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The Million Women Study has yielded a number of life-saving
findings linking menopausal hormone therapy with breast can-
cer. However, a recent analysis of self-reported cell phone use
of this original cohort by Shuz et al. (1) contains a number of se-
rious errors and flaws of exposure measurement that under-
mine the validity of their widely publicized finding purporting
that there is no risk of brain cancer from cell phone radiofre-
quency radiation (RFR).

Unsurprisingly for women now in their 70s and 80s, only
18% of cell phone users reported 30 minutes or more weekly use
when asked in median years 2001 and 2011. Systematic reviews
find increased tumor risk tied to cumulative call time of no less
than 1000 hours (2). Yet, this study combined slight and regular
mobile phone users.

Most are unaware that cell phones and cordless phones con-
tinuously emit RFR, which is absorbed into the brain and body.
As more than 80% of UK households had landlines during the
study period, it is likely many of the older women in this cohort
used cordless phones, a significant source of RF unevaluated by
this study.

Further, the National Toxicology Program (NTP) and
Ramazzini Institute (RI) experimental animal studies are inac-
curately criticized as based on small numbers, inconsistency
across species, and excessively high exposures (3,4). The several
thousand animals studied by the NTP and RI approximated in
rodents a lifetime of human RFR exposures, and both found an
increase in the same types of tumors, corroborating accumu-
lated evidence of adverse effects at low levels.

Current outdated regulatory limits for phone RFR rest on the
incorrect long-held assumption that nonthermal levels are safe.
The NTP’s highest RFR exposures were below thermal thresh-
olds and below US FCC occupational guidelines of 8 W/kg spe-
cific absorption rate. In addition to “clear evidence” of
carcinogenicity in male rats, the NTP found DNA damage in

organs of rats and mice as well as induction of right ventricle
cardiomyopathy in both male and female rats. The findings of
these studies indicate that the long-held assumption that heat-
ing is the only harm from wireless RFR is no longer valid.

Shuz et al. (1) mischaracterized the RI study as using exces-
sively high exposures. However, the RI study was designed to
mimic low-level cell tower RFR exposures. In 2011, the
International Agency for Research on Cancer classified RFR as a
“possible human carcinogen” (5) based largely on increased
tumors among long-term cell phone users. Concordance of tu-
mor cell types with these experimental animal studies strength-
ens the association.

The majority of animal and cell studies have found nonio-
nizing RFR can induce oxidative stress—a key characteristic of
human carcinogens and a way that RFR can initiate or promote
tumor development as well as play a role in the development of
other diseases (6).

Recent experimental and epidemiological studies indicate
that RFR also induces cancers of the thyroid and breast (7,8).
DNA damage and cancer in these state-of-the-art studies signal
the need for the public to reduce exposures to RFR now.
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My public information requests show that Montgomery County Councilman Hans Riemer
got 5G “safety” data from industry tied scientist Dr. Jerrold Bushberg.

Riemer has been very vocal that 5G cell towers near homes are safe, stating that
Montgomery County residents opposed to cell towers are wrong to be concerned and he
bases this opinion on his conversations with Dr. Bushberg.

Councilmember  Hans Riemer has used his social media and Council meeting platforms to paint
residents who oppose small cell ZTAs on the basis of RF emission health effects as “kooky”
science “deniers” “anti-vaxxers” and “fear mongering” “tin foil hat”wearing ”conspiracy theorists”
and flat-earthers who believe COVID is cause by 5G and are pushing “junk science”,

Oddly, when a Montgomery County resident wrote to Dr. Bushberg about what safety
information he had shared with the Council, she was told he had not sent any information. See
attachments for this information.

When I did a public information request I found numerous emails indicating Councilman Hans
Riemer communicated with Dr. Bushberg on the issue of 5G safety. In fact, he wrote to a
Takoma Park  neighbor that

How do we know that Dr. Bushberg is industry connected?

Bushberg is not only featured in Industry Propaganda (See Crown Castle’s Media Bundle and
Understanding the Safety of 5G) but he is also is paid by wireless companies to testify as their
health and safety expert.

Bushberg has been hired by companies to testify on the safety of cell towers and 5G for
decades. He has a 29-year history of being paid by industry to opine on the safety cell tower
deployments. Many of his engagements have been for Crown Castle, a $75 billion company that
is the country‘s largest operator of shared cell towers and operates 155,000 cell towers.

Riemer has repeatedly omitted Bushburg’s conflicts of interest and instead promoted Bushburg
o the Council and to the public as an independent expert.

See a List of the Industry Consulting of Dr. Jerrold Bushberg.

1993: West Hollywood Rooftop antennas
2006: Bidwell Park CA playground for Crown Castle

https://mococoalition.blogspot.com/2021/05/councilman-hans-riemer-is-this-kooky-on.html
https://twitter.com/hansriemer/status/1415463293871853575
https://twitter.com/hansriemer/status/1415463293871853575
https://youtu.be/RgC09xRpYH0?t=2142
https://mococoalition.blogspot.com/2021/05/councilman-hans-riemer-is-this-kooky-on.html
https://www.facebook.com/HansRiemer4/posts/2827806320592634
https://twitter.com/hansriemer/status/1213834994847760384
https://docs.google.com/document/d/1R-nOQwd5mpAzeBXCncLTI7HlXqsQ2hqGo79R45JaFro/edit?usp=sharing
https://twitter.com/hansriemer/status/1409991407998210049
https://twitter.com/hansriemer/status/1213675036994879488
https://www.crowncastle.com/pdfs/cc-media-bundle_5-13-21.pdf
https://ehtrust.org/wp-content/uploads/crown-castle-understanding-the-safety-of-5g.pdf
https://ehtrust.org/wp-content/uploads/crown-castle-understanding-the-safety-of-5g.pdf
https://finance.yahoo.com/quote/CCI?p=CCI&.tsrc=fin-srch
https://investor.crowncastle.com/
https://downloads.regulations.gov/FDA-2021-P-1347-0732/attachment_3.pdf
https://www.weho.org/home/showpublisheddocument/43317/637163156085170000
https://chico.ca.us/sites/main/files/file-attachments/26_2006_minutes_2-9-2007.pdf?1573886152


2006: Fountain Valley, T-Mobile  Antennas
2007: Palos Verdas Crown Castle
2008: Oceanside CA for PlanCom Inc- AT&T antennas
2009: Tonto Hills for NewPath Networks LLC
2010: Paradise Valley AZ for NewPath Networks
2011: City of Davis CA for Crown Castle
2013 Santa Barbara Crown Castle
2013 Santa Fe AT & T
2014: Los Angeles CA RICS Project
2014: City of Tracy CA for AT&T
2014 Town of Ross CA Crown Castle Sprint
2015: Oakland CA Crown Castle
2015: letter to Morgan Hunt of Crown Castle
2015: San Francisco CA for Crown Castle
2016: San Hose CA Crown Castle
2016: Oakland CA for Crown Castle
2018: Millbrae, CA  for Verizon
2018: Hillsborough for Crown Castle
2019: Los Altos CA
2019: Palo Alto CA  for Crown Castle, Verizon
2021: Hillsborough for Crown Castle

https://lfportal.fountainvalley.org/WebLink/DocView.aspx?id=288858&undefined&cr=1
https://lfportal.fountainvalley.org/WebLink/DocView.aspx?id=288858&undefined&cr=1
http://pvestates.granicus.com/MetaViewer.php?view_id=1&clip_id=882&meta_id=34787
https://www.ci.oceanside.ca.us/civicax/filebank/blobdload.aspx?blobid=20798
https://tontohills.net/login/index_htm_files/Pre-Installation%20Patel%20Residence-2.pdf
https://www.paradisevalleyaz.gov/DocumentCenter/View/1386/11a4?bidId=
https://community-development.cityofdavis.org/Media/Default/Documents/PDF/CDD/Planning/Special-Projects/CrownCastle/Planning-Application/B02-Final-RF-Compliance-Report-for-Street-Light-Pole-20111107.pdf
https://fdocuments.net/document/jerrold-t-bushberg-phd-dabmp-dabsnm-radiating-at-high-power-is-replaced.html?page=1
https://www.santafenm.gov/archive_center/document/7308
https://la-rics.org/wp-content/uploads/2014/02/Final-Packet2.pdf
https://www.cityoftracy.org/home/showpublisheddocument/6220/637547941180730000
https://www.townofross.org/sites/default/files/fileattachments/town_council/meeting/344/8a._-35_sfd_report.pdf
https://cao-94612.s3.amazonaws.com/documents/STAFF-REPORT-1_190726_205341.pdf
https://manualzz.com/doc/31437533/health-and-medical-physics-consulting%E2%80%9A-morgan-hunt
https://sfgov.org/bdappeal/sites/default/files/Item%207,%20Appeal%20No.%20%2016-082%20@%20842%2037th%20Avenue_0.pdf
https://manualzz.com/doc/31437533/health-and-medical-physics-consulting%E2%80%9A-morgan-hunt
http://www2.oaklandnet.com/oakca1/groups/ceda/documents/report/oak058457.pdf
http://www2.oaklandnet.com/oakca1/groups/ceda/documents/report/oak058457.pdf
https://www.ci.millbrae.ca.us/home/showdocument?id=16077
https://www.hillsborough.net/AgendaCenter/ViewFile/Minutes/_03122018-874
https://www.hillsborough.net/AgendaCenter/ViewFile/Minutes/_03122018-874
https://www.losaltosonline.com/news/los-altos-council-denies-verizon-at-t-cell-node-appeals/article_669a1a9f-6519-5311-9971-d3ae163bbdc8.html
https://www.cityofpaloalto.org/civicax/filebank/documents/68420
https://www.hillsborough.net/AgendaCenter/ViewFile/Minutes/_05272021-1075


Emails to and From NCRp and Bushberg regarding the communications that Dr. Bushberg had
with the Montgomery Council members

---------- Forwarded message ---------
From: Laura Atwell <laura.atwell@ncrponline.org>
Date: Fri, May 27, 2022 at 10:34 AM
Subject: RE: Health risks from 5G and cell towers
To: XXX REDACTED NAME

Dear XXX REDACTED NAME

I spoke with Dr. Bushberg and to his knowledge, he has never sent anything to the Montgomery
County Council on 5G, cell towers, and health issues.

Laura Atwell

Laura Atwell
Director of Operations
7910 Woodmont Avenue, Suite 400
Bethesda, MD 20814-3095
Email: laura.atwell@ncrponline.org
voice: 301.657.2652
fax: 301.560.8005
http://NCRPonline.org

From: XXX REDACTED NAME

Sent: Monday, May 23, 2022 7:32 PM
To: Jerrold Bushberg <jerrold.bushberg@ncrponline.org>
Cc: Boice <john.boice@gmail.com>; John Boice <John.Boice@ncrponline.org>; Laura Atwell
<laura.atwell@ncrponline.org>; Kathy Held <Kathy.Held@ncrponline.org>
Subject: Re: Health risks from 5G and cell towers

Hi Mr. Bushberg, any luck finding the information you gave the Montgomery County Council on
5G, cell towers, and health issues?

Thanks so much for you help with this,

XXX REDACTED NAME

On Fri, Apr 29, 2022 at 8:48 PM Jerrold Bushberg <jerrold.bushberg@ncrponline.org> wrote:

http://ncrponline.org/


I think it was me that responded. Let me look back through my emails and I’ll send you what I
find

Sent from my iPhone

On Apr 29, 2022, at 4:45 PM, John Boice <john.boice@gmail.com> wrote:

﻿

Dear XXX REDACTED NAME

,

Apologies.  I don't recall sending  information to the Montgomery County Council
with regard to 5G and cell towers.  Could you provide a timeframe and “who” the
correspondence was sent to, since it may have been a number of years ago?   I have
searched my records again but could find no indication of a correspondence.  I may
very well be mistaken given the many disruptions we've all experienced because of
COVID-19 these past few years.

I've also cc'd the National Council on Radiation Protection and Measurements.  Our
nonionizing radiation committee has just begun to look more closely at 5G issues --
in case they may have responded to any inquiries.

Sorry I can't be more helpful.

John Boice

On Thu, Apr 28, 2022 at 10:09 PM XXX REDACTED NAME wrote:

Hello Dr. Boice,

I am interested in information on health risks from 5G and cell towers. I understand
you helped the Montgomery County Council with this issue. Can you please send
me what you sent the Council about health issues.

Thanks so much, XXX REDACTED NAME



--

John D. Boice, Jr., Sc.D.

Director of Science

National Council on Radiation Protection and Measurements

boice@ncrponline.org 301.657.2652

Professor of Medicine, Vanderbilt University School of Medicine

john.boice@vumc.org Also: john.boice@gmail.com



Wellons. Christine 

From: Riemer, Hans 
Sent: Thursday, April 1, 2021 3:07 PM 
To: 

Subject: 

Riemer, Hans; elliottplevine@gmail.com 
Fw: Thank you and following up 

Sharing this older email as background info. 

From: Riemer, Hans <Hans.Riemer@montgomerycountymd.gov> 
Sent: Thursday, December 19, 2019 4:17 PM 
To: 'walter.copan@nist.gov' <walter.copan@nist.gov>; 'jims@nist.gov' <jims@nist.gov>; 'kari.reidy@nist.gov,­

<kari.reidy@nist.gov>; 'paul.zielinski@nist.gov' <paul.zielinski@nist.gov> 
Cc: Riemer, Hans <Hans.Riemer@montgomerycountymd.gov>; Silverman, Ken 
<Ken.Silverman@montgomerycountymd.gov> 
Subject: Thank you and following up 
Dear Dr. Copan and team: 
I am very grateful for your time this week and I am writing to follow up. I would guess that meetirig with Paul is my next 
step? I will call Paul. Following are some of the key take-aways for me: 
NIST Incubator/navigator: I am very enthusiastic about your initiative to "move the fence back" and have a facility on 
NIST land where the private sector and NIST can integrate. I would like to move forward on this promptly and 
uriderstand how Montgomery County can provide support. Do we need to take the initiative to start planning a PPP? 
Lab/tech transfer working group: I intend to pull together a working group/mini-conference to delve deeper here into 
how the County can move ahead on these issues, involving experts from the major labs as well as select private sector 
leaders. I would welcome NIST's participation. Perhaps we could host it at NIST. 
NIH nonprofit: You mentioned a potential need for a nonprofit attached to NIH to do transfer. I would like to discuss that 
further if you think that the County can provide any support. 
Conflict of Interest rules: Is NIST able to provide any perspective on NI H's approach to COi and whether there are 
opportunities for change? This is a topic I would like to discuss further. 
Post-docs: We referenced the conference that Montgomery County previously supported for post-docs; I would like to 
revive that initiative. I would also like to discuss a fellowship program or other entrepreneurship support for post-docs 
that could be provided and what NIST might advise there. 
SG: I am reaching out to Dr. Jerrold Bush berg to relay our conversation. NCRP is the national academy that is designated 
to conduct research on radiation safety. When FDA or FCC or NIH or NIST seeks that information, apparently they turn to 
NCRP to provide it. Dr. Bush berg said that they would be quite willing to conduct a "literature review" of the latest 
information on health impacts and SG. His sense is that other countries have done a lot of more basic research on the 
topic and that a literature review would be helpful and informative. I will connect you directly. 
https:ljncrponline.org/?albdesign popup cpt=jerrold-t-bushberg 
Thank you again! 
Hans Riemer 
301-938-6899

Hans Riemer, Councilmember At-large 

Montgomery County Council 

Councilmember.riemer@montgomerycountymd.gov 

www.montgomerycountymd.gov/riemer 

240-777-7964 
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<kari.reidy@nist.gov>; 'paul.zielinski@nist.gov' <paul.zielinski@nist.gov> 
Cc: Riemer, Hans <Hans.Riemer@montgomerycountymd.gov>; Silverman, Ken 
<Ken.Silverman@montgomerycountymd.gov> 
Subject: Thank you and following up 

Dear Dr. Copan and team: 

I am very grateful for your time this week and I am writing to follow up. I would guess that meeting with Paul is my next 
step? I will call Paul. Following are some of the key take-aways for me: 

NIST Incubator/navigator: I am very enthusiastic about your initiative to "move the fence back" and have a facility on 
NIST land where the private sector and NIST can integrate. I would like to move forward on this promptly and 
understand how Montgomery County can provide support. Do we need to take the initiative to start planning a PPP? 

Lab/tech transfer working group: I intend to pull together a working group/mini-conference to delve deeper here into 
how the County can move ahead on these issues, involving experts from the major labs as well as select private sector 
leaders. I would welcome NIST's participation. Perhaps we could host it at NIST. 

NIH nonprofit: You mentioned a potential need for a nonprofit attached to NIH to do transfer. I would like to discuss that 
further if you think that the County can provide any support. 

Conflict of Interest rules: Is NIST able to provide any perspective on NI H's approach to COi and whether there are 
opportunities for change? This is a topic I would like to discuss further. 

Post-docs: We referenced the conference that Montgomery County previously supported for post-docs; I would like to 
revive that initiative. I would also like to discuss a fellowship program or other entrepreneurship support for post-docs 
that could be provided and what NIST might advise there. 

SG: I am reaching out to Dr. Jerrold Bushberg to relay our conversation. NCRP is the national academy that is designated 
to conduct research on radiation safety. When FDA or FCC or NIH or NIST seeks that information, apparently they turn to 
NCRP to provide it. Dr. Bushberg said that they would be quite willing to conduct a "literature review" of the latest 
information on health impacts and SG. His sense is that other countries have done a lot of more basic research on the 
topic and that a literature review would be helpful and informative. I will connect you directly. 
https:Uncrponline.org/?albdesign popup cpt=jerrold-t-bushberg 

Thank you again! 
Hans Riemer 
301-938-6899

Hans Riemer, Councilmember At-large 

Montgomery County Council 

Councilmember.riemer@montgomerycountymd.gov 

www.montgomerycountymd.gov/riemer 

240-777-7964
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Wellons, Christine 

From: 

Sent: 

To: 

Subject: 

Riemer's Office, Councilmember 

Wednesday, December 11, 2019 7:54 

REDACTED

Re: Your position on affordable housing 

Hi REDADCTED  its great to hear from you and thank you for your note to me (as well as the one you sent 
and copied me on to the County Executive). 

There's a lot of misunderstanding about the next generation of wireless service. It is is much better/faster/more 
reliable technology but it uses a system that is more like wifi routers than cell towers. The routers need to be 
placed on telephone poles and light poles. I don't really see the problem here. We all have wifi routers in our 
homes. If the changing technology requires routers on poles, then what are we supposed to do? I don't love 
having a router in my houser, either, but I certainly value what it brings me. 

In fact the health research is not at all alarming. Non-ionizing radiation is nearly ubiquitous in our society arid 
has been since at least the power lines went up. From a health perspective, it is pretty much all the same. Your 
home wifi router, your cell phone service, your microwave, the power lines coming to your house --- as well as 
the cosmic radiation that is constantly inundating us from space, and light. Nonionizing radiation has been 
studied extensively for decades and as a result of that research, scientists are not concerned. 

Last week I spoke with Dr. Jerrold Bushberg, who confirmed that the science does not support concerns about 
1 G, 2G, 5G, or any of these nonionizing radiation forms. Dr. Bushberg is probably the top scientist in the 
country on this topic. https://ncrponline.org/?albdesiqn popup cpt=jerrold-t-bushberq 

As for the issue about climate and weather --- now that is a different story. I think that's a problem. But it is not 
one that we can solve. We'll need the federal agencies to work that out. Any new technology is going to have 
some wrinkles, I am sure they can solve it. 

From a local perspective, I think if we are going to fight against 5G we might as well outlaw wifi routers in 
homes, 4G, and microwaves. It's all the same. And why would we do that. 

In any event, our current law is a 300 foot setback requirement. So that pretty much rules out all poles in the 
County except in very unusual circumstances. That's just not viable, desirable, or legal. 

My proposal is not closer than 30 feet distance. What exactly is so bad about that? If you have a wifi router in 
your home, what's so bad about having one on a telephone pole in front of your house? 

I don't mean to be argumentative, but since you are a person I trust, I'd be interested to know your response. 

Your friend -
Hans 

Hans Riemer 

On November 24, 2019, 5:06 PM EST REDACTED wrote:

1 



Hi Hans, 
Will do. Hey, my partner, reacted  attended the hearing y'all held last week 
on SG. We are very much opposed to the placement of SG towers in 
residential neighborhoods, and it sounds like other residents are also 
overwhelmingly opposed. While the research may not be definitive on 
adverse health effects, the r�search is alarming enough, and scant enough, 
that we should not err on the side of irreparably risking people's health. I 
read your open letter, but the health concerns re: cell towers long precede 
SG -- Russia can't be blamed for this one. Moreover, the science IS definitive 
that SG will interfere with weather forecasting. This is unacceptable, 
especially at a time when the ravages of climate change are only increasing. 

I realize that local & state officials' hands are tied to some extent by the 
FCC, but I believe our reps ought to be doing all they can to limit and control 
placement of these towers, and am glad that we are part of the legal 
challenge. I support the current setback requirements for residential areas 
and oppose the zoning change to allow them to installed all right near our 
homes. I urge you to change your position on this issue. 
All the best, and have a happy Thanksgiving! 
-Redacted

On Sunday, November 24, 2019, 3:38:00 PM EST, Riemer's Office, Councilmember 
<council member.riemer@montgomerycountymd.gov> wrote: 

Thank you Redacted  Please let me know what reply you receive. Hans 

Hans Riemer 

� 
On November 21, 2019, 10:59 PM EST Redacted wrote: 

Dear County Executive Eirich, 
I am writing to convey my disappointment to read in this 
morning's Washington Post that you have taken a position 
against building more affordable housing units in the County. I 
am no expert on the COG targets and whether they are bold 
enough, but I do know that denying that we will need these units 
because you hope the County will grow high- vs. low-paid jobs is 
not a sound reason to oppose a commitment to higher affordable 
housing targets. 

We already need tens of thousands more affordable housing 
units. Low and middle-income people are already struggling with 
sky-high housing costs, especially in close-in neighborhoods. In 
my own family, I have several family members who are couch 
surfing and sleeping on people's floors because they cannot 

2 



afford even a one-bedroom apartment. In fact, there are many 
trends related to the future of work that indicate many of the 
jobs of the future will be low-paid -- e.g., home care workers, 
gig workers, etc. -- and our county needs to provide a home for 
everyone. 

Please reconsider your position and do all you can to 
substantially increase affordable housing stock in Montgomery 
County for low and moderate income families. 
Sincerely, 
Redacted 
Takoma Park, MD. 20912 
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ATTACHMENT B  

to the Public Comment by Resident Groups of Montgomery County, Maryland  



Date  Source / Statement 

November 6, 2019 Zoning for Our Wireless Future –– written by Councilmember Hans Riemer, lead sponsor 
of the ZTA* 
http://councilmemberriemer.com/2019/11/zoning-for-our-wireless-future.html 

"But our current zoning code was designed with big cell towers in mind, and requires that any 
cellular antenna be set back 300 feet from the nearest home...That is why I have joined with my 
colleagues Gabe Albornoz and Craig Rice to introduce a zoning change to allow small wireless 
antennas to be added to utility or light poles, provided they are not closer than 30 feet to a home. 
Why 30 feet? Well, the typical home is set 25 feet back from the street. With 30 feet minimum 
distance required, homeowners whose residences are closer to a pole than average will not 
bear a disproportionate visual impact. You likely rely upon wireless. Will you have advanced 
networks at your home if your wireless company can only use utility poles that are farther 
than 300 feet from your house? The answer is no, because most likely none of the utility poles 
in your neighborhood are farther than 300 feet from the nearest house. No poles, no network. 
... Without this zoning change, however, our wireless providers will not be able to install the 
new networks. The companies will eventually take us to court, because Congress and the FCC 
have already established that local governments can’t block networks." [emphasis added]  

"P.S., You might see some people claim that Radio Frequency emissions cause cancer. Safety 
always comes first, I agree. But, the American Cancer Society says “Cell phone towers are not 
known to cause any health effects.” Read for yourself what the ACS has to say about cell 
phones and cell towers, based on input from many scientific studies and expert agencies. Then 
read this New York Times piece about 5G and health, and this piece about how Russian disin-
formation agents have targeted Americans with 5G scaremongering." 

* Note: This opinion piece above argues in favor of setbacks as low as 30 feet. In November
2019, the proposed version of the ZTA included a minimum setback of 60 feet, which could only
be lowered to30 feet under certain conditions. However, in March 2021, the ZTA was amended
to allow towers only 30 feet from homes with no notice, and zero setback after giving notice.
See https://www.montgomerycountymd.gov/COUNCIL/Resources/Files/zta/2019/
ZTA_19-07.pdf

January 4, 2020 Twitter: 

Hans Riemer 

@hansriemer 

Jan 4, 2020 
Sorry but FM radio, wifi, 3g, 4g, 5g is all the same and not dangerous. You are peddling junk 

science like the anti vaxxers.

1

http://councilmemberriemer.com/2019/11/zoning-for-our-wireless-future.html
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March 11, 2020 Opinion in the Washington Post titled "Montgomery County should not let junk science 
stop 5G"  
https://www.washingtonpost.com/opinions/local-opinions/the-deployment-of-5g-sparks-a-turf-
war-in-montgomery-county/2020/03/05/706510b2-5279-11ea-b119-4faabac6674f_story.html 

Mr. Riemer was featured in this Opinion piece written by Art Brodsky* as a long-time promo-
tor of small cell deployment. It was noted that a pro small cell 5G speaker was "harassed and 
harangued by the true believers in junk science with such vehemence.....". 

* Note that MG5Gpartnership.com prominently features a link to a "guest column" that con-
tains this article.  Mr. Brodsky is a freelance telecommunications writer who regularly ap-
pears in various publications. Similar to Mr. Riemer, Mr. Brodsky also classifies opponents of 
5G as peddlers of "junk science." 

June 29, 2021 Council meeting  
video –– ZTA 19–07 starts @ approx. 2:04:28 
https://youtu.be/Fy98kb_omS4?t=7468 

Councilmember Hans Riemer, lead sponsor of the ZTA: 
"I think it's really about whether we all and I believe we do have a better understanding of public 
health, and how the public health system works, and who we would listen to on matters of pub-
lic health. And we I'm going to want to talk about this very briefly once at the outset, I don't 
think we really need to spend much time on it. But we're hearing a lot of false claims about 
health concerns for the waves that come out of our devices, you know, that connect from our 
device to an antenna that connect from a Wi-Fi router in our house to our laptop, you know, 
connect, frankly, AM FM radio or all of this is all part of a spectrum. It's called non ionizing 
radiation. And science has not yet found a health concern with any of it. << >> It is one of the 
most extensively studied issues out there. And if we were hearing from people like Dr. Fauci, 
Dr. Walensky, the head of the FDA that they had a concern like we would all know, if our 
leading scientific agencies were concerned about this. We do not hear from them." [emphasis 
added] 

June 29, 2021 Council meeting 
Memorandum prepared by Council staff attorney as advice to Council, page 12. The dismissal 
referred to below was in the case of Montgomery County v FCC, which was dismissed on pro-
cedural grounds in August 2020 and later followed by a successful petition by Environmental 
Health Trust et al. v FCC, which was decided August 13, 2021. Environmental Health Trust 
advanced many of the same arguments that Montgomery County put forward when the County 
had previously chosen to be a co-petitioner. 
https://www.montgomerycountymd.gov/council/Resources/Files/agenda/col/
2021/20210629/20210629_4.pdf 

"Under federal law, local jurisdictions are preempted from regulating telecommunications an-
tennas because of health effects as long as those facilities are operating within FCC-determined 
power and RF ranges. In its appeal of the FCC order, the County challenged the FCC’s failure 
to address RF emissions. In addition, the County and other jurisdictions asked the FCC to up-
date and complete a 2013 evaluation of the existing RF safety standards. The FCC has refused 
to review its standards and has disagreed with concerns raised about RF emissions from 5G 
small cell antennas. The [Ninth Circuit] dismissed the County’s challenge as moot, finding that 
the FCC’s additional order considered RF exposure risks of 5G services." 
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July 13, 2021 Council meeting 
Memorandum prepared by Council staff attorney as advice to Council, page 5. The dismissal 
referred to below was later appealed successfully in Environmental Health Trust v FCC. 
https://www.montgomerycountymd.gov/council/Resources/Files/agenda/col/
2021/20210713/20210713_10A.pdf 

“In City of Portland v. United States, the United States Court of Appeals for the 9th Circuit ruled 
on petitions filed by a coalition of local governments, including Montgomery County, challeng-
ing multiple FCC orders governing small cell telecommunications facilities. The 9th Circuit 
also ruled on the County’s separate petition, which argued that the FCC erred by not updating its 
regulations governing Radio Frequency (RF) emissions before issuing the small cell order. The 
9th Circuit dismissed as moot the County’s petition”.

July 13, 2021 Council meeting 
video -– ZTA 19–07 starts @ approx. 10:36 
https://www.youtube.com/watch?v=TzIFJo358Ow&t=636s 

Council Vice President Gabe Albornoz, co-sponsor of the ZTA:  
"I do put a tremendous amount of faith in our federal agencies ... and the systems that we cur-
rently have in place, have conducted their own extensive research on a variety of issues that 
impact us."   

Councilmember Hans Riemer, lead sponsor of the ZTA:  
"The National Institutes of Health, the National Cancer Institute, located in Montgomery Coun-
ty, not the only federal agency with oversight here for health, ..., you can see similar information 
on the FDA website, and is actually an agency called the National Council for Radiation Safety. 
And it's actually the true scientific agency charged with monitoring the research, it's based in 
Bethesda, they all say the same thing. The National Cancer Institute's page makes very clear that 
the waves coming out of our devices are not of health concern, presuming the installations fol-
low federal policy. And that, you know, basically the way you could be injured by these waves is 
if you were burned by them, they were so concentrated that actually would burn your skin, that 
the heat would cause some kind of damage to your DNA. I think it's clear to all of us that we are 
nowhere, nowhere near anything like that. And that's that basic theoretical framework for this 
entire you know, body of research has been in place for decades. And in fact, it's one of the best 
understood concerns…. With all existing research. The weight of it all together, clearly estab-
lishes it, safety. Research is always ongoing; World Health Organization comes to the same 
conclusion. So if you don't believe that, you know, there is a health concern, what is the basis 
of trying to severely restrict these installations? I just ask everyone to think, think about that 
question, what is the basis of trying to severely restrict these if you actually follow the science 
and believe the science." [emphasis added] 

July 20, 2021 Council meeting 
video –– ZTA 19–07 starts @ approx. @ 28:31 
https://youtu.be/QSta29AgP8Y?t=1711 

Councilmember Hans Riemer, lead sponsor of the ZTA: 
"I have posted several times in the past few days what I think is critically important guidance 
from the FDA, the National Cancer Institute, the American Cancer Society, the World Health 
Organization, and many, many of all of the leading scientific institutions that have purview to 
this issue have weighed thousands of studies conducted over decades. And they are very clear. 
And their conclusion that they're not seeing evidence of health impacts from our phones." 
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July 27, 2021 Council meeting  
video –– ZTA 19–07 starts @ approx. 3:07:57 
https://youtu.be/H4VEoPHEdxc?t=11277 

Councilmember Hans Riemer, lead sponsor of the ZTA: 
"What the scientific agencies do, the National Cancer Institute, the FDA, CDC, the World 
Health Organization, what they do is they look at all the studies, and they add them all up into a 
ledger. And they say, what is most compelling? What studies bring the strongest evidence? That 
is the scientific process here. And there's no real argument among those agencies, they all arrive 
at the same conclusion. There is an Institute based in Bethesda. It's called the National Center 
for Radiation Safety. It's headquartered in Montgomery County, the scientists there have been 
working on these issues for decades, I've spoken with them, they are very clear that the radiofre-
quency emissions on one side of the spectrum are very, very limited risk. And those on the other 
side have very high risk. That's your x rays and all those other things. But the spectrum kind of 
breaks in half. And everything on the non-ionizing side has been found for more than 100 
years now not to be dangerous. It's the same thing as AM / FM radio. And when radio was 
started, people said that birds were dropping out of the sky from radio waves. You know, it's 
our home Wi-Fi. It's non-ionizing radiation. If you believe it's dangerous, you should turn off 
your Wi-Fi. And honestly, if we really believed it was dangerous, we should ban Wi-Fi. I 
mean, do we really believe it's dangerous? Now? If we did, we would act you know. So the 
scientific method you have to be comfortable with a little bit of more research is needed as a 
concept. At the same time, trusting and I'm willing to trust in the authorities that are charged 
with this work. ... colleagues know at times I have taken controversial views, controversial 
positions on issues like polystyrene, we banned polystyrene, because I was convinced that 
there was an issue there, we banned lawn pesticides, you know, but chemicals and radio, ra-
dio frequency waves are extremely different. And that's something that the chief scientist ex-
plained to me. You know, a chemical could have unknown impacts. radio frequency waves 
generally have very known impacts whatever part of the spectrum they're from, on the non-
ionizing side." [emphasis added] 

"So, in any event, I think with the NIH, the FDA, the National Center for Radiation Safety, all 
headquartered Montgomery County, we would be well advised to follow their guidance. There 
are 1000s of employees who are our constituents. And last thing I'll say there is a correlation 
between the extreme views on this issue and other issues like vaccine criticism, anti facts and 
anti 5g. There's common ground there. There are 5g conspiracies, about microchips being 
implanted in vaccines, you've heard about that. This is what our communities are being inun-
dated with, day in and day out is disinformation. And our job is to sift through it all." 

Councilmember Craig Rice, Co-Sponsor of the ZTA: 
"So let's not be the alarmist who tries to make it seem as though you know, we're doing some-
thing that’s going to jeopardize this the health and safety of our community. Many of us have 
thought about that. And although we can't think about it, in terms of how we vote on this partic-
ular ZTA, it doesn't mean that we don't think about it, we're still human beings. These are our 
families; we have children who will be near these things. So we of course, care about it. So let's 
just be real about the fact that yes, we consider this we're the same council who, you know, 
ban, or who made it mandatory to be radon testing, why? Because radon is proven, right, 
proven to cause cancer or cause lung cancer. And so we took steps, I led that effort. So we do 
care about health, we do care about causing cancer, we are concerned about those kinds of 
things. So yes, while we can't, in consideration of moving the ZTA forward, say that this is a 
reason why we shouldn't do it. It doesn't mean that we don't think about it, then we don't care 
about it. And we wouldn't move forward if we thought we were doing something dangerous, 
period." [emphasis added] 

"Just lastly, when it comes to you know, Councilmember Jawando's comment about the Environ-
mental Health Trust v. FCC] court case, but there are always going be court cases . . . Now, as 
more information comes about, obviously, if a court case comes down and changes where 
things are not just us here in little Montgomery County, but across the United States of Amer-
ica will have to make adjustments based on what that ruling is. So this affects more than just 
Montgomery County. " [emphasis added]
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July 28, 2021 Excerpt from an email from Councilmember Hans Riemer, lead sponsor of the ZTA, to 
constituents following the Council's passage of ZTA 19-07 allowing cell towers in close 
proximity to residences 
https://councilmemberriemer.com/2021/07/we-need-better-wireless-service-now-we-will-get-
it.html 

What do leading public health authorities say about cell phones and 5G? 
Safety comes first. Fortunately, the science on wireless waves is compelling. The leading na-
tional and international scientific institutes continue to find that cell phones are not linked to 
health problems. The FDA, which we are proud to have located here, reviews the existing stud-
ies and puts them all into a balance. The FDA clearly says, the "weight of scientific evidence 
has not linked cell phones with any health problems." 

This has been a tough one. If you've seen some alarmist messages on your local listserve, I 
hope this email has been helpful. You might also enjoy this article about how the KGB is 
funding disinformation about 5G [emphasis added] 
https://www.nytimes.com/2019/05/12/science/5g-phone-safety-health-russia.html 

Various 
MD5GPartnership.com 
articles 

* Note: MD5gpartner-
ship.com members in-
clude such wireless and 
infrastructure providers 
as T-Mobile, Crown 
Castle and Verizon.

An Overview -– Montgomery County's Small Cell Legislation  
https://md5gpartnership.com/wp-content/uploads/2021/05/ZTA-one-pager.5.2.21.2.pdf * 

Excerpts 

Since 2017, the Council has also considered legislation that would permit and streamline small 
cell antennas in residential zones, with the latest effort beginning in October 2019 when residen-
tial ZTA 19-07 was introduced. Following a public hearing in November 2019, Council discus-
sions on ZTA 19-07 were put on hold.  

ARE SMALL CELLS SAFE? The consensus among the scientific and health communities is 
that there is no evidence of any adverse effects from exposure to radiofrequency (RF) emissions 
below FCC exposure limits. RF emissions safety has been studied for more than 60 years and 
the research is subject to constant review by government health agencies, and standard-setting 
organizations, like the FCC and FDA. In December 2019, the FCC reaffirmed safety standards 
on a unanimous and bipartisan basis. RF energy from antennas used in cellular transmissions, 
including small cells, result in exposure levels well below FCC safety limits.  

MD5g Partnership Launches in Support of 5G Deployment Throughout Maryland 
https://md5gpartnership.com/md5g-partnership-launches-in-support-of-5g-deployment-through-
out-maryland/ 

Montgomery County Should Not Let Junk Science Stop 5G  
https://md5gpartnership.com/montgomery-county-should-not-let-junk-science-stop-5g-2/ 

Will Montgomery County Fall Behind?  
https://md5gpartnership.com/will-montgomery-county-fall-behind/ 

County Council Amends Bill that Could Allow 5G Cell Antennas, Rejects Further Delay  
https://md5gpartnership.com/county-council-amends-bill-that-could-allow-5g-cell-antennas-
rejects-further-delay/ 

Montgomery County: Support for ZTA 19-07 
https://md5gpartnership.com/montgomery-county-support-for-zta-19-07/
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“The National Toxicology Program studies clearly showed that non-ionizing cell
phone radiofrequency radiation radiation can cause cancers and other adverse
health effects. An important lesson that should be learned is that we cannot
assume any current or future wireless technology such as 5G is safe without
adequate testing.” 
-Ronald Melnick PhD 28 year scientist at National Institutes of Health

“I recommend public health organizations raise awareness and educate the public
on why and how to reduce our daily exposure to wireless radio frequency radiation.
Protective public health policy is needed now. It is time for regulatory bodies to fully
evaluate the research and develop science based exposure limits that truly protect
the public and the environment.” 
-Linda S. Birnbaum, PhD, Former Director, National Institute of
Environmental Health Sciences and National Toxicology Program of the
National Institutes of Health. 

"Now we have 5G rolling out in massive quantities, without due diligence to
determine are these sources of radiation safe not only for humans but for wildlife.
And the answer is, no, they are not."
-Albert M. Manville II, Ph.D. Adjunct Professor, Johns Hopkins University, 
 Wildlife Biologist (17 years), retired from Division of Migratory Bird
Management, U.S. Fish & Wildlife Service 

“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.”
-Christopher Portier PhD former Director of the United States National
Center for Environmental Health at the CDC, former Director of the U.S.
Agency for Toxic Substances and Disease Registry.

“We should not wait to protect children’s brains. The science is now clear and
compelling indicating that wireless technology is harmful to health, especially to for
children. Wireless radiation is repeating the history of lead, tobacco and DDT.”
-Devra Davis PhD, MPH, President of Environmental Health Trust, founding
director of the Board on Environmental Studies and Toxicology of the U.S.
National Research Council, National Academy of Sciences, and a member
of the team of the Intergovernmental Panel on Climate Change scientists
who were awarded the Nobel Peace Prize in 2007
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EXPERT VOICES 
THE NEED FOR ACCOUNTABILITY ON WIRELESS SAFETY 

https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm


“The FDA does not regulate cell towers or cell tower radiation. Therefore, the FDA has

no studies or information on cell towers to provide in response to your questions.”
-Ellen Flannery, Director, FDA Policy Center for Devices and Radiological
Health to a California mother with a cell tower on her street who asked the

FDA about safety, July 11, 2022

"As a Federal research agency, the NCI is not involved in the regulation of radio

frequency telecommunications infrastructure and devices, nor do we make

recommendations for policies related to this technology"
-National Cancer Institute letter to Denise Ricciardi, member of the New

Hampshire State Commission on 5G, July 30, 2020

The ACS does “not have any official position or statement on whether or not

radiofrequency radiation from cell phones, cell phones towers, or other sources is a

cause of cancer.” 
-American Cancer Society Website

"EPA’s last review was in the 1984 document Biological Effects of Radiofrequency

Radiation. The EPA does not currently have a funded mandate for radiofrequency

matters.”
-Lee Ann B. Veal Director, EPA Radiation Protection Division Office of

Radiation and Indoor Air, July 8, 2020 Letter to Theodora Scarato  

Fact: There are no scientific reports by the CDC on cell tower radiation safety, nor does

the agency have staff with expertise monitoring the science and evaluating risk. Public

information requests found that several CDC website pages on radio frequency

were found to be drafted with a wireless industry consultant. 

"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." - U.S. Department of Interior Letter to

FCC, 2014  

Fact: The World Health Organization (WHO) EMF Project has not reviewed the

science since 1993. The WHO webpages on cell phones and cell towers are not

based on a published scientific review. The WHO EMF Project webpages were written

by a scientist who used wireless industry money to start the WHO EMF Project and

who is now a consultant to industry. In contrast, the WHO International Agency

for Research on Cancer (a separate WHO entity vetted for conflicts of

interest) determined RF radiation to be a Class 2 B “possible” carcinogen in

2011. Many scientists now state the evidence showing cancer has increased.

P A G E  2  |  E N V I R O N M E N T A L  H E A L T H  T R U S T  |  E H T R U S T . O R G

A REGULATORY GAP
No Federal Agency Ensuring Cell Tower Wireless Safety

There is no U.S. government agency with oversight for cell tower radiation health effects: no research

reviews, no reports, no environmental monitoring, no risk mitigation and no post market health surveillance

for the daily, full body radio-frequency (RF) radiation exposure from cell towers.  

Blue text is hyperlinked to source. 

https://ehtrust.org/wp-content/uploads/FCC_FDA-Communications-FCC-Lawyer-and-Mother-on-Cell-Tower-Radiation-.pdf
https://ehtrust.org/wp-content/uploads/FCC_FDA-Communications-FCC-Lawyer-and-Mother-on-Cell-Tower-Radiation-.pdf
https://ehtrust.org/wp-content/uploads/FCC_FDA-Communications-FCC-Lawyer-and-Mother-on-Cell-Tower-Radiation-.pdf
https://ehtrust.org/wp-content/uploads/NH-5G-Comission-Correspondence-from-Federal-Agencies-.pdf
https://ehtrust.org/wp-content/uploads/NH-5G-Comission-Correspondence-from-Federal-Agencies-.pdf
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/radiofrequency-radiation.html
https://www.cancer.org/healthy/cancer-causes/radiation-exposure/radiofrequency-radiation.html
https://bit.ly/3d6SPQe
https://bit.ly/3d6SPQe
https://ehtrust.org/epa-birds-bees-trees-5g-wireless-effects/
https://ehtrust.org/epa-birds-bees-trees-5g-wireless-effects/
https://ehtrust.org/epa-birds-bees-trees-5g-wireless-effects/
https://ehtrust.org/the-cdc-hired-an-industry-consultant-to-develop-website-information-for-the-public/
https://ehtrust.org/the-cdc-hired-an-industry-consultant-to-develop-website-information-for-the-public/
https://ehtrust.org/the-cdc-hired-an-industry-consultant-to-develop-website-information-for-the-public/
https://ehtrust.org/wp-content/uploads/Department-of-Interior-Feb-2014-letter-on-Birds-and-RF.pdf
https://ehtrust.org/wp-content/uploads/Department-of-Interior-Feb-2014-letter-on-Birds-and-RF.pdf
https://ehtrust.org/wp-content/uploads/Department-of-Interior-Feb-2014-letter-on-Birds-and-RF.pdf
https://www.who.int/teams/environment-climate-change-and-health/radiation-and-health/non-ionizing/risk-assessment
https://www.who.int/teams/environment-climate-change-and-health/radiation-and-health/non-ionizing/risk-assessment
https://www.who.int/teams/environment-climate-change-and-health/radiation-and-health/non-ionizing/risk-assessment
https://www.spandidos-publications.com/10.3892/ijo.2017.4046
https://www.spandidos-publications.com/10.3892/ijo.2017.4046
https://publications.iarc.fr/126
https://publications.iarc.fr/126
https://publications.iarc.fr/126
https://publications.iarc.fr/126
https://www.sciencedirect.com/science/article/abs/pii/S0013935118303475?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013935118303475?via%3Dihub


2020: 5G Wireless: Capabilities and Challenges for an Evolving

Network

“Because there is a large and evolving body of relevant research, it is

important that the results be regularly synthesized for Congress and

the public.” 

"The FCC relies on the FDA as well as other organizations—principally

IEEE and the National Council on Radiation Protection and

Measurements (NCRP)—to review scientific research and provide

recommendations for setting RF safety standards. However, each of

these organizations has only reviewed a subset of the relevant

research…”

2020 5G DEPLOYMENT: FCC Needs Comprehensive Strategic

Planning to Guide Its Efforts
“The experts GAO convened also stated that 5G deployment would

likely exacerbate disparities in access to telecommunications services,

known as the “digital divide.”

2012 TELECOMMUNICATIONS: Exposure and Testing

Requirements for Mobile Phones Should Be Reassessed

“By not formally reassessing its current limit, FCC cannot ensure it is

using a limit that reflects the latest research on RF energy exposure…”

“Some consumers may use mobile phones against the body, which

FCC does not currently test, and could result in RF energy exposure

higher than the FCC limit.” 
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Government Accountability Office Reports 
These GAO reports confirm zero review of the totality of

the science and bust the industry myth that 5G will

bridge the digital divide. 

This PDF is hyperlinked.  

https://www.gao.gov/assets/gao-21-26sp.pdf
https://www.gao.gov/assets/gao-20-468.pdf
https://www.gao.gov/assets/gao-12-771.pdf
https://www.sec.gov/Archives/edgar/data/1053507/000105350716000018/amt1231201510k.htm
https://www.gao.gov/assets/gao-21-26sp.pdf
https://www.gao.gov/assets/gao-21-26sp.pdf
https://www.gao.gov/assets/gao-20-468.pdf
https://www.gao.gov/assets/gao-20-468.pdf
https://www.gao.gov/assets/gao-12-771.pdf
https://www.gao.gov/assets/gao-12-771.pdf


"Electromagnetic field exclusions” are clear and

common in most insurance companies. It is

applied as a market standard. This exclusion

serves to exclude cover for illnesses caused by

long-term EMF (non-ionizing radiation)

exposure." 
-﻿Complete Markets "Electromagnetic

Fields  Liability Insurance"

"Electro-magnetic signals emitted by mobile

devices and base stations may be found to

pose health risks, with potential impacts

including: changes to national legislation, a

reduction in mobile phone usage or litigation.”
-﻿Vodaphone 2017 Report ranks EMF as a

"Principal Risk with “High” impact. 

LEGAL & LIABILITY ISSUES
 5G, CELL TOWERS AND WIRELESS
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This PDF is hyperlinked.  For more on legal liability issues go to ehtrust.org

Swiss Re Institute (2019)
5G mobile networks are classified as a “high,” “off-the-leash” risk.

“Existing concerns regarding potential negative health effects

from electromagnetic fields (EMF) are only likely to increase. An

uptick in liability claims could be a potential long-term

consequence” and “[a]s the biological effects of EMF in general

and 5G in particular are still being debated, potential claims for

health impairments may come with a long latency.” 

Crown Castle 
"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.” 

Portland Oregon Public School Insurance
"Exclusions: This insurance does not apply to: Bodily injury,

personal injury, advertising injury, or property damage arising

directly or indirectly out of, resulting from, caused or

contributed to by electromagnetic radiation, provided that such

loss, cost or expense results from or is contributed to by the

hazardous properties of electromagnetic radiation.”

Verizon 10-K 
"our wireless business also faces personal injury and wrongful

death lawsuits relating to alleged health effects of wireless

phones or radio frequency transmitters. We may incur

significant expenses in defending these lawsuits. In addition, we

may be required to pay significant awards or settlements.”

