any new WLAN
installations in schoo! classrooms, pre-schools and day-care facilities; and should cither remove or disable existing wireless facilities, or be required to offer classrooms with no
RF exposure to those familics who choose not to have their children involuntarily exposed.
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(Genetics and Neurological Effects Updated March ‘2014) '

Overall, more than 1800 or so new studies report abnormal gene transcription (Section 5);
genotoxicity and single-and double-strand DNA damage (Section 6); stress proteins because of
the fractal RF-antenna like nature of DNA (Section 7); chromatin condensation and loss of DNA
repair capacity in human stem cells (Sections 6 and 15); reduction in free-radical scavengers -
particularly melatonin (Sections 5,9, 13, 14, 15, 16 and 17); neurotoxicity in humans and animals
(Section 9), carcinogenicity in humans (Sections 11, 12, 13, 14, 15, 16 and 17); serious impacts
on human and animal sperm morphology and function (Section 18); effects on offspring behavior
(Section 18, 19 and 20); and effects on brain and cranial bone development in the offspring of -
animals that are éxposed to cell phone radiation during pregnancy (Sections 5 and 18). This is
only a snapshot of the evidence presented in the Biolnitiative 2012 updated report.

BIOEFF ECTS ARE CLEARLY ESTABLISHED

oneffects -are cledrly estabhshed and occur at very low levels of exposure to .
electromagnetic fields and radiofrequency radiation. Bioeffects can occur in the first few
minutes at levels associated with cell and cordless phone use. Bioeffects can-also ocecur
-from just minutes of exposure to mobile phone masts (cell towers), WI-FI; and wireless
uuhty smart meters that produce whole-body exposure. Chronic: base station level

exposures can reqult in ﬂlness

ta

‘ BIOEFFECTS WITH CHRONIC - EXPOSURES CAN REASONABLY BE
PRESUMED T O RESULT IN ADVERSE HEALTH EFFECTS SRR ‘ i

Many of these bioeffects can reasonably be presumed to result in adverse health effects if the
exposures are prolonged or chronic. This is because they interfere with normal body processes
(disrupt’ homeostasis), prevent the body from hehhng damaged DNA, produce immupe system
imbalances, metabolic disruption and lower resiliénce to disease across multiple pathways.
Essential body processes can eventually be disabled by incessant external stresses (from system-
wide electrophysxologxcal interference) and lead to pervaswe 1mpa1rment of metabohc and
A‘ reproductive functions. . F 47, Lt N [T A

LOW EXPOSURE LEVELS ARE ASSOCIATED WITH BIOEFFECTS AND
ADVERSE HEALTH EFFECTS AT CELL TOWER RFR EXPOSURE LEVELS

At 1east ﬁve-new cell tower studies are rcporting; bioeffects in the range of 0,003 to 0.05 uW/cmZ
at lower levels than reported in 2007 (0.05 to 0.1 uW/cm2.was the range below which, in 2007,
 effects were not observed). Researchers report headaches, concentration difficulties and
~behavioral problems in children-and adolescents; and sleep disturbances, headaches and
concentration problems in adults. Public'safety standards are-1,000 — 10,000 or more times higher
than levels now commonly reported in mobile phone base station studies to cause bioeffects.




EVIDENCE FOR FERTILITY AND REPRODUCTION EFFECTS: HUMAN
SPERM AND THEIR DNA ARE DAMAGED

Human sperm are damaged by cell phone radiation at very low intensities in the low microwatt
and nanowatt/cm2 range (O 00034 — 0.07 uW/cm2). There is a veritable flood of new studies
repom*rg sperm damage in humans and animals, leading to substantial concerns for fertility,
reproductron and health of the offspring (unrepaired de novo mutations in sperm). Exposure

levels are similar to those resulting from wearing a cell phone on the belt, or in the pants pocket,

_or using a Wrreless laptop computer on the 1ap Sperm lack the abrhty to reparr DNA damage.

Studres of human sperm show genetic (DNA) damage from cell phones on standby mode and
wrreless Iaptop use. Impaired sperm quality, motility and viability occur at exposures of 0 00034
uW/cm2 to. 0 07 uW/cm2 with a resultant reduction in human male femhty Sperm cannot Tepair
DNA damage.

[T

Several international laboratories have replicated studies showing adverse effects on sperm
quality, motility and pathology in men who use and particularly. those who-wearia cell.phone,::
PDA or pager on their belt or in a pocket (Agarwal et al, 2008; Agarwal et al, 2009; Wdowiak et
al, 2007; De luliis et al, 2009; Fejes et al, 2005; Aitken et al|2005; Kumar, 2012). Other studies
¢oriclude that usage of cell phones, exposure to cell phone radiation; or storage of a-mobile phone
clase to the testes of human males affect sperm counts, motility,viability and structure (Aitken et
al, 2004; Agarwal et al, 2007; Erogul-et-al., 2006). - Animal studies have demonstrated: oxidative
and. DNA damage, pathological changes in the testes of animals, decreased. sperm mobility,and
viability, and other measures of deleterious damage to the male germ line (Dasdag et al, 1999;

" Yari et al, 2007; Otitoloju et'al, 2010; Salama et al, 2008; Beharj et al, 2006; Kumar et al, 2012).
There are fewer animal studies that have studied effects of cell phone radiation on female fertility
parameters. Panagopoulouset al. 2012 report.decreased ovarian development and size of ovaries,

and premature cell death of ovarian follicles-and nurse cells in Drosophila melanogaster. :Gulet:
al (2009) report rats exposed to stand-by level RFR (phones on but not transmitting calls) caused
“decrease in the number of ovarian f follicles in _pups born to these exposed dams. Magras and
Xenos (1997) reported 1rreversrble mfemhty in mice ﬂfter ﬁve (5) generahqns of exposﬂre to
RFR at ceH phone tower exposure levels of Iess than one mlcrowatt per. cenhmeter squared
(pW/cmZ) -

