
From: Theodora Scarato, Executive Director of Environmental Health Trust ehtrust.org
To: Gina Armstrong, City of Pittsfield Board of Health

Date: Thu, May 27, 2021 at 9:10 AM

On May 27, 2021 Theodora Scarato sent an email to Gina Armstrong, City of Pittsfield Board of
Health with the following attachments as information on the health and environmental effects of
wireless radiofrequency radiation.

Letter from Dr. Devra Davis Devra Davis, PhD, MPH, Present of Environmental Health Trust Dr.
Paul Ben-Ishai, PhD, Professor, Department of Physics, Ariel University, Israel; Dr. Anthony B.
Miller, PhD, Professor Emeritus, University of Toronto, Senior Advisor to Environmental Health
Trust; Dr. Alvaro Augusto de Salles, PhD Professor, Federal University of Rio Grande do Sul, P.
Alegre, Brazil; Claudio Fernandez Rodriguez, Federal Institute of Technology of Rio Grande do
Sul, IFRS, Brazil and Theodora Scarato, Executive Director, Environmental Health Trust

Briefing An Overview of the Health and Environmental Effects of 5G, 4G and Wireless
Radiofrequency Radiation which includes studies on RF exposure finding associations with
impacts on motor skills, memory, and attention as well as neuropsychiatric problems, elevated
diabetes, headaches, sleep problems, and genetic damage.

Belyaev, I. (2019). Main regularities and health risks from exposure to non-thermal microwaves
of mobile communication. 14th IEEE International Conference meeting on Advanced
Technologies, Systems and Services in Telecommunications – TELSIKS 2019
(http://www.telsiks.org.rs), Niš, Serbia.

Frank JW. Electromagnetic fields, 5G and health: what about the precautionary principle? J
Epidemiol Community Health. 2021 Jan 19:jech-2019-213595. doi: 10.1136/jech-2019-213595.
Epub ahead of print. PMID: 33468601.

Priyanka Bandara, David O Carpenter, Planetary electromagnetic pollution: it is time to assess
its impact, The Lancet Planetary Health, Volume 2, Issue 12, 2018, Pages e512-e514,ISSN
2542-5196, https://doi.org/10.1016/S2542-5196(18)30221-3.

● A recent evaluation of 2266 studies (including in-vitro and in-vivo studies in human,
animal, and plant experimental systems and population studies) found that most studies
(n=1546, 68·2%) have demonstrated significant biological or health effects associated
with exposure to anthropogenic electromagnetic fields.
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April 21, 2021

Honorable Joseph R. Biden, President
The White House
1600 Pennsylvania Avenue N.W.
Washington, DC 20500

Dear President Biden,

We write to you as scientists deeply committed to protecting public health and the environment
and as authors of several hundred publications, including some prepared for the
Intergovernmental Panel on Climate Change. We are writing to urge you to take immediate
actions to reduce and restrict the rapid and continuing increase in our schools, workplaces, and
homes of a harmful environmental pollutant — wireless microwave radiofrequency radiation
(RFR).

Children are more vulnerable to wireless radiation. They should not be doing homework on cell
phones or with wireless hotspots that catch fire. Wireless networks have numerous
environmental impacts meriting concerted regulatory control.

We agree that “broadband internet is the new electricity” that enables Americans to do their
jobs, to participate equally in school learning and health care, and to create a fairer playing field
by eliminating the digital divide. The United States must bridge the digital divide with a “future
proof” broadband infrastructure that is affordable, reliable, high-speed, and sustainable.

This infrastructure should be wired, not wireless. We urge that wherever possible the broadband
system envisioned in the American Jobs Plan rely on safer, more secure and efficient, wired
connections, especially for schools and other institutions where wired connections will save
money and eliminate exposures to wireless radiation, found by the National Toxicology Program
to cause clear evidence of cancer.

BIOLOGICAL AND ECOLOGICAL IMPACTS OF WIRELESS AND NON-IONIZING
RADIATION

A substantial body of peer-reviewed scientific reports document multiple serious negative
impacts on human health from wireless microwave radiation, including increased brain, breast
and thyroid cancer risk, cellular stress, genetic damage, harm to the reproductive system,
learning and memory deficits, behavioral problems, neurological effects, damage to brain
development, headaches, and various impacts to wellbeing.
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https://www.ncbi.nlm.nih.gov/pubmed/23750182
https://doi.org/10.3389/fpubh.2019.00223


This letter takes the liberty of providing a detailed appendix with some of the growing and robust
independent scientific literature linking wireless radiofrequency radiation to numerous health
effects. The literature makes clear the need for a major change in our approach to wireless
technology, especially as millions of families increasingly use video conferences for school and
work.

Most notable among the science on RFR is the United States’ own years-long National
Toxicology Program (NTP) study into the effects of cellphone radiation exposure. The $30
million, interagency-supported study originally requested and commissioned by the Food and
Drug Administration (FDA) exposed animals in their lifetimes to the same levels of cell phone
radiation that humans get today. Using standard protocols for testing, the NTP study showed
conclusively that low-intensity, modulated radio signals of the form of GSM and CDMA cause
cancer and heart damage in animals as well as DNA damage in multiple organs.

Non-ionizing radiation at lower frequencies also can cause biological harm to humans, studies
show. As an example, Kaiser Permanente research on prenatal exposures to magnetic field
non-ionizing electromagnetic field (EMF) radiation has found increased miscarriage as well as
higher incidences of ADHD, obesity, and asthma. While several countries have strict limits on
residential exposures, the United States has no regulatory limits whatsoever on allowable
exposures to magnetic field non-ionizing EMF.

Recent reports from the Swiss government’s EMF expert advisory group, the National
Research Foundation of Korea, and Yale Medicine, confirm the view that legal levels of wireless
radiation can damage the health of children, pregnant women, and the medically vulnerable.

Christopher Portier PhD, a longtime U.S. government scientist now retired, recently submitted a
comprehensive review of the scientific research in a major cell phone/brain cancer lawsuit
where he concludes that “the evidence on an association between cellular phone use and the
risk of glioma in adults is quite strong.”

“In my opinion, RF exposure probably causes gliomas and neuromas and, given the human,
animal and experimental evidence, I assert that, to a reasonable degree of scientific certainty,
the probability that RF exposure causes gliomas and neuromas is high,” he wrote.

The 176-page expert report with 443 references was prepared for the plaintiffs in a major
product liability lawsuit, Murray et al. v Motorola, Inc. et al., filed in the Superior Court for the
District of Columbia against the telecommunications industry. Dr. Portier was the Director of the
United States National Center for Environmental Health at the Centers for Disease Control and
Prevention in Atlanta, and the Director of the Agency for Toxic Substances and Disease
Registry. He is one of many US governments scientists and advisors to the World Health
Organization highlighting the ever-growing body of scientific evidence showing harm.
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THE ENVIRONMENTAL IMPERATIVE

The unfettered proliferation of new wireless networks including 5G and 4G antenna densification
constitutes a major global contributor to greenhouse gases and hazardous e-waste. Rather than
advance climate objectives, 5G instead constitutes an unmitigated disaster for our climate
because of the vast surge in energy demand that will take place. Further, 5G deployment will
increase environmental levels of RFR, which science documents to be harmful not only to
human health, but also to wildlife and the environment.

5G requires hundreds of thousands of new so-called “small” cell towers and billions of new
wireless devices, which will use massive amounts of energy in their production, operation, and
disposal. 5G antennas are referred to as “hungry, hungry hippos” and “a battery vampire.”
Numerous reports have documented the exponentially increased use of energy by 5G and 4G
densification and the Internet of Things. Streaming with wireless results in higher greenhouse
gas emissions compared to safer, faster, and more secure corded/wired fiber-optic connections.

While there may be improvements in energy efficiency for new devices individually, these gains
are completely lost in the increases in total demand that will take place with the proliferation of
games, videos, other streaming services, and the continued generation of highly addictive apps.

Additionally, telecommunications firms contend that 5G network antennas must be sited about
every 100 yards, and they have haphazardly started nationwide construction on hundreds of
thousands of new “small cell” antennas near our homes and schools.

5G densification to accommodate this wireless infrastructure will inevitably require the removal
of countless numbers of trees from urban and rural locales. Not only will this destroy valuable
tree canopies, increase greenhouse gases, and damage root systems, but it will cause a
dramatic increase in environmental levels of radiofrequency radiation (RFR) known to damage
trees. Wireless technology can also impact insects, bees, plants, animals, and bacteria, all of
which are vital to the ecosystem, even in the densest urban environment.

U.S. FEDERAL POLICY ON 5G DISREGARDS HEALTH AND ENVIRONMENTAL IMPACTS

The implication of the NTP study, and a parallel study carried out by the Ramazzini Institute of
Bologna, Italy, along with recent reviews on oxidative stress, reproduction and genetic effects,
is that current Federal Communications Commission (FCC) human exposure limits for
non-ionizing RFR originating from the wireless infrastructure allow for hazardous levels of
exposure. In reality, the push for 5G constitutes an unethical experiment with all of us as
unwitting subjects.
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The FCC has proposed new rules for a large range of EMF frequencies (lower than are currently
used for wireless networks) without adequate safety testing. As scientific comments in FCC
Docket 19-226 document, these lower frequencies cannot be considered safe.

It is not widely appreciated that the FCC already ushered in unprecedented and untested
commercial expansion of 5G and 4G cellular technology without serious deliberation on the
effects of this new technology on humans and the environment. Its lack of serious, systematic
deliberation on the science is demonstrated by its unchecked rejection of the need to comply
with the National Environmental Policy Act (NEPA), the Administrative Procedures Act (APA,
and the Americans With Disabilities Act (ADA).

Our historic legal appeal, EHT et al. v. FCC, documents numerous violations of these federal
laws and demonstrates how the FCC did not provide evidence of having undergone a
“hard-look” or systematic assessment of the scientific evidence on the FCC’s own record when
deciding in 2019 to keep its outdated 1996 wireless radiation limits.

Under NEPA, all major federal regulations must undergo review for their potential impact on the
environment. FCC limits are not designed to protect wildlife or the natural environment, yet the
FCC refused to conduct an environmental assessment of the 5G network. Although the records
were withheld, FOIA investigations by the Environmental Health Trust have found that the FCC
internally discussed the issue of environmental review related to 5G, yet never moved forward
to complete one. Studies attached in our appendix show the folly of this unscientific decision.

Unlike other countries that provide robust resources to their people on how to decrease
exposure, United States agencies downplay the issue of health effects and provide minimal
information on how families can reduce exposures. The Centers for Disease Control (CDC)
hired an industry consultant to draft numerous website pages on the health effects of
non-ionizing radiation. The EPA scrubbed their website of content on potential health risks of
wireless radiation.

Further, the FCC and FDA now state that they rely on a self-appointed, self-monitored, private
club, to which no American belongs, termed the International Commission of Non-ionizing
Radiation Protection (ICNIRP). This small group of around one dozen scientists is closely allied
with industry and does not represent the larger expert scientific community. It repeatedly puts
forward unfounded criticisms of U.S. government research yet remains unchecked by oversight
or independent external review. Numerous investigations, published research, and a 2020
report released by European Members of Parliament details the ways in which ICNIRP has
serious conflicts of interests and remains under the influence of the telecommunications
industry. Yet both the FCC and the FDA substantiate their rejection of the US NTP $30 million
animal study with ICNIRP’s criticism despite the fact that several retired scientists of the
National Institutes of Health have documented that ICNIRP’s criticisms are erroneous.
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As a result of the FCC’s omissions, the 5G rollout and 4G densification must be halted until
environmental evaluations are completed and federally developed safety limits that protect
public health and the environment are created.

POLICY RECOMMENDATIONS

As scientists dedicated to public health, we ask that the broadband infrastructure cited in the
American Jobs Plan prioritize a wired telecommunication infrastructure, and that the climate,
public health, and environmental impacts of future networks be integrated into any assessment
of policy options and proposed regulations promulgated by your administration.

We recommend the following:

1. A sustainable wired (not wireless) infrastructure: The administration should focus
on infrastructure that includes wired networks up to and inside of buildings and
evaluate economic opportunities to ensure environmentally sustainable
infrastructure. In anticipating thousands of miles of new transmission lines to be laid to
renew the electrical grid, we stress that much-needed expanded access to broadband
need not and should not depend on wireless networks but instead on economical wired
fiber-optic cable that goes to and through the premises.

2. An immediate halt to the 5G rollout and associated 4G densification. Consistent
with concerns expressed by a number of environmental organizations in this nation and
expert advice from experts in other nations, we call for a full halt to the more than 1
million new 5G network antennas and associated cell towers — some slated for
neighborhoods and areas of pristine wilderness in our National Parks — and the
concomitant destruction of hundreds of thousands of trees and wildlife habitats.

3. An assessment of the energy consumption and climate impact of 5G and 4G
densification. We urge you to include a full life-cycle assessment of the potential impact
of wireless antenna densification on climate policy that takes into account growing
evidence of substantially increased greenhouse gas emissions if 5G were to be
implemented, as well as emissions and pollution analysis related to the extraction,
production, transportation, and disposal of materials in the full life cycle of wireless
technologies.

4. An assessment of the environmental impact of the 5G network. The U.S. must first
do a comprehensive assessment on the environmental impacts of the hundreds of
thousands of new 5G/4G wireless facilities which includes impacts to tree canopy,
wildlife habitat, and how millimeter waves will impact insects and pollinators and more.

5. A genuine review of the entire body of scientific research on non-ionizing
electromagnetic radiation on human and environmental health. Independent experts
and relevant government authorities must conduct a review of the full body of scientific
research so that they may develop biologically based federal safety limits for human and
wildlife exposures to radiofrequency and magnetic field non-ionizing electromagnetic

https://ehtrust.org/wp-content/uploads/Letter-National-Park-Service-Sept-2020-3.pdf


radiation. The review must engage all relevant U.S. health, science, and environmental
agencies (such as the Environmental Protection Agency (EPA), National Cancer Institute
(NCI), Occupational Safety and Health Administration (OSHA), the National Institutes of
Health (NIH) and National Toxicology Program (NTP)) and take into account the
ever-growing scientific evidence of immediate and long-term biological impacts as well
as the rapidly expanding impacts on climate, wildlife, and our natural world.

6. The development of science-based safety limits for human and wildlife exposures
to RFR and non ionizing EMF. The allowable exposure limits for RFR  were adopted  in
1996 and have not changed since then. The EPA should develop safety limits based on
scientific research.  The United States must also develop exposure limits on magnetic
field EMF and other frequencies in the non-ionizing range used in electricity distribution,
wireless power transfer and other applications.

7. Appointment of FCC commissioners who are absent of ties to the wireless
Industry. We call on you to end the revolving door through which FCC commissioners
come from and return to the telecom industry. The FCC is termed a “Captured Agency”
in a Safra Center for Ethics, Harvard Law School report. We ask you to ban all telecom
industry executives, lobbyists, and representatives from any advisory or official position
in your transition team, cabinet, and administration.