Verizon Total Mobile Protection Plan (pg 10)
"Pollution" is 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 nonionizing radiation

and/or waste."

https://completemarkets.com/Electromagnetic-Fields-Utilities-Liability-Insurance/Storefronts/
https://completemarkets.com/Electromagnetic-Fields-Utilities-Liability-Insurance/Storefronts/
https://completemarkets.com/Electromagnetic-Fields-Utilities-Liability-Insurance/Storefronts/
https://completemarkets.com/Electromagnetic-Fields-Utilities-Liability-Insurance/Storefronts/
http://media.corporate-ir.net/media_files/IROL/77/77862/annual-reports/annual_report17/downloads/Vodafone-full-annual-report-2017.pdf
http://media.corporate-ir.net/media_files/IROL/77/77862/annual-reports/annual_report17/downloads/Vodafone-full-annual-report-2017.pdf
https://ehtrust.org/legal-liability-and-financial-risks-of-5g-wireless-and-cell-towers/
https://ehtrust.org/wp-content/uploads/Swiss-Re-SONAR-Publication-2019-excerpt-1.pdf
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://ehtrust.org/wp-content/uploads/Portland-Public-School-2017-18-Excess-Liability0D0A-policy-1.pdf
https://www.sec.gov/ix?doc=/Archives/edgar/data/732712/000073271220000014/a2019q410-k.htm
https://www.sec.gov/ix?doc=/Archives/edgar/data/732712/000073271220000014/a2019q410-k.htm
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf
https://ehtrust.org/wp-content/uploads/device-protection-brochure-nationwide.pdf


Cell Tower Companies Warn Shareholders of 
Risk From Cell Tower Radiation
Why Don't They Warn Families Living Near Cell Towers? 

Verizon 10-K Report
"our wireless business also faces personal injury and wrongful death

lawsuits relating to alleged health effects of wireless phones or radio

frequency transmitters. We may incur significant expenses in

defending these lawsuits. In addition, we may be required to pay

significant awards or settlements.”

Crown Castle 10-K Report
"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.” 

AT&T 10-K Report
"In the wireless area, we also face current and potential litigation

relating to alleged adverse health effects on customers or employees

who use such technologies including, for example, wireless devices.

We may incur significant expenses defending such suits or

government charges and may be required to pay amounts or

otherwise change our operations in ways that could materially

adversely affect our operations or financial results.”

T- MOBILE 10-K Report
"Our business could be adversely affected by findings of product

liability for health or safety risks from wireless devices and

transmission equipment, as well as by changes to regulations or

radio frequency emission standards."
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This PDF is hyperlinked.  For more on legal liability issues go to ehtrust.org

https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/ix?doc=/Archives/edgar/data/732717/000156276220000064/t-20191231.htm
http://d18rn0p25nwr6d.cloudfront.net/CIK-0001283699/bc54c43f-ee88-42d9-9393-807ec361b545.pdf
https://ehtrust.org/legal-liability-and-financial-risks-of-5g-wireless-and-cell-towers/


American Tower 10-K
"If a scientific study or court decision resulted in a finding

that radio frequency emissions pose health risks to

consumers, it could negatively impact our tenants and the

market for wireless services, which could materially and

adversely affect our business, results of operations or

financial condition. We do not maintain any significant

insurance with respect to these matters."

Nokia 10-K
"Although our products are designed to meet all relevant

safety standards and other recommendations and

regulatory requirements globally, we cannot guarantee we

will not become subject to product liability claims or be

held liable for such claims, which could have a material

adverse effect on us." 

Qualcomm 10-K
"If wireless handsets pose health and safety risks, we may

be subject to new regulations, and demand for our

products and those of our licensees and customers may

decrease."

Ericsson Annual Report
"Any perceived risk or new scientific findings of adverse

health effects from mobile communication devices and

equipment could adversely affect us through a reduction

in sales or through liability claims."
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Cell Tower Companies Warn Shareholders of 
Risk From Cell Tower Radiation
Why Don't They Warn Families Living Near Cell Towers? 

This PDF is hyperlinked.  For more on legal liability issues go to ehtrust.org

https://www.sec.gov/Archives/edgar/data/1053507/000105350716000018/amt1231201510k.htm
https://www.sec.gov/Archives/edgar/data/804328/000093639201500225/a76829e10-k.htm
https://ehtrust.org/legal-liability-and-financial-risks-of-5g-wireless-and-cell-towers/


“I am calling on my industry to bring safer technology to market. The current
implementation of technology is not safe. Take a good look at the science. This is about
our children’s future. Do not be lulled into believing that 25-year-old standards can
protect the youngest and most vulnerable. They simply cannot.”  
- Frank Clegg, Former President of Microsoft Canada, CEO of Canadians for
Safe Technology 

 “A moratorium is urgently needed on the implementation of 5G for wireless
communication.”
-Lennart Hardell, MD, PhD , advisory to World Health Organization
international Agency for Research on Cancer, Department of Oncology,
University Hospital, Örebro, Sweden (retired) , leads the Environment and
Cancer Research Foundation 

“The evidence indicating wireless is carcinogenic has increased and can no longer be
ignored. If the World Health Organization International Agency for Research on Cancer
were to meet to review all of the evidence, we believe the weight of evidence supports
a new determination- that wireless radiofrequency radiation is a human carcinogen.” 
-Anthony B. Miller MD, Professor Emeritus, Dalla Lana School of Public Health
of the University of Toronto. Former Senior Epidemiologist for the
International Agency for Research on Cancer and former Director of the
Epidemiology Unit of the National Cancer Institute of Canada 

“Most parents believe that cellphones were safety-tested before they came on the
market. We assume that our federal health and environmental agencies regularly
review the latest research and ensure that these incredible devices are safe. They do
not. Children are not little adults. As we sadly learned with early childhood lead
exposures leaving long-lasting impairments, the developing brain is particularly
susceptible.”
-Jerome Paulson, MD , Professor Emeritus, George Washington University,
Milliken School of Public Health, former Chair of American Academy of
Pediatrics Committee on Environmental Health 

“The exposure levels of the Federal Communications Commission are totally outdated
and do not protect the health of the public, especially of children. I urge you to take
strong and active steps to reduce exposure of children and staff to excessive levels of
radiofrequency EMFS within your schools."  
-David O. Carpenter, M.D. Director, Institute for Health and the Environment
University at Albany
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THE URGENT NEED FOR SAFER TECHNOLOGY 

EXPERT VOICES 



Insurers rank wireless, cell tower, and 5G RFR non-
ionizing electromagnetic radiation as a “high” risk,
comparing the issue to lead and asbestos.
Most insurance plans have “electromagnetic field
exclusions” and do not insure for long-term RFR
damages.
Wireless RFR and non-ionizing electromagnetic
radiation are defined as a type of “pollution” by
wireless companies themselves.
US mobile operators have been unable to get
insurance to cover liabilities related to damages
from long-term RFR exposure. 
Wireless companies warn their shareholders of RFR
risk but do not warn users of their products, nor do
the companies warn the people exposed to
emissions from their infrastructure.

An Uninsurable Risk?

LEGAL & LIABILITY ISSUES
 5G, CELL TOWERS AND WIRELESS

When a new cell tower or
wireless network is proposed the
first question to ask is "Do you
have insurance for damages
from long-term exposure to the
radiofrequency radiation (RFR)?"
Usually the answer is "No."
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Many communities have setbacks for cell towers and

small cells. 

Shelburne, MA: 3,000 feet for schools and 1,500 feet of

homes; no new wireless antennas in residential zones
Copake, NY: 1,500 feet from homes, schools, churches, or

other buildings containing dwelling units
Sallisaw, OK: No commercial wireless telecommunications

towers within 1,500 of homes.
Calabasas, CA: No “Tier 2” wireless telecommunications

facilities within 1,000 feet of homes and schools
Bedford, NH: 750 feet from residentially-zoned property
Scarsdale, NY: No wireless facilities within 500 feet from

homes, schools, parks, and houses of worship
Walnut City, California: 1,500 feet
Stockbridge, Massachusetts: 1,000 feet
San Diego County California: 1,000 feet (small cells)
Bar Harbor Maine: 1500 setback for schools 

School Boards
Palo Alto, California: School Board supports the City of

Palo Alto immediately establishing local municipal zoning

setback rules of 1500 feet or more from an operating

wireless transmitter and a school site.
West Linn-Wilsonville Oregon School Board prohibits cell

towers on school property.
Los Angeles California School District: Resolutions

opposing cell towers on school property and a cautionary

level" for radiofrequency radiation 10,000 times lower than

FCC limits.
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SETBACKS FOR CELL ANTENNAS
CITIES AND TOWNS WITH STRONG ORDINANCES

Bold blue on this PDF are hyperlinked.  For more setbacks go to ehtrust.org

https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://townofshelburne.com/files/A__Shelburne_Zoning_Bylaw_May_2018.pdf
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://ecode360.com/10553292?highlight=telecommunications&searchId=17657111061637777#10553292
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://library.municode.com/ok/sallisaw/codes/code_of_ordinances?nodeId=PTIICOOR_CH20CETO
https://library.municode.com/ok/sallisaw/codes/code_of_ordinances?nodeId=PTIICOOR_CH20CETO
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://library.municode.com/ca/city_of_calabasas/ordinances/code_of_ordinances?nodeId=1079801
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://ecode360.com/14330646
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://ecode360.com/SC0993/laws/LF1477994.pdf
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://ehtrust.org/wp-content/uploads/Walnut-CA-Telcom-Setbacks-1.png
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://us-east-2.protection.sophos.com/?d=stockbridge-ma.gov&u=aHR0cHM6Ly9zdG9ja2JyaWRnZS1tYS5nb3Yvd3AtY29udGVudC91cGxvYWRzLzIwMTcvMTAvVE9XTi1PRi1TVE9DS0JSSURHRS1NQVNTQUNIVVNFVFRTLVpvbmluZy1CeWxhd3MtMjAxNy5wZGY=&i=NWViOWEzNmRkMDA3MzIxNzcxMzI5ZTkw&t=R1VtbURyL1FLN1N4WmxqemVId0poMDZqWjM4Ump5OUU0R1huTVllcm0wWT0=&h=13fe30cb5f1d47e9afed5781e0733867
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sandiegocounty.gov/content/sdc/pds/advance/smallcellwirelessfacilities.html
https://www.sandiegocounty.gov/content/sdc/pds/advance/smallcellwirelessfacilities.html
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://ecode360.com/8375391?highlight=communications,communities,community,for,setback,setbacks&searchId=19759516380187239#8375391
https://ecode360.com/8375391?highlight=communications,communities,community,for,setback,setbacks&searchId=19759516380187239#8375391
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://mdsafetech.files.wordpress.com/2020/02/palo-alto-unified-school-district-resolution-on-cell-tower-setbacks-2019.pdf
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.sec.gov/Archives/edgar/data/1051470/000105147018000082/cci10-k123117.htm
https://www.oregonlive.com/news/2008/09/west_linnwilsonville_school_bo.html
https://www.oregonlive.com/news/2008/09/west_linnwilsonville_school_bo.html
https://www.oregonlive.com/news/2008/09/west_linnwilsonville_school_bo.html
https://ehtrust.org/wp-content/uploads/LAUSD_Resolution-2009-MOTIONSRESOLUTIONS-PRESENTED-TO-THE-LOS-ANGELES-CITY-BOARD-OF-EDUCATION-FOR-CONSIDERATION.pdf
https://go.boarddocs.com/ca/pausd/Board.nsf/files/BCVBYV7D50B9/$file/CellTowerResolutionNo.2018-19.19.pdf
https://go.boarddocs.com/ca/pausd/Board.nsf/files/BCVBYV7D50B9/$file/CellTowerResolutionNo.2018-19.19.pdf
https://go.boarddocs.com/ca/pausd/Board.nsf/files/BCVBYV7D50B9/$file/CellTowerResolutionNo.2018-19.19.pdf
https://go.boarddocs.com/ca/pausd/Board.nsf/files/BCVBYV7D50B9/$file/CellTowerResolutionNo.2018-19.19.pdf
https://go.boarddocs.com/ca/pausd/Board.nsf/files/BCVBYV7D50B9/$file/CellTowerResolutionNo.2018-19.19.pdf
https://ehtrust.org/legal-liability-and-financial-risks-of-5g-wireless-and-cell-towers/
https://ehtrust.org/usa-city-ordinances-to-limit-and-control-wireless-facilities-small-cells-in-rights-of-ways/


American Academy of Pediatrics Webpage Excerpts 



The 2022 study "Measurements of radiofrequency electromagnetic fields, including 5G, in the city of

Columbia, South Carolina, USA" published in World Academy of Sciences Journal authored by Tarmo

Koppel and Lennart Hardell MD of the Environment and Cancer Research Foundation found the highest

RF exposure readings were registered close to cell phone base station antennas mounted on top of utility

poles, street lamps or traffic lights. 

Close Range 
Exposure

Close Range 
Exposure

Close Range 
Exposure















Trees in Bamberg and Hallstadt in the radiation field of 65 mobile phone base stations

                       Examples from a documentation about 700 trees (2006-2016)

                                         A  Tree Damages beginning on one side

The trees of the Bamberg-Documentation are numbered from 1 to 700.
Those trees which are part of the study „Radiofrequency radiation injures trees around                   
mobile phone base stations“ (Science of the Total Environment 572 (2016) 554-569)                         
have a second, red number.    

                                                                                   

Tree names Tree species No No. Addresses Years of
document.

fel
led

pa
ge

Maple Acer platanoides 1 71 Railway station 2009-2013 3

Maple Acer platanoides 2 56 Hauptsmoorstr. 26a 2008-2012 4

Maple Acer platanoides 3 234 Berliner Ring 2013-2015 5

Maple Acer platanoides 4 150 Katzenberg 2010-2011 6

Maple Acer platanoides 5 304 P&R Heinrichsdamm 2008-2016 7

Maple Acer platanoides 12 658 Hallstadt, LichtenfelserStr. 2008-2015 9

Maple Acer platanoides 14 642 Hallstadt, Cemetery 2008-2016 11

Hornbeam Carpinus betulus 17 181 Hauptsmoorstr. 85 2011-2012 12

Lime tree Tilia sp. 28 673  Hotel Residenzschloss 2010-2015 13

Lime tree Tilia sp. 38 668 Hallstadt, Marktplatz   2009-2015 14

Chestnut Aesculus hippocast. 35 240 Franz-Ludwig-Straße 2008-2012 15

Locust tree Robinia pseudoacacia 36 290 Gutenbergstraße   2008-2015 16

Mountain ash Sorbus occuparia 38 158 Hezilostraße  2010-2016 X 17

Box elder maple Acer negundo 39 193 Kindergarten St. Heinrich  2012-2014 18

Walnut tree Juglans regia 41 675 Garden of St. Michael 2012-2015 19

Tree of life Thuja occidentalis 47 118 Cemetery Gaustadt 2009-2012 20

Tree of life Thuja occidentalis 48 309 Ottostraße 2011-2013 X 21

Douglas fir Pseudotsuga menziesii 56 24 B22/Strullendorfer Straße 2007-2014 22

Lime tree Tilia sp. 13 Am Kranen 2006-2011 23

Lime tree Tilia sp. 534 Klosterhof St. Michael 2007-2012 24

Chestnuts Aesculus hippocast. 533 Altenburg Castle 2007-2009 26

Lime tree Tilia sp. 203 Am Hahnenweg 2007-2013 27

Birch Betula pendula 204 Am Hahnenweg 16 2007-2016 28

Chestnut Aesculus hippocast. 51 Schützenstraße    2008 X 29

  1



Montain ashes Sorbus occuparia 14 Breitäckerstraße     2008-2014 X 30

Spruce trees Picea 538 Zollnerstraße 2008-2016 X 32

Maple Acer platanoides 59 Robert-Bosch-Straße  2008-2013 X 34

Maple Acer platanoides 60 Hauptsmoorstr. 67 2008-2011 X 35

Conifer Conifer 165 Dr.-Rattel-Straße 2008-2016 37

Lime tree Tilia sp. 226 Residenzstraße/Ottoplatz 2008-2013 38

Poplar Populus nigra 95 Am Regnitzufer 2008-2016 X 40

Oak Quercus 94 Bridge in Bug 2008-2014 41

Birch Betula pendula 252 Grounds of horticult. show 2009-2015 X 42

Birches Betula pendula 203 Am Hahnenweg 2009-2016 X 43

Walnut Juglans regia 186 Schoolyard Gangolfschool 2009-2014 X 44

Lime tree Tilia sp. 355 Garden Heidelsteigschool 2009-2013 45

Birches Betula pendula 231 Bank of the river Regnitz 2009-2013 X 46

Hornbeam Carpinus betulus 535 Hainstraße/Sodenstraße 2009-2014 47

Alders Alnus 143 Campsite in Bamberg-Bug 2009-2013 X 48

Maple Acer platanoides 145 Playground at the hospital 2010-2014 49

Silver maples Acer saccharinum 146 Meadow at the hospital 2010-2014 50

Locust tree Robinia pseudoacacia 164 Don-Bosco-Straße 2010-2013 X 51

Lime tree Tilia sp. 275 Campsite in Bamberg-Bug 2010-2014 X 52

Pine Pinus 170 Babenbergerring 2011-2012 X 53

Chestnut Aesculus hippocast. 410 Beer garden Mahr's-Bräu 2011-2014 X 54

Beech Fagus sylvatica 254 Grounds of horticult. show 2012-2016 55

Lime tree Tilia sp. 217 Schönleinspl./Promenade 2013-2014 56

Maple Acer platanoides 427 Babenbergerring 2014-2016 58
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                                 Maple, parking-lot at the railway station (2009-2013)                                     

                                           View from the east
On 27 July 2009 the difference between the two sides was striking. The leaves on the left side had 
brown margins, the leaves on the right side were green.

                           
In 2010 the side difference was visible already on 3 July. Southwards (left) visual contact to phone 
masts Ludwigstr. 2 (275 m) und Ludwigstr. 25 (190 m). Phone mast Heiliggrabstr. 15 (280 m)
westwards was hidden behind trees at that time.  

Measurements on 30 May 2012 standing at the top of a ladder: south side 970 µW/m² (0.60 V/m), 
north side130 µW/m² (0.22 V/m). On 5 Aug. 2013 the maple had already lost leaves on the left side.

 970 µW/m²                                                                                                        130 µW/m²

71

 Measurement on                                                                                                                 Measurement on
 the left side in                                                                                                                     the right side in
 a height of 3 m                                                                                                                    a height of 3 m

09/07/27

10/07/03

12/05/30                                                                13/08/05                               12/05/30
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                                               Maple, Hauptsmoorstr. 26a (2008-2012)

                                                                            View from the west
                                                                       In May 2012 the damage had increased on the left side.
                                                                       The right side showed no damage.                                  

On 30 May 2012  measurements were carried out with the EMF-broadband analyzer HF 59B           
(27 MHz – 3300 MHz), UBB27_G3, from Gigahertz Solutions (measurement of the sum, peak 
values of power flux density in µW/m²). Value left side: 680 µW/m², value right side: 80µW/m². 
This difference can be explained by attenuation within the tree. A part of the RF-EMF is absorbed 
from the leaves, a part is reflected, scattered and diffracted. 

                  680 µW/m²                                                               80 µW/m²

680 µW/m²                                                 80 µW/m²

12/05/30                                                               12/05/30

On 8 June 2008 it was noticed, that 
the northern side of a group of maples 
(on the right) was damaged. It was the 
side facing the mobile phone antennas 
situated on the building. Side beams 
of the sector antennas reach the maples.

56                08/06/08                                                                                                            12/05/30
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                                                Maple, Berliner Ring (2013-2015)

          View from the east
On 13 May 2013 crown transparency was observed in the upper left section.
Phone mast Pödeldorfer Straße 144 (height 23 m, 18 sector antennas) in a distance of 77 m.

On 7 June 14 dead branches were seen in the upper left section. Leaves on the left side were brown.

On 4 June 15 the damage had increased. Measurements were carried out on 14 June 2015. 

234

290 µW/m²2100 µW/m²

13/05/13

14/06/07

 15/06/04
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                                           Maple at the Cathedral square (2010-2011)

Postcard: View from St. Martin to the Cathedral, the New Residence, Altenburg and the maple 

Since 2008 early browning on the eastside.                       Since 2011 severe crown damage.

Visual contact to phonemast Grüner Markt 23 (440 m).    Broken branches besides passing tourists.

150a

2300 µW/m²

150                                            10/08/10                                                                               11/08/02

      12/05/25                                                                             11/07/07
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                                             Maple, P&R-Heinrichsdamm (2008-2016)

                                   View from the west
On 29 August 2008 crown transparency in the upper right section was remarked. Visual contact to 
phone mast Heinrichsdamm 33 a (height 17 m, 6 sector antennas) in a distance of 177 m was given.

On 25 September 2009 the maple had lost its leaves in the upper right section too early in the year.

On 25 August 2010 some little branches were dead.

177 m

 304 08/08/29

09/09/25

10/08/25
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On 23 July 2014 more branches died off. Birch with crown tranparency in the background. 

On 30 July 2015 dead branches on the south side had been cut. The birch had already lost leaves.
The phone mast had been enlarged (12 antennas). Measurements with the help of a  telescopic rod. 

On 1 July 2016 the dead birch had been felled. The injury to the maple will go on.

3600 µW/m²290 µW/m²

16/07/01

177 m

  14/07/23

15/07/30
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                                     Maple, Hallstadt, Lichtenfelser Straße (2008-2015)

View from the west                                                                                   View from the east
The lime tree on the left is shielded, the maple on the right is exposed. Damage on the exposed side.

View from the west                                                                                     View from the northwest
In May 2011 the situation was similar.                                         Dead twigs and branches on the top.

View from the west 
In September 2015 the lime tree has dense, green foliage but the maple is brown and has lost leaves.

658                                                                                  08/07/14                                         08/07/14

   11/05/05                                         11/05/05  

15/09/14
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View from the northwest                                           View from the north
                                                                                  In May 2011 dead twigs and branches on treetop
                                                                                  and on the northeast side, facing the antenna.      

                                  View from the northwest                                                                                      
On 14 September 2015 the difference between the northeast side and the southwest side is 
considerable. The measurements were done with the help of a telescopic rod.

     11800 µW/m²                                                                                      400 µW/m² 

26 m

658                                            09/09/26                                                                         11/05/05

15/09/14
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                                             Maple, Hallstadt, cemetery (2008-2016)

                               View from the southeast
On 27 June 2008 dead branches were observed on the left side of the maple. Visual contact was 
given to phone mast Landsknechtstr. 23 (height 14-17 m, 6 sector antennas) in a distance of 142 m.

                                View from the west
On 5 october 2015 parts of the left side had been cut off. In the middle the tree was transparent and 
brown. The right side had dense, green foliage. Measurements with the help of a telescopic rod.

Numerous trees in and around the cemetery have been felled in the last years - again in winter 2015.

3380 µW/m² 500 µW/m²

  142 m

642                                                                     08/06/27

15/10/05

16/03/14
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                                           Hornbeam, Hauptsmoorstr. 85 (2011-2012)

                                               View from the northeast
                                                                                                
On 8 July 2011 leaves on the left (southeast) side of the hornbeam had brown margins. 
Visual contact was given to phonemast Hauptsmoorstr. 26a in a distance of 450 m.

View from the northwest
Scale mW/m²                                                                                             Scale mW/m²                       
Measurement on the southeast side,                                             Measurement on the northwest side,
visual contact to the phonemast.                                                   no visual contact to the phonemast.
On 23 May 2012 measurements were carried out 
Measured value southeast side: 1100 µW/m², northwest side: 0 µW/m². 

181

450 m

 Detail from the upper crownMobile phone site
Hauptsmoorstr. 26 a
with 18 sector antennas

 1110 µW/m²                                                                                               0 µW/m²

  11/07/08                                                           11/07/08                                         11/07/08

12/05/23

12



                                           Lime tree, Hotel Residenzschloss (2010-2015)

View from northeast over lime to the former             Looking from northwest the difference between
Monastery St. Michael with phonemast                     the left and the right side was sharp.

On 20 August 2014 the left side was green. The           In 2015 the situation was similar.
right side and the top were brown or leafless                Measurements were done on 25.09.15.           

140 m

 170 µW/m²                                                   660 µW/m²

673      10/10/06                                                                         13/09/06

    14/08/20                                                                       15/09/25
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                                       Lime tree, Hallstadt, Marktplatz (2009-2015)

View from the south                                                   View from the southwest
On 26 September 2009 the lime tree was brown        From the east side visual contact to phone mast
on its right (east) side.                                                 Lichtenfelser Str. (height 16 m, 6 antennas) 
                                                                                     in a distance of 354 m

On 24 September 2015 the right side was                 On 9 October 2015 the right side was leafless. 
brown and had already lost leaves. .                          The phone mast had now 18 sector antennas. 

 

420 µW/m²                                                  3800 µW/m²

   354 m

668                                       09/09/26                                                                      09/09/26

15/09/24                                                                      15/10/09
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                                   Chestnuts, Franz- Ludwig- High school (2008-2012)

                                 View from the west
In August 2008 the first chestnut was brown and on treetop leafless; the second chestnut was green.

In 2010 the first chestnut had lost already many leaves. The browning began at the leaf margins.

Measurements on 30 July 2015 in front (west) of chestnut 1: 400 µW/m², behind (east): 20 µW/m².
Visual contact from the first chestnut to phone mast Grüner Markt 23 (height 35 m, 23 antennas).

      

240

    470 m

      
08/08/17

09/08/10

12/08/14
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                                            Locust tree, Gutenbergstraße (2008-2015)

                               View from northeast
On 29 August 2008 the beginning difference between the left (southeast) and the right side (north-
west) was observed. Visual contact to phone mast Gutenbergstraße (height 39-46 m, 22 antennas).

On 1 August 2012 branches in the upper part of the right side were dead

On 14 July 2015 measurements in a height of 3 m had been carried out with the help of a ladder.

332 m

1300 µW/m²  40 mW/m²

      
290  08/08/29

   12/08/01

15/07/14
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                                             Mountain ash, Hezilostraße (2010-2016)

                                       View from the east
In August 2010 the remarkable side difference was noticed.                              Altenburg Castle with
Visual contact to the Altenburg Castle in the north was given (distance 555 m). 17 sector antennas

                                       
In 2012 the side difference was seen already in May. The left (southern) half had dense foliage.   
The right (northern) half showed defoliation. Measurements were carried out on 29 May 2012.

In 2014 the whole mountain ash was tranparent and partly leafless               In May 2016 the tree
already in July. Damages at other  trees in this southwestern part                  had been cut down.
of Bamberg had increased also.    

158

   555 m

   10/08/22                           10/06/22

12/05/29                                                                      12/05/29                           12/05/29

Measurement on the
left side: 8.2 µW/m²
(scale µW/m²)

 Measurement on the 
 right side: 83.9 µW/m²
 (scale µW/m²)

  14/07/16                             16/05/12
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                     Box elder maple, Kindergarten St. Heinrich, Pödeldorfer Straße (2012-2014)

                                              View from the northwest
                                              This Box elder maple in the garden of Kindergarten
                                              St. Heinrich had severe damage on the left side.

 In summer and in autumn 2013 the gardener had cut off several branches.

                                       
Visual contact was given to phonemast Pödeldorfer Str. 144 in a distance of 125 m. 

310 µW/m²

193

     Measurement on the 
     opposite side.

 125 m

 3060 µW/m²

12/05/31

13/05/10

14/05/07

Measurement on the side of the tree,
which is facing the phone mast.
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        Walnut tree, Garden of the former Benedictine monastery of Michelsberg (2012-2015)      

                                          View from the southwest
                                          On 12 July 2012 the walnut tree showed severe crown tranparency.

                                       
                                       On 6 June 2014 many branches on the north and on the east side were dead.

                                     On 25 September 2015 the walnut tree had leaves only on its southwest side.
On the Concert and Congress Hall the number of sector antennas had increased from 6 up to 21.

190 m

 4500 µWm²                                                       590 µW/m²

675                                                            12/07/18

14/06/06

15/09/25

Concert and Congress
Hall of the „Bamberg
Symphony Orchestra“
with phone mast

16/07/06
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                                            Tree of life, Cemetery Gaustadt (2009-2012)

View from the southwest
On 25 August 2009 the unilateral damage of                  On 13 August 2010 the damage was similar.
the tree of life was observed. From the right                   On the cemetery and in the surrounding
side visual contact is given to phone mast                       gardens numerous trees and shrubs with      
Breitäckerstr. 9 (height 27 m, 12 antennas).                     severe crown damage were found. 

On 25 April 2012 the power flux density on the left side was in the range between 30 and 130 
µW/m², on the right side between 360 und 1600 µW/m². The tree attenuates the radiation.

30 µW/m²                                                                                                          910 µW/m²

 108 m

118 09/08/25                                                                             10/08/13

  12/04/25                                                            12/04/25                                     12/04/25
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                        Pine tree, tree of life and maple, Ottostraße (2011-2013)  

View from the southwest to pine tree, tree of life and maple. On 16 June 2011 the leaves on the 
south side of the maple had brown margins, the south side of the tree of life was leafless and the 
south side of the pine tree had lost many needles.
Visual contact was given to phone mast Hainstr. 39 (height 18 m, 6 antennas) in a distance of 395m.

On 11 September 2013 the damages of the tree of life and of the maple had increased.                    
The phone mast had been enlarged up to 21 sector antennas. Measurements were                              
carried out at the tree of life in 2015. South side: 120 µW/m², north side 10 µW/m². 

120 µW/m²

309

Leaves of the maple

11/06/16                                   11/06/16

  13/09/11                                 14/04/16

395 m

21

View from the trees
to the phone mast
in the south



                                        Douglas fir, B22/Strullendorfer Straße (2007-2014)

 
View from the south to the Douglas fir and                View from the southeast to the Douglas fir.
phone mast Gutenbergstr. 20. On 24 July 2007          The tree had lost its needles in the upper part    
an unusual distribution of damage was seen.              and on the right side.

Increase of needle loss.                                                 Needles only in the lower quarter on the left.
Heat, frost, drought, compaction and sealing of the soil, road salts, air and soil pollutants, diseases  
or pests cannot explain this “three-quarter-illness”. RF-EMF from phone mast Gutenberstr. 20 
(height 39- 46 m, 22 sector antennas) reach the Douglas fir. Measurements on 27 September 2015.

      

24

356 m

1720 µW/m²    60 µW/m²

24                                                   07/07/24                                                                         09/02/19

    11/09/26                                                                        14/09/29
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                                                 Lime tree, Am Kranen (2006-2011)

View from the south
In Sept. 2006 a difference between left and right         On 5 September 2007 the difference between 
side was noticed. The right side was brown and           left and right had increased.
partly leafless; the left side green with dense foliage

                                                                                                                                               
On 26 Sept. 2009 branches on the right were dead.     On 17 Sept. 2011 dead parts had been cut off.
RF-EMF from phone mast Grüner Markt 23 (height 28- 35 m, 23 sector antennas) reach the tree.

ca. 200 m

13                                      September 2006                                                                        07/09/05

  09/09/26                                                                         11/09/17
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                                            Lime tree, Michelsberg Monastery (2007-2012)

            View from the west
On 12 Sept. 2007 beginning crown tranparency was seen. Some leaves turned yellow too early.
A phone mast is situated in the roof of the former monastery. The RF-EMF hit the lime tree.          
The chestnut in the background, which is located in a radio shadow, is still green

On19 August 2012 holes were noticed in the upper crown. The chestnut was healthy.

534 07/09/12

  12/08/19

24



                                 View from the south
On 12 September 2007 the view from the south showed a difference between the left and the right 
side in the upper part  The leaves on the right side on top were already brown.

 
On 2 October 2009 the differences between left and right and top and down were more pronounced.

On 19 October 2011 it was visible that branches had been cut. There were no construction works     
which could have injured the roots. In the year 2005 three sector antennas were added to the exist-
ing Nondirectional antenna. The Lime tree stands in the radiation field of the 230°- sector antenna.  

ca. 85 m

07/09/12

09/10/02

  11/10/19

25



                                             Chestnuts, Altenburg (2007-2009)

                                                                                               Altenburg tower with 17 sector antennas
On 12 Sept. 2007 the difference between the two chestnuts was noticed.      and directional antennas

On 30 August 2008 chestnut left was green, chestnut right yellowish brown (leaf margins brown).

On 20 Oct. 2009 chestnut left still had leafs. Chestnut right was leafless. The chestnut on the right is
probably hit by side beams. She attenuated radiation and protected the chestnut left from RF-EMF.

 533

main beam

  side beams

07/09/12                                                                  08/06/10

       08/08/30

   09/10/20

26



                                 Lime tree, Am Hahnenweg/Würzburger Straße (2007-2013)

View from the north                                                   View from the south
The early loss of leaves on the west side was            In the year 2010 the  brown colouring and the 
noticed. From the west (Altenburg) RF-EMF            loss of leaves on the west side were observed 
reach the tree. Additionally directional radio             already on August 22. 
link crosses here.                                                        On the west side branches hat been cut              

                                                                                                                                                    
On 14 August 2011 it was noticed, that dead        On 30 Sept.2013 left side leafless, right side leafy.
twigs and branches had again been cut off.           Nearby a further phonemast was installed in 2014.

203

 ca. 1,1 km

07/09/18                                                                        10/08/22

  11/08/14                                                                       13/09/30

14/11/05
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                                        Birch and Conifer, Am Hahnenweg (2007-2016)

View from the south                                                      View from the south
On 18 September 2007 the birch had already               In the following years damage in the upper
lost many leaves.                                                           part of the birch was observed.

View from the southeast                                                View from the northeast
In February 2011 dead parts on the top had been re-    This perspective shows that the damage 
moved. The tree on the northwest side had been cut     has begun on the side which is oriented    
down. The tower of the Altenburg is visible.                 towards the Altenburg (distance 1040 m)     
The conifer had lost needles on the exposed side.         with 17 sector antennas.

204

           1040 m

      07/09/18                                                                       10/06/22

    11/02/11                                                                       16/07/07
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                    Chestnut, Schützenstraße/Busstop Sodenstraße (May- October 2008)

In May 2008 the chestnut had grown no                       In July some leaves were already brown.        
leaves on its left side.                                                    One dead branch had been cut off.
Visual contact was given to phone mast Hainstr. 39, which started operating in 2007. 

In August 2008 the whole chestnut was brown.            In October 2008 the chestnut had been felled.
                                                                                                                                                    

ca. 50 m

 51        08/05/15                                                                         08/07/08

    08/08/19                                                                          08/10/22

07/08/31
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                                    Mountain ashes, Breitäckerstraße (2008-2014)
                                   

View from the northwest
On 7 June 2008 the difference between the                     On13 August 2010 the difference had 
two mountain ashes in a garden was noticed.                  increased. Many branches of the ash on the 
                                                                                          right were dead. The ash was felled.

As a result the ash on the left was not                             In the summer 2014 the second mountain     
shielded anymore. On 31 August 2013 the                      ash had been felled too..                                
left ash had died back also.

110 m

14                                                 08/06/07                                                                            10/08/13

 13/08/31                                                                             14/08/06

 30



This difference between the two mountain ashes in 2008 can be explained by the attenuation of 
radiation through leaves. In the year 2008 a great amount of the RF-EMF was absorbed from the 
ash on the right and reflected, scattered or diffracted. Therefore the exposure of the ash on the left 
was initially much lower than the exposure of the ash on the right. However, after the ash on the 
right hat been felled, the radiation increased considerably. 
In the garden numerous other decidous trees and conifers showing damage were found. In the 
southern property line which is close to phonemast Breitäckerstr. 9, a gap in the tree population had 
occured already in 2007. Measurement in the garden on 22 November 2004: 1400 µW/m². 
The phonemast is situated in a distance of 110 m from house and garden of a family with four 
children. The whole family suffered since 2000 from unexpainable symptoms.

Phone mast Breitäckerstraße 9 (07.07.10): height 25,7 m – 26,8 m, 12 sector antennas (2 x 30°, 60°,
95°, 2 x 150°, 180°, 215°, 2 x 270°, 300°, 335°) und directional radio.
         

                 Aerial picture, H. Dietz, NürnbergLuftbild

View from southwest to the cemetery of Gaustadt and the phone mast Breitäckerstr. 9 (yellow).        
The effects on trees could already be recognized through the early yellowing in the year 2004. 
The mountain ashes, which have been cut down meanwhile, are marked red.

 29.09.04

12/04/17

04/09/29
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                                  Spruce trees and birch, Zollnerstraße (2008-2016)

                                  View from the southwest
In June 2008, the spruce, which was closer to the phone mast (distance of 55 m), lost many needles 
in the upper part. The birch did not grow upwards. 

In July 2011 the loss of needles had increased. The birch did not prosper.

In August 2013 most needles had gone. The phone mast was enlarged. Measurement: 3280 µW/m².

538 08/06/08

11/07/08

13/08/29
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                                  In April 2014 the situation was similar.

                                 In April 2015 the spruce on the right had been felled.                            

In May 2016 the birch had died off. The spruce on the left began to loose needles.

14/04/16

15/04/29

16/05/09
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                                          Maple, Robert-Bosch-Straße (2008-2013)

View from the south
In June 2009 the damage on the right (east)           In 2009 the damage had increased.  
side and on the top was noticed.                             The distance to the phone mast was 320 m.

In 2011 further decline. In July 2012                     Later in 2012 the maple was felled.                      
the dead branch broke during a storm.                   Large parts of the Virginia Creeper on the east      
Measurement on 21.07.12: 1680µW/m².               side of the house died off.

320 m

59

Phone mast
Robert-Bosch-
Str. 40
Height 30 m,
9 antennas

    08/06/30                                                                   09/06/12

    11/09/01                                                                13/05/01
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                                                 Maple, Hauptsmoorstraße (2008-2011)

View from the northeast
In July 2008 the unilateral damage of the                         The dead branches had been cut off. 
maple tree was seen. Visual contact was given                On 7 August 2010 the leaves on the left       
to the mobile phone site Hauptsmoorstr. 26a.                   side were brown.           

The maple tree showed even without leaves                    Road safety was not ensured anymore         
that damage had taken place.                                            because of the asymmetrical shape.
                                                                                          In spring 2011 the maple tree was felled.

280 m

 60                                                 08/07/08                                                                          10/08/07

                                                      11/02/05                                                                            11/06/03
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View from the crossing Hauptsmoorstraße/ Seehofstraße on the damaged maple tree to the right, 
mobile phone site Hauptsmoorstr. 26 a and two conifers with growth disturbance on the top. 
Mounting height: 26,6 m – 31,1 m, eighteen sector antennas (3 x 0°, 2 x 60°, 95°, 3 x 120°, 140°, 
180°, 215°, 3 x 240°, 270°, 300°, 335°). 
Around this mobile phone site numerous tree damages in gardens often beginning on the side, 
which was facing the antennas, were documented since 2008. All existing trees were affected: pear, 
cherry, walnut, birch, lime tree, beech, oak, hornbeam, field maple, tree of life, yew, sugarloaf 
spruce and various conifers. Only in the radio shadow of buildings one could see healthy trees.
More trees around this site: pages 80, 81, 195, 222, 252, 371-380,  498, 499, 569, 608, 623, 636.    

View from the west
Unilateral damaged cherry tree in Benkertstraße      Phone mast Hauptsmoorstr.(H), sites of exposed
with visual contact to the phone mast.                       trees (green), of trees in radio shadow (white).

280 m

110 m

612

08/06/08
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                                    Conifer, Dr.-Rattel-Straße/US-Army (2008-2016)

View from the northeast

On 8 July 2008 this unilateral damage                                Over eight years only a slight increase      
pattern of a conifer was perplexing.                                    of the damage appeared.                            
                                                                                      

      View from the east
                                                                                                                                                                
From the conifer on the left visual contact to the phone mast Haupstsmoorstr. 26a is given.

    192 m

165                                           08/07/08                                                                                16/04/04

11/02/05
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                                       Lime tree, Residenzstraße/Ottoplatz (2008-2013)

View from the southeast
On 18 August 2008 loss of leaves and brown colouring       In the following time the asymmetrical
was noticed. Only on the left green leaves were seen.          damage pattern in the crown increased.  
     

 
In 2011 dead branches on the eastside had been cut       In 2013 the situation was similar.
off. On 7 July the tree had already lost many leaves.                                                                             
From the east RF-EMF of several phone masts reach the tree (see map).                                             

ca. 495 m

226                                                08/08/18                                                                          10/08/09

   11/07/07                                                                          13/08/02
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Detail from City map Bamberg with Cathedral square, Michelsberg, Concert Hall, Center, 
Schranne, Wilhelmsplatz and a part of the Haingebiet. The sites of the phone masts (yellow), the 
main beam directions of the sector antennas (black), sites of exposed trees (green) and sites of trees 
in the radio shadow of buildings were added (base of the map: City map Bamberg, 23. edition, 
Städte-Verlag E. v. Wagner & J. Mitterhuber).

View from the southwest
View from the Rosengarten over the lime tree              On 21 Sept. 2008 the lime tree in the court     
to phone mast Grüner Markt 23.                                    of the  former Dominican Monastery (now    
On its westside the lime tree was still green.                 Schlenkerla) had still dense foliage. The tree
Measurement on 12 July 2010: 3830 µW/m²                 is shielded by the sourrounding buildings.  
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                                             Poplar, Am Regnitzufer (2008-2016)

View from the north to poplar and elder.                        View from the northwest. On 24 Sept. 09 the
On18 August 08 the poplar was yellow on the left side. poplar had lost many leaves on the left side. 
Visual contact is given to phonemast Gutenbergstr. 20 in a distance of around 2 km,

On the left side branches had been cut. In the              Because of the asymmetrical shape road          
following years the crown grew asymmetrically.         safety was not ensured anymore. 
On 22.09.13 the elder had already lost most leaves.    In winter 2015 the poplar was felled.

ca. 2 km

95        08/08/18                                                                      09/09/24

  13/09/22                                                                      16/04/08
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                                              Oak, Brigde in Bamberg-Bug (2008-2014)

                                     View from the northwest
In Oct. 2008 differences concerning defoliation between left and right side and between upper and 
lower part of the oak were noticed. From left (northeast) radiation of phone mast Gutenbergstr. 20.

In May 2010 crown transparency on the left side and on the top

In July 2014 some branches on the left side and on the top had died off.

ca. 2 km

94
      

08/10/22

10/05/25

14/07/24
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       Birch, Allotment garden Black bridge/grounds of horticultural show 2012 (2009-2015)

View from the northwest
Allotment garden Black bridge.                                   Horticultural show 2012, Port adventure path.
In June 2009 the unilaterally damaged birch               RF-EMF from three phone masts in the port.
was seen. More birches had already been felled.         reach the birch. Measurements along the path.

On 06 August 2014 the leaves had turned brown -      In winter 2014/2015 the birch had been felled.
probably as a result of putting into operation               
4 G (LTE Long-Term Evolution).

      

250 m

460 m

580 m

500- 4000 µW/m²

252                                                 09/06/11                                                                          13/08/14

  14/08/06                                                                          15/05/11
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                                               Birches, Am Hahnenweg (2009-2016)

View from the east
On 14 June 2009 a slight difference between               On 22 June 2010 the difference between the
the south and the north side of the birches was            two sides was clearer. Visual contact was    
visible. The growth of the conifer was disturbed.         given to the phone mast Altenburg (810 m).   

View from the southeast
On 29 May 2012 the unilateral damage and                From year to year it became worse.
the damage of the treetop had increased.                     In 2016 the birches had been felled.

150 µW/m²

203        09/06/14                                                                         10/06/22

    12/05/29                                                                       16/05/25                
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                                    Walnut, Schoolyard of the Gangolfschool (2009-2014)

View from the southeast
In June 2009 crown damage and a difference             In July 2011 branches on the right had died off.
between the left and the right side was seen.              RF-EMF from northeast (Ludwigstr. 25).

                                                                                                                                               
In August 2013 dead parts on the right and on top  In July 2014 the walnut was felled. Phone mast
had been cut off. But the right side was leafless.    Ludwigstr. 25: height 37 m, 3 (now 12) antennas.

186 312 m  09/06/21                                                                    11/07/21

    13/08/30                                                                 14/07/04
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                                    Lime trees, Heidelsteigschool (2009-2013)

                                   View from the southeast
In June 2009 the difference between the two lime trees on a meadow was perplexing because they 
stood under largely identical site conditions.

However, there is one difference: from the right RF-EMF from the phone masts Kantstr. 33 (height 
43 m, 9 sector antennas) and An der Breitenau 2 (height 28 m, 21 sector antennas) reach the trees. 
A great amount of the electromagnetic waves is absorbed from the lime tree on the right and 
reflected, scattered or diffracted. Therefore the exposure of the lime tree on the left is much lower.

On 17 Sept. 13 the lime tree on the right had already lost many leaves. Measurements on 1 Nov. 15.

355

666 m

965 m

170 µW/m²40 µW/m²

09/06/22

10/08/17

13/09/17
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                                     Birch trees on the bank of the river Regnitz (2009-2013)

    
                           View from the southwest to the eastbank of Regnitz. Crown transparency at both 
                           birches. The upper half of the left birch had severe damage. From the left side
                           (northwest) RF-EMF (main beams of two 130°- sector antennas) hit the left birch.
                           Phone mast Concert and Congress Hall: height 25 m, 6 sector antennas.

                     In August 2013 the left birch was felled. Crown tranparency at the right birch.
                     In 2014 the phone mast on the Concert hall had been enlarged  to 21 sector antennas.
                     In April 2016 it was shocking to see that more trees along the river had been cut down.

 

217 m

231                                                                                                             09/09/16

13/08/02

Concert and Congress
Hall of the „Bamberg
Symphony Orchestra“
with phone mast

16/07/06
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                                                                       Hornbeam, Hainstraße/Sodenstraße (2009-2014)

                                                                      View from the northwest
In 2007 the phone mast Hainstr. 39         In October 2009 a side difference at the hornbeam was 
started transmission.                                seen: left side almost leafless, right side with dense foliage.

                                                                In May 2013 the tree had grown only few leaves on the left.

In 2014 the mobile phone site had           In June 2014 branches had been cut off.
been enlarged from 6 to 21 sector antennas. Measured value: 2940 µW/m²      

535

 95 m

08/07/08  09/10/06

 13/05/21

 14/06/0614/06/06
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                                          Alders, Campsite in Bamberg-Bug (2009-2013)

             View from the south
In October 2009 two alders on the eastern side of a larger group of alders had died.
The dead alders (marked black) were felled in winter 2009/2010. From east RF-EMF are coming
from the phone masts Gutenbergstr. (2,3 km) and A 73 at Strullendorf (4 km), from the television 
station (also DVB-T) Kälberberg (10 km) and from the radio station (DAB) Geisberg (11 km).

In the following period the next alders died (purple).  In winter 2012/13 these were felled also.
Since 2004 severe tree damages occurred on the campsite. The damages increased rapidly. All  tree 
species were affected. Numerous trees were felled (p. 170, 367, 570, 585, 605, 629).

2,3 km

143

4 km

10 km

 11 km

09/10/20

  11/10/03                                                                        13/03/05
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                              Maple trees, Playground at the Hospital (2010-2014)

                               View from the northeast
Maple trees at the playground of the hospital. On 1 July 2010 the difference between the maple 
trees on the right and on the left was noticed.
Visual contact is given to the phone mast Altenburg Castle in a distance of 2 km.

On 2 August 2013 the maple tree on the right side was brown und had already lost leaves.

On 29 Aug.2014 the situation was similar. Additionally, new planted trees nearby did not grow well.

ca. 2 km
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View from the
Hospital over 
the playground
to the Altenburg.
Value at a wind-
ow: 88 µW/m²

Phone mast
Altenburg with
17 sector antennas 
and directional
radio (10/10/21)

     10/07/01                        08/06/10

 12/08/23                                                                                13/08/02

14/08/29
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                                       Silver maple trees, Hospital (2010-2014)

                              View from the northeast
Silver maples on the left of the playground above. On 1 July 10 crown tranparency at the two trees 
on the right, whereas the tree in the middle had dense foliage. The silver maple on the left had in 
turn sparse leafs. The reflections of the RF-EMF on the facade could be the cause (see figure).

On 23 August 2012 the impression was similar. Only the tree in the middle was in full leaf.