[ TP R & R EPUE RO Lot J M PR SPEN . . - AP TEEE E R
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' EVIDENCE THAT CHILDREN ARE MORE VULNERABLE

There is good evidence to suggest that many toxic exposurgs to.the. fetus,and very young child |
have especrally detnmemal consequences degendmo on when they occur dunng crrncal phases of
growth and development (tlme windows of critical development), where Such exposures thay lay

the seeds of health harm that develops even decades later. Existing FCC and ICNIRF public .
safety hrhlts seein to be not sufficiently protective of public health, in particular for the young
(embryo fetus neonate very {young ch]ld) : -

B

The Presrdennal Cancer Panel (2010) found that chxldren are at speual ;1sk due 10 thezr smaller
body mass and rapid physical development both of whzch magmfy ‘their vulnerabtltty to: known
carcinogens, includivg radiation” - I : e




The American' Academy of Pediatrics, in a letter to Congressman Dennis Kucinich dated 12
December 2012 states “Children are disproportionately affected by environmental exposures,
including cell phone radiation. The differences in bone density and the amount of fluid in a
child’s brain compared to an adult’s brain could allow children to absorb greater quantities of
RF energy deeper into their brains than adults. It is essential that any new standards for cell
phones or other wireless devices be based on protecting the youngest and most vulnerable

populations to ensure thay are safeguarded through their lifetimes.”

FETAL AND NEONATAL EFFECTS OF EMF

Fetal (in-utero) and early childhood exposures to cell phone radiation and wireless technologies -
in general may be a risk factor for hyperactivity, learning disorders and behavioral problems in
school, ‘

Fetal Development Studies: Effects on the developing fetus from in-utero exposure to cell

phone radiation have been observed in both human and animal studies since 2006. Divan et.al
(2008) found that children,born of mothers who used cell phones during pregnancy develop more
behavioral problems by the time they have reached school age than children whose mothers did
not use cell phones during pregnancy. Children whose mothers used cell phones during
pregnancy had 25% more emotional problems, 35% more hyperactivity, 49% more conduct .
problems and 34% more peer problems
(Dlvan et al., 2008).

Common sense -measures to limit both ELF-EMF and RF EMF in these populations.is needed,
especially with respect to avoidable exposures like incubators that can be modified; and where
. education of the pregnant mother with respect to laptop computers, mobile phones and other -

sources of ELF-EMF and RF EMF are easily instituted.

T

£

Sources of fetal and neonatal exposures of concern include cell phone radiation (both paternal use
of wireless devices worn on the body and maternal use of wireless phones during pregnancy).
Exposure to whole-body RFR from base stations and WI-FI, use of wireless laptops, use of

incubators for newborns with excessively high ELLF-EMF levels resulting in altered heart rate .
- variability and reduced melatonin levels in newborns, fetal exposures to MRI of the pregnant
mother, and greater susceptibility to leukemia and asthma in the child where there have been
: maternal exposures to ELF-EMF.
A precautionary approach may prowde the frame for decrsxon—makmg where remedlatlon actions
have to be realized to prevent high exposures of children and pregnant woman. . - -

(Bellieni and Pinto, 2012 — Section 19)




EMEF/RFR AS A PLAUSIBLE BIOLGICAL MECHANISM FOR AUTISM (ASD)

» Children with existing neurological problems that include cognitive, learning, attention,
memory, or behavioral problems should as much as possible be provided with wired (not
wireless) learning, living and sleeping environments,

 Special education classrooms should observe 'no wireless' conditions to reduce avoidable
stressors that may impede social, academic and behavioral progress.

* All children should reasonably be protected from the physiological stressor of significantly
elevated EMF/RFR (wireless in classrooms, or home environments).

* School districts that are now considering all-wireless learning environments should be strongly
cautioned that wired environments are likely to provide better learning and teaching
environments, and prevent possxble adverse health consequences for both students and faculty in
the long-term. r
 Monitoring’ of the impacts of wireless technology in learning and care environments should be
performed with sophisticated measurement and data analysis techniques that are cognizant of the
non-linear impacts of EMF/RFR and of data techniques most approprnate f01 dncermng these
impacts. S co ; ‘

« There is sufficient scientific evndence to warrant the selection of wired mtemet w1red
classrooms and wired learning devices, tather than making an expensivé and potentially health-
harming commitment to wireless devices that may have to be substituted out later, and

» Wired classrooms should reasonably be provided to all students who opt-out'of wireless:

environments: : ' i (Herbert and Sage 2012 — Section 20)

-Many disrupted physiological processes and impaired behaviors in people with ASDs closely
resemble those related to biological and health effects of EMF/RFR exposure. Biomarkers and
-indicators of disease and their clinical symptoms have striking. similarities.. Broadly. speakmg,
these types of phenomena can fall into one ‘or ‘more ‘of several classes: a) alteration of genes ‘or
gene: eXpressxon b) "induction ‘of change in brain tor organismic development; ¢)-altération of
phenomena: modulating ‘systemic and brain ' function -on an ongoing basis .throughout thé life
course (which can intlude systemic pathophysiology as.well: as ‘brain-based changes), and d)
evidence of functional alteration in domains such as behavior, social interaction and attention
.known to be challenged in ASD..