8. Appointment of an interdisciplinary committee at the National Academies of
Sciences (NAS) to review the science underlying 5G and wireless networks, to
identify major data gaps and uncertainties, and to set priorities for research on
health and safety. This review must systematically consider the full lifetime costs and
benefits of 5G and other telecom technologies now on the drawing board and evaluate
immediate and long-term climate impacts. The National Academy of Sciences (NAS)
Report “An Assessment of Illness in U.S. Government Employees and Their Families at
Overseas Embassies” commissioned by the U.S. State Department cites “directed,
pulsed radiofrequency energy” as “the most plausible mechanism” to explain the mystery
illness suffered by U.S. Embassy personnel. The NAS must also develop a major
interdisciplinary training program for medical and engineering professionals to better
understand the impacts of bioelectromagnetics.

9. A multimedia national public awareness education campaign so that people know
why and how to reduce exposure to wireless and other non-ionizing
electromagnetic radiation. We also ask that your administration develop and validate a
nationwide educational campaign for parents, teachers, and the public so they
understand why and how to reduce daily exposures to wireless radiofrequency and other
non-ionizing radiation from laptops, cell phones, and the numerous digital devices in our
lives today. This includes an update to the public information posted on the websites of
the CDC, EPA, National Cancer Institute, and FCC to include straightforward,
unambiguous recommendations to reduce exposure to non-ionizing radiation as well as
refer to the full results of the National Toxicology Program study and other independent
research on wireless and non-ionizing radiation.

https://ehtrust.org/the-fcc-is-a-captured-agency-commissioners-are-former-wireless-industry-insiders/
https://www.nap.edu/read/25889
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10. Promotion of policies that reduce wireless exposures in schools. Strategies are
urgently needed to eliminate sources of radiofrequency radiation in the indoor
environment, especially in schools and public buildings. Wi-Fi infrastructure should be
replaced with wired networks in the classroom where children spent most of their waking
hours.

11. Labor policy that addresses growing occupational exposures. An investigation by
the National Department of Labor and Occupational Safety and Health Administration
into current and projected occupational exposures and practical measures to reduce
occupational exposures is urgently needed addressing the range of workplace exposure
from hospitals, to schools, to delivery drivers, to electricians working on rooftops, to cell
tower climbers.

12. The launch of a task force convened by the Surgeon General on how to minimize
health effects of technology on children. The harmful physical, social, and emotional
effects of screens is well documented yet our children’s use of screens is ever
increasing.

INTERNATIONAL ACTIONS ON WIRELESS INFRASTRUCTURE

While the U.S. should be leading efforts to create and validate safer technology, especially for
our schools and workforce, we have fallen far behind other countries in this regard. It is time for
change.

Several high-tech nations have surpassed the United States in recognizing not only
environmental but also human impacts from wireless radiation exposure. France, Israel, Korea,
French Polynesia, and Switzerland, among others, have policies and educational programs to
reduce public exposure to wireless and non-ionizing radiation. Numerous countries have far
more stringent cell tower radiation exposure limits compared to the United States.

Deeply concerned about growing evidence linking brain cancer to cell phone use, the Korean
National Cancer Institute has issued clear recommendations to reduce cell phone radiation to
children. Other nations issue notices at points of sale, ban or restrict the use of Wi-Fi and cell
phones in schools, and ban the advertising and sale of cell phones to young children.

In economic terms, the American Jobs Plan notes that the United States “has some of the
highest broadband prices among OECD countries.” Current proposals for wireless 5G are far
more costly and wasteful than wired communications. Wired cables create a safer, more secure,
faster, and longer-lasting connection. In sum, they are more cost-effective.

Our experts stand ready to provide more detailed information to you on this important issue,
including elaborating on materials in the attached appendix and assistance with evaluating the
science and impacts on humans, climate, animals, and wilderness.



Yours sincerely,

Devra Davis, PhD, MPH
Fellow, American College of Epidemiology
Visiting Professor. Hebrew University Hadassah Medical Center, Israel, and Ondokuz Mayis
University Medical School, Turkey
Associate Editor, Frontiers in Radiation and Health
President, Environmental Health Trust

Dr. Paul Ben-Ishai, PhD
Professor, Department of Physics, Ariel University, Israel
Advisor to Environmental Health Trust

Dr. Anthony B. Miller, PhD
Professor Emeritus, University of Toronto
Senior Advisor to Environmental Health Trust

Dr. Alvaro Augusto de Salles, PhD
Professor, Federal University of Rio Grande do Sul, P. Alegre, Brazil

Claudio Fernández Rodríguez
Associate Professor, Federal Institute of Technology of Rio Grande do Sul, IFRS, Brazil

Theodora Scarato
Executive Director, Environmental Health Trust

cc: The Honorable Xavier Becerra, Secretary of Health and Human Services
The Honorable John Kerry, Special Presidential Envoy for Climate
Mr. Shawn Benge, Acting Director of the U.S. National Park Service
The Honorable Nancy Pelosi, CA-12
The Honorable Conor Lamb, PA-17
The Honorable Susie Lee, NV-03
The Honorable Chrissy Houlahan, PA-06
The Honorable Anna Eshoo, CA-18
The Honorable Edward Markey, MA
The Honorable Bernie Sanders, VT
The Honorable Chris Van Hollen, MD
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The Honorable Benjamin Cardin, MD



APPENDIX

Reports and White Papers: 5G, Energy Consumption, and Climate

Data Center Forum White Paper, (2020) Environmentally Sustainable 5G Deployment
https://www.datacenter-forum.com/datacenter-forum/5g-will-prompt-energy-consumption-to-gro
w-by-staggering-160-in-10-years

German Environment Agency and German Federal Environment Ministry (2020) “Fibre optic
video transmission is nearly 50 times more efficient than UMTS"
https://www.umweltbundesamt.de/en/press/pressinformation/video-streaming-data-transmission-t
echnology

High Council for the Climate Report (2020) "Controlling the carbon impact of 5G"
https://www.hautconseilclimat.fr/publications/maitriser-limpact-carbone-de-la-5g/

Huawei (2020) 5G Power: Creating a green grid that slashes costs, emissions & energy use,
https://www.huawei.com/us/publications/communicate/89/5g-power-green-grid-slashes-costs-emi
ssions-energy-use

Mills, Mark P., National Mining Association / American Coalition for Clean Coal Electricity
(2013), “The Cloud Begins with Coal – Big Data, Big Networks, Big Infrastructure, and Big
Power. An overview of the electricity used by the global digital ecosystem.”
https://www.tech-pundit.com/wp-content/uploads/2013/07/Cloud_Begins_With_Coal.pdf

National Resources Defense Council, 2014 “Data Center Efficiency Assessment”
https://www.nrdc.org/sites/default/files/data-center-efficiency-assessment-IP.pdf

Shehabi et al., Berkeley Laboratory (2016) “United States Data Center Energy Usage Report”
https://eta.lbl.gov/publications/united-states-data-center-energy PDF

The Center for Energy Efficient Telecommunications (2013) "The Power of Wireless Cloud: An
analysis of the energy consumption of wireless cloud”,
https://www.cesc.kth.se/polopoly_fs/1.647732.1600689929!/ceet_white_paper_wireless_cloud_v
2%20(1).pdf

The Shift Project (2019) “LEAN ICT: TOWARDS DIGITAL SOBRIETY”: OUR NEW REPORT
ON THE ENVIRONMENTAL IMPACT OF ICT", PDF Summary
https://theshiftproject.org/en/article/lean-ict-our-new-report/

Vertiv 5G (2019) Telco Industry Hopes and Fears FROM ENERGY COSTS TO EDGE
COMPUTING TRANSFORMATION
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Letter from the EPA to Environmental Health Trust

--------- Forwarded message ---------
From: Veal, Lee<Veal.Lee@epa.gov>
Date: Wed, Jul 8, 2020 at 11:32 AM
Subject: RE: Letter with specific Questions Related to the FDA review and to the EPA, CDC, NIOSH and
FDA Jurisdiction on EMFs
To: Theodora Scarato <Theodora.Scarato@ehtrust.org>

Dear Director Scarato;

Thank you for sending us your questions and references regarding radiofrequency (RF) radiation. Up
through the mid-1990s, EPA did study non-ionizing radiation. The Telecommunications Act of 1996
directs the Federal Communications Commission (FCC) to establish rules regarding RF exposure, while
the U.S. Food and Drug Administration (FDA) sets standards for electronic devices that emit non-ionizing
or ionizing radiation. EPA does not have a funded mandate for radiofrequency matters, nor do we have a
dedicated subject matter expert in radiofrequency exposure. The EPA defers to other agencies possessing
a defined role regarding RF. Although your questions are outside our current area of responsibilities, we
have provided a response to each one as you requested.

1. What is your response to these scientists’ statements regarding the FDA report and the call to
retract it?

EPA Response: The EPA does not have a funded mandate for radiofrequency matters, has not
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conducted a review of the FDA report you cited or the scientists’ statements, and therefore has no
response to it.

2. To the FDA- What consultants were hired for the FDA review and report on cell phone radiation?

EPA Response: This is not an EPA matter. Please refer this question to the FDA.

3. What U.S. agency has reviewed the research on cell phone radiation and  brain damage? I ask
this because the FDA only has looked at selected studies on cancer. If your agency has not,
please simply state you have not.

EPA Response: EPA’s last review was in the 1984 document Biological Effects of
Radiofrequency Radiation (EPA 600/8-83-026F). The EPA does not currently have a funded
mandate for radiofrequency matters.

4. What U.S. agency has reviewed the research on damage to memory by cell phone radiation?   If
so, when and send a link to the review.

EPA Response: EPA’s last review was in the 1984 document Biological Effects of
Radiofrequency Radiation (EPA 600/8-83-026F). The EPA does not currently have a funded
mandate for radiofrequency matters.

5. What U.S. agency has reviewed the research on damage to trees from cell phone radiation?   If
so, when was it issued and send a link to the review.Note this study showing damage from long
term exposure to cell antennas.

EPA Response: The EPA does not have a funded mandate for radiofrequency matters, and we are
not aware of any EPA reviews that have been conducted on this topic. We do not know if any
other U.S. agencies have reviewed it.

6. What U.S. agency has reviewed the research on impacts to birds and bees?   If so, when and send
a link to the review. I will note the latest research showing possible impacts to bees from higher
frequencies to be used in 5G.

EPA Response: The EPA does not have a funded mandate for radiofrequency matters, and we are
not aware of any EPA reviews that have been conducted on this topic. We do not know if any
other US agencies have reviewed it.
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An Overview of the Health and Environmental Effects of 5G, 4G and Wireless Radiofrequency
Radiation

This review brings to your attention to critical scientific and technical information justifying an
immediate moratorium on 5G and wireless network densification as called for by more than 400 scientists
and supported by thousands of medical doctors1.  Independent public health and medical experts
worldwide are requesting immediate reductions in both public exposure to microwave wireless radiation
and a halt to the densification of wireless infrastructure.

Environmental Health Trust (EHT) is a nonprofit think tank and policy organization, founded in 2007,
dedicated to identifying and reducing environmental health hazards. EHT provides independent scientific
research and advice on controllable environmental hazards to local, state, and national governments.
Today, we write to advise you of the published scientific grounds establishing why and how to avoid
major health and environmental impacts from the installation of 5G wireless telecommunications facilities
and associated 4G wireless infrastructure in neighborhoods, parks and wilderness.

The transmissions to and from proposed 5G wireless installations are radiofrequency emissions that are an
environmental pollutant found to cause cancer (in both experimental animals and humans), DNA damage,
neurological damage and other adverse health and environmental effects (e.g., on birds, bees, and trees)
according to internationally recognized authoritative research. The prestigious institutions that have
conducted these studies include the U.S. National Toxicology Program, the nation’s premier testing
institute, and the Ramazzini Institute, a foremost testing center in Italy.

The current guidelines put forth by the self-appointed, self-monitored, minority viewpoint of the
International Commission on Non-Ionizing Radiation Protection (ICNIRP), upon which some
government limits are based, are not protective of health, as they are not based on documentation of safety
for long term exposure. Furthermore, none of the limits were developed to ensure safety to flora and
fauna. As the Natural Resources Defense Council has argued in U.S Courts, an environmental impact
assessment should be performed before building out these networks.

Distinguished US Government Scientific Directors (recently retired) Document Serious Risks From
Current Levels of Wireless Exposures

1 “Small Cells, Mini Cell Towers, Wireless Facilities and Health: Letters from Scientists on the Health Risk of 5G,”
Environmental Health Trust, last modified September 20, 2017.

1 Environmental Health Trust EHTRUST.org
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Christopher Portier PhD
Christopher Portier PhD, a longtime US government scientist now retired, submitted a comprehensive
review of the scientific research in a major cell phone/brain cancer lawsuit where he concludes that “The
evidence on an association between cellular phone use and the risk of glioma in adults is quite strong” and
“In my opinion, RF exposure probably causes gliomas and neuromas and, given the human, animal and
experimental evidence, I assert that, to a reasonable degree of scientific certainty, the probability that RF
exposure causes gliomas and neuromas is high.”

The 176-page expert report with 443 references was prepared for the plaintiffs in a major product liability
lawsuit, Murray et al. v Motorola, Inc. et al., filed in the Superior Court for the District of Columbia
against the telecommunications industry. The plaintiffs in the case are suing the telecommunications
industry for damages because they developed brain cancer after years of using a cell phone by holding it
up to their head. Most of the plaintiffs have passed away. Court dates are set for Murray et al. v. Motorola
July 12-23, 2021.

Chris Portier PhD was the Director of the United States National Center for Environmental Health at the
Centers for Disease Control and Prevention in Atlanta, and the Director of the Agency for Toxic
Substances and Disease Registry. Prior to the CDC, Dr. Portier was with the National Institute of
Environmental Health Sciences for 32 years where he served as the NIEHS Associate Director, Director
of the Environmental Toxicology Program, and Associate Director of the National Toxicology Program.
He is one of many US governments scientists issuing expert opinions on the scientific evidence showing
harm.

Dr. Linda Birnbaum
Dr. Linda Birnbaum, recently retired as Director of the National Institutes of Environmental Health
Sciences of the National Institutes of Health and Director of the National Toxicology Program (NTP).

“The NTP studies tested nonthermal levels of RFR for toxicologic potential including carcinogenic
activity and relied on controlled chronic exposures to levels of RFR that do not significantly increase
temperature…Overall, the NTP findings demonstrate the potential for RFR to cause cancer in humans.” -
Dr. Linda Birnbaum in Amicus of Joe Sandri August 5, 2020

Dr. Ronald Melnick
Dr. Ronald Melnick,  National Institutes of Health Senior Scientist (28 years) who led the design of the
National Toxicology Program (NTP) studies on cell phone radiation.

“The NTP studies clearly show  that non-ionizing radiation can cause cancers and other adverse health
effects.Prior to the start of the NTP studies, it was assumed by the industry and the regulatory agencies
that radiofrequency radiation could not cause adverse health effects other than those due to tissue
heating. So we designed this study to investigate if non-thermal exposures would cause health effects. In
the NTP studies, there was clear evidence of cancer development and other adverse health effects at non
thermal exposure levels. In the US, the FCC limits for human exposure to radiofrequency radiation are
based on the assumption that only thermal effects can cause harm. The NTP studies prove this assumption

2 Environmental Health Trust EHTRUST.org
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of safety is not valid… All new wireless technologies, including 5G, should be adequately tested before
their implementation leads to unacceptable levels of human exposures and increased health risks.” - Dr.
Ronald Melnick

Albert Manville PhD
Albert Manville PhD, U.S. Fish & Wildlife Service Biologist for 17 years.