On 29 August 2014 furthermore, the trees don't develop well except the tree in the middle.  
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Main beam and 
side beams,
reflection on a 
building. Detail 
from „Mobilfunk“
STMUGV (2007)

   Tree on the right in another perspective

10/07/01                                10/07/01

12/08/23                                 12/08/23

14/08/29                                  14/08/29
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                                       Locust trees, Don-Bosco-Straße (2010-2013)

In Oct. 2010 considerable difference between the two trees.           Phone mast Margaretendamm 28
Locust tree on the right leafless; visual contact to phone mast.       (height 26 m, 6 sector antennas)   

View from the southeast 
In 2011 the locust tree on the right died off and was felled.                 Measurement: 2920 µW/m²

The second locust tree was felled in winter 2012/2013.                        The phone mast was enlarged.
Numerous trees in the radiation field of this phone mast are damaged or already felled     
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12 sector antennas

6 sector antennas
 280 m

       10/10/06                                                     10/06/26

     12/05/12                                                       10/10/06

    13/09/10                                                        13/05/29
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                                     Lime trees, Campsite in Bamberg-Bug (2010-2014)

View from the southwest                                    
On 12 Oct. 2010 the great contrast between                 On 3 Oct. 2011 the lime on the right was not 
the right and the left lime tree was noticed.                  brown, as in the year before, but transparent.
From the east RF-EMF are coming from the phone masts Gutenbergstr. (2,3 km) and A 73 at 
Strullendorf (4 km), from the television station (also DVB-T) Kälberberg (10 km) and from the 
radio station (DAB) Geisberg (11 km).

In 2013 branches had died and broke off.                    It is dangerous under the trees 

             4 km

           10 km

         11 km

         2,3 km

275                                            10/10/12                                                                             11/10/03

 13/04/27                                                                        14/09/15
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                                    Pine, Babenbergerring/Schlüsselbergerstraße (2011-2012)

View from the southwest                                              View from the southeast
In February 2011 loss of needles on the left              In July 2011 the pine had lost further needles.
side. On the right side many needles were brown.    Visual contact to phone mast Altenburg (632m).

View from the southwest                                               View from the southeast
In May 2012 the loss of needles had increased.            In August 2012 only a few brown needles
                                                                                       were left. Measurement: 250 µW/m²
                                                                                       In 2013 the pine was felled.

632 m

         11/02/11                                                                     11/07/05

   12/05/29                                                                       12/08/23
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                                    Chestnuts, Beer Garden, Mahr's-Bräu (2011-2014)

                                     View from the west
On 3 June 2011 the two chestnuts on the westside of the Beer Garden were brown. RF-EMF from    
the three phone masts Wilhelmsplatz, Theresienstraße and Erlichstraße interfere at this place.

On 20 Sept. 2012 the two chestnuts were leafless; the other chestnuts and a lime tree still had leafs.

On 25 August 2014 the stem of one chestnut was cut; the second chestnut was leafless.
The third chestnut began to turn brown. RF-EMF come not only from the west but also from the      
southeast through gaps between the buildings (distances 432 m, 622 m, 633 m).

410 11/06/03

12/09/20

  14/08/25                                   14/07/16
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                                 Beech, Southern part of horticultural show 2012 (2012-2016)

View from the southwest                                                View from the west
On 27 August 2012, during the horticultural show,  From this perspective the difference between the
crown transparency on the left side was observed.   north and the south side is better recognizable. 
RF-EMF from the northwest and the north (three phone masts in the port) reach the tree.

View from the west                                                         View from the west           
In June 2015 crown transparency had increased.            In July 2016 the beech was almost leafless.
In 2014/15 LTE (4 G) was added to many phone masts. A further phone mast started transmission.

254                                      12/08/27                                                                          13/09/06

    15/06/23                                                                          16/07/06
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                     Lime tree, Lange Straße/Südliche Promenade (July 2013 - April 2014)

View from the southwest
On 15 July2013 leaves turned yellow top left.    On 14 August 2013 the section top left was leafless.

                                                                                                                                                            
On 7 Sept.2013 the whole left side had turned brown. On 30 Sept. 13 the lime had lost many leaves.

    13/07/15                                                                      13/08/14

   13/09/07                                                                       13/09/30
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                     View from the south

View from the road intersection at the Schönleinsplatz to the lime tree behind the advertising pillar. 
In the background on the left a gap between buildings is visible.

View from the southeast                                                  View from the southwest

Looking from the southern end of the green area           In winter 2013/2014 branches had been cut.
at the Schönleinsplatz to the lime tree, a part of 
the phone mast Grüner Markt 23 is visible.
  

      

ca. 330 m

13/08/14

  13/08/14                                                                               14/04/07
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                                                 Maple, Babenbergerring (2014-2016)

View from the southeast
In July 2014 the upper right section showed damage.    In September 2014 many leaves had fallen.

                                                                                                                                                                
In August 2015 the damage was similar                    In July 2016 the damage had increased.
Visual contact is given to the phone mast Altenburg in a distance of 630 m.

     14/07/16                                                                       14/09/11

   15/08/04                                                                      16/07/07

630 m

427
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Abstract. During the use of handheld mobile and cordless 
phones, the brain is the main target of radiofrequency (RF) 
radiation. An increased risk of developing glioma and 
acoustic neuroma has been found in human epidemiological 
studies. Primarily based on these findings, the International 
Agency for Research on Cancer (IARC) at the World Health 
Organization (WHO) classified in May, 2011 RF radiation at 
the frequency range of 30 kHz‑300 GHz as a ‘possible’ human 
carcinogen, Group 2B. A carcinogenic potential for RF radia‑
tion in animal studies was already published in 1982. This has 
been confirmed over the years, more recently in the Ramazzini 
Institute rat study. An increased incidence of glioma in the 
brain and malignant schwannoma in the heart was found in 
the US National Toxicology Program (NTP) study on rats and 
mice. The NTP final report is to be published; however, the 
extended reports are published on the internet for evaluation 
and are reviewed herein in more detail in relation to human 
epidemiological studies. Thus, the main aim of this study 
was to compare earlier human epidemiological studies with 
NTP findings, including a short review of animal studies. We 
conclude that there is clear evidence that RF radiation is a 
human carcinogen, causing glioma and vestibular schwannoma 
(acoustic neuroma). There is some evidence of an increased 
risk of developing thyroid cancer, and clear evidence that RF 
radiation is a multi‑site carcinogen. Based on the Preamble to 
the IARC Monographs, RF radiation should be classified as 
carcinogenic to humans, Group 1.

Introduction

Recently, the US National Toxicology Program (NTP) released 
results on the toxicology and carcinogenicity of radiofre‑
quency (RF) radiation in rats and mice, as further discussed 
below. This initiated this article for the comparison of earlier 
human epidemiological studies with the NTP the findings, 
including a short review of animal studies.

NTP is an interagency program established in 1978 to coor‑
dinate toxicology research and testing across the Department 
of Health and Human Services. The program was also created 
to strengthen the science base in toxicology, develop and 
validate improved testing methods, and provide information 
about potentially toxic chemicals to health regulatory and 
research agencies, scientific and medical communities, and 
the public. NTP is headquartered at the National Institute of 
Environmental Health Sciences (NIEHS) (https://ntp.niehs.
nih.gov/about/org/index.html).

The brain is the main target of the exposure to RF radiation 
during the use of handheld wireless phones; both mobile and 
cordless phones (1,2). Thus, an increased risk of developing 
brain tumors has long been a cause for concern.

Our study group has since the end of the 1990s published 
results from case‑control studies on use of wireless phones and 
brain tumor risk (3). A statistically significant increased risk 
for ipsilateral use of mobile phones, the same side of the brain 
as the phone was used, was published for malignant brain 
tumors (4) and vestibular schwannoma (5). Further scientific 
evidence on the association has more recently been discussed 
by Carlberg and Hardell (6).

In May, 2011 the International Agency for Research on 
Cancer (IARC) concluded that radiofrequency (RF) radia‑
tion in the frequency range 30 kHz‑300 GHz is a ‘possible’ 
human carcinogen Group 2B  (7,8). The classification was 
based primarily on evidence that long‑term users of wireless 
phones (mobile and cordless phones) have an increased risk 
for glioma and acoustic neuroma. One major reason that the 
rating was not a ‘probable’ or a ‘known’ risk was the lack of 
clear evidence from animal studies. IARC at the World Health 
Organization (WHO) is independently financed and has its 
own governing and scientific councils, which WHO staff 
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only attend as observers (http://www.who.int/ionizing_radia‑
tion/research/iarc/en/).

Unfortunately, WHO itself has constantly refused to 
acknowledge the carcinogenicity of RF radiation. In fact, WHO 
seems to rely on the conclusion of the non‑governmental orga‑
nization International Commission on Non‑ionizing Radiation 
Protection (ICNIRP) instead of the IARC evaluation. That organi‑
zation is even declared to be their in‑house experts (9,10). ICNIRP 
is a private non‑governmental organisation  (NGO) based in 
Germany. New expert members can only be elected by members 
of the organization. Many of the ICNIRP members have ties to 
the industry that are dependent on the ICNIRP guidelines (11). 
This creates a conflict of interest, since the former leader of the 
WHO International Electromagnetic Field  (EMF) Project is 
also the founder and honorary member of the ICNIRP (11). The 
guidelines are of huge economic and strategic importance to the 
military, telecom/IT and power industry. These circumstances 
are further discussed in a recent publication (12).

The IARC cancer classification includes all sources of 
RF radiation. The exposure from mobile phone base stations, 
DECT base stations, Wi‑Fi access points, smart phones, 
laptops and tablets can be long‑term, sometimes around the 
clock, at home, at the work place, at school and in the envi‑
ronment. For children, this risk may be accentuated due to a 
cumulative effect during a long lifetime use (13).

The exposure guidelines used by many agencies and 
countries were established in 1998 by the ICNIRP and were 
based only on established short‑term thermal (heating) 
effects from RF radiation neglecting non‑thermal biological 
effects (14). ICNIRP provides the guideline of 2 to 10 W/m2 
for RF radiation, depending on the frequency. The ICNIRP 
guidelines were updated in 2009; however, they still do not 
cover cancer and other long‑term or non‑thermal effects (15) 
[see also Hardell (10)].

In contrast to the ICNIRP, the BioInitiative Reports from 
2007 and 2012 based the evaluation also on the non‑thermal 
health effects from RF radiation (16,17). The scientific bench‑
mark for possible health risks was defined to be 30 to 60 µW/m2. 
In 2012, the Bioinitiative Working Group proposed a precau‑
tionary target level of 3‑6 µW/m2, using a safety factor of 10. 
Using the significantly higher guideline by ICNIRP gives a 
‘green card’ to roll out the wireless digital technology, thereby 
not considering non‑thermal health effects from RF radiation.

The evidence of RF radiation as a carcinogen was confirmed 
when NTP released preliminary results of a study of long‑term 
exposure of rats and mice to cell phone radiation (18). An 
increased incidence of glioma in the brain and malignant 
schwannoma in the heart was found. The NTP study has now 
been published online for public consultations (19,20) and is 
discussed below in relation to human epidemiological studies.

Background: Evidence from previous animal studies

There are several earlier animal studies that demonstrate 
the carcinogenic potential of RF radiation. Szmigielski et al 
already in 1982 published a study on the co‑carcinogenic 
effects of RF radiation exposure and benzopyrene in mice (21). 
Cancer promotion was found for 2,450 MHz RF radiation at 
either 50 or 150 W/m2. The results revealed an acceleration of 
spontaneous and chemically‑induced cancers.

Non‑thermal 2,450 MHz continuous‑wave RF radiation 
has been shown to cause a biphasic effect on glioma cells (22) 
and lymphocytes (23). Cell proliferation was found at a specific 
absorption rate (SAR) of ≤50 W/kg, whereas a higher SAR 
suppressed DNA and RNA synthesis.

SAR ranged from 0.144 to 0.4 W/kg depending on the rats' 
weight in a study from 1992 on 200 rats exposed to 2,450 MHz 
pulsed RF radiation 21.5  h per day for 25  months  (24). 
Compared with 200 sham‑exposed rats, a statistically signifi‑
cant increased incidence of primary malignant diseases was 
found in exposed animals. Among the malignancies found 
in the exposed rats were malignant lymphoma and thyroid 
cancer. These findings are of interest since SAR values in the 
study were rather low compared to the ICNIRP guideline on 
SAR 2 W/kg to the brain for use of mobile phones (14).

A total of 100 mice were sham‑exposed and 101 were 
exposed for two 30‑min periods per day for up to 18 months 
to 900  MHz pulsed RF radiation with power densities 
2.6‑13 W/m2 (SAR 0.008‑4.2 W/kg, averaging 0.13‑1.4 W/kg). 
The mice carried a lymphomagenic oncogene and their risk 
of developing lymphoma was found to be statistically signifi‑
cantly higher in the exposed mice than in the controls (25).

The same results were not found in the study by 
Utteridge et al (26) that has been criticized as it was not a 
replication study. However, the findings on lymphoma risk by 
Repacholi et al (25) and Chou et al (24) are of relevance in 
relation to the indications of an increased risk of non‑Hodgkin 
lymphoma (NHL) in human epidemiological studies on the use 
of wireless phones. Thus, a statistically significant increased 
risk of T‑Cell NHL was found in one study (27). In another 
study, NHL not otherwise specified was statistically signifi‑
cantly increased among subjects with ≥6 years duration [odds 
ratio (OR) =4.4 in men] for mobile phone use (28), although 
based on low numbers (n=7).

The thyroid gland is among the organs with the highest 
exposure to RF radiation during the use of the handheld wire‑
less phone, particularly smartphones (29,30). The finding of 
thyroid cancer risk in the study by Chou et al (24), and the 
sharp increase in the incidence of thyroid cancer in humans 
during recent years (31) are of interest in that context.

In another study, mice were exposed to universal mobile 
telecommunications system (UMTS) fields with intensi‑
ties of  0 (sham), 4.8 and 48  W/m2 up to 24  months  (32). 
The low‑dose group, exposed to 4.8 W/m2, was subjected to 
additional prenatal ethylnitrosourea (ENU) treatment. That 
group showed an increased lung tumor rate and an increased 
incidence of lung carcinomas as compared to the controls 
treated with ENU only. This indicated a cocarcinogenic effect 
of a lifelong UMTS exposure in female mice pretreated with 
ENU (32).

In a follow‑up study, mice were exposed to RF radiation: 
0 (sham), 0.04, 0.4 and 2 W/kg SAR (33). The numbers of 
tumors of the lungs and livers in exposed animals were statis‑
tically significantly higher than in sham‑exposed controls, 
and the numbers of malignant lymphoma were also higher. 
A tumor‑promoting effect of RF radiation was found at low 
to moderate levels (0.04 and 0.4 W/kg SAR), well below the 
ICNIRP exposure limits for users of mobile phones (33).

The study by the Ramazzini Institute is the largest long‑term 
study ever performed on the health effects of RF radiation, 
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including 2,448 rats (34). Male and female Sprague‑Dawley 
rats were exposed from prenatal life until natural death to a 
1.8 GHz global system for mobile communication  (GSM) 
far field of 0, 5, 25, 50 V/m with a whole‑body exposure for 
19 h/day. A statistically significant increase in the incidence 
of malignant Schwannoma in the heart was found in male rats 
at the highest dose, 50 V/m, corresponding to 0.66 mW/cm2 
and whole‑body SAR of 0.1 W/Kg. An increased incidence 
of heart Schwann cell hyperplasia was observed in treated 
male and female rats at the highest dose (50 V/m), but was not 
statistically significant. In treated female rats at the highest 
dose (50 V/m), the incidence of malignant glial tumors was 
increased, although this was not statistically significant. The 
study revealed an increased incidence of tumor types similar 
to those associated with the use of wireless phones, glioma and 
acoustic neuroma, in human epidemiological studies.

The NTP study provides additional confirmation of the 
carcinogenicity of RF radiation  (19,20). They showed an 
increased incidence of malignant schwannoma in the heart and 
brain glioma in male rats exposed either to GSM‑modulated 
or code division multiple access  (CDMA)‑modulated cell 
phone RF radiation for two years. There are also increased 
incidences of some other tumor types and diseases. Below we 
discuss some of the major findings.

The results on schwannoma and glioma are of particular 
concern since they corroborate human epidemiological find‑
ings. Thus, it is noteworthy that similar tumors were found in 
the NTP study as in epidemiological studies on the human use 
of wireless phones; mobile phones or cordless phones (DECT). 
Malignant schwannoma in the heart is a similar type of tumor 
as vestibular schwannoma in humans, also known as acoustic 
neuroma, although acoustic neuroma is usually benign and 
rarely undergoes malignant transformation.

Below, we provide an updated evaluation of the scien‑
tific evidence of an increased risk of developing glioma and 
vestibular schwannoma (acoustic neuroma) associated with 
the use of wireless phones. It is pertinent to provide an updated 
presentation of the NTP reports on current evidence on cancer 
risks associated with the use of wireless phones.

Since the IARC evaluation in 2011, more human epide‑
miological studies have been published that support a causal 
association between RF radiation and brain and head tumors. 
A Danish cohort study on ‘mobile phone users’ (35,36) is not 
included herein due to serious methodological shortcomings 
in the study design [see Söderqvist et al (37)]. The study by 
Benson et al (38) is of limited value since the use of cordless 
phones was not included, mobile phone use was assessed only 
at baseline and no information on tumor laterality, including 
ipsilateral versus contralateral use was given. In spite of the 
many shortcomings, an increased risk of developing acoustic 
neuroma was reported. The study will not be further discussed 
below.

In the following, first, human epidemiological studies on 
specific tumor types are discussed. The NTP study findings 
are then presented and finally, an evaluation of the combined 
evidence from human and animal studies is presented.

Glioma
Human studies. Glioma is the most common malignant 
brain tumor and represents approximately 60% of all central 

nervous system  (CNS) tumors. Most of these are astrocytic 
tumors divided into low‑grade (WHO grades  I‑II) and 
high‑grade (WHO grades III‑IV). The most common glioma 
type is glioblastoma multiforme (WHO grade  IV) with a 
peak incidence in the age group of 45‑75 years and a median 
survival less than one year  (39). No substantial increasing 
survival has been obtained in recent years. Three research 
groups have provided results in case‑control studies on 
glioma, Interphone  (40), Coureau et al  (41) and the Hardell 
group in Sweden (42‑46).

The random effects model was used for a meta‑analyses of 
published studies, based on the test for heterogeneity in the overall 
group (‘all mobile’), see also http://www.bioinitiative.org/report/
wp‑content/uploads/2017/11/Hardell-2017-Sec11‑Update‑Use_
of_Wireless_Phones.pdf. Note that only our group also assessed 
the use of cordless phones. Thus, the reference category in our 
studies included cases and controls with no use of wireless phones, 
in contrast to the other studies investigating only mobile phone 
use. Including cordless phone use in the ‘unexposed’ group would 
bias the risk estimates towards unity (45).

In Table I, results of the highest cumulative use in hours 
of mobile phones are presented. All studies reported a statisti‑
cally significantly increased risk of developing glioma and 
the meta‑analysis yielded OR  =1.90 and 95%  confidence 
interval (CI) =1.31‑2.76. For ipsilateral mobile phone use, the 
risk increased further to OR =2.54, 95% CI =1.83‑3.52 in the 
meta‑analysis based on 247 exposed cases and 202 exposed 
controls. Further support of the increased risk of glioma asso‑
ciated with mobile phone use has been obtained in additional 
analyses of parts of the Interphone study (47‑49).

We previously analyzed the survival of the patients in our 
studies and found a shorter survival in patients with glioblas‑
toma multiforme associated with the use of wireless phones 
compared with patients with no use (50). Interestingly, the 
mutation of the p53 gene involved in disease progression has 
been reported in glioblastoma multiforme in patients using 
mobile phones for ≥3 h per day. The mutation was statisti‑
cally significantly associated with a shorter overall survival 
time (51).

NTP study. No increased incidence of glioma was reported 
in the mouse study (20).

In male rats (19), malignant glioma and glia cell hyper‑
plasia occurred in all groups exposed to GSM‑modulated cell 
phone RF radiation for two years. No lesions were observed 
in the sham controls. In female rats, glial cell hyperplasia 
occurred in one rat (3 W/kg), but none in the sham controls. 
One malignant glioma occurred in one rat in the 6 W/kg group 
but none in the sham controls.

In male rats exposed to CDMA‑modulated cell phone 
RF radiation for two years, there was an increased incidence 
of malignant glioma with a statistically significant trend, 
P=0.044. In females, three malignant glioma occurred in the 
1.5 W/kg group, but none in the other exposed groups or the 
sham control (P‑value for trend =0.384). Glial cell hyperplasia 
was observed in most exposed groups, although this was not 
statistically significant (noted in text; P‑value for trend not 
presented in NTP table).

Evaluation. Based on human epidemiological studies 
supported by the NTP animal study, there is clear evidence 
that RF radiation causes glioma in humans. There is also 
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evidence of an increased glioma risk in occupational studies 
on exposure to EMF (52‑54).

Meningioma
Human studies. Meningioma is an encapsulated, 
well‑demarked and rarely malignant tumor. It is the most 
common non‑malignant brain tumor that accounts for 
approximately  30% of intracranial neoplasms. It develops 
from the pia and arachnoid membranes that cover the CNS. 
It is slow‑growing and presents neurological symptoms by the 
compression of adjacent structures. Most common are head‑
aches and seizures. The incidence is greater than two‑fold 
higher in women than in men and meningioma develops 
mostly among middle‑aged and older individuals  (55). The 
same research groups as for glioma also included meningioma 
in their case‑control studies with a separate publication on 
meningioma by Carlberg and Hardell (56). The results of the 
meta‑analyses for cumulative exposure in highest exposure 
category are presented in Table  II. A statistically significant 

increased risk was obtained for ipsilateral mobile phone use 
with OR =1.49, 95% CI =1.08‑2.06.

NTP study. No increased incidence of meningioma was 
reported in rats or mice (19,20).

Granular cell tumors (GCTs)
Human studies. GCTs are uncommon tumors. They are 
believed to be of neuronal origin  (57). They are soft tissue 
tumors, which are thought to be derived from Schwann 
cells  (58). The immunoprofile of granular cell tumors has 
revealed nerve sheath differentiation, lending support to their 
neuronal origin (59). GCTs can affect any organ in the body, 
although approximately 50% are found in the head and neck 
region  (60). In our case‑control studies on brain tumors, all 
diagnoses were based on a histopathological examination; no 
one was diagnosed with a granular cell tumor (42‑46).

NTP study. In the rat study  (19), increased incidence 
of malignant or non‑malignant granular cell tumors in the 
meninges, likely derived from Schwann cells, occurred in the 

Table I. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for glioma in 
case-control studies in the highest category of cumulative use in hours for mobile phone use.

	 All	 Ipsilateral
	---------------------------------------------------------------------------	--------------------------------------------------------------------------- 
Study (ref.)	 Ca/Co	 OR	 95% CI	 Ca/Co	 OR	 95% CI

Interphone, 2010 (40)
Cumulative use ≥1,640 h	 210/154	 1.40	 1.03-1.89	 100/62	 1.96	 1.22-3.16
Coureau et al, 2014 (41)
Cumulative use >896 h	 24/22	 2.89	 1.41-5.93	 9/7	 2.11	 0.73-6.08
Hardell and Carlberg, 2015 (43)
Cumulative use ≥1,640 h	 211/301	 2.13	 1.61-2.82	 138/133	 3.11	 2.18-4.44
Meta-analysis (40,41,43)
Cumulative use ≥1,640 ha	 445/477	 1.90	 1.31-2.76	 247/202	 2.54	 1.83-3.52

a≥896 h used for Coureau et al.

Table II. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for menin‑
gioma in case-control studies in the highest category of cumulative use in hours for mobile phone use.

	 All	 Ipsilateral
	---------------------------------------------------------------------------	--------------------------------------------------------------------------- 
Study (ref.)	 Ca/Co	 OR	 95% CI	 Ca/Co	 OR	 95% CI

Interphone, 2010 (40)
Cumulative use ≥1,640 h	 130/107	 1.15	 0.81-1.62	 46/35	 1.45	 0.80-2.61
Coureau et al, 2014 (41)
Cumulative use >896 h	 13/9	 2.57	 1.02-6.44	 6/4	 2.29	 0.58-8.97
Carlberg and Hardell, 2015 (56)
Cumulative use ≥1,640 h	 141/301	 1.24	 0.93-1.66	 67/133	 1.46	 0.98-2.17
Meta-analysis (40,41,56)
Cumulative use ≥1,640 ha	 284/417	 1.27	 0.98-1.66	 119/172	 1.49	 1.08-2.06

a≥896 h used for Coureau et al.
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males exposed to GSM‑modulated cell phone RF radiation 
for two years. This was not statistically significant (P‑value 
for trend =0.343). In female rats, granular cell tumors, either 
malignant or non‑malignant were not associated with RF 
radiation (P‑value for trend =0.594). Since GCT is neuronal in 
origin, the NTP study findings in male rats add to the evidence 
that exposure to RF radiation damage nerve sheaths.

Evaluation. Based on human epidemiological studies and 
the NTP animal study, there is equivocal evidence that RF 
radiation causes meningeal tumors in humans (may be related 
to exposure).

Rate/incidence of brain tumors. The Swedish Cancer Register 
has not shown increasing incidence of brain tumors in a study 
for the time period between 1979‑2008, and has been used to 
dismissing epidemiological evidence on risk associated with 
use of wireless phones (61). We have previously demonstrated 
that descriptive studies cannot be used to dismiss results in 
analytical epidemiology with individual exposure histories, 
such as in case‑control studies. We have also published the 
deficiencies in the reporting of brain tumors to the Swedish 
Cancer Register (62). The results for more recent time periods 
have now been published. These articles also discuss results 
from studies in other countries.

We used the Swedish National Inpatient Register (IPR) and 
Causes of Death Register (CDR) to study the incidence of brain 
tumors comparing with the Swedish Cancer Register data for 
the time period between 1998‑2013 using joinpoint regression 
analysis (62). In the IPR, we found a joinpoint in 2007 with 
Annual Percentage Change (APC) +4.25%, 95% CI +1.98, 
+6.57% during the period between 2007‑2013 for tumors of 
unknown type in the brain or CNS. Fig. 1 shows time trends 

in IPR for brain tumors of unknown type (D43), red line, and 
mobile phone communication; number of out‑going mobile 
phone minutes in millions per year (blue line). The figure 
shows increasing rates of brain tumors with some latency in 
relation to the increasing use of mobile phones.

In the CDR joinpoint regression, we found one joinpoint 
in 2008 with APC during the period between 2008‑2013, 
+22.60%, 95% CI +9.68, +37.03%. These tumor diagnoses 
would be based on clinical examination, mainly CT and/or 
MRI, but without histopathology or cytology. No statistically 
significant increasing incidence was found in the Swedish 
Cancer Register during these years. We postulated that a large 
part of brain tumors of unknown type are never reported in 
the Cancer Register. Furthermore, the frequency of diagnoses 
based on autopsy has declined substantially due to a general 
decline of autopsies in Sweden, further adding to missing 
cases. We concluded that the Swedish Cancer Register is not 
reliable to be used to dismiss results in epidemiological studies 
on the use of wireless phones and brain tumor risk.

In Fig. 2, we present the rates per 100,000 of deaths in 
unknown type of brain tumor (D43), red line, and number 
of out‑going mobile phone minutes in millions (blue line) 
during the period between 1999‑2013. We postulate that the 
increasing rate of patients deceased with brain tumor may be 
associated with the increasing use of mobile phones.

In an updated further analysis, we used the Swedish IPR to 
analyze rates of brain tumors of unknown type (D43) during 
the period between 1998‑2015 in different age groups (63). 
The Average Annual Percentage Change (AAPC) per 100,000 
increased with +2.06%, 95% CI +1.27, +2.86% in both sexes 
combined. A joinpoint was found in 2007 with APC 1998‑2007 
of +0.16%, 95% CI ‑0.94, +1.28%, and 2007‑2015 of +4.24%, 

Figure 1. Number of out‑going mobile phone minutes in millions during the period between 1999‑2013 (http://statistik.pts.se/pts2013/download/Svensk%20
Telemarknad%202013.pdf; accessed on April 1, 2015) and joinpoint regression analysis of number of patients per 100,000 inhabitants according to the Swedish 
National Inpatient Register for all ages during the period between 1999‑2013 diagnosed with D43 = tumor of unknown type in the brain or CNS (http://www.
socialstyrelsen.se/statistik/statistikdatabas/diagnoserislutenvard; accessed on April 1, 2015).
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95% CI +2.87, +5.63%. The highest AAPC was found in the 
age group of 20‑39 years.

In the Swedish Cancer Register, the age‑standardized 
incidence rate per 100,000 increased for brain tumors, 
ICD‑code 193.0, during 1998‑2015 with AAPC in men +0.49%, 
95% CI +0.05, +0.94%, and in women +0.33%, 95% CI ‑0.29, 
+0.45% (63). The cases with brain tumor of unknown type 
lack morphological examination. Brain tumor diagnoses in 
the Cancer Register were based on cytology/histopathology 
in 83% for men and in 87% for women in 1980. This frequency 
increased to 90% in men and 88% in women in 2015. During 
the same time period, CT and MRI imaging techniques 
were introduced and morphology is not always necessary 
for diagnosis. If all brain tumors based on clinical diagnosis 
with CT or MRI had been reported to the Cancer Register the 
frequency of diagnoses based on cytology/histology would 
have decreased in the register. The results indicate underre‑
porting of brain tumor cases to the Cancer Register. The real 
incidence would be higher. Thus, incidence trends based on 
the Cancer Register should be used with caution. Our results 
support mobile and cordless phones as risk factors for brain 
tumors with a reasonable latency period.

Fig. 3 shows joinpoint regression analyses of age‑stan‑
dardized incidence rates per 100,000 in men aged 60‑79 years 
with astrocytoma grade  III or IV in the Swedish Cancer 
Register during the period between 1998‑2015, and Fig. 4 
shows results in women (63).

Interestingly, a recent study demonstrated a similar increase 
in glioblastoma multiforme in England as in Sweden (64), 
‘We report a sustained and highly statistically significant 
ASR [age‑standardized incidence rates] rise in glioblastoma 
multiforme (GBM) across all ages. The ASR for GBM more 

than doubled from 2.4 to 5.0, with annual case numbers rising 
from 983 to 2531. Overall, this rise is mostly hidden in the 
overall data by a reduced incidence of lower‑grade tumours.’

Evaluation. Increasing rates/incidences of brain tumors 
in Sweden, a country with among the earliest use of wireless 
phones in the world, have been published. Similar findings have 
been reported from other countries, see above and reviewed by 
us (62). The results have strengthened the evidence that RF 
radiation causes brain tumors in humans.

Acoustic neuroma (vestibular schwannoma)
Human studies. Acoustic neuroma, also known as vestibular 
schwannoma, is a non‑malignant tumor located on the eight 
cranial nerve from the inner ear to the brain. It is usually 
encapsulated and grows in relation to the auditory and 
vestibular portions of the nerve. It grows slowly and due to 
the narrow anatomical space, may lead to the compression 
of vital brain stem structures. The first symptoms of acoustic 
neuroma are usually tinnitus and hearing problems. The 
results for the use of mobile phones in the Interphone  (65) 
and Hardell  et  al  (66) studies are presented in  Table  III. A 
statistically significant increased risk was found for cumula‑
tive ipsilateral use >1,640 h yielding an OR of 2.71, 95% CI 
of 1.72‑4.28.

The study by Moon et al  (67) was not included in the 
meta‑analysis, since the data on cumulative mobile phone use 
with numbers of cases and controls were not given. Support 
of an increased risk was found in the case‑case part of the 
study (67), as also reported by Sato et al (68) in their case‑case 
analysis. Pettersson  et  al made a case‑control study on 
acoustic neuroma in Sweden not overlapping our study (69). 
An increased risk for the highest category of cumulative use 

Figure 2. Number of out‑going mobile phone minutes in millions during the period between 1999‑2013 (http://statistik.pts.se/pts2013/download/Svensk%20
Telemarknad%202013.pdf; accessed on April 1, 2015) and joinpoint regression analysis of age‑standardized death rates per 100,000 inhabitants according to 
the Swedish Causes of Death Register for all ages during the period between 1999‑2013 diagnosed with D43 = tumor of unknown type in the brain or CNS 
(http://www.socialstyrelsen.se/statistik/statistikdatabas/dodsorsaker).
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of both mobile phone (≥680 h OR =1.46, 95% CI =0.98‑2.17) 
and cordless phone (≥900 h OR =1.67, 95% CI =1.13‑2.49) was 
found. We did not include that study in our meta‑analysis due 
to the many scientific shortcomings in the study, e.g., laterality 
analysis was not made for cordless phone and the numbers in 
the laterality analysis for mobile phone are not consistent in 
text and tables and obviously not correct, and the ‘unexposed’ 
reference category included subjects using either mobile or 
cordless phone (70).

The Danish part of the Interphone study reported a mean 
tumor volume of 1.66  cm3 among regular mobile phone 
users and 1.39 cm3 for non‑users (P=0.03) (71). We analyzed 
the percentage change in tumor volume per year of latency 
and 100 h of cumulative use (66). For all types of wireless 
phones, the percentage of tumor volume increased, and was 
statistically significant for analogue mobile phones per year 
of latency (P=0.02) and per 100 h of cumulative use (P=0.01). 
Moon et al (67) reported a statistically significant larger mean 

tumor volume for heavy users (11.32±15.43 cm3) compared 
with light users (4.88±5.60 cm3) based on the daily amount of 
mobile phone use (P=0.026). Similar results were found for 
cumulative hours of use. Taken together, these results support 
tumor promotion by RF radiation.

NTP study. No malignant schwannoma was reported in the 
mouse study (20).

In the rat study (19), there was a statistically significant 
increased incidence of malignant schwannoma in the heart 
of males exposed to GSM modulated cell phone RF radiation 
for 2 years; P‑value for trend =0.041. The tumor was found in 
all exposure categories for male rats, whereas no malignant 
schwannoma was found in the sham controls. Endocardial 
hyperplastic Schwann cell lesions, that are preneoplastic, were 
found in one 1.5 W/kg and in two 6 W/kg males, but not in 
the sham control. A statistically significant trend was found 
in CDMA‑modulated exposed males, P=0.011. Two female 
rats were diagnosed with malignant schwannoma in the heart 

Table III. Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for acoustic 
neuroma in case-control studies in the highest category of cumulative use in hours for mobile phone use.

	 All	 Ipsilateral
	------------------------------------------------------------------------------	------------------------------------------------------------------------------ 
Study (ref.)	 Ca/Co	 OR	 95% CI	 Ca/Co	 OR	 95% CI

Interphone, 2011 (65)
Cumulative use ≥1,640 h	 77/107	 1.32	 0.88-1.97	 47/46	 2.33	 1.23-4.40
Hardell et al, 2013 (66)
Cumulative use ≥1,640 h	 27/301	 2.40	 1.39-4.16	 19/133	 3.18	 1.65-6.12
Meta-analysis (65,66)
Cumulative use ≥1,640 h	 104/408	 1.73	 0.96-3.09	 66/179	 2.71	 1.72-4.28

Figure 3. Joinpoint regression analysis of age‑standardized incidence rates per 100,000 in men aged 60‑79 years with astrocytoma grade III or IV in the 
Swedish Cancer Register during the period between 1998‑2015. APC/AAPC +1.68%, 95% CI +0.39, +2.99% (http://www.socialstyrelsen.se/statistik/statistik‑
databas/cancer).
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in the 3 W/kg group, but no malignant schwannomas were 
found in the two other exposure groups or in the sham control, 
P‑value for trend =0.640.

Evaluation. Based on human epidemiological studies 
and the NTP animal study, there is clear evidence that RF 
radiation causes vestibular schwannoma (acoustic neuroma) 
in humans.

Pituitary tumors
Human studies. In a case‑control study from Japan, no 
statistically significant increased risks were found for the 
use of mobile phone  (72). A somewhat increased risk was 
found in the highest cumulative call time in hours, OR =1.33, 
95%  CI  =0.58‑3.09. The cases were aged 30‑69  years and 
diagnosed during the period between 2000‑2004.

In a UK case‑control study with patients diagnosed 
during the period between 2001‑2005, overall no statistically 
significant increased risks were found  (73). In the group 
with ≥10 years of use a somewhat increased risk was found 
for analog mobile phone use: OR =1.2, 95% CI =0.6‑2.4, and 
digital mobile phone use with OR =2.5, 95% CI =0.7‑9.1.

In a case‑control study from China with cases diagnosed 
between 2006‑2010, mobile phone use yielded an increased 
risk for pituitary tumor: OR =7.6, 95% CI =2.6‑21.4 and a dura‑
tion of use yielded OR =8.5, 95% CI =2.8‑24.4 (74). However, 
no more data were provided.

The incidence of pituitary tumors increased during the 
time period between 2004‑2009 in the USA (75). The inci‑
dence is increasing in Sweden, particularly since 2000, as 
shown in Fig. 5. There seems to be a decrease during the latest 
year, but this may be explained by a time lag in the reporting 
to the Swedish Cancer Register.

NTP study. In male mice (20) exposed to CDMA‑modulated 
RF radiation for two years, two adenoma and one carcinoma 

occurred in the pars distalis of the pituitary gland. No carci‑
noma or adenoma occurred in the sham control or the other 
two exposure groups. No increased incidence was found in 
female mice.

In male rats exposed to GSM‑modulated cell phone RF 
radiation for two years (19), an increased incidence of pitu‑
itary adenoma was found in all exposed groups, although no 
statistically significance was found (P‑value for trend =0.301). 
In females, the incidence of adenoma in 1.5 and 6  W/kg 
was statistically significantly decreased (1.5 W/kg P=0.049; 
6 W/kg P=0.038).

In male rats exposed to CDMA‑modulated RF radiation 
for two years, an increased incidence of pituitary adenoma 
was found in the 1.5 W/kg (P=0.208) and 3 W/kg (P=0.030). 
In females there was a statistically significantly decreased 
incidence of adenoma or carcinoma in the 3  W/kg group 
(P=0.030).

Evaluation. Based on human epidemiological studies and 
the NTP animal study, there is equivocal evidence that RF 
radiation causes pituitary tumors in humans (may be related 
to exposure).

Thyroid cancer
Human studies. The incidence of thyroid cancer is increasing 
in many countries, particularly the papillary type that is 
the most radiosensitive type. We used the Swedish Cancer 
Register to study the incidence of thyroid cancer during 
the period between 1970‑2013 using joinpoint regression 
analysis  (31). In women, the incidence increased statistically 
significantly during the whole study period; AAPC +1.19% 
(95%  CI  +0.56, +1.83%). Two joinpoints were detected, 
1979 and 2001, with a high increase of the incidence during 
the last period between 2001‑2013 with an APC of +5.34% 
(95% CI +3.93, +6.77%).

Figure 4. Joinpoint regression analysis of age‑standardized incidence rates per 100,000 in women aged 60‑79 years with astrocytoma grade III or IV in the 
Swedish Cancer Register during the period between 1998‑2015. APC/AAPC +1.38%, 95% CI +0.32, +2.45% (http://www.socialstyrelsen.se/statistik/statistik‑
databas/cancer).
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In the age group of 20‑39 years, joinpoint regression anal‑
ysis of age‑standardized incidence of thyroid cancer in women, 
aged 20‑39 years, APC increased with +10.77% (95% CI +5.75, 
+16.04%) during the time period between 2006‑2013 (Fig. 6).

Analyses based on data from the Cancer Register 
indicated that the increasing trend in Sweden was mainly 
caused by thyroid cancer of the papillary type. The incidence 

increased statistically significantly in women with an AAPC 
of +4.38% (95% CI +2.95, +5.84%) during the period between 
1993‑2013  (Fig.  7). One joinpoint was detected in  2006; 
1993‑2006 APC +1.69% (95% CI +0.32, +3.08%), 2006‑2013 
APC +9.58% (95%  CI  +5.85, +13.44%). The incidence of 
papillary cancer increased in men during the period between 
1993‑2013 with an AAPC of +3.95% (95% CI +2.20, +5.73%).

Figure 5. Age‑standardized incidence of pituitary tumors (ICD‑7 195.3) in Sweden between 1970‑2016 for men and women, all ages, according to the Swedish 
Cancer Register (http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer).

Figure 6. Joinpoint regression analysis of age‑standardized incidence of thyroid cancer for women, aged 20‑39 years, 1970‑2013. Incidence per 100,000 
inhabitants for ICD‑7 code 194 according to the Swedish Cancer Register (http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer).
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AAPC for thyroid cancer in all men during the period 
between 1970‑2013 was +0.77% (95% CI  ‑0.03, +1.58%). 
One joinpoint was detected in 2005 with a statistically 
significant increase in incidence during the period between 
2005‑2013; APC +7.56% (95% CI +3.34, +11.96%). Based 
on the NORDCAN data, there was a statistically significant 
increase in the incidence of thyroid cancer in the Nordic coun‑
tries during the same time period. In both women and men 
a joinpoint was detected in 2006. The incidence increased 
during 2006‑2013 in women; APC +6.16% (95% CI +3.94, 
+8.42%) and in men; APC +6.84% (95% CI +3.69, +10.08%), 
thus showing similar results as in the Swedish Cancer 
Register (31).

We postulate that the whole increase cannot be attributed 
to better diagnostic procedures. In Fig. 8 data from the Nordic 
countries are shown on number of out‑going mobile phone 
minutes during the period between 2001‑2013 and the inci‑
dence of thyroid cancer in men (green line) and in women (red 
line). Clearly, with a lag time of some years after the increasing 
number of out‑going calls, the thyroid cancer incidence is 
increasing.

Increasing exposure to ionizing radiation, e.g., medical CT 
scans, and to RF radiation should be further studied as caus‑
ative factors to this emerging thyroid cancer health problem.

Fig. 9 presents three developments in the antenna design 
in mobile phones that may be of relevance in thyroid carcino‑
genesis. The second generation (2G) mobile phones appeared 
in the 1990s with the external retractable monopole or helical 
antennas. The 2G GSM band operated at a 800/900 MHz 
frequency band, later accompanied by a 1,800 MHz band. 
Around the turn of the millennium, the external antennas 
began to disappear, replaced with new phone models with 

internal planar or microstrip antennas. The first internal 
antenna was introduced in 1998 and the first dual‑band mobile 
phone, with the internal antenna, was introduced on the market 
in 1999 (76). The internal antennas were positioned at the top 
of the telephone. With the emergence of the smartphones in 
the mid‑ and late 2000s, the internal antenna location started 
to shift from the top of the phone to the bottom. Currently, the 
majority of smartphone models have their antenna positioned 
at the bottom of the phone, thus closer to the thyroid gland 
(shown by grey color in Fig. 9). This would have a major impact 
on increasing radiation to the thyroid gland from smartphones.

Some published laboratory studies are of interest, 
Radiofrequency radiation at 2.45 GHz at a non‑thermal level 
modified the morphology of the thyroid gland in a study on 
rats. The central and peripheral follicles presented increased 
in size and the thickness of peripheral septa decreased. 
Peripheral follicles increased in size with repeated exposure 
at 3 W power (77).

In another study on rats, whole body exposure to 900 MHz 
pulse‑modulated RF radiation that was similar to that emitted 
by the global system for mobile communications  (GSM) 
mobile phones caused pathological changes in the thyroid 
gland. The gland structure was altered and caspase‑dependent 
pathways of apoptosis were enhanced (78).

NTP study. In mice  (20) no increased incidence was 
reported.

In female rats  (19) a statistically significant increased 
incidence of C‑cell hyperplasia was found in the two years 
of GSM‑exposed groups (1.5, 3 and 6 W/kg, respectively). 
In males, a statistically non‑significant increased incidence 
was observed in the 1.5 W/kg exposure group (noted in text; 
P‑value not given in NTP table).

Figure 7. Joinpoint regression analysis of age‑standardized incidence of papillary thyroid cancer for women, all ages, 1993‑2013. Incidence per 100,000 
inhabitants for ICD‑7 code 194; data obtained from the Swedish Cancer Register.
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Evaluation. C‑cell hyperplasia as a precursor to familial 
medullary thyroid cancer in humans is well established. 
C‑cell hyperplasia may be a precursor to other types of 
thyroid cancer but its role is not well established. Based on 
human cancer statistics and the NTP animal study, there is 
some evidence that thyroid cancer is caused by RF radiation 
in humans.

Malignant lymphoma
Human studies. Few studies exist on malignant lymphoma 
and exposure to RF radiation. In a case‑control study male 
and female subjects aged 18‑74 years living in Sweden were 
included during a period from December 1, 1999 to April 30, 
2002 (27). Controls were selected from the national population 
registry. Exposure to different agents was assessed by a ques‑
tionnaire. In total, 910 (91%) cases and 1,016 (92%) controls 
participated. NHL of the B‑cell type was not associated with 

the use of cellular or cordless telephones. As regards T‑cell 
NHL and the >5  year latency period, the use of analogue 
cellular phones yielded: OR  =1.46, 95%  CI  =0.58‑3.70; 
digital: OR =1.92, 95% CI =0.77‑4.80; and cordless phones: 
OR =2.47; 95% CI =1.09‑5.60. The corresponding results for 
certain lymphoma, e.g., of the cutaneous and leukemia types, 
were for analogue phones: OR  =3.41, 95%  CI  =0.78‑15.0; 
digital: OR  =6.12, 95%  CI  =1.26‑29.7; and cordless phones: 
OR =5.48, 95% CI =1.26‑23.9. The results indicate an associa‑
tion between T‑cell NHL and the use of cellular and cordless 
telephones; however, the study was based on low numbers and 
must be interpreted with caution. As regards B‑cell NHL, no 
association was found.

A case‑control study in USA used a questionnaire 
to assess cellular telephone use in 551  NHL cases and 
462 frequency‑matched population controls (28). Compared 
to persons who had never used cellular telephones, risks 

Figure 8. Number of out‑going mobile phone minutes and incidence of thyroid cancer 2001‑2013. Mobile phone minutes in millions in the Nordic countries 
(http://statistik.pts.se/PTSnordic/NordicBaltic2014/) and incidence per 100,000 person‑years for all ages 2001‑2013 according to NORDCAN (http://www‑dep.
iarc.fr/NORDCAN/english/frame.asp). Joinpoint regression analyses based on the time period between 1970‑2013.

Figure 9. Mobile phone antenna placements in regard to the thyroid gland (grey). Different localizations of the antenna depending on new generations of mobile 
phones are shown in the panels from left to right.
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were not increased among individuals whose lifetime use 
was >100 times (e.g., regular users, OR =0.9, 95% CI =0.6‑1.4). 
Among regular users compared to those who had never used 
hand‑held cellular telephones, risks of NHL were not statisti‑
cally significantly associated with minutes per week, duration, 
cumulative lifetime or year of first use, although NHL was 
non‑significantly higher in men who used cellular telephones 
for >8 years; OR =2.4, 95% CI =0.8‑7.0. NHL not otherwise 
specified was statistically significantly increased in men for 
mobile phone use among subjects with ≥6 years duration, 
OR =4.4, 95% CI =1.3‑14.6. There was little evidence to link 
the use of cellular telephones with total, diffuse large B‑cell 
lymphoma or follicular NHL. No results were presented for 
T‑cell lymphoma.

In the USA, primary central nervous system lymphoma 
(PCNSL) rates in immunocompetent men and women aged 
65+ years increased statistically significantly (1.7 and 1.6% 
per year, respectively), but remained stable in other age groups 
during the period between 1992‑2011 (79). Thus, the increasing 
rates could not be related to HIV or immune suppression in 
organ transplant patients.

In Sweden, the increasing incidence of PCNSL was reported 
for the time period between 2000‑2013 in immunocompetent 
persons (80). With 359 identified PCNSL cases (median age, 
66 years), the overall incidence was 0.26 (95% CI =0.24‑0.29) 
per 100,000 person‑years and the average annual increase 4% 
(P=0.002). The increasing trend was primarily observed 
among elderly individuals (70+ years). Similarly, an increase 
in incidence of all brain tumors was noted only among the 
elderly.

No etiological factor has clearly been defined to explain 
the increasing incidence of brain lymphoma. However, it has 
occurred during a time period when RF radiation to the brain 
from wireless phones has increased.

It should be noted that in transgenic mice, an increased 
incidence of lymphoma exposed to 900 MHz GSM RF radia‑
tion was reported; P=0.006 versus the sham group (25). No 
increased risk of malignant lymphoma was found in mice 
exposed to GSM 900 MHz in another study (26). However, 
the incidence in the sham exposed group was higher in the 
study by Utteridge et al  (26) compared with the study by 
Repacholi et al (25) which might have influenced the results.

NTP study. In female mice exposed to GSM‑modulated 
cell phone RF radiation for two years, there were increased 
incidences of malignant lymphoma in all exposed groups 
compared to the controls (20). The increase was statistically 
significant in the 2.5 W/kg (P=0.004) and 5 W/kg groups 
(P=0.035). In the CDMA‑modulated cell phone RF radiation 
for two years, the incidence increased in female mice in all 
exposed groups compared to the controls, and was statistically 
significant in the 2.5 W/kg group (P=0.035).