Several thousand smenﬁﬁc studxes over- four decades point, to serious biological effectsiand
health harm’ from"EMF: and RFR" These studies report genotoxicity; single-and-double-strand
DNA'‘damage, chromatin condensation, loss - of ‘DNA repair capacity in human stem cells,
reduction'in" free-radical "scavengers (particularly melatonin), ‘abnormal gene transcription,
neurotoxicity, carcinogenicity, damage: to' sperm: morphology 'and function, effects on behavior,
and effects on brain development in the fetus of human mothers that use cell phones during
pregnancy. “Cell phone ‘exposure has been linked to altered fetal brain development and ADHD-
like behavior:in the offspring of pregnant mice. - . y :

Reducing life-long health risks begins in the earliest stages of embryonic and fetal development,
18 -accelerated for the infant and very young child compared-to adults, and is not complete in
young people (as far as brain and nervous system maturation) until the early 20’s. Windows of
critical development mean that risk factors once laid down in the cells, or in epigenetic changes in
the genome may have grave and life-long consequences for health or iliness for every individual.




All relevant environmental conditions, including EMF and RER, which can degrade the human
genome, and impair normal health and development of species including homo sapiens, should be
given weight in defining and implementing prudent, precautionary actions to protect public
health.

Allostatic load in autism and autistic decompensation - we may be at a tipping point that can be
pushed back by removing unnecessary stressors like EMF/RFR and building resilience.

The consequence of ignoring clear evidence of large-scale health risks to global populations,
when the risk factors are largely avoidable or preventable is too high a risk to take. With the
epidemic of autism (ASD) putting the welfare of children, and their families in peril at a rate of
one family in 88, the rate still increasing annually, we cannot afford to ignore this body of
evidence. The public needs to know that these risks exist, that transition to wireless should not be
presumed safe, and that it is very much worth the effort to minimize exposures that still provide
the benefits of technology in learning, but without the threat of health risk and development
impairments to learning and behavior in the classroom.

(Herbert and Sage, 2012 — Section 20)

THE BLOOD-BRAIN BARRIER IS AT RISK

The'BBB is a protective barrier that prevents the flow of toxins into sensitive brain tissue.
Increased permeability of the BBB caused by cell phone RFR may result in.neuronal damage.
Many research studies show that very low intensity exposures to RFR can affect the blood-brain
barrier (BBB) (mostly animal studies). Summing up the research, it is more probable than
unltkely that non-thermal EMF from cell phones and base stations do have eﬂ’ects upon bzology
A single 2-hr exposure to cell phone radiation can result in increased leakage of the BBB, and 50
days after exposure, neuronal damage can be seen, and at the later time point also albumin
leakage is demonstrated. Thé levels of RF. R needed 10 affect the BBB have -been shown to be as
low as 0.001 Wikg, or less than holding a mobile phone at arm’s length. The US FCC standard is
1.6 Wikg; the ICNIRP standard is 2 Wikg of energy.(SAR) into brain tissue from cell/cordless
phone use. Thus, BBB effects occur at about 1 000 times lower RFR exposure levels than the US
and ICNIRP limits allow. (Salford et al, 2012 - Section 10)

If the blood-brain barrier.is vulnerable to serious and on-going damage from wireless exposures,
then we should perhaps also be looking at the blood-ocular barrier (that protects the eyes), the
blood—placenta barrier (that prctects the. developmg fetus) and the blood-gut barrier (that protects
proper dxgestlon and nutrmon) and the blood-téstes bamer (that protects developmg sperm)to

see if they too can be damaged by RFR.




EPIDEMIOLOGICAL STUDIES CONSISTENTLY SHOW ELEVATIONS IN
RISK OF BRAIN CANCERS

Brain Tumors: There is a consistent pattern of increased risk of glioma and acoustic neuroma
associated with use of mobile phones and cordless phones.

“Based on epidemiological studies there is a consistent pattern of increased risk for glioma and
acoustic neuroma associated with use of mobile phones and cordless phones. The evidence comes
mainly from two study centres, the Hardell group in Sweden and the Interphone Study Group. No
consistent pattern of an'increased risk is seen for meningioma. A systematic bias in the studies
that explains the results would also have been the case for meningioma. The different risk pattern
Jor tumor type strengthens the findings regarding glioma and acoustic neuroma. Meta-analyses
of the Hardell group and Interphone studies show an increased risk for glioma and acoustic
neuroma. Supportive evidence comes also from anatomical localisation of the tumor to the most
exposed area of the brain, cumulative exposure in hours and latency time that all add to the
biological relevance of an increased risk. In addition risk calculations based on estimated
absorbed dose give strength to the findings.

R - o
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- “There is reasonable basis to conclude that RF-EMFs are bioactive and have a potential
to cause health impacts. There is a consistent pattern of increased risk for glioma and
acoustic neuroma-associated with-use of wireless phones (mobile phones and cordless
phones) mainly based on résults from case-control studies from the Hardell group and -
Interphone F tnal Study fesults Epzdemzologzcal évidence { gzves that RF -EMF should be
classified as a kun;an carcznogen

Based on odr own. resedrch and review of. othér evidence ihé existirig F CC/IEE and
ICNIRP public safety limits and reference levels are not.adequate 1o protect publzc
health. New publtc health standards and ltmzts are needed... ...

< i
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EVIDENCE FOR GENETIC EFFECTS (Updated March 2014)

EEREE ; Tt o

One hundred fourteen (114) new papers on genotoxic effects :of RFR published between 2007 and
early 2014 are p::ofilegi.l, Of these, 74 (65%) showed effects and 40 (35%) showed no effects.

Fifty nine (59) new ELF-EMF papers and two static magnetic field papers that report on
genotoxic effects of ELF-EMF between 2007 and early 2014 are profiled. Of these, 49 (83%)
show effects and 10 (17%) show no effect. (Lai, 2014 — Section 6)




EVIDENCE FOR NEUROLOGICAL EFFECTS (Updated March 2014)

Two hundred eleven (211) new papers that report on neurological effects of RFR published
between 2007 and early 2014 are profiled. Of these, 144 (68%) showed effects and 67 (32%)
showed no effects.