“There currently are well over 500 scientific, peer-reviewed papers addressing impacts of non-ionizing,
non-thermal radiation on laboratory animals — many of the studies directly applicable to human health
and safety.  I’m coauthoring a detailed scientific paper on these impacts. When I worked as a wildlife
biologist for the U.S. Fish & Wildlife Service for 17 years, I collaborated with the late Dr. Ted Litovitz in
2000. Dr. Litovitz and his colleagues studied the impacts of low-level, non-thermal radiation from the
standard 915 MHz cell phone frequency on chicken embryos. In their laboratory studies,
control/non-treated embryos suffered no effects, but some of the treated/irradiated embryos died — at
levels as low as 1/10,000 the normal level of cell phone radiation exposure to humans. This was an
eye-opener! The findings were published by DiCarlo and others in 2002 in the Journal of Cellular
Biochemistry. Meanwhile, I worked closely with colleagues from Europe, including Balmori, Hallberg,
Everaert, and Bauwens on the impacts of cell towers on wild migratory European birds.  The results of
their field research were equally astounding. Where healthy, breeding bird populations had persisted,
once cell towers were installed and operating, nest and site abandonment, plumage deterioration,
locomotion problems, reduced survivorship, and death were noted in House Sparrows, White Storks, Rock
Doves, Magpies, Collared Doves, and other species. This was documentation in the field of some very
troubling consequences of the impacts of cell tower radiation on wildlife.” - 2020 Statement from Dr.
Albert Manville on the FDA Report on Cell Phone Radiation

ICNIRP and FCC Limits Do Not Protect People, Wildlife or the Environment

The exposure guidelines developed by ICNIRP, and which many countries rely on to set radiofrequency
guidelines, are based on the outdated and proven erroneous assumption that thermal effects are the only
harm from radiofrequency radiation. These guidelines do not protect people or wildlife from biological
effects of chronic low level non-thermal exposures.

In 2020 Environmental Health Trust filed historic legal action against the FCC calling on the FCC to fully
review the record and update its 25-year-old wireless radiation exposure guidelines for radio-frequency
radiation (RFR) from cell phones, cell towers, Wi-Fi, 5G and other wireless communication devices2.
The lawsuit Environmental Health Trust et al. v. FCC has been featured in Washington DC Top News
and Bloomberg Law3,4.

As our case against the FCC lays out, research on harmful impacts to the developing brain of children was
not factored into the standard setting decisions of these groups, nor do these groups consider adverse

4 Washington DC Top News:  (WTOP) “Federal appeals court hears case on FCC’s 5G safety standards“
3 Bloomberg Law: U.S. FCC Faces Skeptical Appeals Judges in Radiation Emissions Case

2 Environmental Health Trust et al. v. Federal Communications Commission
https://ehtrust.org/eht-takes-the-fcc-to-court/

3 Environmental Health Trust EHTRUST.org
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impacts on male and female reproduction or DNA damage that has been found to occur in published
research studies.

The Natural Resources Defense Council filed an amicus brief in our case on the need for environmental
review, signed onto by Mayors and Councilmembers from Maryland, Massachusetts, Michigan,
California and Hawaii. Attorney Joe Sandri filed an Amicus Brief with a statement by Dr. Linda
Birnbaum, former Director of the National Institute of Environmental Health Sciences of the National
Institutes of Health and former Director of the National Toxicology Program (NTP) who detailed the
findings of the NTP and concluded, “Overall, the NTP findings demonstrate the potential for RFR to
cause cancer in humans.” The Building Biology Institute and Kleiber family also filed critical briefs on
injuries sustained from exposures allowed by FCC exposure guidelines.5

Numerous Countries Have Much Stronger Limits than ICNIRP

The following is a sampling of countries with cell tower network radiofrequency radiation (RF) limits
(maximum permissible limits) far more stringent than ICNIRP limits: Belarus, Bulgaria, China, Russia,
Belgium, Chile, Greece, India, Israel, Italy, Liechtenstein and Switzerland6,78,9,10.

In 2011 the Parliamentary Assembly of the Council of Europe issued Resolution 1815: “The Potential
Dangers of Electromagnetic Fields and Their Effect on the Environment,11,12 a call to European
governments to “take all reasonable measures” to reduce exposure to electromagnetic fields “particularly
the exposure to children and young people who seem to be most at risk from head tumours.”  Resolution
1815 specifically states that governments “reconsider the scientific basis for the present standards on
exposure to electromagnetic fields set by the International Commission on Non-Ionising Radiation
Protection, which have serious limitations, and apply ALARA [as low as reasonably achievable],
covering both thermal effects and the athermic or biological effects of electromagnetic emissions or
radiation.”

12 Parliamentary Assembly of the Council of Europe, Resolution 1815 Final Version, May 27, 2011.

11 Committee on the Environment, Agriculture and Local and Regional Affairs, Resolution 1815: “The Potential
Dangers of Electromagnetic Fields and Their Effect on the Environment,” Parliamentary Assembly of the Council of
Europe, May 6, 2011.

10 Mary Redmayne, “International policy and advisory response regarding children’s exposure to radio frequency
electromagnetic fields (RF-EMF),” Electromagnetic Biology and Medicine 35, no. 2 (March 2015): 176-185.

9 Rianne Stam, “Comparison of international policies on electromagnetic fields (power frequency and
radiofrequency fields),” National Institute for Public Health and the Environment, 2017.

8 Huai Chiang, “Rationale for Setting EMF Exposure Standards,” as cited in Wu, Rappaport and Collins, 2015.
7 Ting Wu et al., “Safe for Generations to Come.” IEEE Microw Mag 16, no. 2 (March 2015): 65‐84.

6 Global Health Observatory Data Repository, “Exposure limits for radio-frequency fields (public),” World Health
Organization, last modified May 31, 2017.

5 Amicus of NRDC: Natural Resources Defense Council , Amicus of Attorney Joe Sandri including declaration of
Dr. Linda Birnbaum, former Director of the National Institute of Environmental Health Sciences Amicus of
Catherine Kleiber Amicus of the Building Biology Institute.
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While many European countries have stronger limits based on their framework of precaution, countries
such as India, China and Russia have much lower limits than ICNIRP and are “science based13.” Their
limits are more stringent because their scientists completed research indicating adverse health effects at
nonthermal levels of exposure. According to Russian radiation experts who have studied microwaves for
decades, the following health hazards are likely to be faced in the near future by children who regularly
use mobile phones: disruption of memory, decline in attention, diminished learning and cognitive
abilities, increased irritability, sleep problems, increase in sensitivity to stress, and increased epileptic
readiness. For these reasons, special recommendations on child safety from mobile phones have been
incorporated into the current Russian mobile phone standard.”14 China’s cell tower limits are based on
science showing effects which include behavioral, neurological, reproductive abnormalities, and DNA
damage15.

In 2012, India’s National Ministry of the Environment and Forest issued a report on the potential impacts
of communication towers on wildlife with a focus on birds and bees, citing hundreds of research studies
that found adverse effects. Recommendations from the Ministry include, “Introduce a law for protection
of urban flora and fauna from emerging threats like ERM/EMF as conservation issues in urban areas are
different from forested or wildlife habitats.”16 This research was published in the journal Biology and
Medicine concluding that “out of the 919 research papers collected on birds, bees, plants, other animals,
and humans, 593 showed impacts, 180 showed no impacts, and 196 were inconclusive studies.” As a
result of this research, the government tightened their allowable levels of radiofrequency radiation to
1/10th of ICNIRP limits17.

We note that these more stringent limits of some countries still do not assure safety as harm has been
found at levels far far lower than FCC/ ICNIRP limits18. Research has found power levels do not
adequately characterize the biological impact from exposure as wireless signals are complex and power
level is only one of numerous other characteristics of exposure that can influence study outcomes. As
stated in the  monograph of the International Agency for Research on Cancer (IARC) on carcinogenesis
of radiofrequency (RF, 30 kHz - 300 GHz) radiations, pages 101-102;  "The reproducibility of reported
effects may be influenced by exposure characteristics (including SAR or power density, duration of
exposure, carrier frequency, type of modulation, polarization, continuous versus intermittent exposures,
pulsed-field variables, and background electromagnetic environment), biological parameters (including
cell type, growth phase, cell density, sex, and age) and environmental conditions (including culture
medium, aeration, and antioxidant levels)."19

Until adequate exposure limits and measurement metrics are developed based on biological effects, the
recommended course of action is to decrease environmental exposure as much as possible and support

19 Non-ionizing Radiation, Part 2: Radiofrequency Electromagnetic Fields, (IARC Press).

18 “Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure(Cell Tower, Wi-Fi, Wireless Laptop and 'Smart' Meter
RF Intensities),” The Bioinitiative Report.

17 S. Sivani et al., “Impacts of Radio-Frequency Electromagnetic Field (RF-EMF) from Cell Phone Towers and Wireless Devices on Biosystem
and Ecosystem – A Review,” Biology and Medicine 4, no.4 (January 2013): 202-216.

16 Expert Committee, Ministry of Environment and Forest, Government of India, “Report on Possible Impacts of Communication Towers on
Wildlife Including Birds and Bees,” constituted August 30, 2010. Link to advisory

15 Huai Chiang, “Rationale for Setting EMF Exposure Standards,” accessed July 8, 2020.

14 Michael Repacholi et al., “Scientific Basis for the Soviet and Russian Radiofrequency Standards for the General Public,” Bio Electro Magnetics
33 no. 8 (December 2012): 623-633.

13 Ting Wu et al., “Safe for Generations to Come.” IEEE Microw Mag 16, no. 2 (March 2015): 65‐84.
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wired technology in order to decrease the need for additional wireless infrastructure. The public needs to
be educated so they know how to reduce exposure. Companies should market 100% wired devices and
peripherals and promote in-building networks that use cables/cords/ethernet to connect instead of Wi-Fi,
Bluetooth and wireless20.  The densification of wireless networks should be halted.

ICNIRP and FCC exposure limits were not designed to protect wildlife, plants or trees. As part of this
letter, we are also submitting to you the July 8, 2020 letter to EHT Director Theodora Scarato from the
Environmental Protection Agency’s Director of the Radiation Protection Division and Office of Radiation
and Indoor Air, Lee Ann B. Veal, that confirms that the EPA has never reviewed the impact of microwave
radiation on birds, bees, or trees. Nor has any U.S. federal health agency ever set safety limits for trees,
birds, or bees or the physical environment.  No agency in the United States nor internationally has a
funded mandate to ensure flora and fauna are safe from cell tower radiation. In other words, it is a gaping
hole in federal accountability worldwide.

The U.S. Department of the Interior sent a letter in 201421 reviewing several research studies showing
harm to birds and concluding that “The electromagnetic radiation standards used by the Federal
Communications Commission (FCC) continue to be based on thermal heating, a criterion now nearly 30
years out of date and inapplicable today.”

A now-retired U.S. Fish and Wildlife Service wildlife biologist, the former lead on telecommunications
impacts, Dr. Albert Manville, has written to the FCC on impacts to birds and on higher frequencies to be
used in 5G. Dr. Manville authored numerous publications detailing research showing harm to birds.22,23,24

“The race to implement 5G and the push by FCC to approve the related 5G license frequencies to industry
are very troubling and downright dangerous.”

Scientists have not developed a safety standard that stipulates a “safe level.”

A Sampling of Documented Impacts to Wildlife and the Environment

● “A review of the ecological effects of RF-EMF” reviewed 113 studies finding RF-EMF had a
significant effect on birds, insects, vertebrates, other organisms, and plants in 70% of the studies
(Cucurachi 2013). Development and reproduction in birds and insects were the most strongly
affected. As an example of the several studies on wildlife impacts, a study focusing on RF from
antennas found increased sperm abnormalities in mice exposed to RF from GSM antennas
(Otitoloju 2010).

● “Exposure of Insects to Radio-Frequency Electromagnetic Fields from 2 to 120 GHz” published
in Scientific Reports is the first study to investigate how insects (including the Western honeybee)
absorb the higher frequencies (2 GHz to 120 GHz) to be used in the 4G/5G rollout. The scientific

24 Albert M. Manville, “Bird Strikes and Electrocutions at Power Lines, Communication Towers, and Wind Turbines: State of the Art and State of
the Science-Next Steps Toward Mitigation,” 2002.

23 Albert M. Manville, “Memorandum on the Bird and Wildlife Impacts of Non-ionizing Radiation,” Environmental Health Trust, accessed July 8,
2020.

22 Albert M. Manville, ECFS Filing Detail, accessed July 8, 2020.

21 Willie R. Taylor to Eli Veenendaal, Department of Interior Letter, United States Department of the Interior OFFICE OF THE SECRETARY,
February 7, 2014.

20 Frank M. Clegg et al., “Building science and radiofrequency Radiation:What makes smart and healthy buildings,” Building and Environment
176 (June 2020).
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simulations showed increases in absorbed power between 3% to 370% when the insects were
exposed to the frequencies. Researchers concluded, “This could lead to changes in insect
behaviour, physiology, and morphology over time….”

● A research review on insects “Biological effects of electromagnetic fields on insects by Alain
Thill” found 72 of 83 peer reviewed published studies found effects.

● Studies on bees have found behavioral effects (Kumar 2011, Favre 2011), disrupted navigation
(Goldsworthy 2009, Sainudeen 2011, Kimmel et al. 2007), decreasing egg laying rate (Sharma
and Kumar, 2010), and reduced colony strength (Sharma and Kumar, 2010, Harst et al. 2006).

● Research has also found a high level of damage to trees from cell antenna radiation. For example,
a field monitoring study spanning nine years involving over 100 trees (Waldmann-Selsam 2016)
found trees sustained more damage on the side of the tree facing the antenna.

● A study on Aspen trees near Lyons, Colorado entitled “Adverse Influence of Radio Frequency
Background on Trembling Aspen Seedlings” published in the International Journal of Forestry
found adverse effects on growth rate and fall anthocyanin production, concluding that “results of
this preliminary experiment indicate that the RF background may be adversely affecting leaf and
shoot growth and inhibiting fall production of anthocyanins associated with leaf senescence in
Trembling Aspen seedlings. These effects suggest that exposure to the RF background may be an
underlying factor in the recent rapid decline of Aspen populations. Further studies are underway
to test this hypothesis in a more rigorous way.”25

● An analysis of 45 peer-reviewed scientific publications (1996–2016) on changes in plants due to
the non-thermal RF-EMF effects from mobile phone radiation entitled “Weak radiofrequency
radiation exposure from mobile phone radiation on plants” concludes, “Our analysis demonstrates
that the data from a substantial amount of the studies on RF-EMFs from mobile phones show
physiological and/or morphological effects (89.9%, p < 0.001). Additionally, our analysis of the
results from these reported studies demonstrates that the maize, roselle, pea, fenugreek,
duckweeds, tomato, onions and mung bean plants seem to be very sensitive to RF-EMFs. Our
findings also suggest that plants seem to be more responsive to certain frequencies….”26

Electromagnetic Fields Alter Animal and Insect Orientation

The European Scientific Committee on Health, Environmental and Emerging Risks states “The lack of
clear evidence to inform the development of exposure guidelines to 5G technology leaves open the
possibility of unintended biological consequences.”