No conclusive evidence of increased incidence of malig‑
nant lymphoma was reported in female rats (19); P‑value for 
trend =0.537 for GSM‑modulated cell phone RF radiation and 
P‑value for trend =0.339 for CDMA‑modulated cell phone RF 
radiation.

Evaluation. Based on human epidemiological studies and 
the NTP study, there is equivocal evidence that malignant 
lymphoma is caused by RF radiation in humans (may be 
related to exposure).

Skin (cutaneous tissue)
Human studies. Few studies exist on RF radiation and the risk 
of developing skin tumors. In a Danish cohort on mobile phone 
subscribers from the period between 1987‑1995 followed 
to 2007, no increased risks of skin cancer were observed (81). 
The same cohort has also been used for studying brain tumor 
risk. Due to serious methodological problems, including the 
misclassification of exposure the study has been evaluated to 
be uninformative (8,37).

In a Swedish study on cutaneous malignant melanoma 
diagnosed during the period between 2000‑2003, no increased 
risk was observed overall (82). In the shortest latency period 
of >1‑5 years and highest cumulative use of >365 h, wireless 
phone use (mobile phone and/or cordless phone) yielded 
OR =1.6, 95% CI =0.96‑2.9. For melanoma in the most exposed 
anatomical area during use of the handheld phone, temporal, 
ear, cheek, the risk increased to OR =2.1, 95% CI =1.1‑3.8. 
The risk was overall highest for cases with first use of a wire‑
less phone before 20 years of age, OR =2.7, 95% CI =0.6‑12, 
although based on low numbers. No interaction was observed 
with known risk factors for malignant melanoma, such as hair 
and eye color, skin type or sunburns as a teenager.

Fig. 10 displays the rapidly increasing incidence of malig‑
nant melanoma in Sweden in both sexes. The increase is most 
marked from early 2000.

NTP study. The incidences of malignant fibrous histiocy‑
toma in the skin were higher in 5 and 10 W/kg male mice 
exposed to GSM‑modulated cell phone RF radiation for two 
years (20). The results were not statistically significant (5 W/kg 
P=0.124; 10 W/kg P=0.321). The incidences of fibrosarcoma, 
sarcoma or malignant fibrous histiocytoma were higher in 
exposed male mice compared with sham control, although 
border‑line significant, P‑value for trend =0.093. No increased 
incidence was observed in female mice.

Male rats exposed to GSM‑modulated cell phone RF radia‑
tion for two years (19) exhibited higher incidences of fibroma, 
fibrosarcoma, myxosarcoma, or malignant fibrous histiocy‑
toma in the skin (subcutaneous tissue) in all exposed groups. 
The increased rates were not statistically significant (P‑value 
for =0.428). No statistically significant results were found in 
female rats (P‑value for trend =0.551).

Evaluation. Based on human epidemiological studies 
and NTP animal studies there is equivocal evidence that RF 
radiation causes skin cancer in humans (may be related to 
exposure).

Concluding remarks. Based on case‑control studies, as 
discussed above, there is a consistent finding of an increased 
risk of developing glioma and acoustic neuroma associated 
with the use of mobile phones. Similar results are found for 
cordless phones in the Hardell group studies. These results are 
supported by the results of the NTP animal studies (19,20). 
Malignant vestibular schwannoma is a similar tumor type as 
acoustic neuroma, also known as vestibular schwannoma.

The findings are less consistent for meningioma although 
somewhat an increased risk was observed in the meta‑analysis 
of ipsilateral mobile phone use. A longer follow‑up time is 
necessary for this type of slow‑growing tumor.

The results on glioma and acoustic neuroma are 
supported by results from other animal studies showing 
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carcinogenic and/or tumor promoting effects from RF radia‑
tion (21‑25,32‑34). The NTP study showed genotoxicity of RF 
radiation in rats and mice exposed to RF radiation (83). That 
result supports previous findings of DNA strand breaks in rat 
brain cells exposed to RF radiation (84).

One mechanism in carcinogenesis may be oxidative 
stress with the production of reactive oxygen species (ROS), 
as summarized by Yakymenko et al (85). This could be an 
indirect mechanism for the increased brain and head tumor 
risk since ROS may lead to DNA damage (86).

By now carcinogenicity has been shown in human epide‑
miological studies, which has been replicated in animal studies. 
Laboratory studies on RF radiation have shown increased 
ROS production that can cause DNA damage. In 2013, we 
published the conclusion that RF radiation should be regarded 
as a human carcinogen, Group 1 according to the IARC defini‑
tion, fulfilling Bradford Hill causality criteria (87). This was 
further supported in our updated article (6). That conclusion is 
reinforced by the current evaluation.

The evidence that RF radiation exposure is a risk factor 
for cancer is particularly worrying, taking the present deploy‑
ment of the fifth generation (5G) for wireless communication. 
More than 200 scientists and medical doctors have asked 
for a moratorium until studies have been performed by 
independent researchers on hazards to human health and the 
environment  (88). These millimeter waves have primarily 
effects on the skin and eye (89). Sweat ducts in the skin may 
act as helical antennas and boost RF radiation exposure (90). 
These findings are worrying, taking the present evaluation 
that present RF radiation may increase the risk of developing 
skin cancer.

Discussion

The NTP report uses five categories for the evaluation of RF 
radiation carcinogenicity as follows:

Clear evidence. Clear evidence of carcinogenic activity is 
demonstrated by studies that are interpreted as showing a 
dose‑related i) increase of malignant neoplasms; ii) increase 
of a combination of malignant and benign neoplasms; or 
iii) marked increase of benign neoplasms if there is an indica‑
tion from this or other studies of the ability of such tumors to 
progress to malignancy.

Some evidence. Some evidence of carcinogenic activity is 
demonstrated by studies that are interpreted as showing a test 
agent‑related increased incidence of neoplasms (malignant, 
benign, or combined) in which the strength of the response is 
less than that required for clear evidence.

Equivocal evidence. Equivocal evidence of carcinogenic 
activity is demonstrated by studies that are interpreted as 
showing a marginal increase of neoplasms that may be test 
agent related.

No evidence. No evidence of carcinogenic activity is demon‑
strated by studies that are interpreted as showing no test 
agent‑related increases in malignant or benign neoplasms.

Inadequate study. Inadequate evidence of carcinogenic 
activity is demonstrated by studies that, due to major qualita‑
tive or quantitative limitations, cannot be interpreted as valid 

Figure 10. Age‑standardized incidence of malignant melanoma (ICD‑7 190) in Sweden between 1970‑2016 for men and women, all ages, according to the 
Swedish Cancer Register (http://www.socialstyrelsen.se/statistik/statistikdatabas/cancer).
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for showing either the presence or absence of carcinogenic 
activity.

On March 26‑28, 2018, a panel of 11 external scientific 
experts met to evaluate carcinogenicity of the NTP carci‑
nogenicity studies (https://factor.niehs.nih.gov/2018/4/
feature/feature‑2‑cel l‑phone/index.htm). As shown 
in  Table  IV, the carcinogenicity was upgraded for seven 
tumor types and/or location. Thus for glioma the vote was 
‘some evidence’ in male rats exposed to GSM or CDMA 
cell modulation. Evidence for heart Schwannoma was found 
in male rats and was equivocal in female rats, as shown in 
Table IV. Note that we have herein discussed carcinogenesis 
only for tumor types with human epidemiological data. 
It is of interest that animal data indicate also increased 
incidence for other tumor types and/or locations such 
as prostate gland, adrenal medulla, pancreas, liver and 
lung, see also https://ntp.niehs.nih.gov/ntp/about_ntp/
trpanel/2018/march/actions20180328_508.pdf.

In contrast to the NTP panel, ICNIRP has made its own 
evaluation (https://www.icnirp.org/cms/upload/publications/
ICNIRPnote2018.pdf). They discuss mainly the Schwannoma 
findings and ignore glial tumors. ICNIRP does not recognize 
the pattern of increased risk for Schwannoma and glioma in 

both animal studies and human epidemiology on RF radiation. 
They conclude that ‘ICNIRP considers that the NTP (2018a, b) 
and Falcioni et al (2018) studies do not provide a consistent, 
reliable and generalizable body of evidence that can be used 
as a basis for revising current human exposure guidelines.’ 
That conclusion is not based on scientific evidence, but is 
rather an ad hoc statement.

A recent commentary discussed ‘several unfounded criti‑
cisms about the design and results of the NTP study that have 
been promoted to minimize the utility of the experimental data 
on RFR for assessing human health risks. In contrast to those 
criticisms, an expert peer‑review panel recently concluded 
that the NTP studies were well designed, and that the results 
demonstrated that both GSM‑ and CDMA‑modulated RFR 
were carcinogenic to the heart (schwannomas) and brain 
(gliomas) of male rats.’ (91).

Our conclusion on RF radiation carcinogenicity is the 
following based on human epidemiology and supported by 
animal results in the NTP reports: Glioma, clear evidence; 
meningioma, equivocal evidence; vestibular schwan‑
noma (acoustic neuroma), clear evidence; pituitary tumor 
(adenoma), equivocal evidence; thyroid cancer, some 
evidence; malignant lymphoma, equivocal evidence; skin 

Table IV. National Toxicology Program (NTP) Cell Phone Radiation 2-Year Study Evaluation of Carcinogenicity of Cell Phone 
Radiation: NTP Draft Technical Reports (TR 595, TR 596) vs. Expert Panel Vote.a

	 Evidence of carcinogenicity
	------------------------------------------------------------------------------------------------------
		  Cell phone	 Tumor types	 NTP	 Expert panel
Animal	 Sex	 modulation	 and/or location	 draft report	 (vote yes-no-abstention)

Rat	 Male	 GSMb	 Heart: Schwannoma	 Some evidence	 Clear evidence (8-3)
Rat	 Male	 CDMAc	 Heart: Schwannoma	 Some evidence	 Clear evidence (8-3)
Rat	 Male	 GSM	 Brain: Glioma	 Equivocal	 Some evidence (7-4)
Rat	 Male	 CDMA	 Brain: Glioma	 Equivocal	 Some evidence (6-4-1)
Rat	 Male	 GSM	 Brain: Granular cell	 Equivocal	 Equivocal (11-0)
Rat	 Male	 GSM	 Prostate gland	 Equivocal	 Equivocal (11-0)
Rat	 Male	 GSM	 Pituitary gland	 Equivocal	 Equivocal (10-1)
Rat	 Male	 CDMA	 Pituitary gland	 Equivocal	 Equivocal (11-0)
Rat	 Male	 GSM	 Adrenal medulla	 Equivocal	 Some evidence (6-4-1)
Rat	 Male	 GSM	 Pancreas	 Equivocal	 Equivocal (11-0)
Rat	 Male	 CDMA	 Liver	 Equivocal	 Equivocal (11-0)
Rat	 Female	 GSM	 Heart: Schwannoma	 No evidence	 Equivocal (9-2)
Rat	 Female	 CDMA	 Heart: Schwannoma	 No evidence	 Equivocal (9-2)
Rat	 Female	 CDMA	 Brain: Glioma	 Equivocal	 Equivocal (8-3) (4 voted earlier
					     for ‘some evidence’)
Rat	 Female	 CDMA	 Adrenal medulla	 Equivocal	 Equivocal (10-0-1)
Mouse	 Male	 GSM	 Skin	 Equivocal	 Equivocal (8-3)
Mouse	 Male	 GSM	 Lung	 Equivocal	 Equivocal (11-0)
Mouse	 Male	 CDMA	 Liver	 Equivocal	 Equivocal (10-1)
Mouse	 Female	 GSM	 Lymphoma	 Equivocal	 Equivocal (9-2)
Mouse	 Female	 CDMA	 Lymphoma	 Equivocal	 Equivocal (11-0)

aJoel M. Moskowitz, School of Public Health, University of California, Berkeley, March  30, 2018 Electromagnetic Radiation Safety 
(https://www.saferemr.com/2018/01/national-toxicology-program-peer-public.html) with courtesy; bGSM, global system for mobile commu‑
nications; cCDMA, code-division multiple access.
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(cutaneous tissue), equivocal evidence; multi‑site carcinogen, 
clear evidence.

There is clear evidence that RF radiation causes 
cancer/tumor at multiple sites, primarily in the brain (glioma) 
and head (acoustic neuroma). There is also evidence of an 
increased risk of developing other tumor types. The results 
are similar in both the NTP studies (19,20) and the Ramazzini 
Institute findings (34). Based on the IARC preamble to the 
monographs, RF radiation should be classified as Group 1: The 
agent is carcinogenic to humans.

‘This category is used when there is sufficient evidence of 
carcinogenicity in humans. Exceptionally, an agent may be 
placed in this category when evidence of carcinogenicity in 
humans is less than sufficient but there is sufficient evidence 
of carcinogenicity in experimental animals and strong 
evidence in exposed humans that the agent acts through a 
relevant mechanism of carcinogenicity.’ (http://monographs.
iarc.fr/ENG/Preamble/currentb6evalrationale0706.php)
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a b s t r a c t

Exposure to low frequency and radiofrequency electromagnetic fields at low intensities poses a signif-
icant health hazard that has not been adequately addressed by national and international organizations
such as the World Health Organization. There is strong evidence that excessive exposure to mobile
phone-frequencies over long periods of time increases the risk of brain cancer both in humans and
animals. The mechanism(s) responsible include induction of reactive oxygen species, gene expression
alteration and DNA damage through both epigenetic and genetic processes. In vivo and in vitro studies
demonstrate adverse effects on male and female reproduction, almost certainly due to generation of
reactive oxygen species. There is increasing evidence the exposures can result in neurobehavioral dec-
rements and that some individuals develop a syndrome of “electro-hypersensitivity” or “microwave
illness”, which is one of several syndromes commonly categorized as “idiopathic environmental intol-
erance”. While the symptoms are non-specific, new biochemical indicators and imaging techniques allow
diagnosis that excludes the symptoms as being only psychosomatic. Unfortunately standards set by most
national and international bodies are not protective of human health. This is a particular concern in
children, given the rapid expansion of use of wireless technologies, the greater susceptibility of the
developing nervous system, the hyperconductivity of their brain tissue, the greater penetration of
radiofrequency radiation relative to head size and their potential for a longer lifetime exposure.

© 2018 Published by Elsevier Ltd.
1. Introduction

Electromagnetic fields (EMFs) are packets of energy that have no
mass. They vary in frequency and wavelength. At the high end of
the electromagnetic spectrum there are cosmic and X-rays that
have enough energy to cause ionization, and therefore are known
e by Payam Dadvand.
e Environment, University at

enter).

esearch Foundation, €Orebro,
as ionizing EMFs. Below in frequency and energy are ultraviolet,
visible light and infrared EMFs. Excessive exposure to ultraviolet
EMFs poses clear danger to human health, but life on earth would
not be possiblewithout visible light and infrared EMFs. Below these
forms of EMF are those used for communications (radiofrequency
or RF-EMFs, 30 kHz-300 GHz) and those generated by electricity
(extremely low-frequency or ELF-EMFs, 3 Hz-3 kHz). These EMFs do
not have sufficient energy to directly cause ionization, and are
therefore known as non-ionizing radiation. RF-EMFs at sufficient
intensity cause tissue heating, which is the basis of operation of the
microwave oven. However the question to be addressed here is
human health effects secondary to exposures to non-ionizing EMFs
at low intensities that do not cause measureable heating.
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In spite of a large body of evidence for human health hazards
from non-ionizing EMFs at intensities that do not cause measure-
able tissue heating, summarized in an encyclopedic fashion in the
Bioinitiative Report (www.bioinitiative.org), the World Health Or-
ganization (WHO) and governmental agencies in many countries
have not taken steps to warn of the health hazards resulting from
exposures to EMFs at low, non-thermal intensities, nor have they
set exposure standards that are adequately health protective. In
2001 the International Agency for Research on Cancer (IARC, 2002),
part of the WHO, declared ELF-EMFs to be “possibly carcinogenic to
humans”, and in 2011 they made a similar declaration for RF-EMFs
(Baan et al., 2011; IARC, 2013). The classification of RF-EMFs as a
“possible” human carcinogenwas based primarily on evidence that
long-term users of mobile phones held to the head resulted in an
elevated risk of developing brain cancer. One major reason that the
rating was not at “probable” or “known” was the lack of clear evi-
dence from animal studies for exposure leading to cancer. The US
National Toxicology Program has released preliminary results of a
study of long term exposure of rats to cell phone radiation which
resulted in a statistically significant increase in brain gliomas, the
same cancer found in people after long-term cell phone use, and
schwannomas, a tumor similar to the acoustic neuroma also seen
after intensive mobile phone use (Wyde et al., 2016). Similar results
in rats have been reported in an independent study at the Ram-
azzini Institute with exposures similar to those from a mobile
phone base station (Falcioni et al., 2018). This evidence, in
conjunction with the human studies, demonstrates conclusively
that excessive exposure to RF-EMF results in an increased risk of
cancer. In light of this new evidence for cancer in rodents in
response to prolonged exposure to mobile phone frequencies, the
IARC rating should be raised at least to “probable” (Group 2A) if not
“known” (Group 1).

Unfortunately the International EMF Project of the WHO, which
is part of the Department of Public Health, Environment and Social
Determinants of Health in Geneva, has consistently minimized
health concerns from non-ionizing EMFs at intensities that do not
cause tissue heating (WHO, 2014). In this regard WHO has failed to
provide an accurate and human health-protective analysis of the
dangers posed to health, especially to the health of children,
resulting from exposure to non-thermal levels of electromagnetic
fields. The Department of Public Health, Environment and Social
Determinates of Disease takes its advice on the issues related to
human health effects of non-ionizing EMFs from the International
Commission on Non-ionizing Radiation Protection (ICNIRP). Almost
all members of the core group preparing the new Environmental
Health Criteria (EHC) document for the WHO are members of
ICNIRP (Starkey, 2016; Hardell, 2017), a non-goverment organiza-
tion (NGO) whose members are appointed by other members. In
spite of recent efforts to control for conflicts of interest, ICNIRP has a
long record of close associations with industry (Maisch, 2006).
When queried as to why the WHO would take recommendations
from such a group, WHO staff replied that ICNIRP is an official NGO
which works closely with the WHO. Why this should exclude other
scientific research groups and public health professionals is un-
clear, particularly since most members of ICNIRP are not active
researchers in this field. We are particularly concerned that a new
WHO EHC document on RF-EMFs is scheduled to be released soon,
and that the members of the EHC Core Group and the individuals
whose assistance has been acknowledged are known to be in denial
of serious non-thermal effects of RF-EMFs in spite of overwhelming
scientific evidence to the contrary (Starkey, 2016; Hardell, 2017).

Others have dismissed the strong evidence for harm from ELF-
and RF-EMFs by arguing that we do not know the mechanism
whereby such low energetic EMFs might cause cancer and other
diseases. We have definitive evidence that use of a mobile phone
results in changes in brain metabolism (Volkow et al., 2011). We
know that low-intensity ELF- and RF-EMFs generate reactive oxy-
gen species (ROS), alter calcium metabolism and change gene
expression through epigenetic mechanims, any of whichmay result
in development of cancer and/or other diseases or physiological
changes (see www.bioinitiative.org for many references). We do
not know the mechanisms behind many known human carcino-
gens, dioxins and arsenic being two examples. Given the strength of
the evidence for harm to humans it is imperative to reduce human
exposure to EMFs. This is the essence of the “precautionary
principle”.

There are a number of reasons for our concern. In the past the
major exposure of the general population to RF-EMFs came from
radio and television signals. Now there are almost as many mobile
phones as there are people in the world, all of them being exposed
to RF-EMFs. There are mobile phone towers everywhere, and in
many developing countries there are no land-lines that allow
communication without exposure to RF-EMFs. There is rapid
movement in many developed countries to place small cell trans-
mitting devices (5G) operating at higher frequencies (24e70GHz)
every approximately 300m along sidewalks in residential neigh-
borhoods. There are other significant sources of exposure, coming
from WiFi, smart meters and soon from automobiles operating
without a human driver. Therefore human exposure has increased
dramatically in recent years, and continues to increase rapidly.
Whilewe already are seeing harm from these exposures, the degree
of harm will only increase with time because of the latency that is
known to occur between exposure and development of diseases
such as cancer.

Standards for protection of human health from EMFs vary
greatly around the world. Many countries set standards based on
the false assumption that there are no adverse health effects of RF-
EMFs other than those that are caused by tissue heating. This is the
case in North America, Australia and some European countries.
Many countries from the former Soviet Union have much more
restrictive standards. However information from cellular and hu-
man studies show biological effects that constitute hazards to hu-
man health at exposure levels that are often exceeded during daily
life.

This report follows a recent non-official meeting in Geneva with
WHO representives, where the authors urged WHO to acknowlege
low intensity effects of ELF-EMFs and non-thermal health effects of
RF-EMFs. This report does not attempt to present a complete
overview of the subject [see the Bioinitiative Report (www.
bioinitiative.org) for that] but rather to provide a holistic picture
of the processes explaining most or all of the adverse effects of EMF
exposures. It summarizes the evidence for cancer resulting from
exposure to EMFs, and identifies other diseases or pathological
conditions such as Alzheimer's disease and hypofertility that have
been shown to be associated with excesive exposure to low-
intensity EMFs. We also focus on electrohypersensitivity (EHS) in
both children and adults and cognitive and behavioural problems in
children resulting from the increasing exposure. Finally we discuss
what is known about the mechanisms whereby non-thermal EMF
radiation can cause disease with special reference to EMF-related
free radical production and epigenetic and genetic mechanisms.

2. Mobile phone use and the risk for glioma, meningioma
and acoustic neuroma

The brain is the main target for exposure to RF-EMF radiation
during use of handheld wireless phones, both mobile and cordless
phones (Cardis et al., 2008; Gandhi et al., 2012). An increased risk
for brain tumors has been of concern for a long time. The results of
the Swedish National Inpatient Register have documented an
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increasing incidence of brain tumors in recent years (Carlberg and
Hardell, 2017). In May 2011 RF radiation in the frequency range
30 kHze300 GHz was evaluated to be a Group 2B, i.e. a “possible”
human carcinogen, by IARC (Baan et al., 2011; IARC, 2013). This was
based on an increased risk for glioma and acoustic neuroma in
human epidemiological studies. In the following an updated sum-
mary is given of case-control studies on brain and head tumors;
glioma, meningioma and acoustic neuroma. The Danish cohort
study on ‘mobile phone users’ (Johansen et al., 2001; Schüz et al.,
2006) is not included due to serious methodological shortcom-
ings in the study design, including misclassification of exposure
(see S€oderqvist et al., 2012a).
2.1. Glioma

Glioma is the most common malignant brain tumor and rep-
resents about 60% of all central nervous system (CNS) tumors. Most
of these are astrocytic tumors that can be divided into low-grade
(WHO grades I-II) and high-grade (WHO grades III-IV). The most
common glioma type is glioblastoma multiforme (WHO grade IV)
with peak incidence in the age group 45e75 years and median
survival less than one year (Ohgaki and Kleihues, 2005). Three
research groups have provided results in case-control studies on
glioma (Interphone, 2010; Coureau et al., 2014; Hardell and
Carlberg, 2015). Hardell and colleagues have published results
from case-control studies on use of wireless phones and brain tu-
mor risk since the end of the 1990s (Hardell et al., 1990; for more
discussion see Carlberg and Hardell, 2017).

A random effects model was used for meta-analyses of pub-
lished studies, based on test for heterogeneity in the overall group
(“all mobile”). Note that only the Hardell group also assessed use of
cordless phones. Thus their reference category included cases and
controls with no use of wireless phones in contrast to the other
studies investigating only mobile phone use. In Table 1 results for
highest cumulative use in hours of mobile phones is given. All
studies reported statistically significant increased risk for glioma
and the meta-analysis yielded an odds ratio (OR)¼ 1.90 [95% con-
fidence interval (CI)¼ 1.31e2.76]. For ipsilateral mobile phone use
the risk increased further to OR¼ 2.54 (95% CI¼ 1.83e3.52) in the
meta-analysis based on 247 exposed cases and 202 controls.

Carlberg and Hardell (2014) found shorter survival in patients
with glioblastoma multiforme associated with use of wireless
phones comparedwith patients with no use. Interestinglymutation
of the p53 gene involved in disease progression has been reported
in glioblastomamultiforme in patients with mobile phone use�3 h
per day. The mutationwas statistically significantly correlated with
shorter overall survival time (Akhavan-Sigari et al., 2014). Further
support for the increased risk of glioma associated with mobile
phone use has been obtained in additional analyses of parts of the
Interphone study (Cardis et al., 2011; Grell et al., 2016; Momoli
Table 1
Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence
hours of mobile phone use.

All

Ca/Co OR 9

Interphone 2010
Cumulative use �1640 h 210/154 1.40 1
Coureau et al., 2014
Cumulative use �896 h 24/22 2.89 1
Carlberg and Hardell, 2015
Cumulative use �1640 h 211/301 2.13 1
Meta-analysis
Longest cumulative use 445/477 1.90 1
et al., 2017).
2.2. Meningioma

Meningioma is an encapsulated, well-demarked and rarely
malignant tumor. It is the most common benign tumor and ac-
counts for about 30% of intracranial neoplasms. It develops from the
pia and arachnoid membranes that cover the CNS. It is slowly
growing and gives neurological symptoms by compression of
adjacent structures. The most common symptoms are headaches
and seizures. The incidence is about two times higher in women
than inmen. Meningioma develops mostly amongmiddle aged and
older persons (Cea-Soriano et al., 2012). Carlberg and Hardell
(2015) included meningioma in their case-control studies. The re-
sults of the meta-analysis for cumulative exposure in the highest
category are given in Table 2. In total there was an increased (but
not statistically significant) risk for cumulative exposure but the
increased risk was statistically significant for ipsilateral use of
mobile phones (OR¼ 1.49, 95% CI¼ 1.08e2.06).
2.3. Acoustic neuroma

Acoustic neuroma, also called vestibular schwannoma, is a
benign tumor located on the eighth cranial nerve from the inner ear
to the brain. It is usually encapsulated and grows in relation to the
auditory and vestibular portions of the nerve. It grows slowly and
due to the narrow anatomical space may give compression of vital
brain stem structures. First symptoms of acoustic neuroma are
usually tinnitus and hearing problems. Results for use of mobile
phones in Interphone (2011) and Hardell et al. (2013) are given in
Table 3. Statistically significant increased risk was found for cu-
mulative ipsilateral use �1640 h yielding OR¼ 2.71 (95%
CI¼ 1.72e4.28).

The study by Moon et al. (2014) was not included in the meta-
analysis because data on cumulative mobile phone use with
numbers of cases and controls were not given. Support of an
increased risk was seen in the case-case part of the study (Moon
et al., 2014) and also in the report by Sato et al. (2011). Pettersson
et al. (2014) made a case-control study on acoustic neuroma in
Sweden not overlapping the Hardell et al. (2013) study. An
increased risk for the highest category of cumulative use of both
mobile phone (�680 h OR¼ 1.46, 95% CI¼ 0.98e2.17) and cordless
phone (�900 h OR¼ 1.67, 95% CI¼ 1.13e2.49) was found.Petters-
son et al. (2014) was not included in the meta-analysis due to the
many scientific shortcomings in the study, e.g. laterality analysis
was not made for cordless phone, the numbers in the laterality
analysis for mobile phone are not consistent in text and tables and
the ‘unexposed’ reference category included subjects using either
mobile and cordless phone, which is clearly not correct (Hardell
and Carlberg, 2014).
interval (CI) for glioma in case-control studies in the highest category of cumulative

Ipsilateral

5% CI Ca/Co OR 95% CI

.03e1.89 100/62 1.96 1.22e3.16

.41e5.93 9/7 2.11 0.73e6.08

.61e2.82 138/133 3.11 2.18e4.44

.31e2.76 247/202 2.54 1.83e3.52



Table 2
Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for meningioma in case-control studies in the highest category of
cumulative hours of mobile phone use.

All Ipsilateral

Ca/Co OR 95% CI Ca/Co OR 95% CI

Interphone 2010
Cumulative use �1640 h 130/107 1.15 0.81e1.62 46/35 1.45 0.80e2.61
Coureau et al., 2014
Cumulative use �896 h 13/9 2.57 1.02e6.44 6/4 2.29 0.58e8.97
Carlberg and Hardell 2015
Cumulative use �1640 h 141/301 1.24 0.93e1.66 67/133 1.46 0.98e2.17
Meta-analysis
Longest cumulative use 284/417 1.27 0.98e1.66 119/172 1.49 1.08e2.06

Table 3
Numbers of exposed cases (Ca) and controls (Co) and odds ratio (OR) with 95% confidence interval (CI) for acoustic neuroma in case-control studies in the highest category of
cumulative hours of mobile phone use.

All Ipsilateral

Ca/Co OR 95% CI Ca/Co OR 95% CI

Interphone 2011
Cumulative use �1640 h 77/107 1.32 0.88e1.97 47/46 2.33 1.23e4.40
Hardell et al., 2013
Cumulative use �1640 h 27/301 2.40 1.39e4.16 19/133 3.18 1.65e6.12
Meta-analysis
Cumulative use �1640 h 104/408 1.73 0.96e3.09 66/179 2.71 1.72e4.28
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2.4. In summary

Based on case-control studies there was a consistent finding of
increased risk for glioma and acoustic neuroma associated with use
of mobile phones. Similar results were found for cordless phones in
the Hardell group studies, although such use was not reported by
the other study groups. The findings are less consistent for me-
ningioma although somewhat increased risk was seen in the meta-
analysis of ipsilateral mobile phone use. A longer follow-up time is
necessary for this type of slow growing tumor.

The results on glioma and acoustic neuroma are supported by
results from animal studies showing co-carcinogenic and tumor
promoting effects from RF-EMF (Tillmann et al., 2010; Lerchl et al.,
2015). Recent results from the National Toxicology Program (NTP)
study showed genotoxicity of RF radiation in rats and mice exposed
to RF-EMF (Smith-Roe et al., 2017). That result supports previous
findings of DNA strand breaks in rat brain cells exposed to RF-EMF
(Lai and Singh, 1997).

Of importance also is that the results in the NTP and Ramazzini
studies both demonstrated an increased incidence of tumors of the
same type, glioma and malignant schwannoma, as has been seen in
humans with mobile phone use (Wyde et al., 2016; Falcioni et al.,
2018). Acoustic neuroma (vestibular schwannoma) is a similar
type of tumor as malignant schwannoma, although benign. In fact,
rates of brain tumors are increasing in Sweden and use of wireless
phones has been suggested to be the cause (Hardell and Carlberg.
2017).

3. Other diseases and pathological conditions attributed to
exposure to low-intensity EMFs

The evidence for harm from RF-EMF is strongest for cancer as a
consequence of intensive mobile phone use, especially gliomas,
glioblastomas and acoustic neuromas. But there is other evidence
for elevation in risk of leukemia among children living near to very
high intensity radio transmission towers (Michelozzi et al., 2002;
Ha et al., 2007). This is particularly interesting because leukemia is
the cancer most associated with elevated exposure to ELF-EMFs
arising from power lines (Ahlbom et al., 2000; Greenland et al.,
2000). There is some evidence for elevations in breast cancer risk
among women who wear their mobile phones in their bra (West
et al., 2013). Heavy use of a mobile phone was associated with
significantly elevated rates of ipsilateral parotid tumors in studies
from both Israel (Sadetzki et al., 2007) and China (Duan et al., 2011).
No increased risk was found in a Swedish study, but the results
were limited by low number of participants and lack of data on
heavy and long-term use of wireless phones (S€oderqvist et al.,
2012b).

There are other significant human health hazards of concern.
There is strong animal and human evidence that exposure to RF-
EMFs as well as ELF-EMFs reduces fertility in both males
(reviewed by McGill and Agarwal, 2014) and females (Roshangar
et al., 2014). An association between spontaneous abortion and
non-thermal EMF exposure including ELF-EMFs was reported in
several case-control studies (Dodge,1970; Juutilainen et al., 1993; Li
et al., 2017). The increased use of mobile phones and increased
exposure coming from WiFi, smart meters and other wireless de-
vices has been paralled in time with male hypofertility and sperm
abnormalities in semen (Rolland et al., 2013). These effects may be
related to holding an active wireless laptop in a man's lap or having
an active mobile phone on their belt, but more study is needed.
There is evidence that isolated human sperm exposed to RF-EMFs
are damaged by generation of reactive oxygen species (Agarwal
et al., 2009).

There are other diseases or physiologic alterations which have
been reported to be associated with exposure to non-thermal EMFs
in humans and in animals (Belyaev et al., 2016). Alzheimer disease
has been shown to be significantly associatedwith chronic ELF-EMF
occupational exposure in prospective epidemiological studies
(García et al., 2008; Davanipour and Sobel, 2009). Exposure to RF-
EMFs has been reported to increase neuropsychiatric and behav-
ioural disorders (Johansson et al., 2010; Divan et al., 2012), trigger
cardiac rhythm alteration and peripheral arterial pressure insta-
bility (Havas, 2013; Saili et al., 2015), induce changes in immune
system function (Lyle et al., 1983; Grigoriev et al., 2010; Sannino
et al., 2011, 2014) and alter salivary (Augner et al., 2010) and
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thyroid (Koyu et al., 2005; Mortavazi et al., 2009; Pawlak et al.,
2014) function. There is an urgent need for more study of these
diseases or biological alterations in relation to exposure to both
ELF- and RF-EMFs.

4. An emerging concern: cognitive and neurobehavioral
problems in children

Children, and especially fetuses, are more vulnerable than adults
for most environmental exposures (Sly and Carpenter, 2012). This is
because their cells are rapidly dividing and their organ systems are
not mature. As a result, events that perturb cellular function early in
life can result is abnormalities that last. There is a building body of
evidence indicating that exposure to RF-EMFs has adverse effects on
cognition and neurobehavior, especially in children and adolescents.
Concern about the particular sensitivity of children to RF-EMFs
emitted from mobile phone was first raised in 2000 by a British in-
dependent expert group (IEG, 2000) that noted that the increased
sensitivity to EMFs of children could be due not only to the natural
vulnerability of the developing nervous system, but also to the
smaller head size and thickness of the skull. These factors, plus the
higher conductivity of the young nervous system, result in greater
penetration of RF-EMFs into the brain (Gandhi et al., 1996). Of
concern is the fact that any adverse effects during development may
have life-long consequences and that young people, because they
will have a longer life span, will receive a greater cumulative expo-
sure than adults (Kheifets et al., 2005; Hansson Mild et al., 2006).

There are several reasons to be concerned. Animal studies have
shown that in utero RF-EMF exposure from mobile phones affects
fetal programming and leads to alteration in neurodevelopment
and behavior of offsprings (Aldad et al., 2012; Zhang et al., 2015).
Exposure of young rats to non-thermal intensities impairs learning
and spatial memory secondary to a deleterious impact of EMFs on
hippocampal, pyramidal or cortical neurons. Similar detrimental
cognitive and behavioural defects were also observed in adult an-
imals exposed to low-intensity.

EMFs (Bas et al., 2009; Deshmukh et al., 2015; Kumari et al.,
2017; Shahin et al., 2017). The exposure induces markers of
oxidative stress and inflammation in the brain (Dasdag et al., 2012;
Megha et al., 2015).

There are human data consistent with these animal studies.
Divan et al. (2008) reported that prenatal and to a lesser degree
postnatal exposure to cell phones is associated with emotional and
hyperactivity problems in 7-year old children. This finding was
confirmed in a second replicative study involving different partic-
ipants (Divan et al., 2012). Birks et al. (2017) used data from studies
in five cohorts from five different countries (83,884 children) and
concluded that maternal mobile phone use during pregnancy
increased the risk that the child will show hyperactivity and inat-
tention problems. A meta-analysis involving 125,198 children
(mean age 14.5 years) reported statistically significant associations
between access to and use of portable screen-based media devices
(e.g. mobile phones and tablets) and inadequate sleep quality and
quantity and excessive daytime sleepiness (Carter et al., 2016). Early
life exposure to lead has long been known to cause a reduction in
cognitive function and shortened attention span (Needleman et al.,
1979). Two studies have shown that prenatal (Choi et al., 2017) or
postnatal (Byun et al., 2017) mobile phone exposure results in
greater neurobehavioral effects in children with elevated lead
levels than those seen with elevated lead alone. These results raise
concern that EMFs may have synergistic actions with other envi-
ronmental contaminants known to cause a reduction in intelligence
quotient (IQ) and attention, such as polychlorinated biphenyls,
methyl mercury, environmental tobacco smoke and probably
others (Carpenter, 2006).
Finally the problem should be considered at the societal,
worldwide level. Many adolescents (Lenhart, 2015) and even very
young children and infants (Kabali et al., 2015) use cordless devices
immoderately, to such a point that the common intensive use of
devices in children and adolescents has been ascribed as an
addiction (Paz de la Puente and Balmori, 2007; Roberts et al., 2014).

The specific absorption rate (SAR)-based ICNIRP safety limits
were established on the basis of simulation of EMF energy ab-
sorption using standardized adult male phantoms, and designed to
protect people only from the thermal effects of EMFs. These as-
sumptions are not valid for two reasons. Not only do they fail to
consider the specific morphological and bioclinical vulnerabilities
of children, but also they ignore the effects known to occur at non-
thermal intensities. The same criticisms apply to other so called
“independent” advisory groups or agencies, such as the Advisory
Group of Non-Ionizing Radiation in the UK (AGNIR, 2012), the
French Agency for Food, Environmental and Occupational Health &
Safety in France (ANSES, 2013), and the Scientific Committee on
Emerging Newly Identified Health Risk (SCENIHR, 2009), all of
whom deny the detrimental health effects of low intensity, non
thermal EMF exposure and make recommendations based only on
thermal SAR considerations.

Although several scientific authorities, such as the US American
Academy of Pediatrics (AAP, 2013), and the Russian National
Committee on Non-Ionizing Radiation Protection (RNCNIRP, 2011)
have made specific recommendations to not allow the use of mo-
bile phones by children and to limit their use by adolescents, un-
fortunately these age categories remain a target for marketing of
mobile phone devices [http://www.who.int/peh-emf/project/
mapnatreps/RUSSIA%20report%202008.pdf]. The RNCNIRP has
warned that if no rational, health-based safety limits are adopted
for children and adolescents and no measures are taken to limit the
use of cordless devices, we can expect disruption of memory, de-
creases in learning and cognitive capabilities, increases in irrita-
bility, sleep disturbance, and loss of stress adaptation in this
population. There will also be long-term effects, including an in-
crease in brain cancer, infertility, EHS, Alzheimer disease and other
neurodegenerative diseases (RNCNIRP, 2011; Markov and Grigoriev,
2015). National and international bodies, particularly theWHO, will
bear major responsiblity for failing to provide specific science-
based guidance and recommendations so as to avoid such global
health threats.

5. Electrohypersensitivity, microwave illness or idiopathic
environmental intolerance attributed to electromagnetic
fields

There is a segment of the human population that is unusually
intolerant to EMFs. The term “electromagnetic hypersensitivity” or
“electrohypersensitivity (EHS)” to describe the clinical conditions
in these patients was first used in a report prepared by a European
group of experts for the European Commission (Bergqvist et al.,
1997). Santini et al. (2001, 2003) reported similar symptoms
occurring in users of digital cellular phones and among people
living near mobile phone base stations.

In 2004, because of the seemingly increasing worldwide preva-
lence,WHO organized an international scientificworkshop in Prague
in order to define and characterize EHS. Although not acknowledging
EHS as being caused by EMF exposure, the Prague working group
report clearly defined EHS as “a phenomenon where individuals
experience adverse health effects while using or being in the vicinity
of devices emanating electric, magnetic or electromagnetic fields”
(www.who.int/pehemf/EHS_Proceedings_June2006.pdf). Following
this meeting, WHO acknowledged EHS as an adverse health condi-
tion (WHO, 2005).

http://www.who.int/peh-emf/project/mapnatreps/RUSSIA%20report%202008.pdf
http://www.who.int/peh-emf/project/mapnatreps/RUSSIA%20report%202008.pdf
http://www.who.int/pehemf/EHS_Proceedings_June2006.pdf
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According to the Prague Workshop recommendations, it was
proposed to use the term “idiopathic environmental intolerance
(IEI) attributed to electromagnetic fields” (IEI-EMF) because of the
lack of a proven causal link with EMF exposure (HanssonMild et al.,
2006). This pathological disorder is identical to what has been
previously described under the term “microwave illness”
(Carpenter, 2015).

This syndrome is characterized by fatigue, chronic pain and
impaired cognitive function (see the Paris appeal, http://appel-de-
paris.com/?lang¼en). The precise mechanism(s) whereby envi-
ronmental exposure to either ELF- or RF-EMFs can cause the
development of this syndrome are still uncertain. However several
lines of experimental and clinical data are sufficiently strong so as
to indicate that ELF-EMFs and RF-EMFs exposure is associated with
adverse biological and clinical health effects in humans as well as
animals (Rea et al., 1991; McCarty et al., 2011; Belpomme et al.,
2015; Hedendahl et al., 2015; Irigaray et al., 2018a). The preva-
lence of EHS has been estimated to range 1e10% in developed
countries (Hallberg and Oberfeld, 2006) but appears today to be
around 3% (Huang et al., 2018).

Since WHO official reports on mobile phone exposure and
public health (WHO, 2014) and more particularly on EHS (WHO,
2005), much clinical and biological progress has been made to
identify and objectively characterize EHS, as was summarized
during the international scientific consensus meeting of the 5th
Paris Appeal Congress that took place inMay 2015 in Brussels at the
Royal Belgium Academy of Medicine (ISD, 2015). EHS has many
characteristics in common with other IEI pathological disorders,
including chronic fatigue syndrome, fibromyalgia, Gulf War Illness
and especially the syndrome of multiple chemical senssitvity
(MCS), which Belpomme et al. (2015) have shown to be associated
with EHS in many patients who report being electrohypersensitive.

5.1. Bioclinical identification and characterisation of
electrohypersensitivity

In a prospective study involving systematic face-to-face ques-
tionnaire-based interviews and clinical physical examinations of
nearly two thousand patients who self-reported having EHS or EHS
and MCS, Belpomme and colleagues reported that EHS is a well-
defined clinico-biological entity, characterized by the progressive
occurrence of neurologic symptoms, including headache, tinnitus,
hyperacusis, superficial and/or deep sensibility abnormalities, fi-
bromyalgia, vegetative nerve dysfunction and reduced cognitive
capability. These symptoms are repeatedly reported by the patients
to occur each time they are exposed to EMFs, even of weak in-
tensity. They result in chronic insomnia, fatigue, emotional lability
and depressive tendency (Belpomme et al., 2015; Irigaray et al.,
2018b).

Table 4 presents the detailed symptomatic picture which was
obtained during face-to-face interviews with subjects with EHS in
comparison to those with both EHS and MCS and to a series of
apparently healthy control subjects that showed no evidence of
EHS and/or MCS. As shown in the Table, the symptoms reported are
consistent with those in other published questionnaire-based
studies of EHS patients (Dodge, 1970; Johansson et al., 2010;
Nordin et al., 2014; Medeiros and Sanchez, 2016; R€o€osli, 2008). The
clinical symptoms observed in EHS or EHS/MCS patients are sta-
tistically significantly much more frequent that those in apparently
normal controls. Although many of these symptoms are non-
specific, the general clinical picture resulting from their associa-
tion and frequency strongly suggests that EHS can be recognized
and identified as a specific neurological disorder.

Because of the multiple and relatively common symptoms and
the lack of recognized objective diagnosis criteria, studies on EHS
were left with only the patient's self-reported interpretation for
many years. As a result, EHS has unfortunately been considered to
be a psychiatric disease of unknown origin. This helps explain why
most mainstream public health and societal bodies claim there is
not sufficient data proving that the clinical symptoms experienced
and reported by EHS patients are caused by EMF exposure. There-
fore they refuse to acknowledge EHS as a true neuropathological
disorder. This negative point of view was supported by some blind
or double blind studies showing that most individuals who report
they suffer from EHS were not able to identify when they were
exposed to either EMFs or sham controls (Rubin et al., 2011; Eltiti
et al., 2015). However other studies have found that EHS subjects
can identify EMF exposure in a statistically significant manner
when they are blinded to whether or not the exposure was on (Rea
et al., 1991; McCarty et al., 2011).

To account for these seemingly negative results a nocebo effect
was suggested (ANSES, 2017). However there is presently no
consensus on a biological mechanism through which a nocebo ef-
fect could occur (Medeiros and Sanchez, 2016; Chrousos and Gold,
1992; Jakovljevic, 2014). Moreover, results obtained in a carefully
designed psycho-clinical study in self-reporting EHS patients are
not consistent with an initial nocebo response to perceived EMF
exposure, even though it is plausible that after the onset of the
disease such phenomena may intervene secondarily through an
acquired learning and conditioning process (Dieudonn�e, 2016). In
addition, a meta-analysis of cross sectional studies has documented
a 38% greater risk of development of headaches among mobile
phone users than non-users, and an increasing risk of headache
with longer daily call duration (Wang et al., 2017).

Belpomme, Irigaray and colleagues recently identified several
biomarkers in EHS and/or MCS patients which allow physicians to
identify and objectively characterize EHS as a true somatic patho-
logical disorder, discounting the hypothesis of a causal psychoso-
matic or nocebo-related process. These came in part from a
prospective clinical and biological analysis of a series of several
hundred consecutive cases of individuals who self-reported that
they suffered from EHS or both EHS and MCS (Belpomme et al.,
2015) and more recently from the prospective anlaysis of an addi-
tional series of EHS patients (Irigaray et al., 2018a). Table 5 sum-
marizes the different biomarkers that have been measured in the
peripheral blood of these patients and the results which have been
obtained based on the EHS and EHS/MCS patient groups. Note that
among the different markers, the 6-hydroxymelatonin sulfate/
creatinine ratio in urine appears to be the best marker to be used in
medical practice since it has been found to be decreased in all cases
evaluated to date (Belpomme et al., 2015).

By measuring different major oxidative stress-related bio-
markers, such as thiobarbituric acid reactive substances (TBARS),
oxided glutathione (GSSG) and nitrotyrosine (NTT) in EHS patients,
Irigaray et al. (2018b) have recently shown that near 80% of the EHS
patients present with detectable oxidative stress biomarkers
(Fig. 1). More than 40% of EHS patients present with at least one
positive biomarker, 20% with two and 15% will all three of the
biomarkers investigated. This indicates that in addition to the
inflammation-related biomarkers previously associated with EHS,
EHS patients are also characterized by exhibiting biomarkers of
oxidative stress (Belpomme et al., 2015; Irigaray et al., 2018a,b).

The significance of the different biomarkers measured in the
peripheral blood of EHS and EHS/MCS patients is that these results
imply that these patients present with some degree of oxidative/
nitrosative stress, inflammation and autoimmune response.
Increased levels of several of these markers (notably protein S100B
and NTT) may reflect hypoxia-associated oxidative stress-induced
blood brain barrier (BBB) opening. It has been previously hypoth-
esized that opening of the BBB can be caused by environmental

http://appel-de-paris.com/?lang=en
http://appel-de-paris.com/?lang=en
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Table 4
Clinical symptom occurrence in EHS and EHS/MCS patients in comparaison with normal controlsa.

EHS EHS/MCS pb Normal controls pc pd

Headache 88% 96% 0.065 0% <0.0001 <0.0001

Dysesthesia 82% 96% 0.002 0% <0.0001 <0.0001
Myalgia 48% 76% <0.0001 6% <0.0001 <0.0001
Arthralgia 30% 56% <0.001 18% 0.067 <0.0001

Ear heat/otalgia 70% 90% <0.001 0% <0.0001 <0.0001
Tinnitus 60% 88% <0.0001 6% <0.0001 <0.0001
Hyperacousis 40% 52% 0.118 6% <0.0001 <0.0001

Dizziness 70% 68% 0.878 0% <0.0001 <0.0001
Balance disorder 42% 52% 0.202 0% <0.0001 <0.0001

Concentration/Attention deficiency 76% 88% 0.041 0% <0.0001 <0.0001
Loss of immediate memory 70% 84% 0.028 6% <0.0001 <0.0001
Confusion 8% 20% 0.023 0% 0.007 <0.0001

Fatigue 88% 94% 0.216 12% <0.0001 <0.0001
Insomnia 74% 92% 0.001 6% <0.0001 <0.0001
Depression tendency 60% 76% 0.022 0% <0.0001 <0.0001
Suicidal ideation 20% 40% 0.003 0% <0.0001 <0.0001

Transitory cardiovascular abnormalities 50% 56% 0.479 0% <0.0001 <0.0001

Occular deficiency 48% 56% 0.322 0% <0.0001 <0.0001

Anxiety/Panic 38% 28% 0.176 0% <0.0001 <0.0001
Emotivity 20% 20% 1 12% 0.176 0.176
Irritability 24% 24% 1 6% <0.001 <0.001

Skin lesions 16% 45% <0.0001 0% <0.0001 <0.0001
Global body dysthermia 14% 8% 0.258 0% <0.0001 <0.007

a This data results from the clinical analysis of the 100 first clinically evaluated cases issued from the already published series of EHS and/or MCS patients who have been
investigated for biological markers [Belpomme et al., 2015]. It has been compared symptomatically with data obtained from a series of 50 apparently normal subjects matched
for age and sex, used as controls.

b Significance levels (p values) obtained for compararison between the EHS and EHS/MCS groups.
c Significance levels (p values) obtained for compararison between the EHS and normal control groups.
d Significance levels (p values) obtained for compararison between the EHS/MCS and normal control groups.