One hundred five (105) new ELF-EMF papers (including two static field papers) that report on
neurological-effects of ELF-EMF published between 2007 and early 2014 are profiled. Of these,

95 (90%) show effects and 10 (10%) show no effect. ; {Lai, 2014 — Section 9)

EVIDENCE FOR CHILDHOOD CANCERS (LEUKEMIA)

With overall 42 epidemiological studies published to date power frequency EMFs are among the
most comprehensively studied environmental factors. Except ionizing radiation no other
environmental factor has been as firmly established to increase the risk of childhood leukemia.
Sufficient evidence from epidemiological studies of an increased risk from exposure to EMF
(power frequency magnetic fields) that cannot be attributed to chance, bias or confounding.
Therefore, according to the rules of IARC such exposures can be classified as a Group 1

' - carcinogen (Known Carcinogen). :
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There.is no other risk factor identified so far for which such unlikely conditions have been put.
forward to postpone or deny the necessity to take steps towards exposure reduction. As one step
in the direction of precaution, measures should be implemented to guarantee that exposure due to
transmission and distribution lines is below an average of about 1 mG. This value is arbitrary at
prescnt and only supported by:the fact that in many studies. thls level has been chosenasa -
L ... reference.: o ,
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Base- stauon level RFR at levels rangmg from less than 0 001 uW/cmZ to 0 05 uW/cm2. In 5 new
studies since 2007, researchers report headaches, concentration difficulties and behavioral
problems in children and adolescents; and sleep dxsturbances headaches and concenfration

problems in adults.




MELATONIN, BREAST CANCER AND ALZHEIMER’S DISEASE

MELATONIN AND BREAST CANCER

Conclusion: Eleven (11) of the 13 published epidemiologic residential and occupational
studies are considered to provide (positive) evidence that high ELF MF exposure can
result in decreased melatonin production.: The two negative studies-had{important
deficiencies that may certainly have biased the results. There is sufficient evidence to
conclude that long-term relatively high ELF MF exposure can result in a decrease in
melatonin production. It has not been determined to what extent personal
characteristics, e.g., medications, interact with ELF MF exposure in decreasing
melatonin production \ Co
Conclusion: New research indicates that ELF-ME exposure, in vitro, can significantly
decrease melatonin activity through effects on MT1, an important melatonin receptor.

(Davampour and Sobel 2012 Sectxon 13y

i

MIE_IM.E_K&DLS_E_A&E
There is strong epxdemlologxc evxdence that exposure to ELF MF is a risk factor for AD.
There are now twelve (12) studies of ELF MF exposure and AD or dementia which .
‘Nine (9) of these studies are considered positive aiid 'three (3) are considered negative.
The three negative studies have serious deficiencies in ELF MF exposure classification
that results in subjects with rather low exposure being considered as having significant
exposute. There are insufficient studies to formulate an opinion as to whether
radiofrequency MF exposure is a risk ot protective factor for AD.: '+ ¢
There is iow evidence that (i) high levels of peripherdl amyloid beta are a risk factor for | .-
AD and (ii) medium to high ELF MF exposure can increase peripheral amyloid beta.
High brain levels of amyloid beta are also a risk factor for AD and medium to high ELF
MF exposure to brain cells likely-also increases these-cells’ production of amyloid beta.

There is consxderable in vitro and ammal ev1dence that melatonm protects agamst AD.
Therefore 1t is éertainly poss1ble that Tow levels of melatonin’ productlon are assoc1ated
* ' with anl increase in the nsk of AD. -
* (Davanipour and SoBéI 2012 Sectlon 13) -




STRESS PROTEINS AND DNA AS A FRACTAL ANTENNA FOR RFR

DNA acts as a ‘fractal antenna’ for EMF and RFR.

The coiled-coil structure of DNA in the nucleus makes the molecule react like a fractal
antenna to a wide range of frequencies.

The structure makes DNA particularly vulnerable to EMF damage.

The mechanism involves direct interaction of EMF with the DNA molecule (claims that
there are no known mechanisms of interaction are patently false)

Many EMF frequencies-in the environment can and do cause DNA changes.

The EMF-activated cellular stress response is an effective protective mechanism for cells
exposed to a wide range of EMF frequencies.

EMF stlmulates stress protems (1nd1<:atmg an assault on the cell).

EMF efﬁcxently harms cells ata. bllhon tlmes lower levels than conventlonal heating.
- Blank, 2012 — Section 7) : .

Safety standards 'based’ on heati'ng 'are irrelev"an’t” ‘to proteét‘ dgainst EMF-levels of
exposure. There is an urgent need to revise EMF exposure standards. Research has
shown thresholds are very low (safety standards must be reduced to limit biological
responses). Biologically-based EMF safety standards could be ‘developed from the

research on the stress response. ce (Blank 2012 Section 7)

- EVIDENCE FOR DISRUPTION' ‘OF THE MODULATING SIGNAL ’
HUMAN STEM CELL DNA DOES NOT ADAPT OR REPAIR

Human stem cells do not. adapt to chmmc exposures to non»thermal microwave (cannot
repair damaged DNA), and damage to DNA in genes in other cells generally do not repair
as efﬁcxently (Belyaev, 2012 — Section 16)

i

Non- thermal effects of microwaves depend on Vanety of blologlcal and physmal
parameters that should be taken into account in setting the safety standards. Emerging
evidence suggests that the SAR concept, which has been widely adopted for safety
standards, is not useful alone for the evaluation of health risks from non-thermal
microwave of mobile communication. - Other parameéters of'exposure, such'as frequency,
modulation, duratxon and dose should be taken into account.’