Science of the Total Environment published environmental scientist Alforso Balmori’s “Anthropogenic
radiofrequency electromagnetic fields as an emerging threat to wildlife orientation,” which states,
“Current evidence indicates that exposure at levels that are found in the environment (in urban areas and
near base stations) may particularly alter the receptor organs to orient in the magnetic field of the earth.
These results could have important implications for migratory birds and insects, especially in urban areas,
but could also apply to birds and insects in natural and protected areas where there are powerful base

26 Malka N. Halgamuge, “Review: Weak radiofrequency radiation exposure from mobile phone radiation on plants,” Electromagnetic Biology and
Medicine 36, no. 2 (September 2016): 213-235.

25 Katie Haggerty, “Adverse Influence of Radio Frequency Background on Trembling Aspen Seedlings: Preliminary Observations,” International
Journal of Forestry Research 2010 (May 2010).
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station emitters of radio frequencies. Therefore, more research on the effects of electromagnetic radiation
in nature is needed to investigate this emerging threat.”27

Multiple research studies have documented how animals’ magnetoreception can be disrupted by external
electromagnetic fields, from mice28 to cows to dogs to birds.29 Electromagnetic exposure is especially
disruptive to migratory birds.30 Electromagnetic fields have been shown to disrupt the magnetic compass
orientation used by birds to navigate.31,32 Researchers have suggested this disruption of magnetoreception
is due to cryptochrome photoreceptors that allow birds to use built-in receptors as a biological compass.

A 2017 report to UNESCO33 by botanist Mark Broomhall details the association between increasing
amounts of electromagnetic radiation from cellular antennas on the Mt. Nardi tower complex and species
disappearance and exodus from the Mt. Nardi area of the Nightcap National Park World Heritage Area
during a 15-year period (2000–2015). He estimates “in both volume and species that from 70 to 90% of
the wildlife has become rare or has disappeared from the Nightcap National Park within a radius of the
Mt. Nardi tower complex. This statement can be summarised with concrete data: 3 bat species once
common have become rare or gone, 11 threatened and endangered bird species are gone, 11 migratory
bird species are gone, 86 bird species are demonstrating unnatural behaviours, 66 once common bird
species are now rare or gone.” The Report concludes, “With these short explanations of events we can
appreciate that the effects of this technology and its application on Mt. Nardi over the last fifteen years,
affect not only the top of the life chain species but they are devastating the fabric of the continuity of the
World Heritage, causing genetic deterioration in an insidious, massive and ever escalating scale. To truly
understand what these studies reveal is to stare into the abyss.”

It is very important that in considering antenna placement, there be a full environmental assessment on
migratory animal patterns (from the smallest to the largest) and not simply on birds and mammals like the
pronghorn but also on impacts to amphibians and insects.

Wireless Radiation is a Public Health Issue

Human health effects include impaired reproduction, increased incidence of brain cancer, DNA breaks,
oxidative stress, immune dysfunction, altered brain development, sleep changes, hyperactivity, and
memory and cognitive problems.34 Since the WHO/IARC classified EMF as a Group 2B Possible

34 For more information on acute health symptoms, see Martin Pall, “Microwave Frequency Electromagnetic Fields (EMFs) Produce Widespread
Neuropsychiatric Effects Including Depression,” Journal of Chemical Neuroanatomy 75, part B (September 2016): 43-51. Response of residents
living in the vicinity of a cellular phone base station in France ; Electromagnetic Fields: A Hazard to Your Health?, Healthy Children.

33 Mark Broomhall, “Report detailing the exodus of species from the Mt. Nardi area of the Nightcap National Park World Heritage Area during a
15-year period (2000-2015),” United Nations Scientific and Cultural Organization, 2017.

32 Susanne Schwarze et al., “Weak Broadband Electromagnetic Fields are More Disruptive to Magnetic Compass Orientation in a
Night-Migratory Songbird (Erithacus rubecula) than Strong Narrow-Band Fields,” Frontiers in Behavioral Neuroscience (March 2016).

31 Roswitha Wiltschko et al., “Magnetoreception in birds: the effect of radio-frequency fields,” Journal of The Royal Society Interface 12, no. 103
(Feburary 2015).

30 Svenja Engels et al., "Anthropogenic electromagnetic noise disrupts magnetic compass orientation in a migratory bird," Nature 509 (May
2014): 353-356.

29 Roswitha Wiltschko et al., “Magnetoreception in birds: the effect of radio-frequency fields,” Journal of The Royal Society Interface 12, no. 103
(Feburary 2015).

28 E. Pascal Malkemper et al., “Magnetoreception in the wood mouse (Apodemus sylvaticus): influence of weak frequency-modulated radio
frequency fields,” Scientific Reports 5, no. 9917 (April 2015).

27 Alfonso Balmori, “Anthropogenic radiofrequency electromagnetic fields as an emerging threat to wildlife orientation,” Science of The Total
Environment 518–519 (June 2015): 58-60.
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Carcinogen in 2011, the peer-reviewed research connecting wireless exposure to cancer is significantly
stronger, and several scientists have published documentation that the weight of current peer-reviewed
evidence supports the conclusion that radiofrequency radiation should be regarded as a human
carcinogen.35,36,37

● The 10-year $30 million National Institute of Environmental Health Sciences National
Toxicology Program’s (NTP) “Studies of the Toxicology and Carcinogenicity of Cell Phone
Radiation”38,39 found that RFR was associated with “clear evidence” of cancer due to the
increased malignant schwannomas found in RFR-exposed male rats. The brain (glioma) cancers
and tumors in the adrenal glands were also considered evidence of an association with cancer. In
addition, exposed animals had significantly more DNA damage, heart damage, and low birth
weight.

● The Ramazzini Institute published its findings40 that animals exposed to very low-level RFR
developed the same types of cancers as reported by the NTP.

● A 2020 Yale study funded by the American Cancer Society found that cell phone use was
significantly associated with thyroid cancer in people with genetic susceptibilities41.

● Long-term research on humans who have used cell phones has found increased
tumors—schwannomas and glioblastomas—the same cell type as found in the NTP and
Ramazzini Institute studies. Persons who started using cell phones under age 20 had the highest
risk.42

● A 2015 Jacobs University study (replicating a 2010 study) found that weak cell phone signals
significantly promote the growth of tumors in mice and that combining a toxic chemical exposure
with RF more than doubled the tumor response.43,44

● A study published in Electromagnetic Biology and Medicine, “Impact of radiofrequency radiation
on DNA damage and antioxidants in peripheral blood lymphocytes of humans residing in the
vicinity of mobile phone base station,” compared people living close and far from cell antennas
and found that people living closer to cell antennas had higher radiation levels in the homes and
several significant changes in their blood predictive of cancer development.”45

45 Mary Zosangzuali et al., “Impact of radiofrequency radiation on DNA damage and antioxidants in peripheral blood lymphocytes of humans
residing in the vicinity of mobile phone base stations,” Electromagnetic Biology and Medicine 36, no. 1 (August 2017): 1-11.

44 Thomas Tillmann et al., "Indication of cocarcinogenic potential of chronic UMTS-modulated radiofrequency exposure in an ethylnitrosourea
mouse model," International Journal of Radiation Biology 86, no. 7 (June 2010): 529-541.

43 Alexander Lerchl et al., "Tumor promotion by exposure to radiofrequency electromagnetic fields below exposure limits for humans,"
Biochemical and Biophysical Research Communications 459, no. 4 (April 2015) 585-590.

42 Lennart Hardell and Michael Carlberg, “Mobile phone and cordless phone use and the risk for glioma-Analysis of pooled case-control studies
in Sweden, 1997-2003 and 2007-2009,” Pathophysiology 22, no. 1 (March 2015): 1-13.
https://www.pathophysiologyjournal.com/article/S0928-4680(14)00064-9/fulltext

41 Genetic susceptibility may modify the association between cell phone use and thyroid cancer: A
population-based case-control study in Connecticut

40 L. Falcioni et al., “Report of final results regarding brain and heart tumors in Sprague-Dawley rats exposed from prenatal life until natural death
to mobile phone radiofrequency field representative of a 1.8 GHz GSM base station environmental emission,” Environmental Research 165
(August 2018): 496-503.

39 Virginia Guidry, “High exposure to radio frequency radiation associated with cancer in male rats,” National Institute of Environmental Health
Sciences, last modified November 2018.

38 “Cell Phone Radio Frequency Radiation,” National Toxicology Program, accessed July 8, 2020.

37 Tamir S. Aldad et al., "Fetal Radiofrequency Radiation Exposure From 800-1900 MHz-Rated Cellular Telephones Affects Neurodevelopment
and Behavior in Mice," Scientific Reports 2, no. 312 (March 2012).

36 Pravin Suryakantrao Deshmukh et al., "Cognitive impairment and neurogenotoxic effects in rats exposed to low-intensity microwave radiation,"
International Journal of Toxicology 34, no. 3 (March 2015): 284-290.

35 Jessica A. Adams et al., "Effect of mobile telephones on sperm quality: a systematic review and meta-analysis," Environment International 70
(September 2014): 106-112.
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● A 2019 study of students in schools near cell towers found their higher RF exposure was
associated with impacts on motor skills, memory, and attention (Meo 2019).46 Examples of other
effects linked to cell towers in research studies include neuropsychiatric problems,47 elevated
diabetes,48 headaches,49 sleep problems,50 and genetic damage.51 Such research continues to
accumulate after the 2010 landmark review study on 56 studies that reported biological effects
found at very low intensities of wireless radiation, including impacts on reproduction,
permeability of the blood-brain barrier, behavior, cellular changes, and metabolic changes, and
increases in cancer risk (Lai and Levitt 2010).52

● Published research has found impacts from wireless radiation exposure to reproduction and brain
development in addition to a myriad of other adverse effects.53,54,55,56 Although renowned
institutions, such as the Cleveland Clinic, advise men to keep phones and wireless devices away
from their reproductive organs, the public remains largely unaware.

As more and more wireless antenna sites are built, they will be upgraded over time with new antennas and
soon 5G technology. 5G would use today’s wireless frequencies while adding new, higher frequencies to
transmit more data to (unnecessarily) connect everything to the internet, and at faster speeds. These higher
frequency sub-millimeter waves are absorbed to a higher degree by the eyes and skin,57,20,21,22 and have
been shown to accelerate bacterial growth.58 Currently accepted standards are not sophisticated enough to
quantify the risks of cumulative exposure.59,60Any future applications of these technologies must consider
the biological effect of cumulative exposures to these frequencies.

60 Itai Hayut et al., “Circular polarization induced by the three-dimensional chiral structure of human sweat ducts,” Physical Review E 89, no. 4
(April 2014).

59 Paul Ben-Ishai, “Potential Risks to Human Health Originating from Future Sub-MM Communication Systems,” lecture, 2017 Israel Institute
for Advanced Studies Conference at Hebrew University, Jerusalem, Israel, January 2017. Transcript: Yuri Feldman and Paul Ben-Ishai, “Potential
Risks to Human Health Originating from Future Sub-MM Communication Systems,” 2017.

58 Cindy L. Russell, “5G Wireless Telecommunications Expansion: Public Health and Environmental Implications,” Environmental Research 165
(August 2018): 484-495.

57 Paul Ben-Ishai, “Potential Risks to Human Health Originating from Future Sub-MM Communication Systems,” lecture, 2017 Israel Institute
for Advanced Studies Conference at Hebrew University, Jerusalem, Israel, January 2017. Transcript: Yuri Feldman and Paul Ben-Ishai, “Potential
Risks to Human Health Originating from Future Sub-MM Communication Systems,” 2017.

56 Osman Fikret Sonmez et al., "Purkinje cell number decreases in the adult female rat cerebellum following exposure to 900 MHz
electromagnetic field," Brain Research 1356 (October 2010): 95-101.

55 Tamir S. Aldad et al., "Fetal Radiofrequency Radiation Exposure From 800-1900 MHz-Rated Cellular Telephones Affects Neurodevelopment
and Behavior in Mice," Scientific Reports 2, no. 312 (March 2012).

54 Pravin Suryakantrao Deshmukh et al., "Cognitive impairment and neurogenotoxic effects in rats exposed to low-intensity microwave radiation,"
International Journal of Toxicology 34, no. 3 (March 2015): 284-290.

53 Jessica A. Adams et al., "Effect of mobile telephones on sperm quality: a systematic review and meta-analysis," Environment International 70
(September 2014): 106-112.

52 B. Blake Levitt and Henry Lai, “Biological effects from exposure to electromagnetic radiation emitted by cell tower base stations and other
antenna arrays,” Environmental Reviews (2010), downloaded from www.nrcresearchpress.com by 172.58.41.200 on 04/10/19

51 Gursatej Gandhi et. al., “A cross-sectional case control study on genetic damage in individuals residing in the vicinity of a mobile phone base
station,” Electromagnetic Biology and Medicine 34, no. 4 (2015): 344-354.

50 R. Santini et al., “Enquête sur la santé de riverains de stations relais de téléphonie mobile: I/Incidences de la distance et du sexe,” Pathologie
Biologie (Paris) 50, no. 6 (July 2002): 369-373.

49 H.P. Hutter et al., “Subjective symptoms, sleeping problems, and cognitive performance in subjects living near mobile phone base stations,”
Occupational and Environmental Medicine 63, no. 5 (May 2006): 307–313.

48 Meo SA et al., “Association of Exposure to Radio-Frequency Electromagnetic Field Radiation (RF-EMFR) Generated by Mobile Phone Base
Stations with Glycated Hemoglobin (HbA1c) and Risk of Type 2 Diabetes Mellitus,” International Journal of Environmental Research and
Public Health 12, no. 11 (November 2015): 14519-14528.

47 G. Abdel-Rassou et al., “Neurobehavioral effects among inhabitants around mobile phone base stations,” NeuroToxicology 28, no. 2 (March
2007): 434-440.