Table 5
Patient mean values and standard deviations of biomarker levels in comparisonwith normal reference values as well as the percentage of patients with abnormal values in the
peripheral blood in subjects with EHS or both EHS and MCS (Belpomme et al., 2015).

Biomarker and Normal reference values Patients groups

EHS Mean± SD % Above normal EHS/MCS Mean± SD % Above Normala

hs-CRP < 3mg/l 10.3± 1.9 15% 6.9 þ/1.7 14.3%
Vitamine D> 30 ng/ml 20.6± 0.5 69.3% 14.5± 1.3 70.1%
Histamine< 10 nmol/l 13.6± 0.2 37% 13.6± 0.4 41.5%
IgE< 100 UI/ml 329.5± 43.9 22% 385± 70 24.7%
S100B < 0.105 mg/l 0.20± 0.03 14.7% 0.17± 0.03 19.7%
Hsp 70< 5 ng/ml 8.2± 0.2 18.7% 8± 0.3 25.4%
Hsp 27< 5 ng/ml 7.3± 0.2 25.8% 7.2± 0.3 31.8%
Anti-O-myelin auto-antibodiesb Positive 22.9% Positive 23.6%
24-h urine 6-OHMS/creatinine ratio >0.8c 0.042± 0.003 100% 0.048± 0.006 100%

hs-CRP, high-sensitivity C-reactive protein; IgE, Immunoglobulin E; S100B, S 100 calcium binding protein B; Hsp 27, heat shock protein 27; Hsp 70, heat shock protein 70; anti-
O-myelin auto-antibodies, auto-antibodies against O-myelin; 6-OHMS, 6-hydroxymelatonin sulfate.

a There is no statistically significant difference between the two groups of patients for the different biomarkers analyzed, suggesting that EHS and MCS share a common
pathological mechanism for genesis.

b Qualitative test.
c Data restricted to those not on neuroleptic medication as the simultaneous use of several psychotherapeutic drugs may also be associated with a decrease of this 24-h

urine ratio by modifying melatonine metabolism.
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stressors, be they chemicals or EMFs. This may have occurred in
these patients, as has been shown to occur in several (but not all)
animal experiments involving EMF exposure (Oscar and Hawkins,
1977; Persson et al., 1997; Eberhardt et al., 2008; Sirav and
Seyhan, 2009). Comparable data using metabolic and genetic bio-
markers were also obtained in another large series of EHS patients
(De Luca et al., 2014). Overall these data indicate that the clinical
use of biomarkers allows the objective characterisation and iden-
tification of EHS and MCS as two etiopathologic facets of a unique
pathological disorder, and also allows insight into the genesis of
these two diseases.

The development of new imaging techniques has also greatly
increased our ability to objectively characterize EHS and MCS. Us-
ing ultrasonic cerebral tomosphygmography (UCTS) (Parini et al.,
1984), EHS- and EHS/MCS-patients were found to have a statisti-
cally significant decrease in mean pulsometric index in several
middle cerebral artery-dependant portions of the temporal lobes,
especially in the capsulo-thalamic area, which is part of the limbic



Fig. 1. Percentage of EHS self-reporting patients having positive TBARs, GSSG and/or NTT oxidative stress biomarkers measured in the peripheral blood. “Positive” biomarkers
correspond to marker levels above the upper normal limit; “total” corresponds to the patients with one or more positive biomarker levels. Black bars show the percentage of
patients with one, two or all three of the biomarkers for TBARS, GSSG and NTT. The white bars show the percentage of patients with either TBARs or GSSG or both oxidative stress
markers.
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system and the thalamus. This suggests that EHS and EHS/MCSmay
be associated with a brain blood flow (BBF) deficiency and/or
neuronal dysfunction in these brain structures (Belpomme et al.,
2015; Irigaray et al., 2018a,b). Irigaray et al. (2018c) have recently
confirmed that UCTS is the best imaging technique to diagnose EHS
and to follow patients treated for EHS and/or MCS.

In addition, using positron emission tomography (PET) it has
been shown that short term exposure to pulse-modulated RF-EMF
causally affects regional BBF in normal subjects using a mobile
phone (Aalto et al., 2006; Huber et al., 2005), a finding that may
account for the modifications observed in the sleep and waking
EEG (Huber et al., 2002). By use of functional MRI (fMRI) in EHS
patients exposed chronically to ELF-EMFs, regional BBF changes
have been reported in the frontal lobes, such as abnormal default
mode network and more particularly a decrease in BBF and ce-
rebral metabolism. These observations indicate that fMRI may also
be a tool for diagnosis of EHS and clinical follow up of patients
(Heuser and Heuser, 2017). A decreased BBF-associated pulso-
metric index decrease in both hemispheres was also recently
observed by the Belpomme group by using transcranial Doppler
ultrasound (TDU) (Purlauastja and Sorond, 2012) applied to the
middle cerebral artery in a study involving 120 EHS and/or MCS
patients. This study revealed a decrease in pulsatility index and an
increase in diastolic flow velocity in 70% of the 120 cases inves-
tigated to date.

In summary it is the strong opinion of the authors that there is
presently sufficient clinical, biological and radiological data
emanating from different independent international scientific
research groups for EHS, whatever its causal origin, to be
acknowledged as a well-defined, objectively characterized patho-
logical disorder. As a result, patients who self-report that they
suffer from EHS should be diagnosed and treated utilizing presently
available objective biological tests, among which are the concen-
tration of peripheral blood biomarkers and the use of imaging
techniques such as PET, fMRI and TDU and, when available, UCTS.
Whatever its etiological origin and mechanism of action, EHS
should be acknowledge by the WHO as a real and distinct neuro-
logical and pathological disorder (McCarty et al., 2011; Hedendahl
et al., 2015) and thus be included in the International Classifica-
tion of Diseases.
5.2. Possible etiopathogenic processes involved in genesis of electro-
hypersensitivity

EMFs, both RF-EMFs at non-thermal intensities and ELF-EMFs,
have been found to cause persistent adverse biological effects in
microorganisms (Fojt et al., 2004), plants (Roux et al., 2008; Maffei,
2014), birds (Balmori, 2005; Balmori and Hallberg, 2007; Frey,
1993), and mammals. Therefore the effects observed in humans
cannot be due to only a nocebo or psychosomatic effect. These
biological effects may be due both to the pulsed and polarised
characteristics of man-made EMFs emitted by electric or wireless
technologies as opposed to the terrestrial non-polarised and
continuously emitted natural EMFs (Blackman, 2009; Belyaev,
2015; Panagopoulos et al., 2015).

The inflammatory and oxidative/nitrosative states that have
been documented in EHS patients are remarkable since they
confirm the data obtained experimentally in animals exposed to
non-thermal EMFs (Esmekaya et al., 2011; Burlaka et al., 2013), and
especially in the brain (Megha et al., 2015; Kesari et al., 2011). The
limbic systemeassociated capsulo-thalamic abnormalities that the
Belpomme group has observed by using UCTS in EHS and/or MCS
patients (Belpomme et al., 2015; Irigaray et al., 2018a,c) may likely
correspond to the hippocampal neuronal alterations caused by EMF
exposure in the rats (Bas et al., 2009; Furtado-Filho et al., 2015;
Deshmukh et al., 2013). Fig. 2 summarizes our hypothesis regarding
the inflammation and oxidative stress-related mechanisms which
may account for EMF- and/or chemically-related health effects in
the brain and consequently for EHS genesis.

6. Mechanisms whereby low intensity electromagnetic fields
cause biological effects and harm

Arguments used in the past to attempt to discount the evidence
showing deleterious health effects of ELF-EMFs and RF-EMF expo-
sure at non-thermal SAR levels were based on the difficulties
encountered in understanding the underlying biological effects and
the lack of recognized basic molecular mechanisms accounting for
these effects. This is no longer the case. There are a number of well-
documented effects of low intensity EMFs that are the mechanistic
basis behind the biological effects documented above (www.

http://www.bioinitiative.org
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bioinitiative.org). These include induction of oxidative stress, DNA
damage, epigenetic changes, altered gene expression and induction
including inhibition of DNA repair and changes in intracelluar cal-
cium metabolism. Both low-intensity ELF-EMF and non-thermal
RF-EMF effects depend on a number of physical parameters and
biological variables and physical parameters, which account for the
variation in health outcomes (Belyaev, 2015; Belyaev et al., 1999).
Importantly, the most severe health effects are observed with
prolonged chronic exposures even when intensities are very low
(Belyaev, 2017). The physics of non-equilibrium and non-linear
systems and quantum mechanics are at least in part the basis of
the physical mechanisms responsible for the non-thermal molec-
ular and biological effects of non-thermal EMF radiation (Belyaev,
2015), although a detailed report on these actions is beyond the
scope of this review.

Lower RF-EMF intensity is not necessarily less bioactive or less
harmful. Non-thermal EMF effects can be observed at intensities
which are very close to ordinary background levels and quite
similar to intensities emitted by mobile phone base stations. There
are time windows for observation of non-thermal EMF effects
which may be dependent upon the endpoint measured, the cell
type and the duration and power density of exposure. Non-thermal
RF-EMF effects are affected by static magnetic fields and electro-
magnetic stray fields, which result in the variation of non-thermal
EMF effects from mobile phones because of adjacent electrical
appliances, power lines and other sources of ELF and static mag-
netic fields, including changes in the geomagnetic field (Gapeev
et al., 1999a and b).

Cell-to-cell interactions potentiate the response to non-thermal
EMFs (Belyaev et al., 1996). Biological responses to EMFs have been
shown to be influenced by sex and age (Zhang et al., 2015; Sirav and
Seyhan, 2016). Physiological parameters such as the stage of cell
growth, oxygen, divalent ions and temperature are important
Fig. 2. Hypothetical EHS/MCS common etiopathogenic model based on neuro-
inflammation and oxidative/nitrosative stress-induced blood brain barrier disruption
(Belpomme et al., 2015).
variables affecting cellular responses to EMFs (Liburdy and Vanek,
1987; Sannino et al., 2011).

6.1. Combined exposures

EMFs at non-thermal intensities may interfere with other
environmental stressors, showing an interplay of molecular path-
ways and resulting in either beneficial or detrimental health effects,
depending on the nature and conditions of co-exposures
(Novoselova et al., 2017; Ji et al., 2016). One example is the
demonstration that RF-EMF exposure modulates the DNA damage
and repair induced by ionizing radiation (Belyaev et al., 1993).
Another example is the synergistic of exposure to lead and EMFs on
cognitive function in children described above (Choi et al., 2017;
Byun et al., 2017). These co-exposure factors should be considered
when assessment of detrimental effects, including carcinogenicity,
is performed.

Not all of the effects of EMFs on the nervous system and other
organs are necessarily harmful. The best example of a positive ef-
fect is the well-documented and clinically useful benefit of applied
magnetic fields to promote bone healing (Bassett, 1994). Both ELF-
EMF (Zhang et al., 2015) and RF-EMF (Arendash et al., 2010) have
been reported to slow cognitive decline in rodent models of Alz-
heimer's disease. Some human studies report a facilitating effects of
cognitive performance (Lee et al., 2001) while Koivisto et al. (2000)
reported an increase in response time and vigilance tasks but a
decrease in mental arithmetric tasks. These studies clearly show
that EMFs have biological effects at non-thermal intensities, but
suggest that not all biological effects are necessarily harmful.

6.2. Duration of exposure and dose intensity

Such parameters as power density, dose, and duration of
exposure have been analyzed for development of reliable safety
standards, which would protect against the detrimental health ef-
fects of chronic exposure to RF-EMFs at non-thermal intensities.
Some studies show no effect under fixed short-term exposures, but
this does not imply that there are no effects from longer-term ex-
posures (Choi et al., 2014). Exposure in studies showing RF-EMF
effects was on average twice the duration as those with no signif-
icant effects (Cucurachi et al., 2013). The response to non-thermal
EMFs depends on both power density and duration of exposure.
Importantly, the same response is observed with lower power
density but prolonged exposure as at higher power density and
shorter exposure (Nordenson et al., 1994). While SAR is a good
surrogate for thermal RF effects from acute exposures, many
studies have shown that SAR should be either replaced by “dose-
specific absorption” or power density complimented by duration of
exposure for description of non-thermal RF effects (Belyaev, 2015).
Recent studies have provided more evidence for the greater
importance of dose and duration of exposure than SAR alone for
biological and health effects from long-term exposures to non-
thermal RF-EMFs (Furtado-Filho et al., 2015).

6.3. Oxidative stress

Non-ionizing radiation does not have sufficient energy to
directly break chemical bonds, and therefore the DNA damage that
occurs with non-ionizing EMF exposures is primarily a conse-
quence of generation of reactive oxygen species (ROS), resulting in
oxidative stress. There are numerous animal experiments which
clearly demonstrate that non thermal EMFs can cause oxidative
stress (Esmekaya et al., 2011; Burlaka et al., 2013), particularly in
the brain (Shahin et al., 2017; Dasdag et al., 2012; Megha et al.,
2015; Furtado-Filho et al., 2015). Oxidative stress is known to

http://www.bioinitiative.org
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play a central role in development of cancer and aging and serves as
a signaling agent in the inflammatory response (Holmstrom and
Finkel, 2014).

The brain is a particularly important organ for sensitivity to
EMFs. Brain cancer resulting from EMF exposures is a serious
concern, and EHS is a disease of the central nervous system. Several
mechanisms at the cellular and molecular levels have been re-
ported that may be the basis of these non-thermal RF-EMF effects
on brain function. ELF- and/or RF-EMF exposure at embryonic or
early postnatal stages can alter in vivo synaptic efficacy and plas-
ticity of neurons (Balassa et al., 2014), a finding which was further
supported by in vitro studies showing a significant decrease in the
differentiation of neural stem cells into neurons (Eghlidospour
et al., 2017), the alteration of transcript levels of neuronal
differentiation-related genes and impairment of neurite outgrowth
of embryonic neural stem cells exposed to ELF- or RF-EMFs (Ma
et al., 2014). These observations support the conclusion that low-
intensity but prolonged exposure to non-thermal EMFs may have
adverse effects on neurogenesis during development and indicate
how important it is to protect the fetus and young child from
excessive exposure to all mobile devices.

Animal studies have documented that 900MHz or 2.45 GHz non
thermal RF-EMF exposure in rats, either short term or chronic, can
trigger neuronal dysfunction and even apoptosis of hippocampal
pyramidal cells (Bas et al., 2009; Shahin et al., 2017) and cerebellum
Purkinje cells (Sonmez et al., 2010) through induction of oxidative
stress. Exposure of pregnant dams elicited EMF oxidative stress-
induced neuronal pathologic changes in offspring (Odaci et al.,
2016). Such pathological changes could be due to ROS-induced
opening of the BBB (Nordal and Wong, 2005) and/or to ROS-
associated brain hypoxia caused by a decrease in EMF-induced
BBF and/or EMF-induced hemoglobin deoxygenation (Mousavy
et al., 2009; Muehsam et al., 2013). The resulting hypoxia may
induce metabolic neuronal dysfunction as in the case of EHS pa-
tients (Belpomme et al., 2015) but also neuronal cell death by either
apoptosis or necrosis as in the case of Alzheimer's disease and other
forms of dementia (Bell and Zlokovic, 2009).

While some consider the laboratory data on EMFs as being
inconsistent, showing either detrimental or no effects and on
occasion even beneficial effects, the vast majority still show detri-
mental effects. For example Henry Lai in the Bioinitiative Report
Research Summaries Update of November 2017, Chapter 6 on
Genotoxic Effects, reported that i) of 46 studies on ELF genotoxicity
with the comet assay as the end point, 34 studies (74%) showed
detrimental effects, ii). Of 189 total studies on ELF and oxidative
stress, 162 (87%) showed a positive correlation, and iii) of 200
studies on RF and free radicals, 180 (90%) showed detrimental ef-
fects. One reason for variability between laboratory studies is the
strong dependence on low-threshold EMF effects on a number of
physical and biological variables (Belyaev, 2010).

6.4. Genetic and epigenetic mechanisms

Genetic effects are the most direct cause for carcinogenicity.
This is true both for genotoxic changes caused by exposure to
EMFs and existing polymorphic genetic differences within a
population that increase susceptibility to cancer. DNA can no
longer be considered to be unaffected by environmental EMF
levels, as many studies have shown that DNA can be activated and
damaged by EMFs at levels that have been considered to be safe
(Blank and Goodman, 1999).

The primary mechanism through which low-intensity EMFs can
alter DNA is through ROS production. Lai and Singh (2004) first
reported that a 2 h exposure of rats to 60 Hz EMFs at 0.1e0.5mT
resulted in DNA strand breaks in neurons, and provided evidence
that this effect was mediated by free radical formation and blocked
by free radical scavengers. Vijayalaxmi and Prihoda (2009) in a
meta-analysis of 87 publications found a biologically small but
statistically significant difference between DNA damage in ELF-
EMF-exposed somatic cells as compared to controls, and reported
evidence for epigenetic changes for some outcomes. For ELF-EMFs
this breakage effect was stronger when exposure was intermittent
rather than continuous (Nordenson et al., 1994).

Yang et al. (2008) have reported an OR¼ 4.31 (95% CI ¼
1.54e12.08) for leukemia in children living within 100m of a high
voltage powerline if they had a certain polymorphism of a DNA
repair gene.

Exposure to RF-EMFs can also induce DNA damage under spe-
cific conditions (Markova et al., 2005). Tice et al. (2002) and
Vijayalaxmi et al. (2013) reported DNA damage and micronuclei
formation in cultured human leukocytes and lymphocytes upon
exposure to RF-EMF signals of at least 5W/kg. Not all cell types
showed similar responses. Schwartz et al. (2008) reported micro-
nucleus changes in fibroblasts but not lymphocytes exposed to
1950MHz EMFs. Kesari et al. (2014) also demonstrated DNA strand
breaks in the brains of rats exposed for 2 h per day for 60 days to a
3G mobile phone. Changes in DNA secondary structure (Semin,
1995; Diem et al., 2005) and chromosome instability (Mashevich,
2003) have been observed upon exposure to RF-EMFs emitted by
mobile phones.

Epigenetic changes, rather than genetic changes in DNA, may
underlie many or evenmost of the biological effects of non-thermal
EMFs (Sage and Burgio, 2017). Non-thermal EMFs are epigenetic
stressors which can alter gene expression by acting through
physical or biochemical processes and be reflected as chromatin
remodeling (Belyaev et al., 1997), histone modification (Wei et al.,
1990) or altered microRNA (Dasdag et al., 2015) at intensities far
below those that cause measureable tissue heating.

Chromatin plays a key regulatory role in controlling gene
expression and, more particularly, the access of transcription fac-
tors to DNA. It has been shown that extremely low intensity RF-EMF
exposure, i.e. at intensities comparable to that of mobile phone and
towers, results in changes in chromatin conformation and gene
expression (Belyaev et al., 1997; Belyaev and Kravchenko, 1994;
Belyaev et al., 2006; Belyaev et al., 2009). In a large number of cells
and tissues, compaction of chromatin in specific loci may lead to
gene silencing, loss of histone regulatory effects and DNA repair
capacity (Wei et al., 1990). Belyaev and collaborators (Markova
et al., 2005; Belyaev et al., 2009) have shown that exposure to
RF-EMFs emitted by GSM mobile phone alters chromatin confor-
mation in human lymphocytes and inhibits formation of p53-
binding protein 1 (53BP1) and phosphorylated histone H2AX (g-
H2AX) DNA repair foci.

EMFs in both the ELF and RF ranges may epigenetically affect
DNA by inducing the expression of stress response genes and
consequently the synthesis of chaperone stress proteins (Blank and
Goodman, 2011a and b). A specific gene sequence has been iden-
tified that acts as a sort of antenna, specifically sensitive and
responsive to EMFs (Blank and Goodman, 2011b). This is a gene
sequence coding for HSP70, a protein belonging to a family of
conserved, ubiquitously expressed “heat shock proteins” that sense
danger signals and protect cells from the most disparate stress
conditions. This is an unambiguous demonstration that EMF
exposure even at non-tissue heating intensities has the potential to
be harmful to cells and organisms. The HSP70 promotor contains
different DNA regions that are specifically sensitive to diverse
stressors, thermal and non-thermal. The EMFs are specifically
perceived by the sequences sensitive to non-thermal stimuli. Dur-
ing the process of HSP70-response induction, EMFs can activate
directly the HSP70 gene promoter (Rodrequez-De la Fuente et al.,
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2010) which contains a magnetic field-responsive domain (Lin
et al., 1999, 2001).

EMF-related HSP70 and HSP27 stress responses have been
detected in the hippocampus of rats exposed to non-thermal EMFs
(Yang et al., 2012). Shahin et al. (2017) reported that mice exposed
to 2G mobile phones continuously for four months showed
elevated ROS, lipid peroxidation, total nitrate and nitrite concen-
trations and malondialdehyde levels in homogenates of different
tissues, and decreased levels of several antioxidant enzymes. These
observations justify the use of these markers to characterize EHS in
patients who report that they are sensitive to EMFs.

The EMF effects have been suggested to be mediated by the
mitogen-activated protein kinase (MAPk) cascades, which is a
central signaling transduction pathway which governs all stress-
related cellular processes occurring in response to extracellular
stimuli (Friedman et al., 2007). It has been shown that long term
exposure of cells to mobile phone frequencies or to ELF-EMFs
(Goodman et al., 2009) activates the extracellular-signal regulated
kinase (ERK), which is one of the four MAPk cascades so far
identified.

Non-thermal RF-EMFs may also alter expression of other genes.
As long ago as Byus et al., 1988 showed that 450MHz RF increased
ornithine decarboxylase activity in hepatoma cells. Markova et al.
(2005) exposed human fibroblasts and mesenchymal stem cells
to mobile phone RF-EMFs with analysis of tumor suppressor p53
binding protein 1. Formation of 53BP1 foci was inhibited in both
cells types, but the stem cells always showed a greater response.
Fragopoulou et al. (2011) exposed mice to either a typical mobile
phone or a wireless DECT base station and analyzed the brain
proteome. They found significant alteration in 143 specific proteins
(ranging from a 0.003 fold downregulation to up to a 114-fold
overexpression.) Luo et al. (2013) exposed pregnant women un-
dergoing a first trimester abortion to a mobile phone applied to the
abdomen and performed a proteomic analysist of placental villous
tissue. They report 15 proteins which were significantly altered by
at least 2- to 2.5-fold in exposed women as compared to control
women. Twelve of these proteins were identified. Yan et al. (2008)
exposed rats to mobile phones 6 h per day for 126 days, and found
upregulation of specific mRNAs that regulated several proteins,
including calcium ATPase, neural cell adhesion molecule, neural
growth factor and vascular endothelial growth factor. EMFs at non
thermal levels may not only alter the expression of many proteins
but also may directly affect protein conformation (Fragopoulou
et al., 2011; Bohr and Bohr, 2013; Beyer et al., 2013) and modify
enzyme activity (Vojisavljevic et al., 2010), so altering the regu-
lating capacity of the epigenome. These are epigenetic, not genetic,
effects (Sage and Burgio, 2017).

Non-thermal EMF exposure can epigenetically interfere with
the differentiation and proliferation programs of stem cells in fetal
and adult tissues through ROS production (Wolf et al., 2007; Falone
et al., 2007; Ayşe et al., 2010; Park et al., 2014). Stem cells are the
most sensitive cells to EMF exposure (Eghlidospour et al., 2017;
Markova et al., 2010) and this is particularly the case for neural stem
cells of the hippocampus (Leone et al., 2014).

The endogenous natural ionic currents and electrical fields in
the human body (Jaffe and Nuccitelli, 1977) are vulnerable to the
oscillary properties of non-thermal EMFs. These consequently may
cause detrimental effect on cell differentiation and proliferation in
adult tissues (Levin, 2003) in addition to the effects on cell differ-
entiation, proliferation andmigration in the fetus (Wolf et al., 2007;
Ayşe et al., 2010; Leone et al., 2014). Fetal programming cannot be
reduced to only genetic programs. Developmental processes are
essentially epigenetic (Leone et al., 2014), and exposure to epige-
netic stressors such as non-thermal EMFs are much more
dangerous for the fetus than for the adults.
6.5. Calcium regulation

There has long been evidence that EMFs alter several aspects of
calcium function. This is important because calcium regulatesmany
different aspects of cell function. Bawin and Adey (1976) reported
that very weak ELF-EMFs trigger efflux of calcium from isolated
chick brain, although the implications of this observation were not
clear. Later they reported a similar action of RF-EMFs (Adey et al.,
1982). Pulsed low-frequency EMFs promote bone healing and
promote calcium uptake into bone (Spadaro and Bergstrom, 2002)
and osteoblasts (Zhang et al., 2010). 50 Hz EMFs increase the
number of voltage-gated calcium channels in neuroendocrine cells
(Grasso et al., 2004) and presynaptic nerve cell terminals (Sun et al.,
2016). Wei et al. (2015) found that ELF-EMFs also altered the fre-
quency of calcium transients in cardiomyocytes and decreased
calcium concentrations in sarcoplasmic reticulum. These changes
in calcium in heart muscle may be the basis for the cardiovascular
effects reported in humans on exposure to EMFs (Havas, 2013). In
spite of numerous studies reporting altered calcium metabolism
upon exposure to both ELF- and RF-EMFs, the overall implications
of these effects are still not clear. However, some have suggested
(Ledoigt and Belpomme, 2013) that calcium activation of proteins
could be the initial event that results in altered protein configura-
tion, leading to generation of ROS and ultimately activating the
molecular pathways to cancer.

7. Public Health Implications of Human Exposure to EMFs

The incidence of brain cancer in children and adolescents has
increased between 2000 and 2010 (Ostrom et al., 2015). Gliomas
are increasing in the Netherlands (Ho et al., 2014), glioblastomas
are increasing in Australia (Dobes et al., 2011) and England (Philips
et al., 2018) and all brain cancers are increasing in Spain
(Etxeberrua et al., 2015) and Sweden (Hardell and Carlberg, 2017).
The latency period between initial exposure and clinical occurrence
of brain cancer is not known but is estimated to be long. While not
all reports of brain cancer rates show an increase, some do. The
continually increasing exposure to EMFs from all sources may
contribute to these increases. The prevalence of EHS is unknown,
but various reports suggest that it is between 1 and 10% of the
population (Hallberg and Oberfeld, 2006; Huang et al., 2018). Male
fertility has been declining (Geoffroy-Siraudin et al., 2012; Levine
et al., 2017). EMFs increase the risk of each of these diseases and
others. Alzheimer's disease is increasing in many countries
worldwide and its associationwith ELF-EMF occupational exposure
has been clearly demonstrated through several independent
epidemiological studies (Davanipour and Sobel, 2009; Sobel et al.,
1996; Qiu et al., 2004) and a meta-analysis of these studies
(García et al., 2008). A recent meta-analysis (Huss et al., 2018) has
reported an increased risk of amyotrophic lateral sclerosis in
workers occupationally exposure to ELF-EMFs.

Safety limits for RF exposure have been based (until today) on
the thermal effects of EMFs. But these standards do not protect
people, particularly children, from the deleterious health effects of
non-thermal EMFs (Nazıro�glu et al., 2013; Mahmoudabadi et al.,
2015). Each of these diseases is associated with decrements in
health and quality of life. Brain cancer patients often die is spite of
some improvement in treatment, while EHS patients present with
increased levels of distress, inability to work, and progressive social
withdrawal. The ability for humans to reproduce is fundamental for
the maintenance of our species.

The scientific evidence for harm from EMFs is increasingly
strong. We do not advocate going back to the age before electricity
or wireless communication, but we deplore the present failure of
public health international bodies to recognize the scientific data
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showing the adverse effects of EMFs on human health. It is
encouraging that some governments are taking action. France has
removedWiFi from pre-schools and ordered Wi-Fi to be shut off in
elementary schools when not in use (http://www.telegraph.co.uk.
news/2017/12/11/france-ipose-total-ban-mobile-phones-schools/).
The State of California Department of Public Health has issued a
warning on use of mobile phones and offered advice on how to
reduce exposure (State of California, 2017). There are many steps
that are neither difficult nor expensive that can be taken to use
modern technology but in a manner that significally reduces
threats to human health.

It is urgent that national and international bodies, particularly
the WHO, take this significant public health hazard seriously and
make appropriate recommendations for protective measures to
reduce exposures. This is especially urgently needed for children
and adolescents. It is also important that all parts of society,
especially the medical community, educators, and the general
public, become informed about the hazards associated with expo-
sure to EMFs and of the steps that can be easily taken to reduce
exposure and risk of associated disease.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.envpol.2018.07.019.
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A B S T R A C T   

In urban environment there is a constant increase of public exposure to radiofrequency electromagnetic fields 
from mobile phone base stations. With the placement of mobile phone base station antennas radiofrequency 
hotspots emerge. This study investigates an area at Skeppsbron street in Stockholm, Sweden with an aggregation 
of base station antennas placed at low level close to pedestrians’ heads. Detailed spatial distribution measure-
ments were performed with 1) a radiofrequency broadband analyzer and 2) a portable exposimeter. The results 
display a greatly uneven distribution of the radiofrequency field with hotspots. The highest spatial average across 
all quadrat cells was 12.1 V m⁻1 (388 mW m⁻2), whereas the maximum recorded reading from the entire area was 
31.6 V m⁻1 (2648 mW m⁻2). Exposimeter measurements show that the majority of exposure is due to mobile 
phone downlink bands. Most dominant are 2600 and 2100 MHz bands used by 4G and 3G mobile phone services, 
respectively. The average radiofrequency radiation values from the earlier studies show that the level of ambient 
RF radiation exposure in Stockholm is increasing. This study concluded that mobile phone base station antennas 
at Skeppsbron, Stockholm are examples of poor radiofrequency infrastructure design which brings upon highly 
elevated exposure levels to popular seaside promenade and a busy traffic street.   

1. Introduction 

Electromagnetic fields are known physical risk factors. When mobile 
phone base station antennas are installed, the immediate physical 
environment, including the public and the living spaces can be greatly 
affected by microwaves. 

Measuring public exposure to radiofrequency fields is significant 
from public health perspective, but also for future epidemiological 
studies. Given the rapid development of mobile communication tech-
nologies, the radiofrequency landscape is continuously diversifying and 
intensifying: more frequencies are introduced to provide novel mobile 
phone and data services; more base station antennas are constantly 
installed to facilitate the increasing need for data amounts, pushed 
through the networks. Meanwhile, public exposure also increases. 

In previous publications we have reported environmental exposure 
to radiofrequency (RF) electromagnetic (EMF) radiation at certain pla-
ces in Stockholm in Sweden such as the Central Railway Station (Hardell 

et al., 2016), the Old Town (Hardell et al., 2017), with special attention 
to Järntorget in the Old Town (Hardell et al., 2019), and Stockholm city 
(Carlberg et al., 2019). Of special interest was to measure RF radiation in 
one Stockholm apartment with two groups of base station antennas 
nearby (Hardell et al., 2018). That apartment was further examined 
using a RF broadband analyzer and the results were compared with 
another Stockholm apartment with substantially much lower RF radia-
tion but equally good wireless communication possibility (Koppel et al., 
2019). 

Earlier studies done in Europe show constant increase of public 
exposure, especially in urban environment. The increase is attributed to 
new mobile phone base stations installed, but also to the increased usage 
of corresponding mobile services. Sánchez-Montero et al. (2017) 
monitored urban exposure in Alcalá de Henares (Spain) for ten years and 
reported city mean field increase from 0.277 (203 μW m−2) in 2006 to 
0.395 V m⁻1 (414 μW m-2) in 2015. Sánchez-Montero et al. (2017) admit 
that during the ten years of monitoring the number of mobile phone base 
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E-mail address: lennart.hardell@environmentandcancer.com (L. Hardell).  

Contents lists available at ScienceDirect 

Environmental Research 

journal homepage: www.elsevier.com/locate/envres 

https://doi.org/10.1016/j.envres.2021.112627 
Received 3 November 2021; Received in revised form 22 December 2021; Accepted 23 December 2021   

mailto:lennart.hardell@environmentandcancer.com
www.sciencedirect.com/science/journal/00139351
https://www.elsevier.com/locate/envres
https://doi.org/10.1016/j.envres.2021.112627
https://doi.org/10.1016/j.envres.2021.112627
https://doi.org/10.1016/j.envres.2021.112627
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envres.2021.112627&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Environmental Research 208 (2022) 112627

2

station has doubled, but also conclude that the probability of being 
exposed to a high value of 14 V m⁻1 (519 mWm−2) is less than 0.01% and 
the probability of being exposed by 28 V m⁻1 (2079 mWm−2) is negli-
gible (Sánchez-Montero et al., 2017). 

It is expected, that wherever mobile phone base station antennas are 
installed, high exposure areas might be encountered. Although these 
highly exposed areas constitute a minor part of the urban environment, 
these should be carefully studied for the sake of the people who work 
and live there. 

Urbinello et al. (2014) emphasized “A continuous monitoring is 
needed to identify high exposure areas and to anticipate critical devel-
opment of RF-EMF exposure at public places”, while they informed a 
steep RF radiation growth in public places within one year. The growth 
of RF radiation has been substantial in many countries, also in Sweden as 
exemplified in this study. 

Sagar et al. (2018) conducted a literature review, looking at studies 
in between 2000 and 2013 of radiofrequency electromagnetic exposure 
in microenvironments in Europe. For outdoor microenvironments they 
report the mean total RF exposure to be 0.54 V m⁻1 for spot measure-
ments. Typical exposure levels were around 0.5 V m⁻1 and rarely over 1 
V m⁻1. They report downlink contributing the most to the total RF 
exposure in outdoor microenvironments in all studies except one. 

An updated review by Jalilian et al. (2019) on European microen-
vironments’ studies from 2015 to 2018 found mean outdoor exposure 
ranging from 0.07 to 1.27 V m⁻1. Mobile phone base stations’ downlink 
signals were the most relevant contributor to total exposure. The review 
concluded a tendency for RF levels to increase with increasing urbanity. 
Also, the review found that all different types of studies reported mean 
exposure levels of less than 1 V m⁻1; different types included spot 
measurement, fixed site monitoring, and personal measurement with 
volunteers. 

The problem with most of the spot measurement studies is their 
inability to adequately represent spatial RF field distribution. This is due 
to two reasons: 1) the measurement sample is too small and does not 
account for highly exposed areas and/or 2) the spots where the mea-
surements are collected do not coincide with the RF hotspots. RF hot-
spots occur usually around RF sources such as mobile phone base station 
antennas. Furthermore, RF hotspots depend on the radiation pattern of 
the antenna and the surrounding environment, hence the field distri-
bution is uneven. It is not possible to visually identify RF hotspots 
around the antennas, this can only be done by detailed measurements or 
computer simulations. 

For example, Aerts et al. conducted a detailed RF field mapping in 
Ghent, Belgium. They performed in total 650 broadband measurements 
in a city subarea of 1 km2. The study found five hotspots, with max total 
electric field ranging from 1.3 to 3.1 V m⁻1 (Aerts et al., 2013). Their 
study showed, that significantly higher RF exposure levels are likely to 
occur than those reported by the majority of studies. In addition, they 
demonstrated that construction of a detailed RF heat map of the inves-
tigated area is important to characterize and outline the hotspot area. 

1.1. The aim of the study 

In this study we identified an area in Stockholm with an aggregation 
of base station antennas placed at low level, close to pedestrians’ heads. 
The aim of this research is to point out highly exposed radiofrequency 
areas in the city environment and to analyze the sources and the reasons 
for the high exposure. We performed detailed measurements and con-
structed a detailed RF heat map. Such conclusions would help to better 
design the RF infrastructure sites with the aim of minimizing the public 
exposure. No ethical permission was needed since no test persons were 
involved. 

2. Materials and methods 

In this study spatial distribution of RF radiation sources was 

measured. The RF radiation sources were mobile phone base station 
antennas located at the Skeppsbron street, Stockholm, Sweden. This area 
is characterized by dense RF infrastructure as 15 mobile phone base 
station sectoral antennas from several operators are located on the same 
building complex, where the elevation from the street level is only few 
meters. 

The site was selected by visually identifying radiofrequency sources, 
based on the dense packing of mobile phone base station antennas. Also 
the site is well suited for a scientific study, as it is positioned within the 
city center, whereas one side of the site is open to the sea where there are 
no RF sources nearby. The old town with old buildings is located on the 
other side of the street. 

2.1. Study design 

The measurements were conducted on a business day afternoon 
(January 14, 2019) with busy traffic which allows to assume higher 
network traffic. All measurements were done outdoor. 

Field distribution was determined covering an area of 60 × 250 m, 
representing a street strip of old town buildings at one side and the sea 
(Strömmen) at the other side. The area is composed of the Skeppsbron 
street with busy traffic and pedestrians represented by a seaside prom-
enade. Seaside promenade is filled with indoor and outdoor cafés, some 
operating throughout the year. Antennas are installed on top of those 
cafés. The promenade and the cafés are packed with hundreds of people 
on a holiday period – many of which at close range to the mobile phone 
base station antennas. 

The area was covered by 3 × 11 quadrats, where each quadrat cell 
(quad) was measured with RF broadband analyzer by registering RF 
readings from one end of the quad to another by following North-South 
axis with a slow pace. For each quad, one moving measurement scan was 
done. Quads were drawn to both sides of the Skeppsbron street. Each 
quad measurement was done for about 1 min with average and 
maximum readings registered. The measurements were taken at the 
height from 1 to 1.8 m by moving the meter in circular movements along 
the quad. This allows covering the standing waves and detecting 
maximum radiation points. 

RF broadband analyzer used was Narda NBM-520, with an E-field 
probe E0391 (Narda-Safety-Test-Solutions GmbH, Pfullingen, Ger-
many). This meter of Narda NBM-series is capable of time and spatial 
averaging and determining the maximum level during the monitored 
period. Manufacturer’s probe EF0391 is intended for base station mea-
surements with a frequency range from 100 kHz to 3 GHz. This meter 
and the probe cover a large range of RF sources, including different 
telecommunications protocols: frequency modulation (FM) radio 
broadcasting; television (TV) broadcasting; TETRA emergency services 
(police, rescue, etc.); global system for mobile communications (GSM) 
second generation mobile communications; universal mobile telecom-
munications systems (UMTS) third generation mobile communications, 
3G; long-term evolution (LTE) fourth generation mobile communica-
tions standard, 4G; digital European cordless telecommunications 
(DECT) cordless telephone systems standard; Wi-Fi wireless local area 
network protocol, 2.45 GHz; worldwide interoperability for microwave 
access (WIMAX) wireless communication standard for high speed voice, 
data and internet. 

Later, the measurement readings were entered into vector mapping 
software 3DFIELD ver. 4.5.2.0 (by Vladimir Galouchko) and field dis-
tribution map created (in V m⁻1). Field distribution map was based on 
quadrat measurement spatial averages by using kriging, which is a 
geostatistical calculation method. 

Additionally to analyze the frequency composition the entire quadrat 
was in parallel also measured with an exposimeter EME Spy 200 b y 
Microwave Vision Group, Paris, France. The exposimeter measures 20 
predefined frequency bands covering most public RF radiation emitting 
devices currently used in Sweden. The exposimeter covers frequencies 
from 88 to 5850 MHz. For FM, TV3, TETRA, TV4&5, Wi-Fi 2.4 GHz and 
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Wi-Fi 5 GHz the lower detection limit is 0.01 V m⁻1 (0.27 μW m⁻2); for all 
other bands the lower detection limit is 0.005 V m⁻1 (0.066 μW m⁻2). For 
all bands the upper detection limit is 6 V m⁻1 (95,544 μW m⁻2; 9.5544 
μW cm⁻2). The sampling rate used in this study was every 4th second 
which is the fastest possible sampling rate for the given exposimeter 
when all bands are active. The exposimeter was held at some distance 
(about 0.4 m) from the body. The unit reports the exposure in a con-
servative manner since each reported value is the sampling outcome, 
where many samples are taken and statistically processed including 
minimum, mean, median and maximum values. The meters had valid 
calibration. 

Based on Cellmapper.net mobile phone operators and their corre-
sponding services, mobile bands and frequencies were determined 
(Table 1). A large number of base station sector antennas emit a 
multitude of downlink frequency spans (N = 14) covering 2G, 3G and 4G 
services. Service providers have their own allocated frequency spans, 
but some are shared. 

2.2. Statistical methods 

Broadband RF readings using Narda NBM-520 were collected in 
Volts per meter (V m⁻1) based on quadrat measurements covering the 
entire area. Each quadrat produced a spatial average and maximum 
reading calculated on the space covered. Based on quadrat cells mea-
surements, two samples were formed: one of spatial averages and the 
second of spatial maximums. For both samples minimum, quartiles, 
median and maximum were calculated containing all the spatial mea-
surement values in the area, using MS Excel 2016. 

Means in microWatts per square meter (μW m⁻2) were calculated for 
all measured frequency bands for measurements using the exposimeter 
EME Spy 200. Values below the lower detection limit were treated as no 
(0) exposure. Total exposure was calculated as the sum of all measured 
frequency bands. Stata/SE 12.1 (Stata/SE 12.1 for Windows; StataCorp., 
College Station, TX, USA) was used for all calculations. 

3. Results 

The results display a greatly uneven distribution of the RF fields with 
hotspots. The close proximity to the RF sources creates highly elevated 
field levels in the immediate vicinity to the base station. Given the an-
tennas elevation from the ground, people walking on the street are 
highly exposed when passing or hanging around the area. 

Fig. 1 presents a boxplot of spatial RF distribution of the entire 
investigated area. Both spatial average and maximum readings of RF 
broadband analyzer are included in the graph. The fields emanated by 
the base station antennas overlapped at several locations, elevating the 
exposure to high levels. The highest spatial average across all quadrat 
cells was 12.1 V m⁻1 (388 mW m⁻2), whereas the maximum recorded 
reading over the entire area was 31.6 V m⁻1 (2649 mW m⁻2). These were 
far-field measurement results, the meter was not used in the near-field of 
antennas. The lowest spatial average quadrat was 1.4 V m⁻1 (5.2 mW 
m⁻2) which is still relatively high, considering the levels reported by the 
review studies (Jalilian et al., 2019; Sagar et al., 2018) discussed in the 
Introduction chapter. This emphasizes that the entire microenvironment 

in Skeppsbron street is covered with relatively high levels of radio-
frequency radiation. 

Fig. 2 displays a spatial distribution of the RF field at the Skeppsbron 
street. Exposure readings are based on spatial average of a given quadrat 
cell. High field levels are encountered close to the base station antennas, 
whereas the highest levels were not detected below the antenna, but at 
26 m distance, directly on the line of the direction of sector antenna. The 
field decreases with increasing distance from the base station array, but 
is still significantly elevated at the entire 250 m length of the studied 
street area. 

Highest field levels as registered across the street, may also refer to 
confounding action of building walls, as some building materials may 
reflect the incident waves, hence giving rise to resultant exposure level 
(Koppel et al., 2017a). Also the weather can play a role in microwave 
propagation as wet walls may increase building material microwave 
reflection properties (Koppel et al., 2017b). 

Exposimeter measurements (mean of sample) showed that the ma-
jority of exposure was due to mobile phone downlink bands. Most 
dominant were 2600 and 2100 MHz bands used by 4G and 3G mobile 
phone services, respectively. Also 800, 900 and 1800 MHz bands were 
clearly elevated in the frequency spectrum, which fits the 4G profile 
(Table 2). The exposimeter was unable to register the highest exposure 
levels as the upper detection limit was exceeded repeatedly. Therefore, 
FM, as well as 1800 MHz, 2100 MHz, and 2600 MHz downlinks were not 
properly evaluated by the exposimeter measurements. Meanwhile, 
broadband meter measurements were able to register also the highest 
levels. 

Table 3 compares public exposure to radiofrequency fields in 
Stockholm, based on authors’ studies – comparing this study at 
Skeppsbron street to previous measurements. Comparison is done based 
only on exposimeter (EME Spy 200) measurements, excluding broad-
band meter measurements. RF field comparison reveals that Skeppsbron 
street is one of the highest public exposure areas in Stockholm so far 
measured with the maximum field level exceeding upper detection limit 
of the exposimeter. 

Figs. 3 and 4 are photographs of the street view with some of the 
mobile phone base station antennas pointed out. The antennas are 
placed quite low, near the street level, where microwaves irradiate 

Table 1 
Mobile phone operators, their corresponding services and frequencies used at 
Skeppsbron, information from cellmapper.net.  

Operator Bands Downlink frequency (MHz) 

Telia 4G 806, 1815, 1832, 2660 
3G 2152, 2157 
2G 950 

Telenor 4G 936, 1857, 2630, 2680 
3G 2112, 2122 

Tele2 4G 936, 1857, 2630, 2680 
3G 2152, 2157, 2162  

Fig. 1. Boxplot of spatial distribution of the radiofrequency field (V mˉ1) at 
Skeppsbron street, based on quadrat measurements covering the entire area; 
sample is based on spatial averages and maximums of a quadrat cells; boxplot 
depicts (from bottom up) minimum, first quartile, median, third quartile and 
maximum of the sample containing all the spatial measurement values in 
the area. 
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Fig. 2. Spatial distribution of the radiofrequency field (values in V m ˉ1) at 
Skeppsbron street, based on spatial average of a given quadrat cell; hotspots are 
displayed in darker red where pedestrians are exposed at close range or rays 
overlap from several mobile phone base station antennas; the investigated area 
measures about 250 m North to South; map by Lantmäteriet, Sweden. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 

Table 2 
Exposimeter measurements of the radiofrequency field at Skeppsbron street, 
analysis of all data (μW m⁻2) treating values at detection limit as 0. (Note: 
Exposimeter’s highest detection limit (95,522.5 μW m⁻2 was constantly excee-
ded, therefore Max-values are likely to be much higher, as also confirmed by 
broadband measurements.) Total (n = 915).  

Frequency band Mean Median Min Max 

FM 1304.0 19.6 0.0 95,522.5 
TV3 7.2 0.0 0.0 1601.4 
TETRA I 0.0 0.0 0.0 1.0 
TETRA II 0.0 0.0 0.0 4.7 
TETRA III 2.3 0.0 0.0 403.4 
TV4&5 17.4 0.6 0.0 2434.4 
800 (DL) 751.3 164.5 0.7 12,978.6 
800 (UL) 0.0 0.0 0.0 6.6 
900 (UL) 0.0 0.0 0.0 8.6 
900 (DL) 2545.3 926.5 0.4 35,473.9 
1800 (UL) 71.0 8.3 0.0 3291.8 
1800 (DL) 3466.6 714.5 3.6 95,522.5 
DECT 367.6 0.0 0.0 36,548.9 
2100 (UL) 0.1 0.0 0.0 45.5 
2100 (DL) 6558.8 1237.4 1.7 95,522.5 
WIFI 2G 0.4 0.0 0.0 61.3 
2600 (UL) 689.5 154.1 0.0 17,275.1 
2600 (DL) 11,338.3 3483.6 1.7 95,522.5 
WIMax 0.2 0.0 0.0 58.9 
WIFI 5G 0.4 0.0 0.0 93.8 

Total 27,120.5 10,481.5 24.4 373,381.0  

Table 3 
Public exposure to radiofrequency field in Stockholm – this study compared 
authors’ previous studies; exposimeter EME Spy 200 measurements; analysis of 
all data (μW m⁻2) treating values at detection limit as 0.  