Lower intensities are not always 1ess harmful; they may be more harmful.




Intensity windows exist, where bioeffects are much more powerful.

A linear, dose-response relationship test is probably .invalid for testing of RFR and EMF
(as is done in chemicals testing for toxicity).

Resonant frequencies may result in biological effects at very low intensities comparable

to base station (cell tower) and other microwave sources used in mobile communications.

These exposures can cause health risk. The current safety standards are insufficient to
protect from non-thermal microwave effects.

The data about the effects of microwave at super-low intensities and significant role of
duration of exposure in these effects along with the data showing that adverse effects of
non-thermal microwave from GSM/UMTS mobile phones-depend on carrier frequency
and type of the microwave signal suggest that microwave from base-stations/masts,
wireless routers, WI-FI and other wireless devices and exposures in common use today
can also produce adverseeffects at prolonged durations of exposure.

Most of the real signals that.are in use in mobile communication have not been tested so
far. Very little research has been done with real signals and for durations and
*intermittences of exposure that are relevant to chronic exposures from mobile
communication. In some studies, so-called *“mobile communication-like” signals were
mvesngated that in fact were different from the real exposures in such 1mportant aspects
as intensity, carrier frequency, 1 modulauon polanzatlon duration and intermittence, .-

New standards should be developed based on knowledge of mechamsms of non~thermal
.. effects. Importantly, because the signals of mobile communication are completely.
replaced by other signals faster then once per 10 years, duration comparable with latent .
period, epidemiologic studies cannot provide basement for cancer risk assessment from
upcoming new signals.

In many cases, because of ELF modulatlon and addxuonal ELF flelds cxeated by the 3
of exposures to ELF and mlcrowave Therefore these comblned e‘iposures and thelr
poss:ble cancer nsks should be consxdered in combmauon. .

'L’I R

As far as dlfferent types: of microwave 51gnals (carmer frequency, modulanon
polarization, far and near field, intermittence, coherence, efc.) may produce different
effects, cancer risks should ideally be estimated for each microwave 31gna1 sepatately
The Precaunonary Pnnmple should be melemented whﬂe new standards are in progress

It should be antlcxpdted that some: part of the human populatlon such as: chlldren
pregnant women and groups of hypersensitive persons.could be especially sensitive to the
non-thermal microwave exposures.

(Belyaev, 2012 ~ Sectjon 15)




N. EFFECTS OF WEAK-FIELD INTERACTIONS ON NON-LINEAR
BIOLOGICAL OSCILLATORS AND SYNCHRONIZED NEURAL ACTIVITY

A unifying hypothesis for a plausible biological mechanism to account for very weak
field EMF bioeffects other than cancer may lie with weak field interactions of pulsed RFR and
ELF-modulated RFR as disrupters of synchronized neural activity. Electrical rhythms in our
brains can be influenced by external signals. This is consistent with established weak field effects
on coupled biological oscillators in living tissues. Biological systems of the heart, brain and gut
are dependent on the cooperative actions of cells that function according to principles of non-
linear, coupled biclogical oscillations for their synchrony, and are dependent on exquisitely timed
cues from the environment at vanishingly small levels (Buzsaki, 2006; Strogatz, 2003). The key
to synchronization is the joint actions of cells that co-operate electrically - linking populations of
biological oscillators that couple together in large arrays and synchronize spontaneously.
Synchronous biological oscillations in cells:(pacemaker.cells) can be disrupted by artificial,
exogenous environmental signals, resulting in desynchronization of neural activity that regulates
critical functions (including metabolism) in the brain, gut and heart and circadian rhythms
governing sleep and hormone cycles (Strogatz,.1987). The brain contains a.population of !
oscillators with distributed natural frequencies, which pull one anether into synchrony (the. .
circadian pacemaker cells). Strogatz has addressed the unifying mathematics of biological cycles
and external factors disrupt these cycles (Strogatz,2001,2003).  “Rhythins can be altered by a
wide variety of agents and that these perturbatzom must: sqrwusly alter brain performance

(Buzsaki, 2()06) . oo T LT ST
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“Organisms are biochemically dynamic. They are continuously subjected to time-varying
conditions in the form of both extrinsic.driving from the enviroument and.intrinsic rhythms.
generated by specialized cellular clocks within the organism itself. Relevant examples of the .
latter are the cardiac pacemaker located at the sinoatrial node in mammalian hearts (1) and the
circadian clock residing at the suprachiasmatic nuclei in-mammalian brains (2). These riythm
generators are composed of thousands of clock cells that. are.intrinsically diverse but.
nevertheless manage to function in a coherent oscillatory state. This is the case, for instance, of
the circadian oscillations exhibited by the suprachiasmatic nuclei, the period of which is known
to be determined by the mean period of the individual neurons making up the circadian clock (3-
7). The mechanisms by which this collective behavior arises remain to be understood.” (Strogatz,
2001; Strogatz, 2003) |
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Synchronous biological oscillations in cells (pacemaker cells) can be disrupted by

 artificial, exogendus environmental signals, resulting in désynéhronization'bf neural activity that
1egulates critical functlons (mcludmg metabohsm) m the bram gut and heart and cxrcadlan '
rhythms governing sleep and hormone cycles The bram contains a populatxon of oscnllators w1th
dlStl‘lbuth natural f;equenclss, which pull one anothe: gnto sy_nchrony (the qlxjcadlan pace\maket
cells). Strogatz has addressed the uhifying mathematics: of biological c‘ycl‘esk z;nd externai factors

i

disrupt these cycles.




EMF AND RFR MAKE CHEMICAL TOXINS MORE HARMFUL

EMF acts on the body like other environmental toxicants.do (heavy metals, organic chemicals
and pesticides). Both toxic chemicals and EMF may generate free radicals, produce stress
proteins and cause indirect damage to DNA. Where there is combined exposure the damages
may add or even synergistically interact, and result in worse damage to genes.