46 Sultan Ayoub Meo et al., “Mobile Phone Base Station Tower Settings Adjacent to School Buildings: Impact on Students’ Cognitive Health ,”
American Journal of Men’s Health 13, no. 1 (Jaunary 2019).
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“5G wireless telecommunications expansion: Public health and environmental implications,” is a research
review published in Environmental Research, which documents the range of adverse effects reported in
the published literature, from cancer to bacteria growth changes to DNA damage, concludes that “a
moratorium on the deployment of 5G is warranted” and “the addition of this added high-frequency 5G
radiation to an already complex mix of lower frequencies, will contribute to a negative public health
outcome both from both physical and mental health perspectives.”61

“Adverse Health Effects of 5G Mobile Networking Technology Under Real Life Conditions” published in
Toxicology Letters concludes that 5G mobile networking technology will affect not only the skin and
eyes, but will have adverse systemic effects as well. The researchers conclude that in aggregate, for the
high frequency (radiofrequency-RF) part of the spectrum, currently published reviews show that RF
radiation below the ICNIRP/FCC guidelines can result in: carcinogenicity (brain tumors/glioma, breast
cancer, acoustic neuromas, leukemia, parotid gland tumors), genotoxicity (DNA damage, DNA repair
inhibition, chromatin structure), mutagenicity, teratogenicity, neurodegenerative diseases (Alzheimer’s
Disease, Amyotrophic Lateral Sclerosis), neurobehavioral problems, autism, reproductive problems,
pregnancy outcomes, excessive reactive oxygen species/oxidative stress, inflammation, apoptosis,
blood-brain barrier disruption, pineal gland/melatonin production, sleep disturbance, headache, irritability,
fatigue, concentration difficulties, depression, dizziness, tinnitus, burning and flushed skin, digestive
disturbance, tremor, cardiac irregularities, adverse impacts on the neural, circulatory, immune, endocrine,
and skeletal systems” and “from this perspective, RF is a highly pervasive cause of disease.”

Radiofrequency radiation exposure is increasing at a rapid pace due to the proliferation of base
stations.

A 2018 article published in The Lancet Planetary Health points to unprecedented increasing RF
exposures, and the abstract concludes, “due to the exponential increase in the use of wireless personal
communication devices (eg, mobile or cordless phones and WiFi or Bluetooth-enabled devices) and the
infrastructure facilitating them, levels of exposure to radiofrequency electromagnetic radiation around the
1 GHz frequency band, which is mostly used for modern wireless communications, have increased from
extremely low natural levels by about 1018 times….”(Bandara and Carpenter, 2018).62

Another key finding from Zothansiama 2017 was that homes closer to antennas had measurably higher
radiation levels – adding to the documentation that antennas increase RF levels. An Australian study also
found that children in kindergartens with nearby antenna installations had nearly three-and-a-half times
higher RF exposures than children with installations further away (more than 300 meters) (Bhatt 2016).63

A 2018 multi-country study that measured RF levels in several countries found that cell phone tower
radiation is the dominant contributor to RF exposure in most outdoor areas. Exposure levels in urban

63 Chhavi Raj Bhatt et al., “Radiofrequency-electromagnetic field exposures in kindergarten children,” Journal Of Exposure Science And
Environmental Epidemiology 27, no. 5 (September 2017): 497-504.

62 Priyanka Bandara and David O. Carpenter, “Planetary electromagnetic pollution: it is time to assess its impact,” The Lancet Planetary Health 2,
no. 12 (December 2018): 512-514.

61 Cindy L. Russell, “5G Wireless Telecommunications Expansion: Public Health and Environmental Implications,” Environmental Research 165
(August 2018): 484-495.
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areas were higher and had drastically increased. As an example, the measurements the researchers took in
Los Angeles, USA were 70 times higher than the US EPA estimate 40 years ago.64

5G and 4G Densification Will increase Radiofrequency Radiation

A 2020 paper “Radiation Analysis in a Gradual 5G Network Deployment Strategy,” documents how
engineers found significant increases in levels of radio frequency radiation that would result if a
mmWave-based 5G network were fully deployed. The researchers first mapped the pre-existing LTE
antennas and then laid out the real-world design for the densification of cell towers and signal repeaters
which would be needed in the City in order to fully build out a mmWave-based 5G network. The
engineers found the fully deployed 5G mmWave network would result in significant increases in outdoor
RF levels and conclude, “This suggests that 5G mobile networks cannot yet be classified as safe for the
public, and demands serious considerations before using mmWave communications for 5G networks,
given the potential harms it could afflict on the public.”

A 2018 study published in Annals of Telecommunications found increased RF-EMF exposure from small
cell LTE networks in two urban cities in France and the Netherlands. Researchers measured the RF-EMF
from LTE (Long-Term Evolution), MC (macro cells meaning large cell towers), and SC networks
(low-powered small cell base stations) and found that the small cell networks increased the radio
emissions from base stations (called downlink) by a factor of 7–46 while decreasing the radio emissions
from user equipment exposure (called uplink) by a factor of 5–17. So, while the devices themselves could
emit less radiation, the cell antennas will increase the ambient environmental levels (Mazloum et al.,
2019).

Telecommunications Companies Warn Their Shareholders but Not Consumers or People Living
Near Their Antennas

A number of corporations already advise their shareholders that they could face serious financial risks
from the health damages due to RF. For instance, Crown Castle’s 2019 10-K ANNUAL REPORT states:

​ If radio frequency emissions from wireless handsets or equipment on our communications
infrastructure are demonstrated to cause negative health effects, potential future claims could
adversely affect our operations, costs or revenues.
The potential connection between radio frequency emissions and certain negative health effects,
including some forms of cancer, has been the subject of substantial study by the scientific
community in recent years. We cannot guarantee that claims relating to radio frequency emissions
will not arise in the future or that the results of such studies will not be adverse to us.
If a connection between radio frequency emissions and possible negative health effects were
established, our operations, costs, or revenues may be materially and adversely affected. We
currently do not maintain any significant insurance with respect to these matters.

64 Sanjay Sagar et al., “Comparison of radiofrequency electromagnetic field exposure levels in different everyday microenvironments in an
international context,” Environment International 114 (May 2018): 297-306.
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Most wireless companies, from AT&T to Nokia to T-Mobile to Verizon Wireless, have issued similar
warnings to their shareholders. Why are shareholders being warned but not the people living near the
equipment? These disclosures show that even corporations cannot assure safety.

Insurance Companies Classify 5G as High Risk

For years, the insurance industry has ranked65 the risk of non-ionizing radiation as “High” and has
excluded coverage for damage as the industry standard in commercial policies66. In the United States
insurance companies do not cover cell phone manufacturers and wireless infrastructure providers.

In 2019, the insurance authority Swiss Re released a white paper classifying 5G as a “high” emerging
risk.  “To allow for a functional network coverage and increased capacity overall, more antennas will be
needed, including acceptance of higher levels of electromagnetic radiation.” The report cautions that
“potential claims for health impairments may come with a long latency.”

Due to these evaluations and the published scientific evidence, cell phone manufacturers cannot insure
against health damages from the radiofrequency radiation emitted by their products and networks. In fact,
most insurance plans do not cover electromagnetic fields (EMF) and have very clear “electromagnetic
field exclusions.”

Wireless Companies Define Non-Ionizing Radiation as a Pollutant

Both AT&T Mobile Insurance (pg. 4) and Verizon Total Mobile Protection (page 10) state that their
coverage is excluded for pollutants.

“Pollutants” are defined as “Any solid, liquid, gaseous, or thermal irritant or contaminant including
smoke, vapor, soot, fumes, acid, alkalis, chemicals, artificially produced electric fields, magnetic field,
electromagnetic field, sound waves, microwaves, and all artificially produced ionizing or non-ionizing
radiation and waste.”

If insurance companies will not insure EMF, and if even telecommunications companies consider EMF as
a “pollutant,” how can governments allow such an environmental pollutant, moreover without even
warning their citizens?

5G Will Increase RF Exposures to the Environment, and 5G Antenna Beamforming Exposures
Cannot Be Accurately Measured

Studies on small cell deployment show increased environmental exposures from the densification of
cellular antennas67. Engineers simulating a 5G network for Austin Texas also found significant increases

67 Taghrid Mazloum et al., “RF-EMF exposure induced by mobile phones operating in LTE small cells in two different urban cities,” Annals of
Telecommunications 74 (November 2018): 35-42.

66 “Electromagnetic Field Insurance Policy Exclusion Are The Standard,” Environmental Health Trust, accessed July 8, 2020.
65 “Insurance Authorities Rate 5G and Electromagnetic Radiation as ‘High Risk,’” Environmental Health Trust, accessed July 8, 2020.
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for a fully deployed millimeter wave68. A 2018 multi-country study published in Environment
International found that cell phone tower radiation is the dominant contributor to RF exposure in most
outdoor areas and environmental exposure has significantly increased over the last four decades69.

A 2019 European Parliament Report “5G Deployment: State of Play in Europe, USA, and Asia”70

confirms increased exposure from the 5G/4G Densification, stating, “increased exposure may result not
only from the use of much higher frequencies in 5G but also from the potential for the aggregation of
different signals, their dynamic nature, and the complex interference effects that may result, especially in
dense urban areas.” The report points out that it currently “is not possible to accurately simulate or
measure 5G emissions in the real world,” stating,

The 5G radio emission fields are quite different to those of previous generations because of their
complex beamformed transmissions in both directions – from base station to handset and for the
return. Although fields are highly focused by beams, they vary rapidly with time and movement
and so are unpredictable, as the signal levels and patterns interact as a closed loop system. This
has yet to be mapped reliably for real situations, outside the laboratory.

5G Will Increase Energy Consumption

Since 5G networks are being built in addition to existing cellular networks,  the energy
consumption of cellular and wireless device networks and  infrastructure as a whole will
increase. This reality has been repeatedly documented in industry reports and research
publications717273. A 2020 Report by the High Council for Climate found that 5G technology could
add between 2.7 to 6.7 million tonnes of CO2 equivalents per year by 203074. Because more 5G
base stations are needed to cover the same area, there will be millions of new base stations
worldwide as well as billions of new interconnected devices, all contributing to increased overall
energy consumption.  Gains in energy efficiency will be swamped by the sheer number of new
devices 7576.

“A typical 5G base station consumes up to twice or more the power of a 4G base station. The
disparity can grow at higher frequencies, due to a need for more antennas and a denser layer of
small cells. Edge compute facilities needed to support local processing and new Internet of
things (IoT) services add to overall network power usage.”- Matt Walker Operators facing power
cost crunch MNT Consulting

76 Matt Walker, “Operators facing power cost crunch,” MTN Consulting, March 27, 2020.

75 Linda Hardesty, “5G base stations use a lot more energy than 4G base stations: MTN,” Fierce Wireless, last modified April 3, 2020.
74 “French study finds 5G increases risk to climate,” The Connexion, last modified December 19, 2020.
73 “Controlling the carbon impact of 5G,” High Council for the Climate Report, December 2020.

72 Anders S.G. Andrae and Tomas Edler, “On Global Electricity Usage of Communication Technology: Trends to 2030,” Challenges 6, no. 1
(April 2015): 117-157.

71 Mark P. Mills, “The Cloud Begins with Coal – Big Data, Big Networks, Big Infrastructure, and Big Power. An overview of the electricity used
by the global digital ecosystem,” National Mining Association and American Coalition for Clean Coal Electricity, August 2013.

70 Colin Blackman and Simon Forge, “5G Deployment State of Play in Europe, USA and Asia,” European Parliament's Committee on Industry,
Research and Energy, accessed February 24, 2020.

69 Sanjay Sagar et al., “Comparison of radiofrequency electromagnetic field exposure levels in different everyday microenvironments in an
international context,” Environment International 114 (May 2018): 297-306.

68 Ahmad M. El-Hajj and Tarek Naous. "Radiation Analysis in a Gradual 5G Network Deployment Strategy," in 2020 IEEE 3rd 5G World Forum
(5GWF) (Bangalore, India: IEEE, 2020), 448-453.
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The Shift Project Report77, “LEAN ICT: TOWARDS DIGITAL SOBRIETY”: OUR NEW REPORT
ON THE ENVIRONMENTAL IMPACT OF ICT” documented the increased energy consumption
and concludes that “the current trend for digital overconsumption in the world is not sustainable
with respect to the supply of energy and materials it requires...The digital transition as it is currently
implemented participates to global warming more than it helps preventing it. The need for action is
therefore urgent.”

5G and the Internet of Things Is Increasing E-Waste

In 2019 the Global E-waste Monitor documented that a record 53.6 million metric tonnes (Mt) of
e-waste was generated by discarded digital products, up 9.2 Mt​ in five years.  The report
predicts global e-waste will reach 74 Mt by 2030, almost double from 201478.

Wired Technology is Safer for Humans and Wildlife

Access to information is indisputably critical for the modern world. But, contrary to what some in the
telecommunications world argue, this access need not be wireless. Wired technologies such as fiber or
coaxial cable are far superior to wireless as they are faster, more reliable, resilient, energy-efficient, and
more easily defended from cyber-attacks.  Above all, wired connections are significantly less hazardous to
our health and to other life forms with whom we share this planet.

Worldwide Action to Halt 5G

Over 600 cities in Italy have passed resolutions to halt 5G, as have numerous cities throughout Europe,
such as Trafford, United Kingdom; Lille, France; Ormidia, Cyprus; and Balchik, Bulgaria. The
Pancyprian Medical Association and Cyprus National Committee on the Environment and Child Health
sent Parliament their position paper, “The Risks to Public Health from the Use of the 5G Network.”
Bermuda has halted 5G pending an investigation into health and safety and we recently testified to the
regulatory authority along with several other experts79.

Switzerland’s report on 5G health effects resulted in the Parliament’s refusal to loosen their radiation
limits despite heavy industry lobbying efforts. The Netherlands issued a 5G report that recommended
measuring radiation levels and also advised against using the 26 GHz frequency band for 5G “for as long
as the potential health risks have not been investigated.”

In the United States, the New Hampshire Commission to Study the Environmental and Health Effects of
Evolving 5G Technology has released its final report with 15 recommendations to reduce public exposure
to radio frequency radiation, ensure setbacks so that cell antennas are at a distance from homes and

79 “5G Health Effects Testimony to Bermuda Regulatory Authority,” Environmental Health Trust, last modified December 3, 2020.
78 “Global E-waste-Monitor 2020,” ITU, last accessed December 30, 2020.
77 “Lean ICT: Towards Digital Sobriety: Our New Report on the Environmental Impact of ICT,” The Shift Project, March 6, 2019.
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schools, protect children by reducing wireless exposures and prioritizing safer wired connections,
designate wireless free areas and create federal regulations for exposure that protect wildlife and the
environment.

In the United States, resolutions to halt 5G have been passed by Hawaii County, Farragut Tennessee,
Coconut Creek Florida, and Easton Connecticut. US cities such as Los Altos, Petaluma, Mill Valley, and
San Diego County California have adopted policies to restrict 5G small cells near homes. Oregon passed a
Bill to study Wi-Fi health effects with a final report due in 2021.

The increased exposures of 5G are involuntary.  We can turn off our phones, but we cannot turn off the
antennas in the neighborhood. The birds, bees, and trees also have no choice.

Thank you for your consideration of this issue. We would be happy to set up a meeting to discuss this
issue further.

Sincerely,

Devra Davis, PhD, MPH
Fellow, American College of Epidemiology
Visiting Prof. Hebrew Univ. Hadassah Medical Center & Ondokuz Mayis Univ. Medical School
Associate Editor, Frontiers in Radiation and Health
President, Environmental Health Trust

Theodora Scarato
Executive Director, Environmental Health Trust

Research Studies on Impacts to Wildlife and Trees

Balmori, Alfonso. “Anthropogenic radiofrequency electromagnetic fields as an emerging threat to wildlife
orientation.” Science of The Total Environment 518–519 (June 2015): 58–60.
https://doi.org/10.1016/j.scitotenv.2015.02.077.