Study Total 
(n) 

Mean Median Min Max 

Stockholm, Central 
Station (Hardell 
et al., 2016) 

1669 3860.2 920.6 5.8 9206.3 

Stockholm, Old Town ( 
Hardell et al., 2017) 

10,437 4292.7 534.0 0.0 173,301.8 

Stockholm, City ( 
Carlberg et al., 2019) 

11,482 5494.2 3346.0 36.6 205,154.8 

Stockholm, Järntorget, 
Old Town (Hardell 
et al., 2019) 

792 21,354.9 12,655.3 381.7 178,928.2 

Stockholm, Skeppsbron 
(current study) 

915 27,120.5 10,481.5 24.4 373,381.0  

Fig. 3. Street view on the Skeppsbron street with some of the mobile phone 
base station antennas pointed out with a circle; note the low placement of the 
antennas, where microwaves irradiate the pedestrian at close range. 

Fig. 4. Problem context of mobile phone base station antennas created high 
exposure at Skeppsbron street; altogether 15 antenna panels could be counted 
on that building, all positioned at low elevation close to the street level; the 
maximum RF exposure was at 31.6 V mˉ1, registered at close range to 
the antennas. 
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pedestrians at close range. Fig. 5 depicts the context – very low place-
ment of the antennas, most of which are targeting the buildings in order 
to push the microwave into the narrow streets and further into the old 
town. 

4. Discussion 

This study, and our previous ones, have recorded the exposure to RF 
radiation which will provide means for historic comparison for both 
public and occupational exposure. It is clear from our current study and 
the previous ones that the level of ambient RF radiation exposure is 
increasing, see Table 3. Public exposure in different places around the 
globe is shown in Table 4. Our average and peak RF measurement results 
are much higher than many of those measurements in that table, indi-
cating a rather recent and rapid increase in radiofrequency radiation 
levels in city centers. To provide comparison, Bergqvist et al. (2001) 
measured 0,18 mW m⁻2 highest average levels in Stockholm city center 
in 2001 (Bergqvist et al., 2001). Swedish radiation protection author-
ities pointed out recently highest average levels like 720 mW m⁻2 at 
Järntorget (Esternberg, 2020) and 690 mW m⁻2 at Skeppsbron area 
(Umeå kommun 2019) in Stockholm. One possible reason for our high 
RF readings in 2019 was the upgrade of 4G (LTE) base stations with new 
antenna panels including more antenna elements for the forthcoming 5G 
(which started officially in Stockholm in 2020).With the development of 
mobile communications technologies and the widespread use of wireless 
services the exposure will continue to increase with substantially higher 
exposure levels and also ever increasing frequency bands, even though 
several research reports indicate health risks. These risks are relevant to 
those people working or living in the highly exposed places – in this 
study they are 1) people living in the apartments across the street from 
the antennas, 2) workers of the shops across the street and beneath the 
antennas. 

This research identified an increased RF exposure risk area in the 
center of Stockholm city. Clearly we measured high RF radiation levels 
of the same magnitude at a square (Järntorget) in the old town (Hardell 
et al., 2019). These results may be compared with the Ramazzini Insti-
tute rat study on far field exposure to 1.8 GHz RF radiation of 0, 5, 25, 
50 V m⁻1 with a whole-body exposure for 19 h/day similar to that from 
base stations (Falcioni et al., 2018). Increased incidence of glioma and 
heart tumours of the Scwannoma type were found, i.e. similar tumour 
types as found among people using wireless phones. A statistically sig-
nificant increase in the incidence of malignant Schwannoma in the heart 
was found in male rats at the highest dose, 50 V m⁻1 corresponding to 
whole-body SAR of 0.1 W/kg. Increased non-significant incidence of 
heart Schwann cells hyperplasia was observed in exposed male and 

female rats at the highest dose. In irradiated female rats at the highest 
dose (50 V m⁻1) the incidence of malignant glial tumours was increased, 
although not statistically significant. In the current study maximum 
exposure level of 31.6 V m⁻1 was measured. Thus, there is no reasonable 
safety limit comparing with the animal study. 

Fig. 5. The antennas are mostly facing the buildings, as the operators want to force the wave into the old town through the narrow streets. Considering the low 
placement of antennas and pushing all this power - creates very high exposure levels nearby. 

Table 4 
Public exposure to radiofrequency fields at different places.  

Study Investigated locations Exposure (mean) 

Joseph et al. (2010) Europe, outdoor 372–569 μW m⁻2 

Bolte et al. (2011) Netherlands, railway 
stations 

304–354 μW m⁻2 

Bolte and Eikelboom (2012) Netherlands, outdoor 
activities 

208 μW m⁻2 

Rowley and Joyner (2012) 23 countries 730 μW m⁻2 

Urbinello et al. (2014) Europe, Basel, Ghent, 
Brussels 

271–892 μW m⁻2 

Verloock et al. (2014) Belgium, public places 1020 μW m⁻2 

Estenberg and Augustsson 
(2014) 

Stockholm city, 
Sweden 

6700 μW m⁻2 

Sweden, urban 1500 μW m⁻2 

Sweden, rural 230 μW m⁻2 

Calvente et al. (2015) Spain, Granada 799 μW m⁻2 

Gonzalez-Rubio et al. (2016) Spain, Albecete 4,2–2102 μW m⁻2 

Choudhary and Vijay (2017) India, Kota city 
residential 

5452–77,840 μW m⁻2 

industrial, commercial 2386–68,769 μW m⁻2 

agricultural 2378–68,724 μW m⁻2 

rural 1878–68,724 μW m⁻2 

Sánchez-Montero et al. 
(2017) 

Spain, Alcalá de 
Henares 

2006: 0.278 V m⁻1 (205 
μW m−2) 
2010: 0.407 V m⁻1 (439 
μW m−2) 
2015: 0.396 V m⁻1 (416 
μW m−2) 

Thielens et al. (2018) Australia, Melbourne 0.05–0.89 V m⁻1 

(6–2101 μW m⁻2) 
Misek et al. (2018) Ziina city, center 1.072 V m⁻1 (3048 μW 

m⁻2) 
residential 1.852 V m⁻1 (9097 μW 

m⁻2) 
rural 0.510 V m⁻1 (690 μW 

m⁻2) 
Visnove, rural 0.093 V m⁻1 (23 μW m⁻2) 

Eeftens et al. (2018) Europe, 5 countries 150–160 μW m⁻2 

Zeleke et al. (2018) Australia, Melbourne 0.233 V m⁻1 (144 μW 
m⁻2) 

Christopoulou and 
Karabetsos (2019) 

Greece, urban 0.244 V m⁻1 (158 μW 
m⁻2) 

Greece, suburban 0.229 V m⁻1 (139 μW 
m⁻2)  
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Electromagnetic fields are a physical risk factor. However, current 
legislation does not require the mobile phone services operator to ask for 
approval from neighboring inhabitants, when installing RF sources. 
Nevertheless, when mobile phone base station antennas are installed, 
the immediate physical environment, including the neighborhood living 
environment is greatly altered by the microwaves. 

Studies from recent decades have shown elevated health risk under 
long term exposure to such highly elevated radiofrequency fields. 

A review by Khurana et al. (2010) found in 80% of the available 
studies neurobehavioral symptoms or cancer in populations living at 
distances <500 m from base stations (Khurana et al., 2010). In another 
review exposure from base stations and other antenna arrays showed 
changes in immunological and reproductive systems as well as DNA 
double strand breaks, influence on calcium movement in the heart and 
increased proliferation rates in human astrocytoma cancer cells (Levitt 
and Lai, 2010). 

When a GSM 900 MHz base station was installed in the village 
Rimbach in Germany it had an influence on the neurotransmitters 
adrenaline, noradrenaline, dopamine and phenyletylamine (Buchner 
and Eger, 2011). Influence on cortisol and thyroid hormones in people 
living near base stations was shown in other studies (Augner et al., 2010; 
Eskander et al., 2012). 

Dode et al. (2011 compared base station (BS) clusters and cases of 
deaths by neoplasia in the Belo Horizonte municipality, Minas Gerais 
state, Brazil, from 1996 to 2006. In their study largest electric field was 
12.4 V m⁻1 and the smallest was 0.4 V m⁻1. They found cancer-related 
death rates be higher close to base stations. This finding confirmed 
earlier findings by Eger (Eger et al., 2004). 

In a study from India, genetic damage using the single cell gel elec-
trophoresis (comet) assay was assessed in peripheral blood leukocytes of 
individuals residing in the vicinity of a mobile phone base station and 
comparing it to that in healthy controls. Genetic damage parameters of 
DNA migration length, damage frequency, and damage index were 
significantly (p < 0.001) elevated in the sample group compared to 
respective values in healthy controls (Gandhi et al., 2014). 

The effect of RF radiation among 20 subjects living close to mobile 
phone base station compared with 20 subjects living with a distance of 
about 1 km was studied (Singh et al., 2016). The authors concluded that: 
“It was unveiled that a majority of the subjects who were residing near the 
mobile base station complained of sleep disturbances, headache, dizziness, 
irritability, concentration difficulties, and hypertension. A majority of the 
study subjects had significantly lesser stimulated salivary secretion (p < 
0.01) as compared to the control subjects.” 

Zothansiama et al. (2017) in India inspected DNA damage and 
antioxidant status in cultured human peripheral blood lymphocytes 
(HPBLs) of individuals residing in the vicinity of mobile phone base 
stations and compared it with healthy controls living further away. The 
analyses of data from the exposed group (n = 40), residing within a 
perimeter of 80 m of mobile base stations, showed statistically signifi-
cantly (p < 0.0001) higher frequency of micronuclei when compared to 
the control group, residing 300 m away from the mobile base stations. 

The Ramazzini Institute findings (Falcioni et al., 2018) are supported 
by the results in the USNTP study on rats and mice exposed to RF ra-
diation (National Toxicology Program, 2018a, 2018b). A clear evidence 
of increased incidence of heart Schwannoma and some evidence for 
glioma and tumours in the adreanal medulla in male rats was found 
according to the expert panel, for further discussion see Hardell and 
Carlberg (2019). 

4.1. Health risks associated with mobile phone radiation 

RF radiation was in 2011 classified as a possible human carcinogen, 
Group 2B by the International Agency for Research on Cancer (IARC) at 
the WHO (Baan et al., 2011; IARC Working Group, 2013), After that the 
evidence on cancer risk has increased so that RF radiation may now be 
classified as a human carcinogen, Group 1 according to the IARC 

classification (Carlberg and Hardell, 2017). 
By now there is concordance between tumours in human epidemi-

ology (Belpomme et al., 2018; Miller et al., 2018) and animal studies 
(Falcioni et al., 2018; National Toxicology Program, 2018a, 2018b), that 
is glioma and Schwann cell tumours. These results are supported by 
mechanistic studies such as oxidative stress (Yakymenko et al., 2016) 
and DNA damage from RF radiation (Smith-Roe et al., 2020). 

So far personal use of wireless phones, mobile and cordless phones 
(DECT), have yielded highest RF radiation exposure especially to chil-
dren and to the brain (Gandhi et al., 2012). However, ambient exposure 
is of increasing concern and may now be of the same magnitude as for 
increasing cancer incidence in animal studies. This is exemplified in this 
study. 

The BioInititative Report (2012) defines a target level of 30–60 μW 
m⁻2, and for chronic exposure and sensitive people such as children one 
tenth of this, 3–6 μW m⁻2, see Chapter 24 of the BioInitiative Report 
(Sage, and Carpenter, 2012). 

Already in 2011 Yakymenko et al. stated that: It is now becoming 
increasingly evident that assessment of biological effects of non-ionizing ra-
diation based on physical (thermal) approach used in recommendations of 
current regulatory bodies, including the International Commission on Non- 
Ionizing Radiation Protection (ICNIRP) Guidelines, requires urgent reeval-
uation (Yakymenko et al., 2011). 

This view is supported by 252 EMFscientists from 43 nations www. 
emfscientist.org: 

“Numerous recent scientific publications have shown that EMF 
[electromagnetic field] affects living organisms at levels well below 
most international and national guidelines. Effects include increased 
cancer risk, cellular stress, increase in harmful free radicals, genetic 
damages, structural and functional changes of the reproductive 
system, learning and memory deficits, neurological disorders, and 
negative impacts on general well-being in humans. Damage goes 
well beyond the human race, as there is growing evidence of harmful 
effects to both plant and animal life.” 

5. Conclusions 

This study has pointed out a highly exposed radiofrequency radiation 
area in the Stockholm city environment and identified the sources and 
reasons of high exposure. By positioning RF infrastructure to the prox-
imity of the public the risk of health effects is increased since members of 
the public on the street, also inhabitants in nearby buildings are highly 
exposed. Mobile phone base station antennas are positioned at the 
height of second floor levels of adjacent buildings spreading microwaves 
across the street. Highly elevated exposure levels would likely be 
encountered in the premises next to the windows facing the mobile 
phone base station array. 

The study concluded that Skeppsbron street mobile phone base sta-
tion antennas are examples of a poor radiofrequency infrastructure 
design with mobile phone base station antennas positioned into close 
range to the general public which brings upon high exposure levels. 
Given the low placement of the antennas (height from the street floor), 
the highest exposure was often registered at pedestrian head level. Given 
that head is one of most vulnerable parts of the body, these placements 
by mobile telephony service providers put pedestrians into unnecessary 
risk. Position of these antennas, can pose a health risk to people at close 
range. This is especially critical for people at particular risk, including 
persons with medical implants, pregnant women or chronically ill 
persons. 

Based on the latest scientific literature regarding RF exposure and 
adverse health effects, this study recommends repositioning such base 
station antennas to areas away from the nearby inhabitants, workers and 
the general public. Alternatively, very low power antennas may also be 
considered to reduce the exposure. Occupational exposure of people 
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working close to the antennas should also be considered – shop clerks, 
restaurant workers are likely to spend considerably longer time under 
high exposure, compared to the general public. 

The following recommendations for radiofrequency infrastructure 
can be concluded from the current study.  

1. Antennas should be positioned as far as possible from the general 
public, like locations at the high elevations or remote areas, where 
the antenna targeted area is not regularly/frequently visited by the 
members of the public.  

2. Only low power output mobile phone base station antennas (<15W) 
should be used in the city environment.  

3. To avoid hotspots, created by overlapping arrays, dense packing of 
many antennas at one site should be avoided.  

4. Low power output antennas in the city environment should be 
positioned into locations where direct beam would not hit members 
of public closer than 50m. 

The conclusions of this study will help to design safer mobile phone 
base station sites in the city environment, when the aim is to minimize 
public exposure. 
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Abstract. The present study aimed to characterize the wire‑
less infrastructure and public exposure to radiofrequency (RF) 
electromagnetic fields, including the sub‑millimeter wave 5G, 
in the city center of Columbia, SC, USA. A downtown measure‑
ment route was designed to cover popular outdoor areas, 
including business, recreational and shopping areas. The route 
was measured five times during different days and times. An 
exposimeter, was used to cover all the main civilian wireless 
broadcasting and downlink sources in frequencies 88‑5,850 
MHz. The measurement route at the streets and squares 
calculated 1.240 V/m as a mean exposure (total as a sum of all 
frequency bands) and 6.867 V/m as all times maximum. The 
most common contributors to the exposure budget were bands 
FM US, 14DL, 27DL, 25DL and 66DL - mainly indicating 
4G. The exposure levels were found to be 12‑16% lower during 
weekends as compared to business hours (P<0.001). The 
spatial analysis of the field distribution revealed 15‑20 hotspot 
areas. A number of hotspots were found where cell phone base 
station antennas were mounted on top of the utility poles and 
therefore positioned at low levels, close to street level. On the 
whole, the findings of the present study suggest that cell phone 
base station antennas should be distinct and noticeable, as this 
would assist individuals who need to limit their exposure by 
distancing themselves from RF sources.

Introduction

The city of Columbia is the capital of the US state of South 
Carolina with a population of 131 thousand individuals (2019 
estimate) (1). South Carolina is a southern state located in 

South East US, at the coast of Atlantic Ocean. The city has 
a well‑developed wireless connectivity infrastructure with 
services provided by all major cell phone service providers. As 
a central hub for the state, the city of Columbia entails offices 
for large corporations and small businesses, government and 
city municipality departments. The city is also home to a 
number of colleges, including the University of South Carolina, 
Benedict College, Columbia College, Columbia International 
University, Fortis College, South University, Allen University 
and Lutheran Theological Southern seminary.

In previous studies, the authors investigated public and 
occupational radiofrequency (RF) exposure in European cities, 
including both outdoor and indoor exposure. For example, in 
June and August, 2017, RF level measurements were conducted 
in city center of Stockholm, Sweden. That study is analogous 
to the present study as it covered a central city area, including 
business district, shopping and tourist areas, together with 
popular leisure streets and squares. In Stockholm the total (of 
all frequency bands) mean exposure level was 5,494 µW/m² 
(1.439 V/m), whereas the major contributions were downlinks 
from LTE 800 (4G), GSM + UMTS 900 (3G), GSM 1800 
(2G), UMTS 2100 (3G) and LTE 2600 (4G) (2). In another 
detailed investigation into RF exposure levels in Stockholm, 
the authors performed a spatial exposure map of Järntorget 
square, where the mean exposure value was 5.2 V/m (median, 
5.0 V/m; range, 1.2‑11.6 V/m), indicating one of the highest 
exposure areas in the old town (3). The previous Stockholm 
Old Town measurement in 2016, covering six different areas, 
including squares and streets determined that the mean level 
of the total RF radiation was 4,293 µW/m² (1.27 V/m) and max 
173,302 µW/m² (8.08 V/m) (4).

In recent studies, the authors compared indoor living 
places in the city of Stockholm, where a maximum exposure 
at 6 V/m was encountered at the attic apartment, located at 
the same elevation and only some 6 m away from the base 
station antennas (5). In another indoor exposure study, the 
authors conducted exposimeter measurements in Swedish 
schools. The mean exposure to RF radiation ranged from 1.1 to 
66.1 µW/m² (0.02 to 0.16 V/m), whereas the highest mean level 
was 396.6 µW/m² (0.39 V/m) and maximum peaks reached 
82,857  µW/m² (5.59  V/m)  (6). In another densely packed 
indoor area, Stockholm central railway station, the mean 
total RF radiation level varied between 2,817 to 4,891 µW/m² 
(1.03 to 1.36 V/m) for different measurement and maximum 
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levels close to a wall mounted cell phone base station yielding 
>95,544 µW/m² (6.0 V/m) (7).

Herein, the findings of other authors in similar studies are 
briefly discussed below. Jalilian et al (8) performed a review of 
exposure studies across European cities, finding mean outdoor 
exposure to range from 0.07 to 1.27 V/m for downlink signals, 
as from mobile phone base stations were highest contributors. 
Their study concluded that everyday exposure during the 
pre‑5G era, from 2012 to 2018 had not noticeably risen.

Sagar et al (9) also conducted a review of RF exposure 
in 8 European cities. Of note, the majority of studies studies 
report mean RF EMF exposure values, whereas others report 
median values (for details, please see each publication in 
the aforementioned study). For outdoor microenvironments, 
great variability has been reported, ranging from 0.11 V/m 
(France) (10) to 1.59 V/m (Sweden) (11).

In another study by Sagar et al (12), microenvironments 
were compared, including outdoor places in several cities 
in different countries, namely Switzerland, Ethiopia, Nepal, 
South Africa, Australia and the US. Los Angeles was included 
from the US where city center mean exposure levels were 
reported to be 1.24 V/m (12). City centers in other countries 
reported the following values: Switzerland, 0.48 V/m; Nepal, 
0.75  V/m; South Africa, 0.85  V/m; Ethiopia, 1.21  V/m; 
Australia, 1.46 V/m [please see Table 1 in the aforementioned 
study by Sagar et al (12)].

Thielens et al  (13) investigated different microenviron‑
ments in Melbourne, Australia. They recorded the highest 
mean total 0.89 V/m RF‑EMF exposure in Melbourne's central 
business district (13) Misek et al (14) performed RF EMF expo‑
sure anayses and measured 1.07 V/m in the city center, Andrej 
Hlinka Square, Zilina, Slovakia. Iyare et al (15) measured 
GSM900, GSM1800 and UMTS bands in Leuven, Belgium 
using spectrum analyzer measurements at 60 locations. 
They calculated the maximum field value of 2.53 V/m (total 
exposure), whereas GSM900 was the main contributor (15).

Cansiz et al (16) conducted exposimeter measurements in 
the cities of Diyarbakir and Batikent, Turkey. The highest field 
level recorded was 7.18 V/m, where the main contributor was 
the Universal Mobile Telecommunications System (UMTS) 
band (16). Also in Turkey, in the Altınordu district of Ordu, 
Kurnaz and Mutlu (17) measured city center RF exposure in 
2016 and 2017, and recorded the average level to be 0.79 V/m 
and the highest 5.86 V/m. Tang  et al  (18). also performed 
measurements in the densely populated city of Xiamen, China, 
finding that the integrated electric field intensity ranged from 
0.32 to 1.70 V/m, whereas the power density levels of 2G were 
higher than 3G and 4G.

The aforementioned studies by other authors have followed 
different methodologies, producing different parameters, which 
render comparisons difficulties at best. It should be emphasized 
that there is a need to report all the relevant statistical indicators 
(mean, median, min, max) and to provide detailed background 
information on the locations and times the measurements 
were obtained. The authors have developed a methodology to 
characterize any city and an example of a city is provided below.

The present study was performed to physically characterize 
the wireless infrastructure and determine public exposure 
to RF electromagnetic fields, including the sub‑millimeter 
wave 5G, in the city environment of Columbia, SC, USA. The 

present study is particularly applicable to the emergence of 5G 
cell phone systems and the installment of corresponding base 
station antennas by the cell phone service operators.

This study is part of ongoing measurements of RF fields in 
public places. The aim was to provide reliable measurement 
data, characterizing the RF exposure levels on the dawn of the 
5G mobile communications era, using high‑quality measure‑
ment devices and following rigorous scientific methods. The 
results also provide the means of comparing public exposure 
to other cities worldwide. The findings of the present study 
may hence prove to be meaningful for public health and safety 
discourse. From the perspective of public RF exposure, Apart 
from the study by Sagar et al (12), no such public exposure 
surveys have been performed in the US for three decades, at 
least to the best of our knowledge. The authors aim to continue 
with further studies investigating other US cities.

Materials and methods

Characterizing the exposure of a city downtown area. A 
measurement route was planned in the downtown area of 
Columbia, taking into account central locations for various 
activities, such as business, shopping, dining and recreation. 
The authors have previously measured several European cities 
and have developed a method to characterize public exposure 
to RF electromagnetic fields  (2‑5,7). By this method, four 
types of common places are included in the city environment 
where the public comes into contact with these physical fields: 
i) City streets, including downtown business district(s), shop‑
ping areas, recreational hotspots with cafes and other outdoor 
recreational places, and historic and tourist locations; ii) city 
squares; iii) green areas, such as parks, promenades or others, 
depending on the geographical placement of the city; and 
iv) public transport hubs, such as railways station, bus stations 
or others, depending on the infrastructure of the given city. 
By accounting the aforementioned locations, typical exposure 
levels for any city can be confidently registered and displayed.

Measurements were conducted at least five times, following 
the same measurement route; however, they were conducted on 
different days, including business days and weekends, and at 
different times of day, from morning to evening. The temporal 
distribution allows for the identification of the times at which 
the exposure is the highest.

Measurement route in the city of Columbia, SC. The route 
represents the downtown area of the city of Columbia. The 
route was designed to cover the popular public areas, including 
recreational and commonly visited areas. The route was 
designed to include major public hotspots; hence, the route is 
representative of public exposure in this city.

The measurement route for city streets and squares 
consisted of 12 markers, designating the different street strips 
or squares included in the measured public objects. The 
route includes the three main downtown streets of the city: 
i) Assembly Street, a business street where several offices 
reside. This is one of the busiest streets, the arterial road of 
the city; ii) Main Street which is a popular shopping street, 
with a number of pedestrians either walking, sitting in cafes 
or shopping (Fig. 1); iii) Gervais Street; iv) Greene Street; 
and v) Lincoln Street. Gervais Street represents a typical area 
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comprised of small shops and businesses. The area is also 
popular with small cafes, bars and diners. The buildings in 
this area are mostly one‑ and two‑story buildings, no high‑rise 
buildings are present at the strip included in the measure‑
ments. The Gervais Street area represents the oldest business 
district part of Columbia, as several of the buildings were built 

100 years ago. The route also accounts for Pendleton, Sumter 
and Laurel Streets, along the Main Street; the route accounts 
detailed measurements from Boyd plaza. Lincoln Street 
contains both old historic buildings and relatively modern 
buildings, constructed over the past few decades. Lincoln 
Street in the proximity of Gervais Street contains a historical 

Table I. Frequency bands present and measured in Columbia, SC, USA.

Band 	 Transmitted by	 Bandwidth (MHz)	 Frequency span (MHz)

FM US	 Radio broadcasting	 20	 88‑108
TV UHF	 Television broadcasting	 145	 470‑615
71 DL	 4G, 5G base station	 35	 617‑652
12 DL	 4G base station	 17	 729‑746
17 DL	 4G base station	 12	 734‑746
13 DL	 4G base station	 10	 746‑756
14 DL	 4G base station	 10	 758‑768
27 DL	 4G base station	 17	 852‑869
26 DL	 3G, 4G base station	 35	 859‑894
ISM	 Short range applications	 26	 902‑928
DECT 6	 Cordless phones	 10	 1920‑1930
25 DL	 4G base station	 65	 1930‑1995
66 DL	 4G base station	 90	 2110‑2200
30 DL	 4G base station	 100	 2305‑2405
W 2G	 Public or private WLAN	 10	 2437‑2447
41TDD	 4G, 5G base station/cell phone	 194	 2496‑2690
7 DL	 4G base station	 70	 2620‑2690
22 DL	 4G, 5G base station	 80	 3510‑3590
43 TDD	 4G, 5G base station/cell phone	 200	 3600‑3800
W 5G	 Public or private WLAN	 700	 5150‑5850

DL, cellular download band; TDD, cellular band servicing both upload and download traffic; ISM, industrial, scientific, and medical frequency 
bands; DECT, digital European cordless telecommunications.

Figure 1. Main Street (Columia, SC, USA): A popular shopping and leisure area with several cafes and small shops.
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leisure area with popular bars and pubs in the construction 
style of the beginning of the last century. The southern part 
of Lincoln Street includes the city's main free time locations, 
including a conference center, arena and other features.

The route starts and ends at the University of South 
Carolina campus and continues along the city center, passing 
several central buildings, including FedEx, Wells Fargo Bank, 
Optus bank, Synovus bank, South Carolina Secretary of State, 
State House, Supreme Court, Sheraton Columbia Downtown, 
Marriott Columbia, Columbia Museum of Art, Columbia City 
Hall, US Social Security Administration, Federal building, 
Courthouse, United States Postal Service, Richland county 
main library, the South Carolina Department of Transportation, 
Colonial Life Arena and the Carolina Coliseum.

In additional to the street route, the present study 
measured RF levels at Columbia's train street (850 Pulaski 
Street, Columbia). Public parks included i) State House Park, 
Assembly Street; ii) Horseshoe Park, Sumter Street (Fig. 2); 
and iii) Finlay Park, 930 Laurel Street. For the parks and the 
train station, only one measurement round was conducted. All 
aforementioned locations are presented in Fig. 3.

Additionally, another measurement route was planned 
for parks and the railway station, which was conducted 
independently from the aforementioned route.

The meter was held at arm's length which is ~50 cm from 
the body, to minimize the shielding effect of the operator's 
body. The measurement was activated and a preset route was 
followed for each measurement round. All the measurement 
rounds were conducted at a steady pace, maintaining a constant 
speed. The city squares were measured using a spiral move‑
ment pattern, covering the square by evenly distributed layout; 
this allows for spatial representation and the calculation of the 
mean exposure level.

Spatial distribution of the field. Other series of measure‑
ments were conducted to analyze the spatial distribution of 
the radiofrequency field exposure. An area of 0.89x1.0 miles 
(1.4x1.60 km) was selected, where all streets were measured 
using the grid mapping method. The spatial measurement was 
performed once, unlike the aforementioned representative route 
measurements which were performed five times. An exposimeter 
(EME SPY Evolution; MVG) was used for the measurements 
together with a GPS logger for obtaining geographical coordi‑
nates from GPS. During the measurements, the GPS accuracy 
was 1‑3 meters, allowing for good spatial accuracy to prepare 
a field distribution vector map. Vector mapping 3D Field soft‑
ware ver. 4.6.1.0 was used to conduct the calculations, where 
the kriging method ‘Natural neighbors II’ was applied and the 
number of gradients set to 20. To clearly illustrate the elevated 
exposure areas i.e., hotspots, the highest gradient was set at 
2.0 V/m, whereas all the values above that were treated at the 
same color (dark red). Spot measurement data were fed to the 
contour map software 3DFIELD ver.  4.5.2.0 (by Vladimir 
Galouchko) and spatial field distribution maps were drawn.

Measurement device. The EME SPY Evolution was used, 
a latest model exposimeter (MVG). EME Spy Evolution is a 
selective, isotropic and portable electromagnetic field meter for 
measuring various communication standards between 80 MHz 
and 6 GHz, such as (frequency modulation) radio broadcasting; 
television (TV) broadcasting; Terrestrial Trunked Radio 
(formerly known as the Trans‑European Trunked Radio; 
TETRA) emergency services (police, rescue, etc.); global 
system for mobile communications (GSM) second generation 
mobile communications; universal mobile telecommunications 
systems (UMTS) third generation mobile communications, 
3G; long term evolution (LTE) fourth generation mobile 

Figure 2. Horseshoe Park (Columia, SC, USA) located at the heart of the campus; this park is popular amongst students.
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communications standard, 4G; digital European cordless 
telecommunications (DECT) cordless telephone systems stan‑
dard; Wi‑Fi wireless local area network protocol. EME Spy 
Evolution allows for the recording of field levels with a user set 
period and recording duration. The lower detection limit of the 
meter is 0.05 V/m (2.7‑6 GHz) and 0.02 V/m (0.08‑2.7 GHz). 
The upper detection limit is 6 V/m for all bands. The meter 
can store 166,000 measurement samples for 20 band scenarios. 
For each band, the meter monitors the frequency bandwidth 
for a specific time and registers (records) either an average or 
median depending on the band (signal type).

For this measurement task, EME SPY Evolution was 
configured to measure the maximum number of frequency 
bands and at sampling rate of 6 sec (shortest for the given 
number of bands).

Frequency bands. EME SPY Evolution software includes 85 
preset frequency bands covering all European, American and 
Asian cellphone bands, as well as other civilian RF sources. 
Prior to the measurements, a configuration must be set to select 
desired bands. The device was configured to measure mostly 
download (DL) bands, as the interest of the study was to char‑
acterize the exposure from cell phone base station antennas. 
Cellular bands are designated as b1 … b79 and can be duplex 

bands, meaning one for upload and the other for download, e.g. 
b26UL and b26DL. Some cellular bands have both the upload 
and download traffic within the same band, meaning sharing 
the same frequencies e.g., 5G band b41.

Other, non‑cellular exposure sources were also included, 
constituting for the entire civilian RF infrastructure, including 
TV, radio, industrial, scientific, and medical frequency bands 
(ISM), DECT and TETRA. The frequencies used in the US 
were preconfigured and set to the meter. USA TETRA is 
permitted in the 450‑470 MHz and 809‑824/854‑869 MHz 
business/industrial land transportation (B/ILT) band  (19). 
TETRA is a standardized trunked radio system (20). TETRA 
is used by a number of professional services, including 
government, emergency, police, rescue, ambulance and 
railway services. The Federal Communications Commission 
(FCC) has set regulations for permitting intentional radiators 
in the 902‑928 MHz ISM band; ISM bands near 900 MHz 
and 2.4  GHz are allowed to be used in the US  (21). The 
preparatory measurements did not detect any transmitters 
at 450‑470 MHz; thus, this was omitted from the frequency 
table. In the US and Canada, DECT is permitted at frequencies 
1,920‑1,930 MHz (22). DECT (23) is most often familiar by 
cordless telephones, baby monitors, but is also used for door 
opener remotes and traffic.

Figure 3. Measurement routes (Columia, SC, USA) characterizing public exposure to radiofrequency in the downtown area. H, Horseshoe Park; F, Finlay Park; 
B, Boyd Plaza; C, Colonial Life area square; R, railway station; S, State House Park. © OpenStreetMap contributors, the data are available under the Open 
Database License; base map and data were from OpenStreetMap and OpenStreetMap Foundation (openstreetmap.org).
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Prior to the measurements, a literature search was 
conducted, accounting for the public sources revealing the 
cellular bands used in the corresponding city or area. In addi‑
tion, multiple measurement test runs were conducted in the 
area to identify and confirm the cellular bands used in the city. 
The aim was to cover all relevant sources of public exposure 
from the civilian RF infrastructure, including GSM 2G, 3G, 
LTE 4G and 5G submillimeter wave bands (<6 GHz). The 
selected bands do not include most cell phone upload bands, as 
this level is highly dependent to the proximity of people using 
cell phones and was not within the scope of this study.

Statistical analysis. The mean, median, minimum and 
maximum values in  V/m were calculated to characterize 
the following: i) Amplitudes of different frequency bands; 
ii) total exposure at different downtown areas; and iii) total 
exposure across different weekdays and times of day. The 
means were calculated as quadratic means. Total exposure 
was calculated as the sum of all measured frequency bands. 
Readings at the lower detection limit were treated as zero level 
(0.00 V/m) exposure. One‑way analysis of variance (ANOVA) 
was conducted to assess whether there was a statistically 
significant difference in RF public exposure when measured 
at different weekdays and times. Tukey's test for multiple 
comparisons was used for post hoc tests of all pairwise 
combinations of measurement times. Statistical analyses were 
performed using IBM SPSS software (ver. 26) (IBM Corp.). 

A value of P<0.05 was considered to indicate a statistically 
significant difference.

Results

Measurements. The measurements in the present study were 
conducted in the city of Columbia, SC, USA in the period 
of June 6 to 13, 2021. The measurement route length was 
calculated 2.8 M (4.5 km), with the average duration of a 
measurement being 1 h and 10 min. On the whole, 3,943 single 
measurements were conducted all over the downtown area, 
distributed over five measurement days; each measurement 
entailed an amplitude analysis of 20 frequency bands (see 
Table I).

The highest exposure readings were registered close to cell 
phone base station antennas that were placed at a low level 
near the street level. These were cylinders mounted on top 
of utility poles, street lamps, traffic lights or other arbitrary 
posts. The antennas were surrounded by a cylindrical cover 
rendering these unnoticeable for the bystanders.

Analysis of different downtown areas. The area‑specific 
results of the RF exposure measurements averaged across all 
five measurement rounds are presented in Table II. For parks 
and the railway, only one measurement round was conducted. 
The exposure is presented as a total of the 2.8 M (4.5 km) route 
and also as route legs representing exposure at each measured 

Table II. Radiofrequency levels at specific areas in Columbia, SC, USA.

	 Map 	 Length of measured strip		  Mean	 Median	 Min	 Maximum
Location	 marker 	 (ft/m) 	 n	 (V/m)	 (V/m)	 (V/m)	 (V/m)

Gervais Street (west)	 9‑10	 1,048/319	 64	 1.750	 0.870	 0.150	 6.867
Main Street (middle)	 5‑6	 1,664/507	 80	 1.624	 1.096	 0.261	 5.903
Pendleton Street	 2‑3	 537/163	 21	 1.568	 1.368	 0.566	 3.728
Greene Street	 11‑12	 1,294/394	 59	 1.548	 1.319	 0.228	 4.917
Sumter Street	 3‑4	 1,084/330	 41	 1.280	 1.158	 0.548	 2.880
Assembly Street	 8‑9	 3,125/953	 127	 1.243	 0.928	 0.116	 3.772
Main Street (south)	 1‑2	 1,239/378	 77	 1.072	 0.984	 0.089	 2.444
Boyd plaza	 B	 1,023/312	 48	 0.997	 0.809	 0.197	 2.195
Lincoln Street	 10‑11	 2,107/642	 78	 0.956	 0.654	 0.250	 5.490
Laurel Street	 7‑8	 506/154	 26	 0.923	 0.548	 0.240	 2.849
Main Street (north)	 6‑7	 1,476/450	 64	 0.871	 0.544	 0.168	 3.164
Colonial Life Arena square	 C	 1,685/513	 82	 0.858	 0.680	 0.242	 2.771
Gervais Street (east)	 4‑5	 553/168	 28	 0.785	 0.669	 0.381	 3.275
State House Park	 S	 3,788/1,150	 223	 0.740	 0.581	 0.174	 2.093
Finlay Park	 F	 5,233/1,600	 267	 0.688	 0.614	 0.187	 1.409
Horseshoe Park	 H	 3,989/1,220	 232	 0.475	 0.410	 0.212	 1.210
Railway Street	 R	 395/120	 39	 0.341	 0.260	 0.143	 0.755
Streets and squares altogether	 ‑	 14,626/4,458a	 795	 1.240	 0.859	 0.089	 6.867
Parks altogether	 ‑	 NA	 722	 0.645	 0.530	 0.174	 2.093

The total exposure of all measured frequency bands and the analysis of all data (V/m) across all measurement rounds is shown, treating values 
at lower detection limit as 0. aLength of measured strip TOTAL (m/ft) is calculated by adding street strip lengths, excluding squares, parks and 
Railway Street; n, number of measurement points per each strip, average across all measurement rounds; maximum indicates highest of all 
measurement rounds; NA, data not available or computable.
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street strip. The presentation of street strip data helps to 
identify highly exposed areas in the city, as well as areas with 
lower exposure levels. In Table II, the column labeled ‘Length 
of measured strip’ presents the length of each measured street 
strip in feet and meters. In squares and parks, the strip length 
indicates the total length of a spiral‑like route pattern which 
was taken at each area. ‘Nr of measurement points’ indicates 
how many measurement points (single measurements) were 
taken in each corresponding street strip or area.

Based on the measurements collected at locations around 
the city, the analysis of the means indicates the highest expo‑
sure areas (beginning from the highest) at Gervais Street 
(west), Main Street (middle) and Pendleton Street and Greene 
Street. The upper detection limit of the meter was repeatedly 
exceeded at Gervais Street, where also the maximum exposure 
level of all rounds was registered.

Analysis of frequency bands. Frequency analysis (Table III) 
revealed that the majority of contributors to the expo‑
sure budget were bands ‘FM US’, ‘14DL’, ‘27DL’, ‘25DL’ 
and ‘66DL’, whereas the latter two had the highest single 
measurements recorded throughout the city and over all the 
measurement bands. The highest exposure places for the bands 

were accordingly: 1.243 V/m ‘FM US’ at Main Street (middle); 
0.734 V/m ‘14DL’ at Greene Street; 0.616 V/m ‘27DL’ at Laurel 
Street; 0.847 ‘25DL’ at Pendleton Street; and 1.422 V/m ‘66DL’ 
at Gervais Street (west); the values indicate the mean exposure 
of several measurement points at the location, and averaged 
over all five measurement rounds.

Comparing total exposure across different days. The measure‑
ments, following the same route, were conducted on five 
different weekdays: 2106061329, 2106091700, 2106101550, 
2106112010 and 2106121340 [the format year/month/day/time 
(hhmm) designates the end time of a measurement round]. In 
Fig. 4, a boxplot chart is presented, demonstrating the total 
exposure, indicating temporal fluctuations across different 
days and times of day. Temporal variations across different 
weekdays and times of day are minimal in Columbia with 
respect to public exposure. The mean exposures over the 
entire route were measured as follows (in descending order) 
as follows: i) highest 1.149 V/m on 2106091700, Wednesday 
afternoon; ii) 1.075 V/m on 2106101550, Thursday afternoon; 
1.02 V/m on 2106121340, Saturday midday; 0.985 V/m on 
2106112010, Friday evening; and the lowest 0.965 V/m on 
2106061329, Sunday midday.

The exposure levels in downtown area were 12‑16% lower 
on weekend times as compared to business hours. The results 
of the statistical analysis using ANOVA revealed a statisti‑
cally significant difference (P<0.001). Pairwise post hoc tests 
showed statistically significantly different exposure levels 
for 2106091700 compared to 2106061329 (mean difference, 
0.18 V/m; P<0.001), for 2106101550 compared to 2106061329 
(mean difference 0.11, V/m; P=0.01), for 2106112010 compared 
to 2106091700 (mean difference, ‑0.16 V/m; P<0.001), for 
2106121340 compared to 2106091700 (mean difference, 
‑0.13  V/m; P=0.002) and for 2106112010 compared to 
2106101550 (mean difference, ‑0.09 V/m; P=0.04) (Table IV).  
The exposure was lower on weekend times (Friday evening 
through Sunday) as compared to business times. Additionally, 

Table III. Band specific radiofrequency exposure levels based 
on all five measurement rounds in the city streets and squares 
in Columbia, SC, USA.

	 Mean	 Median	 Min	 Maximum
Band	 (V/m)	 (V/m)	 (V/m)	 (V/m)

FM US	 0.687	 0.355	 0.000	 3.242
TV UHF	 0.021	 0.000	 0.000	 0.165
71 DL	 0.101	 0.026	 0.000	 0.895
12 DL	 0.000	 0.000	 0.000	 0.000
17 DL	 0.000	 0.000	 0.000	 0.000
13 DL	 0.191	 0.052	 0.000	 1.867
14 DL	 0.293	 0.082	 0.000	 2.653
27 DL	 0.216	 0.053	 0.000	 3.037
26 DL	 0.076	 0.000	 0.000	 0.916
ISM	 0.036	 0.000	 0.000	 0.451
DECT 6	 0.024	 0.000	 0.000	 0.286
25 DL	 0.513	 0.260	 0.021	 5.196
66 DL	 0.781	 0.388	 0.000	 6.001
30 DL	 0.062	 0.000	 0.000	 0.478
W 2G	 0.013	 0.000	 0.000	 0.193
41TDD	 0.031	 0.000	 0.000	 0.470
7 DL	 0.027	 0.000	 0.000	 0.338
22 DL	 0.001	 0.000	 0.000	 0.033
43 TDD	 0.002	 0.000	 0.000	 0.052
W 5G	 0.006	 0.000	 0.000	 0.104

The analysis of all data (V/m) was performed treating values at the 
detection limit as 0. Values in bold font indicate the highest values. DL, 
cellular download band; TDD, cellular band servicing both upload and 
download traffic; ISM, industrial, scientific, and medical frequency 
bands; DECT, digital European cordless telecommunications.

Table IV. Pairwise post hoc comparisons between all measure‑
ment times.

Comparison between	 Mean
different timesa	 difference (V/m)	 P‑valueb

2106091700 vs. 2106061329	 0.18	 <0.001
2106101550 vs. 2106061329	 0.11	 0.01
2106112010 vs. 2106061329	 0.02	 0.98
2106121340 vs. 2106061329	 0.05	 0.51
2106101550 vs. 2106091700	 ‑0.07	 0.19
2106112010 vs. 2106091700	 ‑0.16	 <0.001
2106121340 vs. 2106091700	 ‑0.13	 0.002
2106112010 vs. 2106101550	 ‑0.09	 0.04
2106121340 vs. 2106101550	 ‑0.06	 0.44
2106121340 vs. 2106112010	 0.04	 0.83

aThe times are in the format of year/month/day/time (hhmm). 
bP‑values were obtained using Tukey's test for multiple comparisons 
following ANOVA.
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the effect size [partial eta squared (η2p)] characterized 
that 0.9% of RF level variability accounted for different 
measurement times.

Spatial distribution of the field. During the field spatial 
mapping, 1,448 single measurements were conducted. The 
total field exposure (sum of all measured frequency bands) at 
the downtown area was as follows: Mean, 0.879; median, 0.703; 
min, 0.127; max, 5.507 V/m (meter's upper detection limit was 
reached). The measurement covered altogether 14.8 miles 
(23.7 km). The results of spatial field distribution in downtown 
Columbia, SC are depicted in Fig. 5, where ~15‑20 hotspots of 
elevated exposure could be identified. For example, a number 
of smaller‑scale hotspots could be identified in Gervais Street 
where cell phone base station antennas are mounted on top 
of the utility poles and therefore positioned low, close to the 
street level. However, these are relatively low‑powered trans‑
mitters, and also due to the low positioning, the elevated field 
does not reach far. Hotspots that cover larger areas are caused 
by the transmitters of higher power, which are located on top 
of the tall buildings. A histogram of the spatial field distribu‑
tion measurements is depicted in Fig. 6. The highest exposure 
levels were caused by cell phone base station antennas that 
were positioned low close to the street level (Figs. 7 and 8). 

Discussion

Base stations nearby street level yielded the highest exposure. 
This is demonstrated by measurements which calculated the 
highest exposure for Gervais Street, where also the maximum 
exposure of the entire study was registered. Unlike the other 
streets measured, Gervais Street can be distinguished by two 
features: i) New 5G base stations were installed and; ii) the 
majority of the base station antennas were installed at a low 
level, close to the street level. Hence, the present study demon‑
strated that the installment of 5G base station antennas was the 
reason for the highest exposure areas in the city. The reason for 
the high exposure levels is the need to bring base stations close 
to the subscriber devices.

Pedestrians walking on the city streets may notice radio and 
TV transmitters placed on top of high‑rise buildings; however, 
they are unlikely to suspect that cylindrical objects on top of 
utility poles, street lamps and traffic lights could be cell phone 
antennas, particularly considering these are painted the same 
color as the pole they are mounted on top of. Furthermore, 
cell phone antennas are not always clearly visible, and thus 
individuals are unaware of their presence; perhaps this is due 
to purposes of conforming with any relevant city ordinance, 
such as aesthetics.

Figure 4. Boxplot of the total exposure on city the streets and squares in V/m. The measurements, following the same route, were conducted on five different 
weekdays: 2106061329, 2106091700, 2106101550, 2106112010 and 2106121340 [in the format year/month/day/time (hhmm)] in Columbia, SC, USA. The 
median is indicated by a black line inside each box; the bottom and top of the boxes show first and third quartiles; the end of the whiskers are calculated as the 
1.5x interquartile range. Points represent outliers.
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Figure 5. Radiofrequency electromagnetic field (V/m) spatial distribution in the city of Columbia, SC, USA downtown area of 0.89x1.0 miles (north is on the 
top). Small individual black dots indicate locations of single measurements (n=1,448).

Figure 6. Histogram of spatial field distribution measurements shows that majority of the readings are ~0.5 V/m, whereas high readings of 5 V/m or more were 
only obtained five times. The histogram characterizes the percentages (%) of exposure values (V/m) in 20 bins.
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Temporal analysis revealed that there was a statistically 
significant difference in exposure levels in the downtown area 
when comparing total exposure across different days and times. 
The public exposure varied during different times and days.

In the present study we conducted different assess‑
ment methods to characterize city center exposure levels by 

i) repetitive route measurements (mean 1,240 V/m) compared 
to ii) grid measurement (mean 0.879 V/m). The difference of 
means can be expected due to the following reasons: i) the 
grid measurement covers a wider city center area, including 
areas of a lower population density; ii)  the route approach 
focuses more at the city center area, where there are more RF 

Figure 7. Gervais Street: Cell phone base station antenna placed close to street level and causing high exposure to pedestrians and nearby café visitors 
(exposure scenario illustration). The antenna appears camouflaged and seemingly part of a utility pole. The measurer only discovered the antenna due to the 
high radiofrequency levels in the vicinity.

Figure 8. Gervais Street: Another cell phone base station antenna close to street level and causing high exposure to pedestrians (exposure scenario illustration). 
Note the antenna appears undistinguishable from the utility pole an unnoticeable between the trees.
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EMF sources. Therefore, the city center route method results 
in ~30% higher mean than the grid measurement method. In 
addition, the temporal variation of 16% between means from 
different days needs to be accounted for. When comparing 
mean exposures from different cities, higher exposure levels 
may be obtained, if these differ by ≥2‑fold.

The present study measured RF exposure levels in 
Columbia. In Columbia, SC, the measurement route, which 
was conducted five times, calculated at the streets and squares 
1,240 V/m as a mean exposure (total as a sum of all frequency 
bands) and 6.867 V/m as all times maximum (Table II).

The majority of previous studies discussed above in the 
‘Introduction’ reported similar results in European cities. 
An analogous study by the authors in Stockholm, Sweden, 
following the same method, calculated 1,439 V/m as the mean 
exposure (2). The highest exposure levels that were measured 
in a detailed measurements in Stockholm, Järntorget square, 
resulted in 11.6 V/m as the maximum (3).