‘ (Saae and Carpentel 2012 Sectxon 24) -

EMF IS SUCCESSFULLY USED IN HEALING AND DISEASE TREATMENTS

“The potential application of the up-regulation of the HSP70 gene by both ELF-EMF and
nanosecond PEMF in clinical practice would include trauma, surgery, peripheral nerve damage,
orthopedic fracture, and vascular graft support, among others: Regardless of pulse design, EMF
techrology has been shown to be effective in bone healing [5]; wound vepairif11] and neural |
regeneration [31,36,48,49,51,63,64,65,66]. In terms of clinical applica- tion; EMF-induction of
elevated levels of hsp70 protein also confers protection against-hypoxia [61] and aid myocardial
Sfunction-and survival [20,22]. Given these results; we are particularly interested in the.
translational significance of effect vs. efficacy which.is not usually reported by designers-or..
investigators of EMF devices. More precise description of EM pulse and sine wave: pammeters,
including the specsf ic EM output sector, will provide consistency and “scientific basis”
reporting findings.”
sal . v, o ¢ DEEESTCE P SO S D
“The degree of electromagnetic field-effects on biological systems is known to be dependent ona
number of criteria in the waveform pattern-of the exposure system used; these include frequency;
duration, wave shape, and relative orientation of the fields [6,29,32,33,39,40]. In some cases
pulsed fields have demonstrated increased efficacy over static desagns [ 19,21 ] in botk medical
and expertmenml settmgs ” (Madkan et al 2009) i
TR e v (Sage and’ Carpenter 2012 Sectton 24)
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ELF-EMFE AND.RFR ARE CLASSIFIED AS POSSIBLE CANCER'CAUSING |
AGENTS - WHY ARE GOVERNMENTS NOT ACTING?

L L AR IS O

The World Health Organization International Agency for Research-on Cancer has classified
wireless radiofrequency as a Possible Human Carcmogen (May, 201 1)* The desxgnaﬂon apphes
to low-intensity RFR in general, covering all RFR- ermttmg devices and exposure Sources (cell
and‘cordless phones, WI-FI, wireless laptops, wireless-hotspots, electronic baby monitors, .~
wireless classroom access points, wireless antenna facilities, etc). The IARC Panel could have
chosen to classify RFR as a Group 4 — Not A Carcinogen if the evidence was clear that RFR is
not-a cancer-causing-agent. It could also -have fourd a Group:3-designation was a good-interim -
choice (Insufficient Evidence). JARC did neither. / L
(Sage and Carpenter, 2012 — Section 24)




NEW SAFETY LIMITS MUST BE ESTABLISHED - HEALTH AGENCIES
SHOULD ACT NOW

Existing public safety limits (FCC and ICNIRP public safety limits) do not sufficiently protect
public health against chronic exposure from very low-intensity exposures. If no mid-course
corrections are made to existing and outdated safety limits, such delay will magnify the public
health impacts with even more applications of wireless-enabled technologies exposing even
greater populations around the world in daily life. (Sage and Carpenter, 2012 — Section 24)

SCIENTIFIC BENCHMARKS FOR HARM PLUS SAFETY MARGIN = NEW
SAFETY LIMITS THAT ARE VALID

Health agencies and regulatory agencies that set public safety standards for ELF-EMF and RFR
should act now to adopt new, biologically-relevant safety limits that key to the lowest scientific
benchmarks for harm coming from the recent studies, plus a lower safety margm Existing public
safety limits are too high by several orders of magmmde if prevention of biogffects and
minimization or elimination of resulting adverse human health effects. Most safety standards are
a thousand times or more too high to protect healthy populations, and even less effective in
protecting sensitive subpopulations.

(Sage and Carpenter, 2012 — Section 24) . .. . .

| SENSITIVE POPULATIONS MUST BE PROTECTED.

)

Safety standards for sensitive populatxons w1ll more hkely need to be set at lower 1evels than for
healthy adult populations. Sensitive populations,include the developing fetus, the infant,
chxldren the elderly, those with pre-existing chronic diseases, and those with developed electrical

sensitivity (EHS). (Sage and Carpenter, 2012 - Section 24)

» PROTECfING NEW LIFE - INFANTS AND CHILDREN " - 7
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Strong pxecautlonary action and clear public health warnings 4ré warrantéd'immediately to'help”
prevent a'global epidemic of brain tumors 1esultmg from the use of wireless'devices (mobile
phones and cordless phones). 'Common sense measures to limit both ELF-EMF and RFR in the
fetus and newborn infant (sensitive popu]atxons) are'needed, espécially With respect to avoidable
exposures like baby monitors in the crib and baby isolettes (incubators) in hospitals that can be
- modified; and where education of the pregnant mother with respect to laptop computers, mobile
phones and other sources of ELF-EMF and RFR are easily instituted.

(Sage and Carpenter 20 12 Sectlon 24)

Wireless laptops and other wireless devices should be strongly discouraged in schools for
children of all ages. (Sage and Carpenter, 2012 —Section 24)




STANDARD OF EVIDENCE FOR JUDGING THE SCIENCE

The standard of evidenceifor judging the scientific evidence should be based on good public
health principles rather than demanding scientific certainty before actions are taken. (Sage and
Carpenter, 2012 — Section 24)

WIRELESS WARNINGS FOR ALL

The continued rollout of wireless technologies and devices puts global pubhc health at risk from
“unrestricted wireless commerce unless new, and far lower exposure limits and strong
precautionary warnings for their use are implemented.