Balmori, Alfonso. “Electrosmog and species conservation.” Science of the Total Environment 496
(October 2014): 314-316. 10.1016/j.scitotenv.2014.07.061.

Balmori, Alfonso. “Mobile phone mast effects on common frog (Rana temporaria) tadpoles.”
Electromagnetic Biology and Medicine 29, no. 1-2 (June 2010): 31-35.
10.3109/15368371003685363.

16 Environmental Health Trust EHTRUST.org

https://www.westhawaiitoday.com/2020/07/23/hawaii-news/council-exercises-caution-in-regard-to-5g-development/
https://ehtrust.org/wp-content/uploads/Furragut-Tennesse-5G-Resolution-.pdf
https://ehtrust.org/coconut-creek-florida-commission-passes-resolution-on-health-and-environmental-effects-of-wireless-radiofrequency/
https://www.wtnh.com/news/technology/easton-bans-5g-technology-rollout-citing-lack-of-research-testing/?fbclid=IwAR0ttXh7Q67oEAm1n5KgVM3bNCPzNBxSfQ5BLdy9dZSnw0a4798FKh9zsNc
https://www.losaltosca.gov/sites/default/files/fileattachments/city_council/page/48421/resolution_no._2019-35.pdf
https://www.codepublishing.com/CA/Petaluma/
https://techcrunch.com/2018/09/10/bay-area-city-blocks-5g-deployments-over-cancer-concerns/
https://www.sandiegocounty.gov/content/sdc/pds/advance/smallcellwirelessfacilities.html
https://olis.leg.state.or.us/liz/2019R1/Downloads/MeasureDocument/SB283
https://doi.org/10.1016/j.scitotenv.2015.02.077
https://doi.org/10.1016/j.scitotenv.2014.07.061
https://doi.org/10.3109/15368371003685363
https://ehtrust.org/scientific-research-on-5g-and-health/


Balmori, Alfonso. “Possible Effects of Electromagnetic Fields from Phone Masts on a Population of
White Stork (Ciconia ciconia).” Electromagnetic Biology and Medicine 24, no. 2 (July 2009):
109-119. https://doi.org/10.1080/15368370500205472.

Bandara, Priyanka, Damian Wojcik, Don Maisch, Susan Pockett, Julie Mcredden, Murray May, Victor
Leach, Steve Weller, Robin Kelly, and Tracy Chandler. “Serious Safety Concerns about 5G
Wireless Deployment in Australia and New Zealand.” Radiation Protection In Australasia 37, no.
1 (April 2020): 47-54.
https://www.researchgate.net/publication/342085409_Serious_Safety_Concerns_about_5G_Wirel
ess_Deployment_in_Australia_and_New_Zealand.

Breunig, Helmut. “Tree Damage Caused By Mobile Phone Base Stations An Observation Guide.”
Published March 2017.
https://kompetenzinitiative.com/wp-content/uploads/2019/08/2017_Observation_Guide_ENG_FI
NAL_RED.pdf.

You can also download the Tree Observation Guide at: Competence Initiative for the Protection of
Humanity, the Environment and Democracy.

Chandel Shikha, Shalinda Kaur, Harminder Pal Singh, Daizy Rani Batish, and Ravinder Kumar Kohli.
“Exposure to 2100 MHz electromagnetic field radiations induces reactive oxygen species
generation in Allium cepa roots.” Journal of Microscopy and Ultrastructure 5, no. 4 (December
2017): 225-229. https://doi.org/10.1016/j.jmau.2017.09.001.

Council of Europe Parliamentary Assembly. “Resolution 1815 Final Version: The potential dangers of
electromagnetic fields and their effect on the environment.” May 27, 2011.
http://assembly.coe.int/nw/xml/XRef/Xref-XML2HTML-en.asp?fileid=17994&.

Cucurachi, S., W.L.M. Tamis, M.G. Vijver, W.J.G.M. Peijnenburg, J.F.B. Bolte, and G.R. de Snoo. “A
review of the ecological effects of radiofrequency electromagnetic fields (RF-EMF).”
Environment International 51 (January 2013): 116–140.
https://doi.org/10.1016/j.envint.2012.10.009.

Division of Migratory Bird Management (DMBM), U.S. Fish & Wildlife Service. “Briefing Paper on the
Need for Research into the Cumulative Impacts of Communication Towers on Migratory Birds
and Other Wildlife in the United States.” PDF file, 2009.
http://electromagnetichealth.org/pdf/CommTowerResearchNeedsPublicBriefing-2-409.pdf.

Engels, Sevenja, Nils-Lasse Schneider, Nele Lefeldt, Christine Maira Hein, Manuela Zapka, Andreas
Michalik, Dana Elbers, Achim Kittel, P.J. Hore, and Henrik Mouritsen. “Anthropogenic
electromagnetic noise disrupts magnetic compass orientation in a migratory bird.” Nature 509,
no. 7500 (2014): 353–356. 10.1038/nature13290.

Favre, Daniel. “Mobile phone induced honeybee worker piping.” Apidologie 42 (2011): 270-279.
https://doi.org/10.1007/s13592-011-0016-x.

17 Environmental Health Trust EHTRUST.org

https://www.tandfonline.com/doi/abs/10.1080/15368370500205472
https://www.tandfonline.com/doi/abs/10.1080/15368370500205472
https://doi.org/10.1080/15368370500205472
https://www.researchgate.net/publication/342085409_Serious_Safety_Concerns_about_5G_Wireless_Deployment_in_Australia_and_New_Zealand
https://www.researchgate.net/publication/342085409_Serious_Safety_Concerns_about_5G_Wireless_Deployment_in_Australia_and_New_Zealand
https://kompetenzinitiative.com/wp-content/uploads/2019/08/2017_Observation_Guide_ENG_FINAL_RED.pdf
https://kompetenzinitiative.com/wp-content/uploads/2019/08/2017_Observation_Guide_ENG_FINAL_RED.pdf
http://kompetenzinitiative.net/KIT/KIT/new-observation-guide-tree-damage/
http://kompetenzinitiative.net/KIT/KIT/new-observation-guide-tree-damage/
https://doi.org/10.1016/j.jmau.2017.09.001
http://assembly.coe.int/nw/xml/XRef/Xref-XML2HTML-en.asp?fileid=17994&
https://doi.org/10.1016/j.envint.2012.10.009
http://electromagnetichealth.org/pdf/CommTowerResearchNeedsPublicBriefing-2-409.pdf
https://doi.org/10.1038/nature13290
https://doi.org/10.1007/s13592-011-0016-x
https://ehtrust.org/scientific-research-on-5g-and-health/


Gustavino, Bianca, Giovanni Carboni, Robert Petrillo, Giovanni Paoluzzi, Emanuele Santovetti, and
Marco Rizzoni. “Exposure to 915 MHz radiation induces micronuclei in Vicia faba root tips.”
Mutagenesis 31, no. 2 (March 2016): 187-192. 10.1093/mutage/gev071.

Haggerty, Katie. “Adverse Influence of Radio Frequency Background on Trembling Aspen Seedlings.”
International Journal of Forestry Research 2010 (May 2010).
https://doi.org/10.1155/2010/836278.

Halgamuge, Malka N. “Weak radiofrequency radiation exposure from mobile phone radiation on plants.”
Electromagnetic Biology and Medicine 36, no. 2 (2017): 213-235.
10.1080/15368378.2016.1220389.

Halgamuge, Malka N., and Devra Davis. “Lessons learned from the application of machine learning to
studies on plant response to radio-frequency.” Environmental Research 178 (November 2019).
https://doi.org/10.1016/j.envres.2019.108634.

Halgamuge Malka N., Devra Davis, and Efstratios Skafidas. “A meta-analysis of in vitro exposures to
weak radiofrequency radiation exposure from mobile phones (1990–2015).” Environmental
Research 184 (May 2020). https://doi.org/10.1016/j.envres.2020.109227.

Halgamuge, Malka N., See Kye Yak, and Jacob L. Eberhardt. “Reduced growth of soybean seedlings after
exposure to weak microwave radiation from GSM 900 mobile phone and base station.”

Bioelectromagnetics 36, no. 2 (January 2015): 87-95. https://doi.org/10.1002/BEM.21890.

Kelley, Elizabeth, Martin Blank, Henry Lai, Joel M. Moskowitz, and Magda Havas. “International
Appeal: Scientists call for protection from non-ionizing electromagnetic field exposure.”
European Journal of Oncology 20, no. 3 (December 2015): 180-182.
https://www.researchgate.net/publication/298533689_International_Appeal_Scientists_call_for_p
rotection_from_non-ionizing_electromagnetic_field_exposure.

Kumar, Neelima R., Sonika Sangwan, and Pooja Badotra. “Exposure to cell phone radiations produces
biochemical changes in worker honey bees.” Toxicology International 18, no. 1 (2011): 70–72.
10.4103/0971-6580.75869.

Pall, Martin L. “Electromagnetic Fields Act Similarly in Plants as in Animals: Probable Activation of
Calcium Channels via Their Voltage Sensor.” Current Chemical Biology 10, no. 1 (2016): 74-82.
10.2174/2212796810666160419160433.

Schorpp, Volker. “Tree Damage from Chronic High Frequency Exposure Mobile Telecommunications,
Wi-Fi, Radar, Radio Relay Systems, Terrestrial Radio, TV etc.” Powerpoint presentation,
February 2011.
https://ehtrust.org/wp-content/uploads/tree-health-radiation-Schorpp-2011-02-18.pdf.

18 Environmental Health Trust EHTRUST.org

https://doi.org/10.1093/mutage/gev071
https://doi.org/10.1155/2010/836278
https://doi.org/10.1080/15368378.2016.1220389
https://doi.org/10.1016/j.envres.2019.108634
https://doi.org/10.1016/j.envres.2020.109227
https://doi.org/10.1002/BEM.21890
https://www.researchgate.net/publication/298533689_International_Appeal_Scientists_call_for_protection_from_non-ionizing_electromagnetic_field_exposure
https://www.researchgate.net/publication/298533689_International_Appeal_Scientists_call_for_protection_from_non-ionizing_electromagnetic_field_exposure
https://www.researchgate.net/publication/298533689_International_Appeal_Scientists_call_for_protection_from_non-ionizing_electromagnetic_field_exposure
https://www.researchgate.net/publication/298533689_International_Appeal_Scientists_call_for_protection_from_non-ionizing_electromagnetic_field_exposure
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3052591/
https://dx.doi.org/10.4103%2F0971-6580.75869
https://doi.org/10.2174/2212796810666160419160433
https://ehtrust.org/wp-content/uploads/tree-health-radiation-Schorpp-2011-02-18.pdf
https://ehtrust.org/scientific-research-on-5g-and-health/


Shepherd, Sebastian, Georgina Hollands, Victoria C. Godley, Suleiman M. Sharkh, Chris W. Jackson, and
Phillip L. Newland. “Increased aggression and reduced aversive learning in honey bees exposed
to extremely low frequency electromagnetic fields.” PLOS One (October 2019).
https://doi.org/10.1371/journal.pone.0223614.

Sivani, S., and  D Sudarsanam. “Impacts of radio-frequency electromagnetic field (RF-EMF) from cell
phone towers and wireless devices on biosystem and ecosystem-a review.” Biology and Medicine
4, no. 4, (2012): 202–216.
https://www.biolmedonline.com/Articles/Vol4_4_2012/Vol4_4_202-216_BM-8.pdf.

Waldmann-Selsam, Cornelia, Alfonso Balmori-de la Puente, Helmut Breunig, and Alfonso Balmori.
“Radiofrequency radiation injures trees around mobile phone base stations.” Science of the Total
Environment 572 (December 2016): 554-69. 10.1016/j.scitotenv.2016.08.045.

Cell Phone Regulatory Limits

Gandhi, O.M.P. “Microwave Emissions From Cell Phones Exceed Safety Limits in Europe and the US
When Touching the Body.” IEEE Access 7 (2019): 47050-47052.
10.1109/ACCESS.2019.2906017.

Panagopoulos. Dimitris J., Olle Johansson, and George L. Carlo. “Evaluation of specific absorption rate
as a dosimetric quantity for electromagnetic fields bioeffects.” PLOS One 8, no. 6 (June 2013).
10.1371/journal.pone.0062663.

Literature Reviews and Summaries

Adams, Jessica A., Tamara S. Galloway, Debapriya Mondal, Sandro C. Esteves and Fiona Mathews.
“Effect of mobile telephones on sperm quality: A systematic review and meta-analysis.”
Environment International 70 (September 2014): 106-112.
https://doi.org/10.1016/j.envint.2014.04.015.

Aldad, Tamir S., Geliang Gan, Xiao-Bing Gao, and Hugh S. Taylor. “Fetal Radiofrequency Radiation
Exposure From 800-1900 Mhz-Rated Cellular Telephones Affects Neurodevelopment and
Behavior in Mice.” Scientific Reports 2, no. 312 (2012). 10.1038/srep00312.

Asl, Jafar Fatahi, Bagher Larijani, Mehrnoosh Zakerkish, Fakher Rahim, Kiarash Shirbandi, and Rasoul
Akbari. “The possible global hazard of cell phone radiation on thyroid cells and hormones: a
systematic review of evidence.” Environmental Science and Pollution Research 26, no. 18 (June
2019): 18017-18031. 10.1007/s11356-019-05096-z.

Atasoy, Halil I., Mehmet Y. Gunal, Pinar Atasoy, Serenay Elgun, and Guler Bugdayci.
“Immunohistopathologic Demonstration of Deleterious Effects on Growing Rat Testes of
Radiofrequency Waves Emitted from Conventional Wi-Fi Devices.” Journal of Pediatric Urology
9, no. 2 (April 2013):  223–229. 10.1016/j.jpurol.2012.02.015.

19 Environmental Health Trust EHTRUST.org

https://doi.org/10.1371/journal.pone.0223614
https://www.biolmedonline.com/Articles/Vol4_4_2012/Vol4_4_202-216_BM-8.pdf
https://doi.org/10.1016/j.scitotenv.2016.08.045
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8688629
https://doi.org/10.1371/journal.pone.0062663
https://doi.org/10.1016/j.envint.2014.04.015
https://doi.org/10.1038/srep00312
https://doi.org/10.1007/s11356-019-05096-z
https://doi.org/10.1016/j.jpurol.2012.02.015
https://ehtrust.org/scientific-research-on-5g-and-health/


Avendaño, Conrado, Ariela Mata, César A. Sanchez Sarmiento, and Gustavo F. Doncel. “Use of Laptop
Computers Connected to Internet through Wi-Fi Decreases Human Sperm Motility and Increases
Sperm DNA Fragmentation.” Fertility and Sterility 97, no. 1 (January 2012): 39-45.
10.1016/j.fertnstert.2011.10.012.

Bandara, Priyanka, and David O. Carpenter. “Planetary electromagnetic pollution: it is time to assess its
impact.” The Lancet Planetary Health 2,  no. 12 (December 2018): 512-514.
https://doi.org/10.1016/S2542-5196(18)30221-3.