Jalilian et al (8), in their review article, reported the mean 
outdoor exposure level of European cities to range from 0.07 
to 1.27 V/m. This together with the readings from Stockholm 
places the mean of Columbia city (1,240 V/m) on top of the 
European scale.

In conclusion, in the city of Columbia, SC, USA, the 
present study determined that the highest exposure areas were 
due to two reasons: i) Cell phone base station antennas on top 
of high‑rise buildings provide good cell coverage reaching far 
away, but creating elevated public exposure to the RF RMFs at 
the immediate vicinity; and ii) cell phone base station antennas 
installed on top of the utility poles have placed the radiation 
source closer to humans walking on the street level.

RF exposure levels from mobile phone base station 
antennas near the street level reached high levels. It is thus 
recommended, that all such close proximity transmitters 
should be labeled with relevant signs to warn of high RF 
exposure in the area (24). Cell phone base station antennas 
should be distinct and noticeable so that people who need 
to limit their exposure, have been given a chance to do so 
by distancing themselves from the RF sources. Considering 
the current trend of cell phone service providers expanding 
their 5G network, more utility pole base station antennas are 
expected. Consequently, the public exposure is also likely to 
increase in the coming years.

Acknowledgements

The authors express their sincere thanks to The Leto 
Foundation for providing technical assistance. Mr. Michael 
Carlberg (The Cancer and Environment Research Foundation, 
Örebro, Sweden) is acknowledged for providing assistance with 
the statistical analysis.

Funding

No funding was received.

Availability of data and materials

The datasets generated and analyzed during the current study are 
available from the corresponding author on reasonable request.

Authors' contributions

TK performed the measurements. The conception of the study, 
the design and analyses of the material, the writing of the 
article and the approval of the final manuscript was made by 
both authors (TK and LH). Both authors confirm the authen‑
ticity of all the raw data. Both authors have read and approved 
the final manuscript.

Ethics approval and consent to participate

Not applicable.

Patient consent for publication

Not applicable.

Competing interests

LH is an Editorial Advisor of the journal, but had no personal 
involvement in the reviewing process, or any influence in 
terms of adjudicating on the final decision, for this article. The 
author TK declares that he has no competing interests.

References

  1.	 United States Census Bureau.  City of  Columbia. 
QuickFacts‑Columbia City, South Carolina. 2021. https://www.
census.gov/quickfacts/columbiacitysouthcarolina. Accessed 
November 19, 2021.

  2.	Carlberg  M, Hedendahl  L, Koppel  T and Hardell  L: High 
ambient radiofrequency radiation in Stockholm city, Sweden. 
Oncol Lett 17: 1777‑1783, 2019.

  3.	 Hardell L, Carlberg M, Hedendahl LK, Koppel T and Ahonen M: 
Environmental radiofrequency radiation at the Järntorget Square in 
Stockholm Old Town, Sweden in May, 2018 compared with results 
on brain and heart tumour risks in rats exposed to 1.8 GHz base 
station environmental emissions. World Acad Sci J 1: 47‑54, 2019.

  4.	Hardell L, Carlberg M, Koppel T and Hedendahl L: High radiofre‑
quency radiation at Stockholm Old Town: An exposimeter study 
including the Royal Castle, Supreme Court, three major squares 
and the Swedish Parliament. Mol Clin Oncol 6: 462‑476, 2017.

  5.	Koppel T, Ahonen M, Carlberg M, Hedendahl LK and Hardell L: 
Radiofrequency radiation from nearby mobile phone base 
stations‑a case comparison of one low and one high exposure 
apartment. Oncol Lett 18: 5383‑5391, 2019.

  6.	 Hedendahl LK, Carlberg M, Koppel T and Hardell L: Measurements 
of radiofrequency radiation with a body‑borne exposimeter in 
Swedish schools with Wi‑Fi. Front Public Health 5: 279, 2017.

  7.	 Hardell L, Koppel T, Carlberg M, Ahonen M and Hedendahl L: 
Radiofrequency radiation at Stockholm Central Railway Station 
in Sweden and some medical aspects on public exposure to RF 
fields. Int J Oncol 49: 1315‑1324, 2016.

  8.	Jalilian H, Eeftens M, Ziaei M and Röösli M: Public exposure 
to radiofrequency electromagnetic fields in everyday microen‑
vironments: An updated systematic review for Europe. Environ 
Res 176: 108517, 2019.

  9.	 Sagar S, Dongus S, Schoeni A, Roser K, Eeftens M, Struchen B, 
Foerster M, Meier N, Adem S and Röösli M: Radiofrequency 
electromagnetic field exposure in everyday microenvironments 
in Europe: A systematic literature review. J Expo Sci Environ 
Epidemiol 28: 147‑160, 2018.

10.	 Viel FJ, Clerc S, Barrera C, Rymzhanova R, Moissonnier M 
and Cardis E: Residential exposure to radiofrequency fields 
from mobile phone base stations, and broadcast transmitters: A 
population‑based survey with personal meter. Occup Environ 
Med 6: 550‑556, 2009.

11.	 Estenberg  J and Augustsson  T: Extensive frequency selec‑
tive measurements of radiofrequency fields in outdoor 
environments performed with a novel mobile monitoring system. 
Bioelectromagn 35: 227‑230, 2014.



KOPPEL  and  HARDELL:  MEASUREMENTS OF RADIOFREQUENCY ELECTROMAGNETIC FIELDS12

12.	Sagar S, Adem SM, Struchen B, Loughran SP, Brunjes ME, 
Arangua L, Dalvie MA, Croft RJ, Jerrett M, Moskowitz JM, et al: 
Comparison of radiofrequency electromagnetic field exposure 
levels in different everyday microenvironments in an interna‑
tional context. Env Int 114: 297‑306, 2018.

13.	 Thielens  A, Van  den  Bosschea  M, Brzozekc  C, Bhatt  C, 
Abramson  M, Benke  G, Mar tens  L and Joseph  W: 
Microenvironmental personal and head exposure measurements 
of radio‑frequency electromagnetic fields. In: Joint Annual 
Meeting of the Bioelectromagnetics Society and the European 
BioElectromagn Assoc (BioEM 2018). Melbourne, pp273‑279, 
2018.

14.	 Misek J, Laukova T, Kohan M, Veternik M, Jakusova V and Jakus J: 
Measurement of low‑level radiofrequency electromagnetic fields in 
the human environment. Acta Med Martiniana 18: 27‑33, 2018.

15.	 Iyare  RN, Volskiy  V and Vandenbosch  GA: Study of the 
electromagnetic exposure from mobile phones in a city like envi‑
ronment: The case study of Leuven, Belgium. Environ Res 175: 
402‑413, 2019.

16.	 Cansiz M, Abbasov T, Kurt MB and Celik AR: Mapping of radio 
frequency electromagnetic field exposure levels in outdoor envi‑
ronment and comparing with reference levels for general public 
health. J Expo Sci Environ Epidemiol 28: 161‑165, 2018.

17.	 Kurnaz C and Mutlu M: Comprehensive radiofrequency elec‑
tromagnetic field measurements and assessments: A city center 
example. Environ Monit Assess 192: 334, 2020.

18.	 Tang C, Yang C, Cai RS, Ye H, Duan L, Zhang Z, Shi Z, Lin K, 
Song J and Huang X: Analysis of the relationship between electro‑
magnetic radiation characteristics and urban functions in highly 
populated urban areas. Sci Total Environ 654: 535‑540, 2019.

19.	 Federal Communications Commission. A Rule by the Federal 
Communications Commission on 10/10/2012. 2012. https://www.
federalregister.gov/documents/2012/10/10/2012‑24792/private‑la
nd‑mobile‑radio‑rules. Accessed November 19, 2021.

20.	ETSI EN 300 392‑2 V3.2.1 (2007‑09), European standard, 
Terrestrial Trunked Radio (TETRA); Voice plus Data (V+D); Part 
2: Air Interface (AI). 2007. https://www.etsi.org/deliver/etsi_en/3
00300_300399/30039202/03.02.01_60/en_30039202v030201p.
pdf. Accessed November 19, 2021.

21.	 Loy M, Karingattil R and Williams L  (eds). ISM‑Band and 
Short Range Device Regulatory Compliance Overview, 
Application Report, Texas Instruments. 2003, http://www.
ti.com/lit/pdf/swra048. Accessed November 19, 2021.

22.	Federal Communications Commission. Unlicensed Personal 
Communications Service Devices in the 1920‑1930 MHz Band. 
A Rule on 07/23/2012. 77 FR 4300. 2012. https://www. 
federalregister.gov/documents/2012/07/23/2012-17793/ 
unlicensed-personal-communications-service-devices- 
in-the-1920-1930-mhz.band. Accessed November 19, 2021.

23.	European Telecommunications Standards Institute. Digital 
Enhanced Cordless Telecommunications (DECT); A 
High Level Guide to the DECT Standardization, ETSI TR 
101 178 V1.5.1 (2005‑02) Technical Report. 2005. http:// 
www.etsi.org/deliver/etsi_tr/101100_101199/101178/01.05.01_60/ 
tr_101178v010501p.pdf. Accessed November 19, 2021.

24.	Recommendation 13 (page 16) of the State of New Hampshire 
report: ʻCommission to Study The Environmental and Health 
Effects of Evolving 5G Technology’. http://www.gencourt.state. 
nh.us/statstudcomm/committees/1474/reports/5G%20final%20 
report.pdf.

This work is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 
International (CC BY-NC-ND 4.0) License.



Senator Markey Letter September 18, 2018
Senator Markey Letter, July 26, 2017

170

https://ehtrust.org/wp-content/uploads/Markey-2019-Letter.pdf
https://ehtrust.org/markey-july-26-2017-5g-letter/


LANDMARK FEDERAL COURT RULING AGAINST THE FCC

On August 13, 2021 the U.S. Court of Appeals for the D.C. Circuit ruled the Federal

Communications Commission (FCC) ignored scientific evidence and failed to

provide a reasoned explanation for its determination that its 1996 regulations

adequately protect the public against all the harmful effects of wireless radiation.  

FCC'S REFUSAL TO UPDATE 1996 LIMITS

The legal case challenged the FCC’s 2019 decision not to update its 1996

regulations regarding allowable exposures of radiofrequency radiation (RF) from

wireless technologies - including 5G, cell phones, cell towers, Wi-Fi, and wireless

networks.

EVIDENCE OF BIOLOGICAL EFFECTS BELOW FCC LIMITS 

FCC limits are based on the outdated belief that heating is the only proven harm

from RF. Over 11,000 pages of evidence - 447 exhibits in 27 Volumes - was

submitted to the Court documenting biological effects and illness from wireless

radiation exposure at non-heating levels. Research has found brain damage,

headaches, memory problems, reproduction damage, synergistic effects, nervous

system impacts, brain cancer, genetic damage, as well as harm to trees, birds,

bees, and wildlife. 

"The factual premise—the

non-existence of non-

thermal biological effects

—underlying the current

radiofrequency (RF)

guidelines may no longer

be accurate.” 
-2021 EHT et al. v. FCC RULING 




children's vulnerability

long-term exposure

environmental impacts 

new technological developments

and the ubiquity of wireless

how FCC's cell phone tests only

measure heat and allow a space

between the phone and body. 

THE COURT ORDER

The Court ordered the FCC to provide

a reasoned determination as to

whether the evidence warrants a

change to 1996 RF limits

especially in regards to:



FACTSHEET: ENVIRONMENTAL HEALTH TRUST ET AL. V. FCC 

FCC's Lack of Adequate Review for Wireless Radiation Exposure Limits 

impacts to children 

testimony of persons injured by

wireless radiation 

impacts to the developing brain

impacts to the reproductive

system

impacts to wildlife and the

environment

THE COURT FINDINGS

The Court found that the FCC did

not provide evidence of properly

examining record evidence

indicating non-cancer harm such as:

TIMELINE
1980s: EPA tasked to develop RF

safety limits for heating and

biological effects.

1996: EPA is fully defunded and

halts all research on RF. The FCC

adopts RF limits developed by

industry-tied groups- based on

heating. 

1999: FDA requests the National

Toxicology Program (NTP) study RF

because of the lack of safety data on

long-term exposure. 

2008/2009 Congressional Hearings

2012: GAO Report recommends

rules be reassessed to reflect current

use patterns and recent science. 

2013-2019: FCC opens record on RF

limits - gets over 1000 submissions. 

2018: NTP releases $30M animal

study concluding “clear evidence” of

cancer. FDA rejects the findings.  

2019: FCC closes record, decides not

to update its 1996 wireless RF limits.

2020: Cases filed against FCC.  

2021: Ruling against FCC.
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THE BOTTOM LINE 

FCC Compliance Does Not Ensure Safety

Most of the public assumes that current FCC safety limits for cell phones, cell

towers, Wi-Fi, 5G, and wireless networks are based upon an up to date robust

review of all relevant research. This assumption of safety is now clearly

documented to be erroneous. 

Lack of Oversight by Health and Environmental Agencies

The ruling reveals a lack of accountability with our federal health agencies

regarding wireless radiation. The EPA, CDC, NIOSH, and NCI did not submit any

reports to the Court, revealing that none of these agencies has reviewed the

science on health effects to ensure safety for the public. The U.S. has no pre-

market safety testing for health effects, no post-market surveillance, no

environmental monitoring, and no meaningful interagency coordination. 

FDA’s Dismissal of Harm Deemed Insufficient  

The Court states the FCC improperly relied on the FDA's conclusions that RF limits

did not need an update.  The FDA's submissions were described by the Court as

“cursory” and "insufficient." Although the FDA later released a literature review, it

was only focused on cancer, further confirming the fact that the FDA and U.S.

safety agencies have failed to evaluate the numerous health effects documented

in scientific studies, such as brain and reproductive system impacts. A US

government review of the full body of recent science has simply never been done. 

Children's Vulnerability Ignored by the FCC

The Court states the FCC “dismissed” the American Academy of Pediatrics

recommendations for strengthened regulations that ensure children and

pregnant women would be protected. The Court found the FCC failed to explain

why it ignored research indicating children were more vulnerable to wireless:

their developing brains are more sensitive, they absorb higher levels of RF deeper

into their brains, and they will have a lifetime of exposure. 

Wildlife Remains Unprotected 

FCC’s limits were designed in 1996 to protect only humans, not flora or fauna. The

Court found that the FCC had “completely failed” to address the “substantive

evidence of potential environmental harms” on the record, which included

science showing serious impacts to birds, bees, trees, and plants. 

PETITIONERS

Environmental Health Trust

(EHT), Consumers for Safe

Cell Phones, Elizabeth Barris,

and Theodora Scarato. 

Children's Health Defense

(CHD), Michelle Hertz, Petra

Brokken, Dr. David Carpenter,

Dr. Toril Jelter, Dr. Paul Dart,

Dr. Ann Lee, Virginia Farver,

Jennifer Baran, and Paul

Stanley M.Ed.  CHD's case

was consolidated with EHT’s. 

Briefs and evidence were

jointly filed. 



FACTSHEET: ENVIRONMENTAL HEALTH TRUST ET AL. V. FCC 

FCC's Lack of Adequate Review for Wireless Radiation Exposure Limits 

"In the Department of the

Interior’s expert view, the

Commission’s RF radiation

limits “continue to be

based on thermal heating,

a criterion now nearly 30

years out of date and

inapplicable today.” 
-2021 EHT et al. v. FCC 

Go to  EHTrust.org for

links to the ruling, briefs,

and the latest science. 





Report says wireless radiation

may harm wildlife

● By Scott Wyland swyland@sfnewmexican.com

● Feb 5, 2022 Updated Feb 7, 2022

Timeline for wireless

radiation oversight

1980s to 1996: The

Environmental Protection

Agency measures levels of

wireless radiation in the U.S. and

is tasked with developing safety

limits. The agency issues findings

in a 1984 report on biological

effects and a 1986 report on

environmental exposure levels.

1995: The EPA meets with the

Federal Communications

Commission and presents its plan

to develop safety limits for the

potentially harmful

electromagnetic fields that

wireless technologies produce.

1996: The EPA's research on

EMFs is defunded. The agency

Health researchers raised concerns in the 1990s about the possible

harmful effects of wireless radiation from cellphones and towers,
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closes is project measuring EMF

levels in U.S. cities.The FCC

adopts wireless radiation rules

and safety limits proposed by

industry-connected groups.

1999: The Food and Drug

Administration asks the National

Toxicology Program to study

cellphone radiation because of

the lack of safety data on the

health effects from long-term

exposure.

2008: The National Research

Council issues a report called

“The Identification of Research

Needs Relating to Potential

Biological or Adverse Health

Effects of Wireless

Communications Devices.”

Congress holds a hearing on the

health effects of cellphone use.

2009: The U.S. Senate holds

hearings on the health effects of

cellphones' wireless radiation.

2012: A Government

Accountability Office report

recommends cellphone test

procedures be reassessed to

ensure they reflect real world use

and are based on the latest

science.

2013: The FCC opens an official

inquiry asking if wireless

radiation limits should be

updated.Thousands of pages of

scientific evidence are submitted

and their warnings met pushback from telecommunications

companies on the verge of growing a mega-industry.

Industry-backed researchers assured federal agencies health

concerns — especially those centered on the possibility of low-level

microwaves causing cancer — lacked conclusive evidence.

Regulators accepted their assessments, and the alarm bells went

silent.

Now a trio of researchers have compiled a report saying the

widespread installation of cell towers and antennas is generating

electromagnetic fields — EMFs for short — that could be

physiologically harmful.

The report focuses on potential impacts on wildlife, trees, plants and

insects, such as bees, because there are no regulations protecting

them from EMFs emanating from wireless antennas. Wildlife

protections are becoming more vital as this radiation — known more

specifically as radiofrequency EMFs — escalates through 5G

technologies, the researchers warn.

“There needs to be regulatory standards to address EMFs affecting

wildlife,” said Albert Manville, a retired U.S. Fish and Wildlife

Service biologist and one of the paper’s authors.

Manville also is an adjunct science professor at Johns Hopkins

University.
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to the FCC for its inquiry.

2019: The FCC issues a decision

not to update the 1996 standards.

2020: The Environmental

Health Trust files a petition

against the FCC arguing the 2019

decision was not based on an

adequate review of the data

submitted.

2021: The U.S Court of Appeals

in Washington, D.C., rules the

FCC must review its 1996

guidelines and justify why they

shouldn't be updated.

Source: Environmental Health

Trust

He said he provided the Federal Communications Commission with

some research on how the electromagnetic pollution can hurt

wildlife and the steps that could be taken to lessen the impacts.

But the FCC has been unresponsive, Manville said, arguing the

agency tends to accommodate the industry it’s supposed to regulate.

“That’s unfortunate, but that’s just the way it is,” he said.

The FCC did not respond to questions about whether it would

consider making efforts to reduce animals’ EMF exposure.

The three authors drew from 1,200 peer-reviewed studies to

compile a three-part, 210-page report titled “Effects of non-ionizing

electromagnetic fields on flora and fauna.” It was published in the

journal Reviews on Environmental Health.

Science journalist Blake Levitt, lead author of the report, said they dug up overlooked studies that

contained compelling research on how living organisms react to low-level EMFs. Their compilation

invalidates any claims that the EMFs don’t cause biological effects, she said.

“We just blew the whole thing out of the water and took it to the ecosystem level, which is really where

it needed to go,” Levitt said. “Nobody had done that before. We need a whole lot more scrutiny put to

the low-intensity stuff.”

Ambient EMFs have risen exponentially in the past quarter-century, as cellphones were widely

adopted, to become a ubiquitous and continuous environmental pollutant, even in remote areas, the
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report said, adding studies indicate EMFs can affect animals’ orientation, migration, food finding,

reproduction, nest building, territorial defense, vitality, longevity and survival.

EMFs’ toxic effects on an animal’s cells, DNA and chromosomes have been observed in laboratory

specimens — and thus would apply to wildlife, according to the report.

Many types of wildlife are exposed to EMFs from wireless sources, such as deer, seals, whales, birds,

bats, insects, amphibians and reptiles, the report said. Many species have been found more sensitive

to EMFs than humans in some ways.

The report recommends new laws that include the redesign of wireless devices and infrastructure to

reduce the rising ambient levels.

It comes several months after a federal court in Washington, D.C., ordered the FCC to review its

guidelines for wireless radiation and justify why it should retain them, as the standards haven’t been

updated since 1996. This radiation should not be confused with radioactivity, the court noted, adding

microwaves used in transmitting signals are low enough to not heat tissues in what are known as

“thermal effects.”

But medical studies suggest the lower-level radiation could cause cancer, reproductive problems,

impaired learning and motor skills, disrupted sleep and decreased memory.

These studies and others were submitted to the FCC after it opened a notice of inquiry in 2013 under

the administration of former President Barack Obama to probe the adequacy of the 1996 guidelines,

which were geared toward avoiding thermal effects, the court said.

In 2019, the Trump administration’s FCC deemed the inquiry unnecessary, saying the 1996 rules were

sufficient and required no revision.

Two judges called that FCC action “arbitrary and capricious,” saying the FCC made the decision out of

hand, ignoring all the science presented and offering no reasonable, fact-based argument to back it

up.
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The agency also failed to look at the technological developments in the past 25 years and how they’ve

changed the degree of exposure, the judges wrote. And they said it refused to examine possible health

effects from EMFs that fall below the threshold set in 1996.

“When an agency in the commission’s position is confronted with evidence that its current regulations

are inadequate or the factual premises underlying its prior judgment have eroded, it must offer more

to justify its decision to retain its regulations than mere conclusory statements,” the judges wrote.

“Rather, the agency must provide ‘assurance that [it] considered the relevant factors,’ ” they added.

The FCC’s reluctance to ensure wireless transmissions are safe for human health extends to wildlife,

even as 5G technology gains momentum, said Theodora Scarato, executive director of the

Environmental Health Trust, a nonprofit think tank that led the petition against the FCC.

Scarato said her group is promoting the wildlife report to fill a crucial gap in wireless oversight.

She plans to submit the report to the FCC as it conducts its new review of wireless radiation, with the

hope the report will go on the record and be considered when crafting future rules.

Regulators need to determine how much EMFs must be curbed to safeguard flora and fauna, she said.

“What is a limit for a person is going to be different” than for animals, Scarato said.

The study notes EMFs can disrupt the Earth’s natural magnetic fields that birds, cats, fish and other

animals use to navigate and orient themselves.

Towers keep the EMFs away from people on the ground but leave birds vulnerable because they fly

near the transmitters and even perch on them, Scarato said.

“Air needs to be designated as habitat,” she said. “And EMFs need to be regulated like other

pollutants.”
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The transmissions can disorient bees, causing them to become lost, not return to their hives and die,

Manville said.

The bees are already threatened by pesticides and climate change, he said. “It’s death by a thousand

cuts.”

If they have a mass die-off, it could be disastrous for growers that depend on them to pollinate crops,

he added.

Manville said as a federal biologist, he pushed to get the Interior Department to establish an

environmental review that covered how new sources of wireless radiation would affect wildlife.

Interior officials were receptive in 2014, but his proposal stalled at the Commerce Department, which

was in charge of internet technology, he said. Then later, the Trump administration scrapped it.

Scarato said this “landmark paper” could be the catalyst for creating wildlife guidelines.

“The challenge before us is there isn’t an environmental agency who’s even looking at the science at

this time,” she said. The study’s authors “make the case for regulations that we need.”

Scott Wyland
Reporter
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Federal Court Instructs FCC 
to Review Electromagnetic 
Radiation Standards
By Barbara Koeppel

For 25 years—through five Democratic and 
Republican administrations—the Federal Communica-
tions Commission has refused to revise the regulations it 

set in 1996 that address what level of radiation from cell phones 
should be considered safe. Labeled radio-frequency radiation 
(RFR), these emissions are discharged from all wireless devices, 
Wi-Fi networks, and the thousands of towers stretched across the 
United States that transmit 
and receive the signals. 

The FCC’s power is pro-
methean. It is the sole U.S. 
agency that determines the 
acceptable RFR exposure 
from wireless devices for 
people of all ages, wildlife, 
and the environment. And 
it insists its original 1996 
limits are fine.  

However, scientists 
who’ve reviewed hundreds 
of studies published over 
the last two decades claim 
the FCC ignores critical 
findings that show a “sta-
tistically significant” link 
between heavy cell phone 
use (10 or more years) and brain and thyroid tumors, especially 
on the side of the head where people hold their phones. Profes-
sional groups such as the American Academy of Pediatrics and 
the California Medical Association have asked the FCC to update 
its numbers.

The scientists and physicians worry that the FCC simply 
repeats the indus-
try’s line that all is 
well—which is par-
ticularly troubling 
since millions more 
people around the 
world are exposed 
each year. In the 

United States, for example, only 44 million people had cell 
phones in 1996; today, the number has soared to about 300 mil-
lion, and that doesn’t include the tablets, watches, and other 
wireless products that increase RFR exposure exponentially.

Thus, in 2019, the Environmental Health Trust (EHT), Con-
sumers for Safe Cell Phones, Children’s Health Defense, and 11 
other petitioners sued the FCC. They argued that although the 
U.S. Government Accountability Office told the FCC in 2013 
to review its 1996 limits in light of new research, six years later, 
the FCC was still repeating its all-is-safe mantra. In a 2019 press 
release, the FCC said that “after a thorough review of the record, 
we find it appropriate to maintain the existing radiofrequency 
limits, which are among the most stringent in the world for cell 
phones.”

At the least, this assurance is doubtful. The lawsuit against 
the FCC argues precisely the opposite: that the Commission 

has not reviewed “the 
record.” Also, researchers 
point out that countries 
such as Italy, Switzerland, 
France, Israel, China, 
India, and Russia have 
more stringent limits than 
the United States regard-
ing the use of Wi-Fi in 
schools and day care cen-
ters, and on acceptable 
levels of radiation emis-
sions from cell towers. 
In addition, some have 
banned all cell phone ads 
pitched to children.

The lawsuit notes that 
the FCC even ignored 
the landmark 10-year, 

$30 million National Toxicology Program study carried out under 
the National Institutes of Health—which produced unequivo-
cal results in 2019. Having exposed rats and mice to cell phone 
radiation for two years, the NTP researchers reported “clear 
evidence of cancer in the male rats’ heart cells, some evidence 
of increased brain gliomas (brain cancer), and adrenal gland 
tumors, DNA damage in the brains of male and female rats and 
mice, and lower birth weights of female rats’ offspring.”

Two years after the suit was filed, the U.S. Court of Appeals 
of the D.C. Circuit ruled in August 2021 that the FCC had to 
reexamine the research to determine if its regulations should be 
updated. Further, the court called the commission’s behavior 
“arbitrary and capricious,” since it had ignored evidence of the 
harm to children’s brains (which are not fully developed) and to 
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male and female reproductive systems. It also ruled 
that because the FCC never produced regulations 
about radiofrequency radiation’s effects on wildlife, 
it had “completely failed” to address the evidence 
of potential environmental harm.

However, the court did not set a date for the 
FCC to comply—which meant the commission 
could retain its old regulations indefinitely. Also, 
the court did not address the issue of whether RFR 
exposures cause cancer; instead it said the FCC had 
passed the “minimum legal requirement” to assure 
it had evaluated the research on cancer and radia-
tion exposure. Thus, scientists are concerned that 
the FCC will again find ways to defer serious exami-
nation of the voluminous literature on the subject. 

How could this be, given the NTP findings and 
other research? To bolster its no-cancer claims, 
the FCC points to a letter the U.S. Food and 
Drug Administration wrote the commission, which 
claimed the NTP results weren’t relevant to humans 
since the study was done on rats and mice (although 
10 years earlier, the FDA itself had approved the 
animal study). Dr. Joel 
Moskowitz, director of 
the Center for Family 
and Community Health 
at the University of Cal-
ifornia, Berkeley and a leading authority on radio-
frequency radiation, says, “The FDA wrote a biased 
review of the research regarding cancer risk from 
cell phone radiation.” 

Also, the FCC cited reports from organizations 
that have undeclared conflicts of interest (ties to 
the wireless industry), which contest the cancer 
links. Dr. Ronald Melnick, the lead designer of 
the NTP study, has published two articles stating 
that the results from these groups’ reports were 
“unfounded.” 

In fact, the FCC failed on several fronts. Besides 
ignoring the NTP study, the commission dismissed 
the American Academy of Pediatrics’ request for 
regulations that reflect the special effects RFR 
have on children and pregnant women. It never 
explained why it ignored research that showed chil-
dren’s brains absorb higher levels of the radiation. 
Instead, it has insisted for 20-plus years that RFR 
is only harmful if it overheats the human body by 
at least one degree centigrade. This is a red her-
ring, since wireless devices don’t emit the kind of 
radiation that produces higher temperatures. Also, 
the FCC didn’t consider the effects of long-term 
exposures.

Many researchers insist these links have been 
proven. As noted in an earlier article in this jour-
nal (“Wireless Hazards,” Washington Spectator, 

December 2020), studies over the past 20 years 
have found strong evidence of brain tumors and 
leaks in the blood-brain barrier, acoustic neuromas 
(tumors on the nerves leading from the inner ear 
to the brain), thyroid tumors, and cognitive impair-
ment. They also showed a link to male infertility: 
when men carried phones in their pants’ pockets, 
their sperm were weakened and reduced. Also, 
physicians and scientists found that some indi-
viduals are particularly sensitive to RFR radia-
tion, which can cause tinnitus, vertigo, headaches, 
fatigue, and loss of memory. Early this month, 
some experts studying the U.S. diplomats’ and CIA 
agents’ “Havana Syndrome” symptoms suggested 
they could be related to radiofrequency radiation.

The latest evidence

Theodora Scarato, the executive director of the 
Environmental Health Trust, says that since the 
FCC had not yet responded to the court’s August 
ruling by last November, the EHT asked the com-

mission to consider 
additional studies that 
were completed after 
2019, when the suit 
was filed.

For example, in late 2019, the European Par-
liamentary Research Service said that electromag-
netic fields (EMFs) emitted by 2G, 3G, and 4G cell 
phones (which operate at 450 to 6,000 megahertz) 
are “probably carcinogenic for humans,” particu-
larly in causing gliomas, acoustic neuromas, and 
meningiomas (slow-growing, mostly nonmalignant 
brain tumors).

In 2020, Yoon-Jung Choi and Joel Moskow-
itz (the lead authors) and three other scientists 
reviewed 46 “case-controlled studies” and pub-
lished their findings in “Cellular Phone Use and 
Risk of Tumors: Systematic Review and Meta-Anal-
ysis,” in the  November International Journal of 
Environmental Research and Public Health. Mos-
kowitz says, “This study updated our earlier analysis 
published in 2009.” Evidence from the new study, 
he says, links cell phone use to increased tumor 
risk. The researchers’ numbers are compelling: 
1,000 or more hours of cell phone use, or about 17 
minutes a day over 10 years, was associated with a 
statistically significant 60 percent increase in brain 
tumor risk.

Also in 2020, Devra Davis (an epidemiolo-
gist and co-founder of the Environmental Health 
Trust), Aaron Pilarcik (a biophysicist at the Worces-
ter Polytechnic Institute), and Anthony Miller (an 
epidemiologist specializing in cancer etiology and 

[Dr. Joel Moskowitz:] “The FDA wrote a 
biased review of the research regarding cancer 
risk from cell phone radiation.”
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an adviser to the World Health Organization) reviewed data on 
colon and rectal cancer from the U.S. Centers for Disease Con-
trol, the U.S. SEER Program at the National Cancer Institute, 
and the Iranian National Cancer Registry. They found that the 
colon cancer risk for adults born in the 1990s had doubled and 
the rectal cancer risk had increased fourfold by the time they 
were 24 years old—when compared to those born 60 years ago. 
They hypothesized that cell phone radiation could play a role 
in the increased risk and recommended the FCC set limits to 
reduce the exposure. Their study, “Increased Generational Risk 
of Colon and Rectal Cancer in Recent Birth Cohorts Under Age 
40—the Hypothetical Role of Radiofrequency Radiation from 
Cell Phones,” was published in the Annals of Gastroenterology 
and Digestive Disorders. 

In 2020, Henry Lai (a retired University of Washington sci-
entist) reviewed the research on genetic effects and found that 
exposure to RFR can break DNA strands and affect the central 
nervous system. The review, “Genetic Effects of Non-Ionizing 
Electromagnetic Fields” was published in the December 2020 
issue of Electromagnetic Biology and Medicine. 

In 2021, Henry Lai, with Albert Manville (a biologist formerly 
at the U.S. Fish and Wildlife Service) and Blake Levitt (an envi-
ronmental journalist), studied the effects of cell phone towers in 
various countries, comparing data from the 1980s to the present. 
They found that the toxic effects of EMFs on cells and genes had 
altered “the wildlife’s orientation and migration patterns, their 
ability to find food, mate, reproduce, build nests and dens, and 
maintain and defend their territory.” Yet the FCC has still set no 
standards for long-term, low-level EMF exposure on wildlife. 
The scientists’ three-part research was published in Reviews on 
Environmental Health, “Effects of Non-Ionizing Electromag-
netic Fields (EMF) on Flora and Fauna.” 

Also in 2021, the journal Andrologia published a study by 
Iranian scientists who found DNA fragmentation in sperm and 
recommended that men keep cell phones “away from the pelvis 
as much as possible.”

Further, from 2015 to the present, the French government 
has tested the radiation from cell phones when people hold them 
next to their bodies. Their findings are dramatic: They reported 
exposures to RFR up to 11 times higher than those approved in 
FCC guidelines. Thus, the government passed a ministerial order 
in 2019 urging the public to limit children’s cell phone use and 
“keep the phones away from the belly of pregnant women and 
the lower abdomen of adolescents.”

Moreover, the National Institutes of Health and the American 
Cancer Society funded a study in 2019 and 2020 at Yale Univer-
sity that found increased thyroid cancer among heavy cell phone 
users. 

The accompanying table enumerates many of the ways that 
doctors and vigilant public jurisdictions have identified to help 
people reduce the health risks that could be associated with expo-
sure to RFR and cell phone radiation emissions.  

The EHT’s Scarato reminds readers concerned about RFR 
emissions exposure to “contact their senators and representa-
tives to raise the issues with the committees.” In the Senate, the 

Committee on Commerce, Science, and Transportation, along 
with its Subcommittee on Communications, Media, and Broad-
band oversees the FCC. In the House, the FCC reports to the 
Energy and Commerce Committee and its Communications and 
Technology Subcommittee. Public pressure on the members 
of these committees will help to prod the FCC to review the 
research and respond to the ruling of the Court of Appeals. 

Barbara Koeppel is a Washington, D.C.-based investigative 
reporter who covers social, economic, political, and foreign 
policy issues.

The California Department of Public 
Health recommends these precautions:

•	Use headsets—not ear buds—but remove them 
when not talking, since even headsets release  
small amounts of radiation when not in use.

•	Text instead of talk.

•	Carry phones away from your body in backpacks,  
tote bags, handbags, and briefcases.

•	Keep phones away from your head when streaming.

•	Download movies instead of streaming them.

•	Don’t use cell phones when reception is poor 
and they show just one or two bars—in subways, 
cars, basements, or rural areas.  Under such 
circumstances cell phones often need vastly more 
energy to communicate with cell towers and other 
phones, and radiation levels intensify. 

•	Men should not carry phones in pants’ pockets. 
Cleveland Clinic Center for Male Fertility 
researchers found this weakened and reduced 
sperm, which can cause infertility.

PROTECT YOURSELF FROM 
WIRELESS RADIATION

Go to page 8 for more information

https://www.somatopublications.com/increased-generational-risk-of-colon-and-rectal-cancer-in-recent-birth-cohorts-under-age-40-the-hypothetical-role-of-radiofrequency-radiation-from-cell-phones.pdf
https://pubmed.ncbi.nlm.nih.gov/34628682/
https://www.saferemr.com/2014/07/is-mobile-phone-use-contributing-to.html
https://www.commerce.senate.gov/contact
https://www.commerce.senate.gov/communications-media-and-broadband-subcommittee
https://www.commerce.senate.gov/communications-media-and-broadband-subcommittee
https://energycommerce.house.gov/contact
https://energycommerce.house.gov/subcommittees/communications-and-technology-117th-congress
https://energycommerce.house.gov/subcommittees/communications-and-technology-117th-congress
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Scientists also recommend these steps:

•	Use corded landlines at home, but put satellite  
or cordless handsets on speakerphone, since they  
emit even more radiation than cell phones.

•	Push for laws to protect children. 

•	Get states to create expert commissions to study 
radiation emissions’ effects. New Hampshire’s 
commission recommended that towers and 
antennae be placed farther from schools and 
homes.

Countries must adopt tough laws

•	Belgium and France banned companies from 
designing phones to appeal to children. 

•	Israel and Cyprus banned Wi-Fi in day care centers 
and kindergartens, requiring connections be wired. 
Israel limited Wi-Fi use in first and second grades  
to three hours a week. 

•	France ordered cities to map the locations  
of antennae, measure their radiation levels, and 
tell the public. Also, it banned ads showing people 
holding phones next to their heads and ordered 
companies to list phones’ exposure levels. If they 
don’t, they can be fined up to 75,000 euros.  

•	India ordered companies to remove towers located 
near hospitals and schools.

•	Israel ordered companies to list phones’ radiation 
levels.

•	Geneva (Switzerland) placed a moratorium on  
the rollout of 5G.

PROTECT YOURSELF FROM WIRELESS RADIATION



November 24, 2021
The Honorable Jessica Rosenworcel, Commissioner
Acting Chairwoman
Federal Communications Commission
445 12th Street, S.W.
Washington, DC 20554

Dear Chairwoman Rosenworcel,

We write to you as scientists and public health experts deeply committed to protecting public health and
the environment. As authors of numerous publications and reports in the field we urge that the FCC
ensure a robust review of the latest science and expert recommendations in the FCC’s upcoming
reexamination of its Inquiry on human exposure limits for wireless radiation. The major scientific
developments of the last two years must be included in the FCC review- especially in the new 5G
environment where wireless is ubiquitous.

We request the FCC reopen Docket #13-84 “Reassessment of FCC Radiofrequency Exposure Limits and
Policies” and Docket #03-137 ‘Proposed Changes to the Commission Rules Regarding Human Exposure
to Radiofrequency Electromagnetic Fields” in order to refresh the record before issuing a final response to
the recent August 13, 2021 judgment by the U.S. Court of Appeals for the District of Columbia Circuit, in
Environmental Health Trust et al. v. the FCC.

Furthermore, as the FCC does not have expertise in interpreting scientific studies, it relies on input from
federal health agencies and knowledgeable expert organizations to evaluate the scientific evidence and the
adequacy of FCC limits. However the relevant US health and safety agencies have not reviewed the
research on impacts to flora and fauna; long-term exposures from cell towers; children’s unique
vulnerability; and health effects such as damage to the brain and reproduction. The court noted that the
“silence” of federal agencies such as the National Cancer Institute, the Environmental Protection Agency,
the Centers for Disease Control and Prevention, and the National Institute for Occupational Safety and
Health does not mean these agencies agree with the FCC’s 1996 limits. In fact, none of these agencies has
systematically reviewed the totality of science in their respective area of expertise both to develop safety
standards and to offer an analysis of the adequacy of FCC’s 1996 wireless exposure limits.

Accordingly, we recommend that the FCC record be reopened with ample time to allow for new
substantive comments. U.S. safety limits for cell phones and cell towers must rest on sound science  to
ensure the public and wildlife are protected.

Importantly, we also recommend a full environmental impact review to evaluate 5G and the rapid
proliferation of 4G wireless antennas in the USA. A three part review published in Reviews in
Environmental Health found the scientific evidence showing adverse effects is sufficient to trigger new
regulatory action to protect wildlife, yet the US does not have regulations that were ever designed to
protect flora and fauna (1). Instead, the FCC is fast tracking small cell deployment and opening new

1

https://www.cadc.uscourts.gov/internet/opinions.nsf/FB976465BF00F8BD85258730004EFDF7/$file/20-1025-1910111.pdf
https://pubmed.ncbi.nlm.nih.gov/34243228/


spectrum disregarding recent research which finds, for example, that the higher frequencies of 5G can
result in higher absorption rates into the bodies of pollinators.

In addition, experts are warning that 5G will contribute to climate change and have documented the
exponentially increasing energy demands of 5G networks, “smart” wireless devices, and other new
communication technologies. As the FCC has projected hundreds of thousands of new wireless facilities,
we recommend a full environmental assessment for the 5G rollout and 4G wireless network densification.

The scientific evidence has substantially increased over the last two years (2). In 2020 scientists of the
National Institute of Environmental Health Sciences National Toxicology Program published their
animal-study findings of “significant increases in DNA damage” in groups of mice and rats after just 14
to 19 weeks of exposure to cell phone radiation (3).  A 2021 analysis published by the Environmental
Working Group concluded FCC limits should be 200 to 400 times more protective than the whole-body
exposure limit set by the FCC in 1996 (4). Unaware of the scientists calling for caution, school districts
nationwide are deploying high-capacity Wi-Fi networks in school buildings, testing out 5G networks with
students, and signing leases with companies to install cell towers on school property, relying on these
outdated FCC limits. As the American Academy of Pediatrics and numerous other specialists have noted,
children are uniquely vulnerable to wireless radiation (5).

Health risks should be assessed by experts with no conflicts of interest. The FCC should not rely on the
International Commission on Non-Ionizing Radiation Protection (ICNIRP), a small 14 member privately
constituted invite only Commission lacking in transparency whose self-appointed membership has
conflicts of interest and industry ties (6).  ICNIRP has rejected the NTP and Ramazzini Institute animal
studies with unfounded criticisms (7). Further, ICNIRP has not shown any systematic review of the
totality of the research such as impacts to the developing brain and damage to reproduction. It has never
conducted a comprehensive evaluation of human health and environmental risks associated with RF
radiation. Their exposure guidelines are based solely on protecting against heating effects, with no change
of concept since 1998, two years after the FCC adopted human exposure guidelines in 1996.

Broadband internet provides the connectivity 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
with wired rather than wireless connections to and through homes, schools and businesses that is
affordable, reliable, high-speed, and sustainable.

Wherever possible, we urge that the broadband system rely on wired connections, rather than wireless
connections.  Wired connections are safer, faster, more secure, more energy efficient, and more reliable.
Wired connections are especially important for schools and other institutions where they will save money
and reduce exposure to wireless radiation.

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

2

https://ehtrust.org/science/reports-on-power-consumption-and-increasing-energy-use-of-wireless-systems-and-digital-ecosystem/
https://doi.org/10.1016/S2542-5196(18)30221-3
https://ehjournal.biomedcentral.com/articles/10.1186/s12940-021-00768-1
https://ehtrust.org/wp-content/uploads/American-Academy-of-Pediatrics-Letters-to-FCC-and-Congress-.pdf
http://www.sciencedirect.com/science/article/pii/S0013935118302561


Sincerely,

Linda S. Birnbaum, PhD
Scientist Emeritus and Former Director
National Institute of Environmental Health Sciences and National Toxicology Program
Scholar in Residence, Duke University, Former President, Society of Toxicology
Adjunct Professor, Yale University and UNC, Chapel Hill, Visiting Professor, Queensland University

Ronald L Melnick, PhD
retired from 28 years at National Institutes of Health
former Director of Special Programs in the Environmental Toxicology Program at the National Institute
of Environmental Health Sciences at NIH

Jerome A. Paulson, MD, FAAP
Professor Emeritus of Pediatrics and of Environmental & Occupational Health
George Washington University School of Medicine and Health Sciences and George Washington
University Milken Institute School of Public Health

Devra Davis, PhD, MPH
Fellow, American College of Epidemiology
Associate Editor, Frontiers in Radiation and Health
President and Co-Founder, Environmental Health Trust

Ronald M. Powell, PhD
U.S. Government career scientist (Applied Physics)
Retired from the National Institute of Standards and Technology

David O. Carpenter, MD
Director, Institute for Health and the Environment
A Collaborating Center of the World Health Organization
University at Albany, New York

Anthony Miller, MD
Professor Emeritus of University of Toronto
Senior Advisor to Environmental Health Trust
Former Assistant Executive Director (Epidemiology), National Cancer Institute of Canada
Former Director, Epidemiology Unit, National Cancer Institute of Canada, Toronto
Former Director, M.Sc./PhD Programme in Epidemiology, Graduate Dept. of Community Health,
University of Toronto
Former Chairman, Department of Preventive Medicine and Biostatistics, University of Toronto
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Kent Chamberlin, PhD
Professor & Chair Emeritus
Department of Electrical & Computer Engineering
University of New Hampshire
Commission Member on the New Hampshire Commission on 5G

Dr. Fiorella Belpoggi
Scientific Director, Ramazzini Institute
Bologna Italy

Livio Giuliani, PhD
European Cancer Research Institute
International Commission for Electromagnetic Safety

Morando Soffritti, MD
Honorary President and Former Scientific Director of Ramazzini Institute
Bologna, Italy

Rodolfo E. Touzet, PhD
Latinamerican Federation for Radiological Protection (past-president)
National Cancer Institute - Advisory Board Member
International Radiological Protection Association- Exec. Committee Elected member

Theodora Scarato, MSW
Executive Director, Environmental Health Trust

Colin L. Soskolne, PhD
Professor Emeritus, University of Alberta, Canada
Emeritus Fellow, American College of Epidemiology
Emeritus Fellow, Collegium Ramazzini
Recipient of the 2021 RESEARCH INTEGRITY AWARD of the
International Society for Environmental Epidemiology

Paul Héroux, PhD
Professor of Toxicology and Health Effects of Electromagnetism
McGill University Medicine
Department of Surgery, McGill University Health Center
InVitroPlus Laboratory

Paul Ben-Ishai, PhD
Department of Physics, Ariel University, Israel
Advisor to Environmental Health Trust
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Meg Sears PhD
Sr. Clinical Research Associate, Ottawa Hospital Research Institute, Canada
Chairperson, Prevent Cancer Now

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

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

Igor Belyaev, PhD, DrSc
Associate Professor, Head of Department of Radiobiology
Cancer Research Institute, Biomedical Research Center, Slovak Republic

Marc Arazi MD
President Phonegate Alert NGO

Frank Clegg
CEO, Canadians For Safe Technology
Former President of Microsoft Canada

John Frank MD, CCFP, MSc, FRCPC, FCAHS, FFPH, FRSE, LLD,
Professorial Fellow (formerly Chair, Public Health Research and Policy,
and Director of Knowledge Exchange and Research Impact),
Usher Institute (of Population Health Sciences and Informatics), University of Edinburgh;
Professor Emeritus, Dalla Lana School of Public Health, University of Toronto;
Honorary Public Health Consultant, Public Health Scotland

David Gee
Centre for Pollution Research and Policy, Brunel University

Suleyman Dasdag, Full Professor of Biophysics,
Medical School of Istanbul Medeniyet University,
Istanbul, Turkey

Christos D. Georgiou, PhD
Professor Emeritus of Biochemistry
Biology Department, University of Patras, Greece
URL: http://www.biology.upatras.gr/wp-content/uploads/cv/CV_Ch.Georgiou_EN.pdf

Prof. Dominique Belpomme, MD, Director, European Cancer and Environment Research Institute
(ECERI); Bruxelles, Belgium; President, Association for Research on Treatment against Cancer
(ARTAC), Paris, France
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http://www.biology.upatras.gr/wp-content/uploads/cv/CV_Ch.Georgiou_EN.pdf


Philippe Irigaray, PhD. Association for Research on Treatment against Cancer (ARTAC), Paris, France

Dr. Pierre Madl, EE MSc,PhD, Paris Lodron University of Salzburg (PLUS), Radiological Measurement
Laboratory Salzburg (RMLS), Edge Institute (AT), Austria

Stella Canna Michaelidou, PhD
Expert on the Impact of Toxic Factors on Children’s Health
President of the National Committee on Environment and Children's Health, Cyprus

Adejoke Olukayode Obajuluwa PhD
Senior Lecturer & Coordinator, Biotechnology Programme
Specialization: Molecular Toxicology and Neuroscience
Afe Babalola University, Ado Ekiti, Nigeria.
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November 19, 2021 
  
The Honorable Jessica Rosenworcel 
Chairwoman 
Federal Communications Commission 
445 12th Street, SW 
Washington, D.C. 20554 
  
Dear Chairwoman Rosenworcel, 
 
The Environmental Working Group, a nonprofit public health research and advocacy 
organization with offices in Washington, D.C, Minneapolis, and Sacramento, Calif., 
requests that the Federal Communications Commission reopen Docket #13-84, 
“Reassessment of FCC Radiofrequency Exposure Limits and Policies,” and Docket #03-
137, “Proposed Changes to the Commission Rules Regarding Human Exposure to 
Radiofrequency Electromagnetic Fields,” to allow robust review and consideration of 
scientific evidence published in the past two years and in response to the court ruling in 
Environmental Health Trust et al. v. the FCC.  
 