(Sage and Carpenter, 2012 - Section 24)

- P - < . < b o 2 7 - EEERS
oA : P IR B

EMF AND RFR ARE PREVENTABLE TOXIC ifxi’(jéUﬁEsf o

We, have the knowledge and means to save global populatxons from mul‘a—generatronal adverse
health consequences by reducing both ELF and RFR exposures. Proactrve and nnmedlate
meastres to reduce .unnecessary EMF exposux es wrll lower drsease burden and rates of premature
death
(Sage and Carpenter, 2012 — Sectron 24)
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. DEFINING A NEW ‘EFFECT LEVEL’ FOR RFR

On a precautionary public health basis, a redugtion from the Biolnitiative 2007 recommendation’
of 0.1 uW/cm?2 (or one-tenth of a microwatt per square centimeter) for cumulative outdoor RFR
down to somethmg three orders of magmtude lower (in the low nanowatt per sqnare cennmeter

range) is Justrﬁed
. PR ' PR

A scientific benchmark of 0.003 uW/cm2 or three nanowatts per. centimeter squaredfor ‘lowest
observed effect level’ for RFR is based on mobile phone base station-level studiés. Applymg a
“ten-fold reduction to compensate for the lack of long-term exposure (fo provide a safety buffer for
.chronie exposure, if needed) or for chrldren as a sensitive subpopulation ynelds a 300.to 600
picowattsper square centimeter precautionary. action level. This equates t0.a 0,3 nanowatts to, O 6
nanowatts per square,centimeter as a,reasonable, precauuonary action level for chronic exposure

/ .. to pulsed RFR.. , L , e

AN I

These levels may need to change in the future; as new and better studies are completed. We leave
room for future studies that may lower or raise today’s observed ‘effects levels’ and should be
prepared to accept new information as a guide for new precautronary actions.

3 . .. o
i

(Sage and Carpenter 2012~ Sectron 24) et




Reported Biclogical Effects from Radiofrequency Radiation at Low-Intensity Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and 'Smart’ Meter RF Intensities)

Power Density

(Microwatts/ centimeter2 - uW/cm2) Referance

0.5 uWfemz . Significant degeneration of saminifercus epithefium in mice at 2.45 GHz, 30-40 min, -~ .~ Saunders, 1581

Wi-FI leve! laptop exposure for 4-fir resulted in decrease in sperm viability, DNA fragrﬁentation wltﬁ sperm

0"5 - 1.0 uW/em2 ) samples placed in petri dishes under a laptop connected via WI-FI to the internet.

Avendano, 2012

cal leakage of the blood:braln barfier

125 uW/fem2 - RFR exposure affected kidney develop in rats (in-ut D 3] :

135 uW/em2 . RFRreduced mermory function in rats

Reported Biological Effects from Radiofrequency Radiation atLow-Intensity Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and ‘Smart' Metér RF Intensities)

Power Density,
tts/c
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Reported Biological Effects from Radiofrequency Radiation at Low-intensity.Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and '‘Smart’ Meter RF Intensities)

Power Density
{Microwatts/centimeter2 - uW/cm2)

Reference '

000034 uWfen2

Reported Biological Effects:from Radiofrequency Radiation-at Low-Intensity Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and 'Smart’ Meter RF Intensities)

(mcmwazfsy*é&mﬁete(z - uW/em2)

Hﬁ €3 In flce ewd for 6-months to base
exp6§§3 mice (g iy %
dependent. The. lmphcamns of.the pin-head and ban:
observed Increase eccurrence of sperm head abncrmal ies on the mpmducﬁv
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Repraduction/fe



Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and 'Smart’ Meter RF Intensities)

Power Density

{Microwatts/centimeter2 - uW/cm2) Reference

SOO uW/cm2 A 24.6% drop in testosterone and 23.2% drop in Insulin after 12 hrs of pulsed RFR axposure. o ' Mavakatikian, 1994
STANDARDS

530 - 600 uW/cm2 Limit for uncontrofied public exposure to 800-500 MHz ANSI/IEEE and FCC
1600 uW/em2 PCS STANDARD for public exposura (as of September 1,1997) FCC, 1996

5000 uW/cm2 PCS STANDARD for occupational exposure (as of September 1, 1997) FCC, 1996
BACKGROUND LEVELS . . . . : C - .

0.003 uW/cm2 Background RF tevels in US cities and suburbs in the 1990s Mantiply, 1997
0.05 uW/cm2 Median amblent power density in citles in Sweden (30-2000 MHz) Hamnlerius, 2000
0.1 - 10 uW/em2 Ambient power density within 100-200' of cell site in US (data from 2000} Sage, 2000

Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
(Cell Tower, Wi-Fi, Wireless Laptop.and *Smart’ Meter RF intensities)

— —— ’ . -
{Watts/Kitagram)” :

umars and hio
Repraductionsfertifity affects .. - e ) Slesp, neufun‘ﬁn'ng rate, EEG,




Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and 'Smart’ Meter RF Intensities)

SAR

\Watts/KHugram) . ) . ) o e ~Referenf:e

“Sperm damage from oxidative stress and lowered melatonin levels resuited from 2-hr per dayf4s days

0.014 W/Kg exposure to 10 GHz. )

Kumar, 2012

0.02 W/kg “death In cortex, hippocan gan © "Salford, 2003

00317 W/Kg Decrease In eating and drinking behavior . o Ray, 1996
0.037 W/Kg ?g:;;::;v;;yr ;a‘x)u:;ﬁ by n@c oxide sy i ;s by to ultra-wide band pulses Seaman, 1999

Slgnlﬁoant Increase i fi ring rate of neumns (350%) wtth pulsed 800 MHz cell phone radiatlon exposure (but not

0.05 W/Kg with CW) In ‘avian braln cells

Beason, ’20(52

Reported Biclogical'Effects from Radiofrequency Radiation at Low-Intensity Exposure
{Celi Tower, Wi-Fi; Wireless Laptop and’Smart' Meter RF Intensities)