Bas, O., E. Odaci, H. Mollaoglu, K. Ucok, and S. Kaplan. “Chronic prenatal exposure to the 900
megahertz electromagnetic field induces pyramidal cell loss in the hippocampus of newborn rats.”
Toxicology and Industrial Health 25, no. 6 (July 2009): 377–384. 10.1177/0748233709106442.

Belpomme, Dominique, Lennart Hardell, Igor Belyaev, Ernesto Burgio, and David O. Carpenter.
“Thermal and non-thermal health effects of low intensity non-ionizing radiation: An international
perspective.” Environmental Pollution 242, part A (November 2018):  643-658.
10.1016/j.envpol.2018.07.019.

Byun, Yoon-Hwan, Mina Ha, Ho-Jang Kwon, Yun-Chul Hong, Jong-Han Leem, Joon Sakong, Su Young
Kim, et al. “Mobile Phone Use, Blood Lead Levels, and Attention Deficit Hyperactivity
Symptoms in Children: A Longitudinal Study.” PLOS One 8, no. 3 (March 2013).
https://doi.org/10.1371/journal.pone.0059742.

Cardis, E., B.K. Armstrong, J.D. Bowman, G.G. Giles, M. Hours, D. Krewski, M. McBride, et al. “Risk
of Brain Tumours in Relation to Estimated RF Dose from Mobile Phones: Results from Five
Interphone Countries.” Occupational and Environmental Medicine 68, no. 9 (June 2011):
631-640. https://oem.bmj.com/content/68/9/631.

Carlberg, Michael, and Lennart Hardell. “Comments on the US National Toxicology Program technical
reports on toxicology and carcinogenesis study in rats exposed to whole-body radiofrequency
radiation at 900 MHz and in mice exposed to whole-body radiofrequency radiation at 1,900
MHz.” International Journal of Oncology 54, no. 1 (January 2019): 111-127.
10.3892/ijo.2018.4606.

Carlberg, Michael, and Lennart Hardell. “Evaluation of Mobile Phone and Cordless Phone Use and
Glioma Risk Using the Bradford Hill Viewpoints from 1965 on Association or Causation.”
BioMed Research International 2017 (March 2017). https://doi.org/10.1155/2017/9218486.

Carlberg, Michael, and Lennart Hardell. “Decreased Survival of Glioma Patients with Astrocytoma Grade
IV (Glioblastoma Multiforme) Associated with Long-Term Use of Mobile and Cordless Phones.”
International Journal of Environmental Research and Public Health 11, no. 10 (October 2014):
10790-10805. https://doi.org/10.3390/ijerph111010790.

20 Environmental Health Trust EHTRUST.org

https://doi.org/10.1016/j.fertnstert.2011.10.012
https://doi.org/10.1016/S2542-5196(18)30221-3
https://doi.org/10.1177/0748233709106442
https://doi.org/10.1016/j.envpol.2018.07.019
https://doi.org/10.1371/journal.pone.0059742
https://oem.bmj.com/content/68/9/631
https://doi.org/10.3892/ijo.2018.4606
https://doi.org/10.1155/2017/9218486
https://doi.org/10.3390/ijerph111010790
https://ehtrust.org/scientific-research-on-5g-and-health/


Carlberg, Michael, and Lennart Hardell. “Mobile phone and cordless phone use and the risk for
glioma–Analysis of pooled case-control studies in Sweden, 1997–2003 and 2007–2009.”

Pathophysiology 22, no. 1 (2014): 1-13. https://doi.org/10.1016/j.pathophys.2014.10.001.

Clegg, Frank M., Margaret Sears, Margaret Friesen, Theodora Scarato, Rob Metzinger, Cindy Lee
Russell, Alex Stadtner, and Anthony B. Miller. “Building science and radiofrequency
Radiation:What makes smart and healthy buildings.” Building and Environment 176 (June 2020).
https://doi.org/10.1016/j.buildenv.2019.106324.

Coureau, Gaëlle, Ghislaine Bouvier, Pierre Lebailly, Pascale Fabbro-Peray, Anne Gruber, Karen
Leffondre, Jean-Sebastien Guillamo, et al. “Mobile Phone Use and Brain Tumours in the
CERENAT Case-Control Study.” Occupational and Environmental Medicine 71, no. 7 (July
2014): 514-522. 10.1136/oemed-2013-101754.

Falcioni, L., L. Bua, E. Tibaldi, M. Lauriola, L. De Angelis, F. Gnudi, D. Mandrioli, et al. “Report of final
results regarding brain and heart tumors in Sprague-Dawley rats exposed from prenatal life until
natural death to mobile phone radiofrequency field representative of a 1.8 GHz GSM base station
environmental emission.” Environmental Research 165 (August 2018): 496-503.
https://doi.org/10.1016/j.envres.2018.01.037.

Fernández C., A.A. de Salles, M.E. Sears, R.D. Morris, and D.L. Davis. “Absorption of wireless radiation
in the child versus adult brain and eye from cell phone conversation or virtual reality.”
Environmental Research 167 (November 2018): 694-699.
https://doi.org/10.1016/j.envres.2018.05.013.

Foerster Milena, Thielens Arno, Joseph Wout, Eeftens Marloes, and Röösli Martin. “A Prospective
Cohort Study of Adolescents’ Memory Performance and Individual Brain Dose of Microwave
Radiation from Wireless Communication.” Environmental Health Perspectives 126, no. 7 (July
2018): https://doi.org/10.1289/EHP2427.

IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Non-Ionizing Radiation, Part
2: Radiofrequency Electromagnetic Fields: IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans/World Health Organization, International Agency for Research on Cancer
Volume 102. IARC Publications. https://publications.iarc.fr/126.

Kim, Ju Hwan, Da-Hyeon Yu, Yang Hoon Huh, Eun Ho Lee, Hyung-Gun Kim, and Hak Rim Kim.
(2017). “Long-Term Exposure to 835 MHz RF-EMF Induces Hyperactivity, Autophagy and
Demyelination in the Cortical Neurons of Mice.” Scientific Reports 7 (January 2017).
10.1038/srep41129.

21 Environmental Health Trust EHTRUST.org

https://doi.org/10.1016/j.pathophys.2014.10.001
https://doi.org/10.1016/j.buildenv.2019.106324
https://doi.org/10.1136/oemed-2013-101754
https://doi.org/10.1016/j.envres.2018.01.037
https://doi.org/10.1016/j.envres.2018.05.013
https://doi.org/10.1289/EHP2427
https://publications.iarc.fr/126
https://doi.org/10.1038/srep41129
https://ehtrust.org/scientific-research-on-5g-and-health/


Kocaman, Adam, Gamze Altun, Arife Ahsen Kaplan, Ömür Gülsüm Deniz, Kıymet Kübra Yurt, and
Süleyman Kaplan. “Genotoxic and carcinogenic effects of non-ionizing electromagnetic fields.”
Environmental Research 163 (May 2018): 71-79. https://doi.org/10.1016/j.envres.2018.01.034.

Lai H., and N.P. Singh. “Acute low-intensity microwave exposure increases DNA single-strand breaks in
rat brain cells.” Bioelectromagnetics 16, no. 3 (1995): 207–210. 10.1002/bem.2250160309.

Lai H., and N.P. Singh. “Single and double-strand DNA breaks in rat brain cells after acute exposure to
radiofrequency electromagnetic radiation.” International Journal of Radiation Biology 69, no. 4
(April 1996): 513–521. 10.1080/095530096145814.

Lerchl, Alexander, Melanie Klose, Karen Grote, Adalbert F.X. Wilhelm, Oliver Spathmann, Thomas
Fiedler, Joachim Streckert, Volkert Hansen, and Markus Clemens. “Tumor promotion by
exposure to radiofrequency electromagnetic fields below exposure limits for humans.”
Biochemical and Biophysical Research Communications 459, no. 4 (April 2015): 585-590.
https://doi.org/10.1016/j.bbrc.2015.02.151.

Leszczynski, Dariusz, Sakari Joenväärä, Jukka Reivinen, and Reetta Kuokka. “Non-thermal activation of
the hsp27/p38MAPK stress pathway by mobile phone radiation in human endothelial cells:
Molecular mechanism for cancer- and blood-brain barrier-related effects.” Differentiation 70, no.
2–3 (May 2002): 120-129. 10.1046/j.1432-0436.2002.700207.x.

Miller, Anthony B., L. Lloyd Morgan, Iris Udasin, and Devra Lee Davis. “Cancer epidemiology update,
following the 2011 IARC evaluation of radiofrequency electromagnetic fields (Monograph 102).”
Environmental Research 167 (November 2018): 673-683.
https://doi.org/10.1016/j.envres.2018.06.043.

Miller, Anthony B., Margaret E. Sears, L. Lloyd Morgan, Devra L. Davis, Lennart Hardell, Mark Oremus,
and Colin L. Soskolne. “Risks to Health and Well-Being From Radio-Frequency Radiation
Emitted by Cell Phones and Other Wireless Devices.” Frontiers in Public Health 7 (August
2019): 223. https://doi.org/10.3389/fpubh.2019.00223.

Pall, Martin L. “Electromagnetic fields act via activation of voltage-gated calcium channels to produce
beneficial or adverse effects.” Journal of Cellular and Molecular Medicine 17, no. 8 (August
2013): 958–965. 10.1111/jcmm.12088.

Pall, Martin L. “Wi-Fi is an important threat to human health.” Environmental Research 164 (July 2018):
405-416. https://doi.org/10.1016/j.envres.2018.01.03.

Panagopoulos, Dimitris J., Olle Johansson, and George L. Carlo. “Polarization: A Key Difference
between Man-made and Natural Electromagnetic Fields, in regard to Biological Activity.”
Scientific Reports 5 (October 2015). 10.1038/srep14914.

22 Environmental Health Trust EHTRUST.org

https://doi.org/10.1016/j.envres.2018.01.034
https://doi.org/10.1002/bem.2250160309
https://doi.org/10.1080/095530096145814
https://doi.org/10.1016/j.bbrc.2015.02.151
https://doi.org/10.1046/j.1432-0436.2002.700207.x
https://doi.org/10.1016/j.envres.2018.06.043
https://doi.org/10.3389/fpubh.2019.00223
https://dx.doi.org/10.1111%2Fjcmm.12088
https://doi.org/10.1016/j.envres.2018.01.035
https://doi.org/10.1038/srep14914
https://ehtrust.org/scientific-research-on-5g-and-health/


Panagopoulos, Dimitris J.,  Olle Johansson, and George L. Carlo. “Real versus Simulated Mobile Phone
Exposures in Experimental Studies.” BioMed Research International 2015 (August 2015).
10.1155/2015/607053.

Russell, Cindy L. “5 G wireless telecommunications expansion: Public health and environmental
implications.” Environmental Research 165 (August 2018): 484-495.
https://doi.org/10.1016/j.envres.2018.01.016.

Shih, Ya-Wen, Anthony Paul O’Brien, Chin-Sheng Hung, Kee-Hsin Chen, Wen-Hsuan Hou, and
Hsiu-Ting Tsai. “Exposure to radiofrequency radiation increases the risk of breast cancer: A
systematic review and meta-analysis.” Experimental and Therapeutic Medicine 21, no.1 (January
2021): 23. 10.3892/etm.2020.9455.

Tang, Jun, Yuan Zhang, Liming Yang, Qianwei Chen, Liang Tan, Shilun Zuo, Hua Feng, Zhi Chen, and
Gang Zhu. “Exposure to 900MHz electromagnetic fields activates the mkp-1/ERK pathway and
causes blood-brain barrier damage and cognitive impairment in rats.” Brain Research 1601
(March 2015): 92-101. 10.1016/j.brainres.2015.01.019.

Volkow, Nora D., Dardo Tomasi, Gene-Jack Wang, Paul Vaska, Joanna S. Fowler, Frank Telang, and
Christopher Wong. “Effects of cell phone radiofrequency signal exposure on brain glucose
metabolism.” JAMA 305, no. 8 (February 2011): 808–813. 10.1001/jama.2011.186.

West, John G., Nimmi S. Kapoor, Shu-Yuan Liao, June W. Chen, Lisa Bailey, and Robert A. Nagourney.
“Multifocal Breast Cancer in Young Women with Prolonged Contact between Their Breasts and
Their Cellular Phones.” Case Reports in Medicine 2013 (September 2013). 10.1155/2013/354682.

Yakymenko, Igor, Olexandr Tsybulin, Evgeniy Sidorik, Diane Henshel, Olga Kyrylenko, and Sergiy
Kyrylenko. “Oxidative mechanisms of biological activity of low-intensity radiofrequency
radiation.” Electromagnetic Biology and Medicine 35, no. 2 (2016): 186-202.
10.3109/15368378.2015.1043557.

Kostoff, Ronald N., and Clifford G.Y. Lau. “Combined biological and health effects of electromagnetic
fields and other agents in the published literature.” Technological Forecasting and Social Change
80, no. 7 (September 2013): 1331-1349. https://doi.org/10.1016/j.techfore.2012.12.006.

Regulatory Limits and Policy

Environmental Health Trust. “International Policy Briefing.” PDF file, 2018.
https://ehtrust.org/wp-content/uploads/International-Policy-Precautionary-Actions-on-Wireless-R
adiation.pdf.

23 Environmental Health Trust EHTRUST.org

https://doi.org/10.1155/2015/607053
https://doi.org/10.1016/j.envres.2018.01.016
https://dx.doi.org/10.3892%2Fetm.2020.9455
https://doi.org/10.1016/j.brainres.2015.01.019
https://dx.doi.org/10.1001%2Fjama.2011.186
https://doi.org/10.1155/2013/354682
https://doi.org/10.3109/15368378.2015.1043557
https://doi.org/10.1016/j.techfore.2012.12.006
https://ehtrust.org/wp-content/uploads/International-Policy-Precautionary-Actions-on-Wireless-Radiation.pdf
https://ehtrust.org/wp-content/uploads/International-Policy-Precautionary-Actions-on-Wireless-Radiation.pdf
https://ehtrust.org/scientific-research-on-5g-and-health/


Redmayne, Mary. “International policy and advisory response regarding children’s exposure to radio
frequency electromagnetic fields (RF-EMF).” Electromagnetic Biology and Medicine 35, no. 2
(2016): 10.3109/15368378.2015.1038832.

Stam, Rianne. “Comparison of international policies on electromagnetic fields (power frequency and
radiofrequency fields).” National Institute for Public Health and the Environment, RIVM. PDF
file,  January 2018.
https://www.rivm.nl/sites/default/files/2018-11/Comparison%20of%20international%20policies%
20on%20electromagnetic%20fields%202018.pdf.

Letter from the EPA

--------- Forwarded message ---------
From: Veal, Lee<Veal.Lee@epa.gov>
Date: Wed, Jul 8, 2020 at 11:32 AM
Subject: RE: Letter with specific Questions Related to the FDA review and to the EPA, CDC, NIOSH and
FDA Jurisdiction on EMFs
To: Theodora Scarato <Theodora.Scarato@ehtrust.org>

Dear Director Scarato;

Thank you for sending us your questions and references regarding radiofrequency (RF) radiation. Up
through the mid-1990s, EPA did study non-ionizing radiation. The Telecommunications Act of 1996
directs the Federal Communications Commission (FCC) to establish rules regarding RF exposure, while
the U.S. Food and Drug Administration (FDA) sets standards for electronic devices that emit non-ionizing
or ionizing radiation. EPA does not have a funded mandate for radiofrequency matters, nor do we have a
dedicated subject matter expert in radiofrequency exposure. The EPA defers to other agencies possessing
a defined role regarding RF. Although your questions are outside our current area of responsibilities, we
have provided a response to each one as you requested.