) batow 802,11 g &u\bors say "ﬁnd!ngg ralse iuesﬁom about saiety of rad«ofrequency ex|
) Intemet acceks dévicas for ?r’oﬁng orgaRismy Bt e entl
iis”

0.26W/Kg ~~ ~ ~  Harmful effects to the aye/certain drugs sensil Kues, 1892

n‘ and decrease In'sem ifero

Sig! n sperm ity )
800 MH, 8-hr/day, 12.weeks, with mabile phane radiaton level on STANDEY ONLY (in rabbite) Salama, 2008
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Reported Biological Effects from Radiofrequency Radiation at Low-intensity Exposure
{Cell Tower, Wi-Fi, Wireless Laptop and "Smart’ Meter RF Intensities)

SAR Reference
{Watts/Kilogram)

0.5 W/Kg Bolshakov, 1992 .~

Mouse embryos, deve!cp‘fmgn!a cranial bones fmm in uterv 0 MHz The authors say "(O)Uf results clearly shcw‘
0.6 - 0.9 W/Kg that even modest exposure (e.g., 6 miri daily for 21 days is sufﬁaent to lnterfere with the norrna( mouse Fragopoulou, 2009
) developmental process®

Panagopoutous, 2012

Change In human brainviaves: decraase i EEG potential and statistically significant change in alpha (8-13 Hz}

0.87 WfKg and beta {13-22 Hz) bralnwave activity in humans at 900 MHz; exposures 6/min per day for 21 days (chronic D'Costa, 2003
exposure}
0.9 W/Kg Dacreased sperm count and more sperm celf death (apoptosisy after 35 days exposure, 2-hr per day Kesari, 2012 . ;. Ca

Rats exposed to mobile phone radiation on STANDBY:ONLY for 11:hr 45-min plus. 15-min TRANSMIT mode; 2
times per day for 21 days showed decreased number of ovarian foflicles in pups bomn to these pregnant rats.
The authors condlude "the decreased number of fdlficles Iipups ‘exposed to mabile'phone microwaves sugdest
that Intrauterine exposure has toxic effects on oya‘tjgg.“i

< 1.0 W/Kg Gul, 2009

One &-hr exposure to 1800 MHz cell phone radiation in human sperm cells caused a signifidant’ dose response” -
and réduced ‘sperm motility and viablity; reactive oxygan species tevels weré significantly increased aftet
0.4 - 1.0 W/Kg exposure to 1.0 W/Kg; study confirms detrimental effects of RF/MW to human sperm. The authors conclude De Iudils, 2009
"(T)hese findings have clear implicatiions for the safety of extensive mobile phone use by males of reproductive
age, potentially affecting both their fertifity and the health and wellbeing of their offspring."

1.0 W/Kg Human semen degraded by exposure to cell phone frequency RF increased free-radical damage. De Iulils, 2009

Sleep, neron firing rate, EEG, memary,

Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
(Cell Tower, Wi-Fi, Wireless Laptop and 'Smart' Meter RF Intensities)

SAR

{Watts/Kilogram) Reference
Motility, sperm count, sperm morphoalogy, and viabllity reduced in active cell phone users (human males) in

Lo W/Kg dose-dependent manner. Agarwal, 2008

1.0 W/Kg GSH cell phone use modulawc brain wava osdﬂauons and s!eep EEG Huber, 2002

1.0 W/Kg Celi phone RFR during waklng hours affects biain wave activlty {EEG pattems) dudng subsequent sleep Achermann, 2000

1O W/Kg Incresse i headache faﬁgue and haaﬁng beNnd ear In celf phone users Sandstrom, 2001

1.0 WiKg Signlﬂcant increase In concentraﬂon dxFﬂculﬁes u&lng 1800 Mﬂz ce(l phone compared to 900 MHz cell phone Santini, 2001
1.0 W/Kg Sleep battems and bmin wave activity are changed with 900 MHz' ‘cell bhime radiatlon exposure during sleep ‘Barbely, 1699

850 MHz celt phone radiation decraases sparm matility, vizbliity is 5(gntﬁcantiy decreased; increased oxidative

1.46 W/Kg damage (free-radicals) significantly decreased; Increased oxidative damage (frea-radicals) Agarwal, 2009
1.48 W/iig A significant decrease in protein kinase C actwlty &t 112 MHz witb 2-hr per dav for 35 days; hippocampus Is Paulraj, 2004

site, conslstent with reports that RFR negatively affecbs 2 aﬂd-.. ry fur

Whole-body exposure to RF cell phone radiation of 900-1800 MHz 1 cm from head of rats caused high Incidence
1.8 WiKg of sperm ceft death; deformation of sperm cells; prominent clumping together of sperm cells into "grass bundle  Yan, 2007
shapes” that are unable to separatefswim. Sperm cells unabls to swim and fertilize in normal manner.

Brain tumore and blood-brain barrier

Reproduction/fertility effacts Sleep, neuron firing rate, EEG, memory, learning, behavior

Cancer (o&her (han brain}, celt proliferation




Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure

SAR

{Cell Tower, Wi-Fi, Wireless Laptop and ‘Smart’ Meter RF Intensities)

(Watts/Kileram) ‘

Reference

ICNIRP SAR limit for 10 grams of tissue

STANDARDS T

0.08 W/Kg 1EEE Standard uncontroled public environment (whele body) 1EEE

0.4 W/Kg [EEE Standard controlled occupational environment (whole body) IEEE

1.6 W/Kg FCC (IEEE) SAR limit for. 1 gram of tiszue in a partial body exposure FCC, 1996
2 w/Kg

ICNIRP, 1996
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