1. What is your response to these scientists’ statements regarding the FDA report and the call to
retract it?

EPA Response: The EPA does not have a funded mandate for radiofrequency matters, has not
conducted a review of the FDA report you cited or the scientists’ statements, and therefore has no
response to it.

2. To the FDA- What consultants were hired for the FDA review and report on cell phone radiation?

EPA Response: This is not an EPA matter. Please refer this question to the FDA.

3. What US agency has reviewed the research on cell phone radiation and  brain damage? I ask this
because the FDA only has looked at selected studies on cancer. If your agency has not,  please
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simply state you have not.

EPA Response: EPA’s last review was in the 1984 document Biological Effects of
Radiofrequency Radiation (EPA 600/8-83-026F). The EPA does not currently have a funded
mandate for radiofrequency matters.

4. What US agency has reviewed the research on damage to memory by cell phone radiation?   If so,
when and send a link to the review.

EPA Response: EPA’s last review was in the 1984 document Biological Effects of
Radiofrequency Radiation (EPA 600/8-83-026F). The EPA does not currently have a funded
mandate for radiofrequency matters.

5. What US agency has reviewed the research on damage to trees from cell phone radiation?   If so,
when was it issued and send a link to the review.Note this study showing damage from long term
exposure to cell antennas.

EPA Response: The EPA does not have a funded mandate for radiofrequency matters, and we are
not aware of any EPA reviews that have been conducted on this topic. We do not know if any
other US agencies have reviewed it.

6. What US agency has reviewed the research on impacts to birds and bees?   If so, when and send a
link to the review. I will note the latest research showing possible impacts to bees from higher
frequencies to be used in 5G.

EPA Response: The EPA does not have a funded mandate for radiofrequency matters, and we are
not aware of any EPA reviews that have been conducted on this topic. We do not know if any
other US agencies have reviewed it.
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Planetary electromagnetic pollution: it is time to assess its 
impact

As the Planetary Health Alliance moves forward after a 
productive second annual meeting, a discussion on the 
rapid global proliferation of artificial electromagnetic 
fields would now be apt. The most notable is the 
blanket of radiofrequency electromagnetic radiation, 
largely microwave radiation generated for wireless 
communication and surveillance technologies, as 
mounting scientific evidence suggests that prolonged 
exposure to radiofrequency electromagnetic radiation 
has serious biological and health effects. However, 
public exposure regulations in most countries con
tinue to be based on the guidelines of the International 
Commission on Non-Ionizing Radiation Protection1 and 
Institute of Electrical and Electronics Engineers,2 which 
were established in the 1990s on the belief that only 
acute thermal effects are hazardous. Prevention of tissue 
heating by radiofrequency electromagnetic radiation is 
now proven to be ineffective in preventing biochemical 
and physiological interference. For example, acute 
non-thermal exposure has been shown to alter human 
brain metabolism by NIH scientists,3 electrical activity 
in the brain,4 and systemic immune responses.5 Chronic 
exposure has been associated with increased oxidative 
stress and DNA damage6,7 and cancer risk.8 Laboratory 
studies, including large rodent studies by the US National 
Toxicology Program9 and Ramazzini Institute of Italy,10 
confirm these biological and health effects in vivo. As we 
address the threats to human health from the changing 
environmental conditions due to human activity,11 
the increasing exposure to artificial electromagnetic 
radiation needs to be included in this discussion.

Due to the exponential increase in the use of wireless 
personal communication devices (eg, mobile or cordless 
phones and WiFi or Bluetooth-enabled devices) and 
the infrastructure facilitating them, levels of exposure 
to radiofrequency electromagnetic radiation around 
the 1 GHz frequency band, which is mostly used for 
modern wireless communications, have increased from 
extremely low natural levels by about 10¹⁸ times (figure). 
Radiofrequency electromagnetic radiation is also used 
for radar, security scanners, smart meters, and medical 
equipment (MRI, diathermy, and radiofrequency 
ablation). It is plausibly the most rapidly increasing 

anthropogenic environmental exposure since the mid-
20th century, and levels will surge considerably again, 
as technologies like the Internet of Things and 5G add 
millions more radiofrequency transmitters around us.

Unprecedented human exposure to radiofrequency 
electromagnetic radiation from conception until death 
has been occurring in the past two decades. Evidence 
of its effects on the CNS, including altered neuro
development14 and increased risk of some neuro
degenerative diseases,15 is a major concern considering 
the steady increase in their incidence. Evidence exists 
for an association between neurodevelopmental or 

Figure: Typical maximum daily exposure to radiofrequency electromagnetic radiation from man-made and 
natural power flux densities in comparison with International Commission on Non-Ionizing Radiation 
Protection safety guidelines1

Anthropogenic radiofrequency electromagnetic radiation levels are illustrated for different periods in the 
evolution of wireless communication technologies. These exposure levels are frequently experienced daily by 
people using various wireless devices. The levels are instantaneous and not time-averaged over 6 minutes as 
specified by International Commission on Non-Ionizing Radiation Protection for thermal reasons. Figure modified 
from Philips and Lamburn12 with permission. Natural levels of radiofrequency electromagnetic radiation were 
based on the NASA review report CR-166661.13
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ABSTRACT
New fifth generation (5G) telecommunications systems, 
now being rolled out globally, have become the subject 
of a fierce controversy. Some health protection agencies 
and their scientific advisory committees have concluded 
that there is no conclusive scientific evidence of harm. 
Several recent reviews by independent scientists, 
however, suggest that there is significant uncertainty 
on this question, with rapidly emerging evidence 
of potentially harmful biological effects from radio 
frequency electromagnetic field (RF-EMF) exposures, at 
the levels 5G roll-out will entail. This essay identifies four 
relevant sources of scientific uncertainty and concern: 
(1) lack of clarity about precisely what technology is 
included in 5G; (2) a rapidly accumulating body of 
laboratory studies documenting disruptive in vitro and 
in vivo effects of RF-EMFs—but one with many gaps 
in it; (3) an almost total lack (as yet) of high-quality 
epidemiological studies of adverse human health 
effects from 5G EMF exposure specifically, but rapidly 
emerging epidemiological evidence of such effects from 
past generations of RF-EMF exposure; (4) persistent 
allegations that some national telecommunications 
regulatory authorities do not base their RF-EMF safety 
policies on the latest science, related to unmanaged 
conflicts of interest. The author, an experienced 
epidemiologist, concludes that one cannot dismiss the 
growing health concerns about RF-EMFs, especially in 
an era when higher population levels of exposure are 
occurring widely, due to the spatially dense transmitters 
which 5G systems require. Based on the precautionary 
principle, the author echoes the calls of others for 
a moratorium on the further roll-out of 5G systems 
globally, pending more conclusive research on their 
safety.

BACKGROUND
Fifth generation (5G) technology is being widely 
promoted by politicians, government officials, 
and private sector interests.1–3 They contend that 
its advent will bring clear economic and lifestyle 
benefits, through massive increases in wireless and 
mobile connectivity at home, work, school and 
in the community. Examples of these 5G benefits 
include driverless vehicles and ‘The Internet of 
Things’—automated and continuous communica-
tion between the machines in our daily lives.4 5 On 
the other hand, the public health response to this 
wave of communications innovation has become 
a sense of deep concern, related to widespread 
scientific uncertainties, as well as a lack of use of 
existing evidence, in the current international safety 
guidelines for 5G and related radio frequency 

electromagnetic field (RF-EMF) exposures.5–8 This 
commentary sets out the reasons for such concern.

WHAT IS 5G AND WHY IS IT DIFFERENT FROM 
PAST EMF EXPOSURES?
Developed over just the last decade, radio frequency 
(wireless) transmission systems in the 5G category 
are being rolled out throughout the world. These 
systems will massively increase the volume, speed 
and spatial reach of digital data transfer.4–6 The four 
successive previous generations (1G, 2G, 3G and 
4G) of wireless transmission systems were deployed 
initially for wireless and mobile phones (1980s and 
1990s), followed by WiFi (2000s), and then smart 
metres and the Internet of Things (2010s). Each 
successive generation of transmission systems has 
used higher frequencies of electromagnetic waves 
to carry ever-larger volumes of data, faster, in more 
ubiquitous locations. 5G is widely acknowledged 
to be a step change in this sequence, since it addi-
tionally uses much higher frequency (3 to 300 GHz) 
radio waves than in the past. 5G will also make use 
of very new—and thus relatively unevaluated, in 
terms of safety—supportive technology (including 
pulsing, beaming, phased arrays and massive input/
massive output (MIMO)—see below) to enable this 
higher data transmission capacity.4–6

However—unlike prior generations of wireless 
transmission systems—5G ultrahigh-frequency 
waves are easily interrupted by vegetation foliage 
(and building walls, often requiring additional 
signal boosting within each building). This inherent 
fragility of 5G high-frequency waves means that 
transmission boosting ‘cell’ antennae are gener-
ally required every 100–300 m or less—far more 
spatially dense than the miles-apart transmission 
masts required for older 2G, 3G and 4G technology 
using lower frequency waves.4–6

This dense transmission network is also required 
in order to achieve the ‘everywhere/anytime’ 
connectivity promised by 5G developers, and 
necessitated by new technology such as driverless 
cars, which must never be out of internet contact, 
for safety reasons. Critics of 5G agree6–8—but its 
supporters do not9 10—that the overall popula-
tion levels of exposure to RF-EMFs will be greatly 
increased by the 5G roll-out. One compelling argu-
ment for that view is the ‘inverse square law’ of 
EMF exposure: intensity varies as the inverse of the 
square of the distance from the emitting source.11 
With plans afoot internationally to put a 5G booster 
antenna on ‘every second or third lamp-post’, it is 
difficult to believe that overall population expo-
sures will not increase substantially. Existing 4G 
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Abstract — Various responses to non-thermal microwaves 

(MW) from mobile communication including adverse health 
effects related to electrohypersensitivity, cancer risks, 
neurological effects, and reproductive impacts have been 
reported while some studies reported no such effects. This 
presentation provides an overview of the complex dependence of 
the MW effects on various physical and biological variables, 
which account for, at least partially, an apparent inconsistence in 
the published data. Among other variables, dependencies on 
carrier frequency, polarization, modulation, intermittence, 
electromagnetic stray fields, genotype, physiological traits, and 
cell density during exposure were reported. Nowadays, biological 
and health effects of 5G communication, which will use 
microwaves of extremely high frequencies (millimeter waves 
MMW, wavelength 1- 10 mm), are of significant public concern. 
It follows from available studies that MMW, under specific 
conditions of exposure at very low intensities below the ICNIRP 
guidelines, can affect biological systems and human health. Both 
positive and negative effects were observed in dependence on 
exposure parameters. In particular, MMW inhibited repair of 
DNA damage induced by ionizing radiation at specific 
frequencies and polarizations. To what extend the 5G technology 
and the Internet of Things will affect the biota and human health 
is definitely not known. However, based on possible fundamental 
role of MMW in regulation of homeostasis and almost complete 
absence of MMW in atmosphere due to effective absorption, 
which suggests the lack of adaptation to this type of radiation, 
the health effects of chronic MMW exposures may be more 
significant than for any other frequency range.  

 
Keywords — Thermal and non-thermal effects of microwaves, 

Millimeter waves, 5G mobile communication, Health risks, 
Cancer, Physical mechanisms. 

I. THERMAL VERSUS NON-THERMAL MICROWAVE EFFECTS, 
THEIR MAIN REGULARITIES 

Exposures to microwaves (MW, 300 MHz-300 GHz) vary 
in many parameters: incident power density (PD), specific 
absorption rate (SAR), frequency/wavelength, polarization 
(linear, ellipsoidal, circular, unpolarized), continuous wave 
(CW) and pulsed fields, modulation (amplitude, frequency, 
phase, complex), far field/near field, static magnetic field 
(SMF) and stray electromagnetic fields (EMF) of extremely 
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low frequency (ELF, 3-300 Hz) at the location of exposure, 
overall duration and intermittence of exposure (interrupted, 
continuous), short-term acute and prolonged chronic 
exposures.  With increased SAR, so-called thermal effects of 
MW are usually observed that result in significant MW-
induced heating.  SAR is a main determinate of thermal MW 
effects. The SAR based safety limits, which intend to protect 
from the thermal MW effects, were developed based on 
computer simulation of the MW energy absorption in 
standardized male phantoms. Thus, they do not take into 
account individual variability in voxel SAR distribution, 
which may be observed in dependence on polarization, 
frequency, age, sex, and pregnancy status [1-8]. In addition, 
the mobile phone SAR values are usually obtained when the 
phone is positioned about 2 cm from the standard male 
phantom head, a condition, which is not usually maintained 
during mobile phone calls. Other aforementioned physical 
variables of MW exposure have been linked to occurrence of 
so-called non-thermal (NT) biological effects, which are 
induced by MW at intensities well below measurable heating 
[9-21] [22]. The classification of MW effects into thermal and 
non-thermal is not based on physics of interaction between 
MW and biological tissues but rather reflects experimental 
observation of heating induced by MW exposure, which at 
SAR levels higher than 2 W/kg may result in thermal injury.  
Of note, slight temperature increase is also observed in the 
head tissues during exposure to mobile handset radiation, but 
this increase is too weak to produce thermal injury [23] and 
even to be sensed by the exposed subjects [24] while some 
mobile phone users reported sensation of warmth around the 
ear [25]. 

Vilenskaya and co-authors [26] and Devyatkov [27] have 
reported  pioneering data on the NT effects of millimeter 
waves (MMW, 30-300 GHz, wavelength 1-10 mm in vacuum, 
to be used in 5G mobile communication) upon exposure of 
various biological objects. Webb was the first to establish the 
highly resonant effects of ultra-weak MMW on the induction 
of λ-phage in lysogenic bacterial E. coli cells [28]. These 
findings were subsequently corroborated by independent 
research groups [29, 30].  In these and subsequent studies the 
observed spectra of MMW action were found to have the 
following regularities: (1) strong dependence on frequency 
(frequency windows of resonance type), (2) there was a 
specific PD threshold below which no effect was observed, 
and above which the effects of exposure depended only 
weakly on power over several orders of magnitude (so-called 
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Mobile Communication 
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	EHT to Pittsfield -2
	Letter to Biden on Infrastructure_ FCC Environmental Health Trust  
	EHT 5G Health and Environment Open Letter 4_2021-3
	Carpenter Bandara Planetary electromagnetic pollution- it is time to assess its impact copy
	Planetary electromagnetic pollution: it is time to assess its
impact

	5G children and Precaution copy
	2019 Belyaev Regularities Health     Risks Non-Thermal Microwaves of Mobile Communication


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