Since 2009, the Environmental Working Group has extensively researched the topic of 
the human and environmental health impacts of radiofrequency radiation emitted from 
wireless communication devices. EWG also closely follows regulatory approaches and 
recommendations on radiofrequency radiation made by authoritative health agencies 
around the world. The World Health Organization states on its website:  
 

… during the 20th century, environmental exposure to man-made sources of EMF 
steadily increased due to electricity demand, ever-advancing wireless 
technologies and changes in work practices and social behaviour. Everyone is 
exposed to a complex mix of electric and magnetic fields at many different 
frequencies, at home and at work, and concern continues to grow over possible 
health effects from overexposure.1 

 
Extensive research literature points to the potential health risks of radiofrequency 
radiation, particularly for the developing child. Peer-reviewed studies show that the 

 
1 World Health Organization, web page not dated, “Supporting the development of national policies on 
electromagnetic fields”. https://www.who.int/activities/supporting-the-development-of-national-policies-
on-electromagnetic-fields Accessed Nov. 16, 2021. 



	

	

bodies of children absorb more radiofrequency radiation, compared to adults, putting 
children at greater health risk as a result to such exposure.2  
 
Scientists and public health advocates have raised concerns for decades about the 
adverse health effects of exposure to electromagnetic radiation. Recent research 
publications highlight the severity of these impacts, especially among vulnerable 
populations, and the need for more stringent health-based exposure standards. In 2011, 
the International Agency for Research on Cancer (IARC), an agency of the World Health 
Organization, classified radiofrequency electromagnetic fields as “possibly carcinogenic 
to humans.”3  
 
For today’s generation of children, exposure to radiofrequency radiation from wireless 
communication devices starts from the fetal development period as a result of wireless 
devices in the pregnant person’s everyday environment. Following birth, today’s 
children will be exposed to radiofrequency radiation throughout their lives – an 
exposure scenario that is drastically different from the very limited consumer use and 
exposure to wireless radiation of the 1980s and 1990s, when the basis for current FCC 
standards was established.  
 
This comment letter highlights two key considerations that point to the need for the FCC 
to reassess existing radiofrequency exposure limits and policies: 
 

1. A 2021 peer-reviewed publication we authored that uses Environmental 
Protection Agency methodology to determine protective health-based exposure 
limits for radiofrequency radiation, based on the U.S. government’s landmark 
2018 laboratory study; and 

2. Recent literature that documents a range of effects of non-ionizing 
electromagnetic radiation on different body systems that current FCC standards 
do not take into account. 

 
1. Health-based limits developed with consideration for children’s health 

 
2 Fernández C, de Salles AA, Sears ME, Morris RD, Davis DL. Absorption of wireless radiation in the 
child versus adult brain and eye from cell phone conversation or virtual reality. Environ Res. 2018; 
167:694-699. https://doi.org/10.1016/j.envres.2018.05.013; Gandhi OP, Morgan LL, de Salles AA, Han 
YY, Herberman RB, Davis DL. Exposure limits: the underestimation of absorbed cell phone radiation, 
especially in children. Electromagn Biol Med. 2012; 31(1):34-51. 
https://doi.org/10.3109/15368378.2011.622827   
3 International Agency for Research on Cancer. IARC classifies radiofrequency electromagnetic fields as 
possibly carcinogenic to humans. Press Release N: 208. 2011. https://www.iarc.who.int/wp-
content/uploads/2018/07/pr208_E.pdf Accessed Nov. 16, 2021. 



	

	

 
A peer-reviewed article published by our organization in 2021 (Uche & Naidenko, 2021)4 
documented how the current FCC exposure limit for radiofrequency radiation is not 
sufficient to protect the general population, especially children, against the adverse 
impacts associated with radiofrequency radiation exposure. The current limit, last 
revised a quarter-century ago – well before wireless devices became ubiquitous – needs 
to be updated with the latest science to be fully health protective for all users of 
wireless communication technologies. 
 
Our study, published in the journal Environmental Health, recommends strict, lower 
health-based exposure standards for both children and adults for radiofrequency 
radiation emitted from wireless devices. This recommendation draws on data from a 
landmark 2018 study from the National Toxicology Program, one of the largest long-
term laboratory studies on the health effects of radiofrequency radiation exposure.5 
 
EWG’s study used an approach similar to the methodology that the U.S. EPA developed 
to assess human health risks arising from toxic chemical exposures. EWG study 
recommends a whole-body specific absorption rate (SAR) limit of 0.2 to 0.4 mW/kg for 
children, which is 200 to 400 times lower than the current federal whole-body exposure 
limit. For adults, EWG recommends a whole-body specific absorption rate limit of 2 to 4 
mW/kg, which is 20 to 40 times lower than the federal limit (Uche & Naidenko, 2021).4 
 
EWG’s analysis and recommendation for a much stricter limit for radiofrequency 
radiation exposure is a step toward advancing a re-evaluation of the existing federal 
limit for radiofrequency radiation exposure while reviewing the latest research on 
radiofrequency radiation exposure.  
 
2. Wide range of potential impacts of non-ionizing electromagnetic radiation on 
human health not accounted for in the current FCC standard 
 

 
4 Uche UI, Naidenko OV. Development of health-based exposure limits for radiofrequency radiation from 
wireless devices using a benchmark dose approach. Environ Health. 2021; 20(1):84. 
https://doi.org/10.1186/s12940-021-00768-1  
5 National Toxicology Program. 595: NTP Technical Report on the Toxicology and Carcinogenesis Studies 
in Hsd: Sprague Dawley SD Rats Exposed to Whole-Body Radio Frequency Radiation at a Frequency (900 
MHz) and Modulations (GSM and CDMA) Used by Cell Phones. National Toxicology Program, US 
Department of Health and Human Services. 2018. 
https://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr595_508.pdf?utm_source=direct&utm_medium=prod&utm_ca
mpaign=ntpgolinks&utm_term=tr595  



	

	

The current FCC standard was based on the 1986 recommendations of the National 
Council on Radiation Protection and Measurements6 and 1991 recommendations of the 
Institute of Electrical and Electronics Engineers,7 which chose an exposure level based 
on behavioral changes observed in laboratory animals exposed to radiofrequency 
radiation for a duration of minutes to hours in studies conducted in the 1970s and 
1980s. With extensive current research linking radiofrequency exposure to adverse 
impacts, even at exposure levels below the current federal limit, the FCC needs to 
review the latest science and update the allowable exposure limits.  
 
Among the reported biological effects of electric and magnetic fields are harm to fetal 
growth and development (Ozgur et al., 2013);8 changes in brain activity (Wallace and 
Selmaoui, 2019);9 changes in heart rate variability (Wallace et al., 2020);10 DNA damage 
(Smith-Roe et al., 2020);11 cognitive effects (Azimzadeh and Jelodar);12 and increased 
risk of cancer, including gliomas,3 parotid gland tumors (Sadetzki et al., 2008),13 thyroid 
cancers (Luo et al., 2019).14 These adverse health effects may be associated with 
different mechanistic pathways, such as changes in the activity of voltage-gated calcium 

 
6 National Council on Radiation Protection and Measurements. Biological effects and exposure criteria for 
radiofrequency electromagnetic fields: NCRP Report No. 86; 1986. Available from: 
https://ncrponline.org/shop/reports/report-no-086-biological-effects-and-exposure-criteria-for-
radiofrequency-electromagnetic-fields-1986/ 
7 Institute of Electrical and Electronics Engineers. (Revision of ANSI C95.1–1982). IEEE standard for 
safety levels with respect to human exposure to radio frequency electromagnetic fields, 3 kHz to 300 GHz. 
IEEE Std C95. 1991. https://doi.org/10.1109/IEEESTD.1992.101091 
8 Ozgur E, Kismali G, Guler G, Akcay A, Ozkurt G, Sel T, et al. Effects of prenatal and postnatal exposure 
to GSM-like radiofrequency on blood chemistry and oxidative stress in infant rabbits, an experimental 
study. 
Cell Biochem Biophys. 2013;67(2):743–51. https://doi.org/10.1007/s12013- 013- 9564-1 
9 Wallace J, Selmaoui B. Effect of mobile phone radiofrequency signal on the alpha rhythm of human 
waking EEG: a review. Environ Res. 2019; 175:274–86. https://doi.org/10.1016/j.envres.2019.05.016 
10 Wallace J, Andrianome S, Ghosn R, Blanchard ES, Telliez F, Selmaoui B.Heart rate variability in 
healthy young adults exposed to global system for mobile communication (GSM) 900-MHz radiofrequency 
signal from mobile phones. Environ Res. 2020; 191:110097. https://doi.org/10.1016/j.envres.2020.110097 
11 Smith-Roe SL, Wyde ME, Stout MD, Winters JW, Hobbs CA, Shepard KG, et al. Evaluation of the 
genotoxicity of cell phone radiofrequency radiation in male and female rats and mice following subchronic 
exposure. Environ Mol Mutagen. 2020; 61(2):276–90. https://doi.org/10.1002/em.22343 
12 Azimzadeh M, Jelodar G. Prenatal and early postnatal exposure to radiofrequency waves (900 MHz) 
adversely affects passive avoidance learning and memory. Toxicol Ind Health. 2020;36(12):1024–30.  
https://doi.org/10.1177/0748233720973143 
13 Sadetzki S, Chetrit A, Jarus-Hakak A, Cardis E, Deutch Y, Duvdevani S, et al. Cellular phone use and 
risk of benign and malignant parotid gland tumors – a nationwide case-control study. Am J Epidemiol. 
2008;167(4):457–67. https://doi.org/10.1093/aje/kwm325 
14 Luo J, Deziel NC, Huang H, Chen Y, Ni X, Ma S, et al. Cell phone use and risk of thyroid cancer: a 
population-based case–control study in Connecticut. Ann Epidemiol. 2019; 29:39–45. 
https://doi.org/10.1016/j.annepidem.2018.10.004 



	

	

channels (Blackman et al., 1991);15 changes in the concentrations of reactive oxygen 
species and redox homeostasis (Ertilav et al., 2018);16 changes in intracellular enzymes 
and gene expression (Fragopoulou et al.,2018);17 and changes in membrane 
permeability (Perera et al., 2018).18 
 
Table 1. Extensive research points to effects of non-ionizing electromagnetic radiation 
on individual body systems that are not considered by the current FCC standards for cell 
phone radiation. 
 

 
15 Blackman C, Benane S, House D. The influence of temperature during electric-and magnetic-field-
induced alteration of calcium-ion release from in vitro brain tissue. Bioelectromagnetics. 1991;12(3):173–
82. https://doi.org/10.1002/bem.2250120305 
16 Ertilav K, Uslusoy F, Ataizi S, Nazıroğlu M. Long term exposure to cellphone frequencies (900 and 1800 
MHz) induces apoptosis, mitochondrial oxidative stress and TRPV1 channel activation in the hippocampus 
and dorsal root ganglion of rats. Metab Brain Dis. 2018;33(3):753–63. https://doi.org/10.1007/s11011-017- 
0180-4 
17 Fragopoulou AF, Polyzos A, Papadopoulou MD, Sansone A, Manta AK, Balafas E, et al. Hippocampal 
lipidome and transcriptome profile alterations triggered by acute exposure of mice to GSM 1800 MHz 
mobile phone radiation: an exploratory study. Brain Behavior. 2018; 8(6):e01001. 
https://doi.org/10.1002/brb3.1001 
18 Perera PGT, Nguyen THP, Dekiwadia C, Wandiyanto JV, Sbarski I, Bazaka O, et al. Exposure to high-
frequency electromagnetic field triggers rapid uptake of large nanosphere clusters by pheochromocytoma 
cells. Int J Nanomed. 2018;13:8429. https://doi.org/10.2147/IJN.S183767 

Reported health 
effects  

Key studies 

Elevated risk of 
brain cancer, 
breast cancer, 
parotid gland 
tumors, and 
thyroid cancer 

Choi YJ, Moskowitz JM, Myung SK, Lee YR, Hong YC. Cellular 
Phone Use and Risk of Tumors: Systematic Review and Meta-
Analysis. Int J Environ Res Public Health. 2020; 17(21):8079. 
 
West JG, Kapoor NS, Liao SY, Chen JW, Bailey L, Nagourney RA. 
Multifocal Breast Cancer in Young Women with Prolonged 
Contact between Their Breasts and Their Cellular Phones. Case 
Rep Med. 2013; 2013:354682 
 
Sadetzki S, Chetrit A, Jarus-Hakak A, Cardis E, Deutch Y, 
Duvdevani S, et al. Cellular phone use and risk of benign and 
malignant parotid gland tumors – a nationwide case-control 
study. American journal of epidemiology 2008; 167(4):457-67. 
 
Luo J, Li H, Deziel NC, Huang H, Zhao N, Ma S, et al. Genetic 
susceptibility may modify the association between cell phone 



	

	

 
As documented in Table 1, exposure to non-ionizing electromagnetic fields can harm a 
variety of organs and body systems, highlighting the urgency of a public-health-focused 
reassessment of existing exposure limits for radiofrequency radiation. Further, exposure 
to non-ionizing electromagnetic fields during pregnancy has been associated with an 

use and thyroid cancer: A population-based case-control study 
in Connecticut. Environmental Research. 2020; 182:109013. 

Eye strain, damage 
to eye tissues 
cataracts 

Bormusov E, P Andley U, Sharon N, Schächter L, Lahav A, Dovrat 
A. Non-thermal electromagnetic radiation damage to lens 
epithelium. Open Ophthalmol J. 2008; 2:102-6 

Cardiomyopathy, 
heart rate 
variability 

National Toxicology Program. 2018. Technical Report on the 
Toxicology and Carcinogenesis Studies in Hsd: Sprague Dawley 
SD Rats Exposed to Whole-Body Radio Frequency Radiation at a 
Frequency (900 MHz) and Modulations (GSM and CDMA) Used 
by Cell Phones.  
 
Wallace J, Andrianome S, Ghosn R, Blanchard ES, Telliez F, 
Selmaoui B. Heart rate variability in healthy young adults 
exposed to global system for mobile communication (GSM) 900-
MHz radiofrequency signal from mobile phones. Environmental 
Research 2020; 191:110097 

Damage to sperm, 
decreased male 
fertility 

Kesari KK, Agarwal A, Henkel R. Radiations and male fertility. 
Reprod Biol Endocrinol. 2018; 16(1):118 

Changes in brain 
activity 
 
Changes in blood-
brain barrier 
 
 

Volkow ND, Tomasi D, Wang G-J, Vaska P, Fowler JS, Telang F, et 
al. Effects of cell phone radiofrequency signal exposure on brain 
glucose metabolism. JAMA 2011; 305(8):808-13 
 
Wallace J, Selmaoui B. Effect of mobile phone radiofrequency 
signal on the alpha rhythm of human waking EEG: A review. 
Environmental research. 2019; 175:274-86 

Changes in the 
immune system 
function 

Piszczek P, Wójcik-Piotrowicz K, Gil K, Kaszuba-Zwoińska J. 
Immunity and electromagnetic fields. Environ Res. 2021; 
200:111505. 



	

	

increased risk of miscarriage (Li et al., 2017)19 and an increased frequency of 
hyperactivity and inattention during early childhood (Birks et al., 2017).20  
 
In conclusion, the Environmental Working Group urges the FCC to open its record for a 
more comprehensive evaluation of radiofrequency radiation and update its standard to 
ensure the safety of wireless radiation devices for everyone, especially young children. 
 
Submitted on behalf of the Environmental Working Group, 
 
Uloma Igara Uche, Ph.D. 
Environmental Health Science Fellow 
Environmental Working Group 
 
Olga V. Naidenko, Ph.D. 
Vice President, Science Investigations 
Environmental Working Group 
 
 
 
 

 
19 Li DK, Chen H, Ferber JR, Odouli R, Quesenberry C. Exposure to Magnetic Field Non-Ionizing 
Radiation and the Risk of Miscarriage: A Prospective Cohort Study. Sci Rep. 2017; 7(1):17541.  
https://doi.org/10.1038/s41598-017-16623-8  
20 Birks L, Guxens M, Papadopoulou E, Alexander J, Ballester F, Estarlich M, Gallastegi M, Ha M, Haugen  
M, Huss A, Kheifets L, Lim H, Olsen J, Santa-Marina L, Sudan M, Vermeulen R, Vrijkotte T, Cardis E,  
Vrijheid M. Maternal cell phone use during pregnancy and child behavioral problems in five birth cohorts.  
Environ Int. 2017; 104:122-131. https://doi.org/10.1016/j.envint.2017.03.024 





New Hampshire State Commission on 5G Technology Final Report Recommendations 

RECOMMENDATION 1 

Propose a resolution of the House to the US Congress and Executive Branch to require the 
Federal Communication Commission (FCC) to commission an independent review of the 
current radiofrequency (RF) standards of the electromagnetic radiation in the 300MHz to 
300GHz microwave spectrum as well as a health study to assess and recommend mitigation 
for the health risks associated with the use of cellular communications and data transmit-
tal. 

RECOMMENDATION 2 

Require that the most appropriate agency (agencies) of the State of New Hampshire include 
links on its (their) website(s) that contain information and warnings about RF-radiation 
from all sources, but specifically from 5G small cells deployed on public rights-of-way as 
well as showing the proper use of cell phones to minimize exposure to RF-radiation, with 
adequate funding granted by the Legislature. In addition, public service announcements on 
radio, television, print media, and internet should periodically appear, warning of the 
health risks associated with radiation exposure. Of significant importance are warnings 
concerning the newborn and young as well as pregnant women. 

RECOMMENDATION 3 

Require every pole or other structure in the public rights of- way that holds a 5G antenna 
be labeled indicating RF-radiation being emitted above. This label should be at eye level 
and legible from nine feet away. 

RECOMMENDATION 4 

Schools and public libraries should migrate from RF wireless connections for computers, 
laptops, pads, and other devices, to hardwired or optical connections within a five-year pe-
riod starting when funding becomes available. 

RECOMMENDATION 5 

Signal strength measurements must be collected at all wireless facilities as part of the com-
missioning process and as mandated by state or municipal ordinances. Measurements are 
also to be collected when changes are made to the system that might affect its radiation, 
such as changes in the software controlling it. Signal strength is to be assessed under 
worst-case conditions in regions surrounding the tower that either are occupied or are ac-
cessible to the public, and the results of the data collection effort is to be made available to 



the public via a website. In the event that the measured power for a wireless facility ex-
ceeds radiation thresholds, the municipality is empowered to immediately have the facility 
taken offline. The measurements are to be carried out by an independent contractor and 
the cost of the measurements will be borne by the site installer. 

  

RECOMMENDATION 6 

Establish new protocols for performing signal strength measurements in areas around 
wireless facilities to better evaluate signal characteristics known to be deleterious to hu-
man health as has been documented through peer-reviewed research efforts. Those new 
protocols are to take into account the impulsive nature of high-data-rate radiation that a 
growing –body of evidence shows as having a significantly greater negative impact on hu-
man health than does continuous radiation. The protocols will also enable the summative 
effects of multiple radiation sources to be measured. 

  

RECOMMENDATION 7 

Require that any new wireless antennas located on a state or municipal right-of-way or on 
private property be set back from residences, businesses, and schools. This should be en-
forceable by the municipality during the permitting process unless the owners of resi-
dences, businesses, or school districts waive this restriction. 

  

RECOMMENDATION 8 

Upgrade the educational offerings by the NH Office of Professional Licensure and Certifica-
tion (OPLC) for home inspectors to include RF intensity measurements. 

  

RECOMMENDATION 9 

The State of New Hampshire should begin an effort to measure RF intensities within fre-
quency ranges throughout the state, with the aim of developing and refining a continually 
updated map of RF exposure levels across the state using data submitted by state-trained 
home inspectors. 

  

RECOMMENDATION 10 

Strongly recommend all new cell phones and all other wireless devices sold come equipped 
with updated software that can stop the phone from radiating when positioned against the 
body. 

  

RECOMMENDATION 11 



Promote and adopt a statewide position that would strongly encourage moving forward 
with the deployment of fiber optic cable connectivity, internal wired connections, and opti-
cal wireless to serve all commercial and public properties statewide. 

  

RECOMMENDATION 12 

Further basic science studies are needed in conjunction with the medical community out-
lining the characteristics of expressed clinical symptoms related to radio frequency radia-
tion exposure.The majority of the Commission feels the medical community is in the ideal 
position to clarify the clinical presentation of symptoms precipitated by the exposure to ra-
dio frequency radiation consistent with the Americans with Disabilities Act (ADA) which 
identifies such a disability. The medical community can also help delineate appropriate 
protections and protocols for affected individuals. All of these endeavors (basic science, 
clinical assessment, epidemiological studies) must be completely independent and outside 
of commercial influence. 

  

RECOMMENDATION 13 

Recommend the use of exposure warning signs to be posted in commercial and public 
buildings. In addition, encourage commercial and public buildings, especially healthcare fa-
cilities, to establish RF-radiation free zones where employees and visitors can seek refuge 
from the effects of wireless RF emissions. 

  

RECOMMENDATION 14 

The State of New Hampshire should engage agencies with appropriate scientific expertise, 
including ecological knowledge, to develop RF-radiation safety limits that will protect the 
trees, plants, birds, insects, and pollinators. 

  

RECOMMENDATION 15 

The State of New Hampshire should engage our Federal Delegation to legislate that under 
the National Environmental Policy Act (NEPA) the FCC do an environmental impact state-
ment as to the effect on New Hampshire and the country as a whole from the expansion of 
RF wireless technologies. 

  

 

 



November 24, 2021

The Honorable Jessica Rosenworcel
Federal Communications Commission 
445 12th Street, S.W.
Washington, DC 20554

Dear Chairwoman Rosenworcel, 

I am a physician in France and for the past fifteen years I have been working on the documented health
issues related to cell phone radiation as well as the cell phone SAR test procedures.

In regards to the recent U.S. DC Circuit Court of Appeals’ ruling in EHT v FCC, we are writing to request
that the FCC re-open Dockets #13-84 and #03-137 to allow new, significant policy developments and
research be included for consideration because of it’s relevance to the FCC examining its cell phone SAR
testing procedures.

I am President of the Phonegate Alerte Association, formed in 2018 and our efforts to ensure
transparency have led to the French government’s actions  to withdraw or update at least 23 models of
cell phones from different manufacturers (Xiaomi, Nokia, Huawei, Wiko, Alcatel, etc.) because they were
found to exceed  European Union regulatory SAR limits for human exposure to radiofrequency radiation.

Similar to the FCC’s regulations on cell phone test procedures,  European Union regulations allow
manufacturers to test cell phones at 5 mm separation distance from the body. They do not force
companies to test cell phones or wireless devices at positions that are directly against the body (0 mm
separation distance) despite the reality that billions of people are using cell phones close to the body.

The French Government is Requesting 0 mm Cell Phone Radiation Testing

In late 2019, the French government health agency ANSES issued a report on the possible health effects1

associated with high radiation from mobile telephones carried close to the body and recommended that
cell phones be tested at 0 millimeters, instead of 5 mm as the European Commission regulations require.
Subsequently, France submitted a formal objection to the European Commission in regards to the2

2 https://ec.europa.eu/docsroom/documents/43448

1 https://www.anses.fr/en/content/exposure-mobile-telephones-carried-close-body

http://www.phonegatealert.org/en/
https://www.anses.fr/en/content/exposure-mobile-telephones-carried-close-body
https://ec.europa.eu/docsroom/documents/43448
https://ec.europa.eu/docsroom/documents/43448
https://www.anses.fr/en/content/exposure-mobile-telephones-carried-close-body


current compliance test separation distance requirements of only 5 mm. The authorities have requested
that compliance test distances be revised to 0 mm

“Developments in the use of mobile telephones have led to a wide variety of situations in which
telephones are no longer exclusively held close to a person’s ear in order to hold a conversation,
since they are now also used to send and receive data through various applications for listening
to music, playing video games or making video calls, which means that the equipment is used in
ways which were not previously foreseen. There is also a growing trend for telephones to be
networked with numerous connected objects, such as headsets or watches, which tend to result
in lengthy connections between a telephone and the mobile network without the telephone being
held in the hand, since it is often carried in clothing and is therefore closer to – or in contact with –
the trunk.

For this reason, the French authorities believe that it is necessary to revise the harmonised
standard EN 50566: 2017 concerning measurements of the SAR of devices that are hand-held or
body-mounted in close proximity to the human body so that a maximum distance of 0 mm from
the body is taken into consideration.”

The FCC should ensure that cell phones are tested in body contact positions at 0 mm.

For background, in 2016, the French National Frequency Agency (ANFR) officially tested various models
of cell phones and found that the majority exceeded regulatory limits when tested in body contact
positions - with 0 mm between the phone and simulated body testing device (aka “phantom”).

Cell Phones Violate Radiation Limits

Since December 4, 2019 ANFR has posted 143 new cell phone SAR test reports. Despite the fact that the
European Union strengthened their requirements to ensure cell phones were tested at 5 mm from the
body, many cell phone models are still violating the limit of 2.0 W/kg for trunk SAR when tested by ANFR
(10 g of tissue).  All of the test results are posted online .3

Examples of smartphones that violated the EU limits of 2.0 W/kg as well as the FCC limit of 1.6 W/kg
when SAR radiation tested by the ANFR at 5mm include:

● February 26, 2020:  Sony Xperia 5 violated the limit at 2.64 W/kg.
● November 12, 2020: Essential Heyou 40 violated the limit at 2.54 W/kg4

● September 9, 2020: Essential Heyou 60 violated the limit at 2.86 W/kg5

● February 26, 2020: Xiaomi Mi Note 10 violated the limit at 2.45 W/kg6

6 https://www.anfr.fr/das/COM006200006/

5 https://www.anfr.fr/das/COM054200035

4 https://www.anfr.fr/das/COM054200035

3

https://data.anfr.fr/explore/dataset/das-telephonie-mobile/table/?disjunctive.marque&disjunctive.modele&dataC
hart=eyJxdWVyaWVzIjpbeyJjb25maWciOnsiZGF0YXNldCI6ImRhcy10ZWxlcGhvbmllLW1vYmlsZSIsIm9wdGlvbnMiOns
iZGlzanVuY3RpdmUubWFycXVlIjp0cnVlLCJkaXNqdW5jdGl2ZS5tb2RlbGUiOnRydWV9fSwiY2hhcnRzIjpbeyJ0eXBlIjoib
GluZSIsImZ1bmMiOiJBVkciLCJ5QXhpcyI6ImRhc190ZXRlX25vcm1lX25mX2VuXzUwMzYwIiwic2NpZW50aWZpY0Rpc3
BsYXkiOnRydWUsImNvbG9yIjoiIzY2YzJhNSJ9XSwieEF4aXMiOiJkYXRlX2R1X2NvbnRyb2xlX3Bhcl9sX2FuZnIiLCJtYXhwb
2ludHMiOiIiLCJ0aW1lc2NhbGUiOiJ5ZWFyIiwic29ydCI6IiJ9XX0%3D&sort=das_tronc_au_contact
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Examples of smartphones that would be compliant with the EU limit but would violate the FCC limits
of 1.6 W/kg when SAR radiation tested by the ANFR at 5mm include:

● September 16, 2020 Logicom Le Fleep 178 violated FCC’s limit at 1.94 W/kg7

● September 16, 2020: Sky 55 Konrow violated FCC’s limit at 1.91 W/kg8

● September 30, 2020: Wiki Lubi 5 Plus violated FCC’s limit at 1.9 W/kg 9

● September 29, 2020: Nokia 5.1  violated FCC’s limit at 1.82 W/kg10

● April 8, 2021: Wiko F 300 violated FCC’s limit at 1.8 W/kg11

As European Union and FCC test procedures utilize different averaging volumes, one cannot directly
compare the measurements. However, FCC test procedures could result in even higher SAR violations
(Gandhi 2019) .12

Unfortunately ANFR no longer tests cell phones in body contact positions with 0 mm distance from the
phone to the body phantom. If they did, far more of the 143 cell phones tested in the last two years would
violate FCC and EU limits because every millimeter can significantly increase exposure. Further, due to
the averaging volume differences between the FCC and EU limits, several of the phones that ANFR finds
are compliant with the 1.6 W/kg limit would violate the FCC’s test procedures.

The FCC presently allows manufacturers to SAR test cell phones with a separation distance between the
phone and body (which can be up to approximately one inch from the body in some models of phones still
in use in the USA)  inaccurately measuring SAR levels into the body. Actual SAR exposure in direct body
contact positions would be much higher than FCC test measurements.

New Research on Metal and Radiation Levels

Studies on SAR in human tissue published since 2019 related to cell phone test procedures need to be
included in the FCC re-examination. Metal can reflect and refocus cellular radiation, resulting in much
higher absorption rates. The FCC, states, “Electrically conductive objects in or on the body may interact
with sources of RF energy in ways that are not easily predicted. Examples of conductive objects in the
body include implanted metallic objects. Examples of conductive objects on the body include eyeglasses,
jewelry, or metallic accessories.”

● In  January 2021 the study “Experimental Validation for Temperature Rise in Human Tissue Due
to Implanted Metal Plates with Screw Holes Using Translucent Solid Phantom“ was published in
2020 International Symposium on Antennas and Propagation (ISAP), Osaka, Japan IEEE, 2021
and found increases in SAR enhancement due to the implanted metallic plates observed at
specific frequencies. 13

● On December 2020, the study The effect of metal objects on the SAR and temperature increase
in the human head exposed to dipole antenna (numerical analysis) published in Case Studies in
Thermal Engineering found “the presence of metal objects in proximity to the head alters SAR
and temperature increase within the tissues. In most cases, metal objects redistribute the EM

13 https://ieeexplore.ieee.org/document/9391129

12 https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8688629

11 https://www.anfr.fr/das/COM057210009
10 https://www.anfr.fr/das/COM085200003
9 https://www.anfr.fr/das/COM046200002
8 https://www.anfr.fr/das/COM044200036
7 https://www.anfr.fr/das/COM044200035

https://www.anfr.fr/das/COM044200035
https://www.anfr.fr/das/COM044200036
https://www.anfr.fr/das/COM046200002
https://www.anfr.fr/das/COM085200003
https://www.anfr.fr/das/COM057210009
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8688629
https://www.fcc.gov/ecfs/search/filings?proceedings_name=13-84&q=13-84&sort=date_disseminated,DESC
https://ieeexplore.ieee.org/document/9391129
https://ieeexplore.ieee.org/document/9391129
https://www.sciencedirect.com/science/article/pii/S2214157X20305311?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214157X20305311?via%3Dihub
https://ieeexplore.ieee.org/document/9391129
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=8688629
https://www.anfr.fr/das/COM057210009
https://www.anfr.fr/das/COM085200003
https://www.anfr.fr/das/COM046200002
https://www.anfr.fr/das/COM044200036
https://www.anfr.fr/das/COM044200035


field incident upon them to a smaller region increasing power absorption, thereby increasing SAR
and temperature in that region. The power absorption in head layers is found to be sensitive to
metal object's size and shape, and distance of the antenna from the objects”.14

These are just a few of the published studies on radiation levels will not be included in the FCC’s
examination of cell phone test procedures unless the FCC refreshes the record.

Investigative Reports on Telecom Influence

In September 2020, the editor-in-chief of the Program 66 minutes interviewed Chicago Tribune journalist
and Pulitzer Prize winner Sam Roe and myself discussing how FCC’s cell phone test procedures allow
violations of FCC limits because they do not requite cell phones to be tested at 0 mm.15

On November 12, 2020, France Télévisions  Complément d’Investigation “5G A Wave of Doubt” directed
by investigative journalist Nicolas Vescovacci was broadcast on France 2 . The investigation described16

how cell phones exceed radiation thresholds when tested against the body and how cell phones are being
taken off the market in response. Importantly, the industry ties of members of International Commission
on Non-Ionizing Radiation Protection (ICNIRP) were revealed. In June 2020, a report released by
European Members of Parliment Michèle Rivasi (Europe Écologie) and Dr. Klaus Buchner
(Ökologisch-Demokratische Partei) found that ICNIRP has long ignored the science on non thermal
effects .17

This 2020 investigative research must be included in the FCC’s record review so that the FCC does not
inadvertently allow the wireless industry to influence its review of the record and decision.

There is Not a 50-Fold Safety Factor for Cell Phone Local SAR

Furthermore, we would like to importantly note that after we questioned ICNIRP President Rodney Croft
and Vice President Eric Van Rongen, we received confirmation that there is not a 50 fold safety factor
when it comes to ICNIRP’s cell phone local SAR limit.

Here is what Mr. Van Rongen wrote about this:

“Anyone who states that a reduction factor of 50 applies to local exposures obviously
misinterprets the guidelines, although the 1998 guidelines might not have been very clear in that
respect the 2020 ones provide more clear information.”

On December 17, 2019 Environmental Health Trust and Phonegate Association write members of
Congress a letter and Background and Facts document on the urgent need for a hearing regarding cell18 19

phone radiation test procedures, due to the excessive radiation the phone can expose the user to in body
contact positions.

19 Background and Facts Documenting PhoneGate and Our Call for Congressional Action
https://ehtrust.org/wp-content/uploads/Background-and-Facts-on-PhoneGate-1-1.pd

18 https://ehtrust.org/wp-content/uploads/Signed-Letter-to-US-Congress-phonegate-.pdf

17 https://ehtrust.org/wp-content/uploads/ICNIRP-report-FINAL-JUNE-2020.pdf

16https://www.francetvinfo.fr/replay-magazine/france-2/complement-d-enquete/complement-d-enquete-5g-londe
-dun-doute_4152949.html

15 Phonegate : entretien avec le journaliste américain et prix Pulitzer Sam Roe

14 https://www.sciencedirect.com/science/article/pii/S2214157X20305311?via%3Dihub
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We have a significant amount of new data on SAR test methods from 2020 and 2021 to share with the
FCC in order to ensure the protection of cell phone users, especially children. SAR tests are thermally
based and they are an inadequate measurement to ensure safety. Stronger regulations which protect
users from thermal and non-thermal effects are needed.

New Law To Require Radiation Testing of Wi-Fi Laptops, Router and Electronics

In addition, there has been new legislation regarding transparency on wireless radiation in France.
Starting in July 2020, the wireless industry must label tablets, laptops, Wi-Fi routers, DECT phones and
other wireless connected electronics with the radiofrequency radiation SAR exposure levels for
consumers at point of sale and for all advertising. This includes the SAR for the head, trunk and
extremities. All equipment used close to the head, hand-held or carried close to the body is potentially
covered. From the SAR Regulation Guide provided by ANFR, you can find a non-exhaustive list of
equipment qualified as radio equipment that required SAR testing.

Note: For years France law has ensured cell phones were SAR radiation labeled, banned the sale of cell20

phones designed for young children, prohibited advertising to children under 14 years of age and21

warned users to keep devices away from the body.22

It is imperative that the two above-mentioned dockets are re-opened to allow recent developments to be
submitted for a proper assessment of FCC’s testing protocol.

Sincerely,

Marc Arazi, M.D.

President, PhoneGate Alert Association
35 rue François Rolland 94130
Nogent-sur-Marne – France

DrArazi@phonegatealert.org

www.phonegatealert.org/en/

A book on Phonegate was published by Massot Editions on this international health scandal.   An English
version is planned and we will be sure to send it to you when it is released in the United States.

22 Order of November 15, 2019 relating to the display of the specific absorption rate of
radioelectric equipment and to consumer information NOR: SSAP1834792A

21Law on sobriety, transparency, information and consultation for exposure to electromagnetic waves
20 Article 183 - LOI n° 2010-788 du 12 juillet 2010 portant engagement national pour l'environnement (1)

https://www.anfr.fr/fileadmin/mediatheque/documents/expace/2020-guide-R%C3%A9glementation-DAS-EN.pdf
https://www.anfr.fr/accueil/
https://ehtrust.org/france-policy-recommendations-cell-phones-wireless-radiation-health/
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000039385174&categorieLien=id#JORFARTI000039385179
mailto:DrArazi@phonegatealert.org
http://www.phonegatealert.org/en/
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000039385174&categorieLien=id#JORFARTI000039385179
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000039385174&categorieLien=id#JORFARTI000039385179
http://ehtrust.org/france-new-national-law-bans-wifi-nursery-school/
https://www.legifrance.gouv.fr/affichTexteArticle.do;jsessionid=1E9805FB777CC9228F41FE523855508D.tpdjo14v_1?idArticle=JORFARTI000022471504&cidTexte=JORFTEXT000022470434&dateTexte=29990101&categorieLien=id


 

November 18, 2021  

The Honorable Jessica Rosenworcel, Commissioner  

Acting Chairwoman  

Federal Communications Commission   

445 12th Street, S.W.  

Washington, DC 20554  

Dear Chairwoman Rosenworcel,       

                                                                                                                                                        

      We are writing to request that the FCC re-open the relevant Dockets to ensure the latest science be 

included in the FCC’s reexamination of the adequacy of its human exposure limits and regulations for 

radiofrequency radiation exposures.  

   We urge the Commission to look at new scientific evidence published since December 4,  

2019. Of 39 new genetic effect studies, 79 % (31 studies) showed effects and 21 % (8 studies)  

did not show significant effects. Of 33 new neurological effect studies, 85 % (28 studies) 

showed effects and 15 % (5 studies) did not show significant effects. Of 30 new oxidative 

effect  studies, 93% (28 studies) showed effects and 7 % (2 studies) did not show significant 

effects.  The preponderance of scientific research on RFR continues on an upward trend. 

   There is a broad consensus among those in the scientific research community who are knowledgeable  

on the published literature, that new, biologically-based public safety limits for chronic exposure to  

radiofrequency radiation (RFR) are warranted now. The available evidence for health risks due to low 

intensity radiofrequency radiation exposures from wireless technology applications is sufficient and  

compelling. Research published over the last two years has added significant additional weight to the 

body of evidence which indicates that FCC public safety exposure limits are grossly inadequate to 

protect public health  given the proliferation of RFR-emitting devices now in common usage.   



 

   The evidence for health risks comes directly from hundreds of published scientific and public health  

studies reporting that low-intensity RFR is capable of producing health harm across very large  

populations of exposed people.   

  The BioInitiative Working Group has been gathering and evaluating hundreds of such studies since  

2006, and has published two large reports detailing this evidence. The group concluded that the scientific  

evidence was more than sufficient in 2007, and certainly in 2012 (www.bioinitiative.org) to establish new  

biologically-based exposure safety standards. Further, we have submitted numerous comments to the  

FCC since 2013 advising that the Commission has not struck the right balance between the wireless  

technologies rollout and managing resulting health impacts for Americans, particularly for children. The  

increased risk for cancers, neurological diseases, fertility and reproduction, immune disfunction, memory  

and learning impairment, and other serious medical problems associated with exposure to low-intensity  

RF are documented and analyzed for the Commission to review at: https://bioinitiative.org/research 

summaries/  

 When the cumulative body of evidence is assessed over the last decades of research, the overall  

picture for studies on radiofrequency radiation effects shows clear and consistent patterns of effects on  

living tissues. Chronic RFR exposures at environmental levels common today can reasonably be  

presumed to produce health harm at and below current FCC safety limits for humans and should be  

substantially lowered.  

Genetic effects: Effect= 67% (259 studies); No Effect= 33% (129 studies)  (literature up to 
November 12, 2021)  

Neurological effects: Effect= 74% (271 studies); No Effect= 26% (97 studies)  (literature 
up to November 12, 2021)  

Oxidative effects: Effect= 92% (258 studies); No Effect= 8% (23) studies)  (literature up to 
November 12, 2021)  

 



 

 

 

Respectfully submitted on behalf of the BioInitiative Working Group by:   

 

Cindy Sage, M.A., Sage Associates                                    

Co-Editor, the BioInitiative Reports 2007 and 2012                      

Email: sage@silcom.com     

 

David O. Carpenter, MD 

Co-editor, the BioInitiative Reports 2007 and 2012 

Directo, Institute for Health and the Environment, 

University at Albany 

5 University Pl., Rm. A217 

Rensselaer, NY 12144, USA 

Email: dcarpenter@albany.edu 

 

Lennart Hardell, M.D., Ph.D., Professor (retired)  

Department of  Oncology, University Hospital, SE-701 85 Örebro, Sweden  

Present address:, USA The Environment and Cancer Research Foundation  

Studievägen 35  

SE 702 17 Örebro, Sweden  

www.environmentandcancer.com 

 

Prof. Henry Lai, Ph.D. (emeritus) 

Department of Bioengineering   

University of Washington   

Seattle, Washington 98195 

Email: hlai@uw.edu  
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Consumers for Safe Cell Phones

November 24, 2021

The Honorable Jessica Rosenworcel
Federal Communications Commission 
445 12th Street, S.W.
Washington, DC 20554

Dear Chairwoman Rosenworcel, 

As one of the petitioners who recently sought the DC Circuit Court of Appeal’s review of the FCC’s
December 4th, 2019 decision to maintain their outdated 25 year old wireless exposure guidelines, we write
to urge the Commission to follow the Court’s directive to properly review the evidence that had been
submitted into Dockets #13-84 and #03-137.  A proper review requires that the two dockets be re-opened
to allow newly published research and documents (made public over the past 2 years) to be included in
the analysis. This will provide the FCC with up-to-date information to use in undertaking the Court’s
required thorough analysis.

The Court’s ruling stated that the Commission “must, in particular, (i) provide a reasoned explanation for
its decision to retain its testing procedures for determining whether cell phones and other portable
electronic devices comply with its guidelines…”

Of particular concern to the Court is the failure of the FCC to review the evidence in the record related to
assessing their inadequate cell phone testing guidelines.  Since the GAO released their 2012 report1

stating, “The Federal Communications Commission’s (FCC) RF energy exposure limit may not reflect the
latest research, and testing requirements may not identify maximum exposure in all possible usage
conditions… Some consumers may use mobile phones against the body, which FCC does not currently
test, and could result in RF energy exposure higher than the FCC limit.” - we have been calling on the
FCC to test phones directly against the body with zero separation to simulate the manner in which they
are typically used by consumers.

1 “Telecommunications: Exposure and Testing Requirements for Mobile Phones Should Be Reassessed” - GAO-12-77:
Published: Jul 24, 2012



FCC’s current testing protocol allows a separation distance between the phone and the torso simulating
use in a holster or belt clip, enabling a phone to pass the FCC compliance test when in fact, the exposure
from phones used in real life usage positions will likely exceed the federal “safety” limit. This is because
it is commonplace for today’s consumer to carry a transmitting phone in a pants or breast pocket or tucked
into a bra with no separation between the antennas and the body.

Here are some examples of the RF warnings for wireless devices currently on the market in 2021:

● The Apple iPhone 13 Pro Max RF Exposure statement reads,  “iPhone is evaluated in positions that2

simulate uses against the head, with no separation, and when worn or carried against the torso of

the body, with 5mm separation.” [Users will likely carry and use  transmitting phones in pockets and

bras against their body unaware because the RF “safety” warning is located in the small print of the

legal section deep within menus on the phone where it is not likely to be found.]
● The Miku Pro Smart Baby Monitor manual states , “RF EXPOSURE WARNING: ….This equipment3

should be installed and operated with minimum distance 20cm between the radiator and your body.”
[Yet many parents will locate these RF transmitting monitors close to the crib or in a child’s playroom
unaware that these RF warnings are in the manual.]

● The AT&T DECT 6.0 Home Cordless Phone manual states, “The telephone base shall be4

installed and used such that parts of the user’s body other than the hands are maintained at a
distance of approximately 20 cm (8 inches) or more.” [Yet many people install the base unit on the
desk just inches from their head or on their bedside table unaware of these instructions.]

Key evidence has been published in the past two years that indicates cell phones directly in body contact
(as when worn and used in a pants or shirt pocket or sports bra) are associated with an increased risk for
breast tumors and sperm damage.

As examples, these 2020 and 2021 published studies referenced below must be included in a thorough
FCC assessment of their cell phone testing protocol in order to perform a more “reasonable analysis” of
the testing protocol:

I. “The Association Between Smartphone Use and Breast Cancer Risk Among Taiwanese Women: A
Case-Control Study” - Cancer Manag Res 2020 Oct 29;12:10799-10807 doi: 10.2147/CMAR.S267415. 

Results: “Participants who carried their smartphone near their chest or waist-abdomen area had
significantly increased 5.03-fold and 4.06-fold risks of breast cancer” 

II.  “Effects of mobile phone usage on sperm quality - No time-dependent relationship on usage: A
systematic review and updated meta-analysis” - 2021 Nov; 202:111784. doi:
10.1016/j.envres.2021.111784. Epub 2021 Jul 30

Results: “Exposure to mobile phones is associated with reduced sperm motility, viability, and
concentration.” 18 studies were evaluated including 4280 samples.

4 https://att.vtp-media.com/products/CL/CL82X07/CL82X07_WEBCIB_i5.0_20201217.pdf

3 https://cdn.shopify.com/s/files/1/2621/9254/files/mikucare.com_quick_setup-guide.pdf?v=1589825520

2 https://www.apple.com/legal/rfexposure/iphone14,3/en/

https://www.apple.com/legal/rfexposure/iphone14,3/en/
https://cdn.shopify.com/s/files/1/2621/9254/files/mikucare.com_quick_setup-guide.pdf?v=1589825520
https://att.vtp-media.com/products/CL/CL82X07/CL82X07_WEBCIB_i5.0_20201217.pdf
https://att.vtp-media.com/products/CL/CL82X07/CL82X07_WEBCIB_i5.0_20201217.pdf
https://cdn.shopify.com/s/files/1/2621/9254/files/mikucare.com_quick_setup-guide.pdf?v=1589825520
https://www.apple.com/legal/rfexposure/iphone14,3/en/


If the past two years of important research and evidence are not allowed to be included in the
re-assessment of the FCC’s cell phone testing protocol, it is certain that the public’s distrust of the safety
of phones and other wireless consumer devices will become even more widespread. The public’s trust is
dependent upon the FCC’s thorough evaluation of the current, up to date body of research, especially with
the advent of the novel and more powerful exposures expected with 5G.

Respectfully submitted,

Cynthia Franklin, Director
Consumers for Safe Cell Phones
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Radiofrequency radiation injures trees around mobile phone
base stations
Cornelia Waldmann-Selsam a, Alfonso Balmori-de la Puente b, Helmut Breunig c, Alfonso Balmori d,⁎
a Karl-May-Str. 48, 96049 Bamberg, Germany
b C/Navarra, 1 5°B, 47007 Valladolid, Spain
c Baumhofstr. 39, 37520 Osterode, Germany
d Consejería de Medio Ambiente, Junta de Castilla y León, C/Rigoberto Cortejoso, 14 47071 Valladolid, Spain
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• High frequency nonionizing radiation is
becoming increasingly common.

• This study found a high level of damage
to trees in the vicinity of phone masts.

• Deployment has been continued with-
out consideration of environmental im-
pact.
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In the last two decades, the deployment of phone masts around the world has taken place and, for many years,
there has been a discussion in the scientific community about the possible environmental impact from mobile
phone base stations. Trees have several advantages over animals as experimental subjects and the aim of this
studywas to verifywhether there is a connection between unusual (generally unilateral) tree damage and radio-
frequency exposure. To achieve this, a detailed long-term (2006–2015) field monitoring studywas performed in
the cities of Bamberg and Hallstadt (Germany). During monitoring, observations and photographic recordings of
unusual or unexplainable tree damage were taken, alongside the measurement of electromagnetic radiation. In
2015 measurements of RF-EMF (Radiofrequency Electromagnetic Fields) were carried out. A polygon spanning
both citieswas chosen as the study site,where 144measurements of the radiofrequency of electromagneticfields
were taken at a height of 1.5 m in streets and parks at different locations. By interpolation of the 144 measure-
ment points, we were able to compile an electromagnetic map of the power flux density in Bamberg and Hall-
stadt. We selected 60 damaged trees, in addition to 30 randomly selected trees and 30 trees in low radiation
areas (n=120) in this polygon. Themeasurements of all trees revealed significant differences between the dam-
aged side facing a phonemast and the opposite side, aswell as differences between the exposed side of damaged
trees and all other groups of trees in both sides. Thus, we found that side differences inmeasured values of power
flux density corresponded to side differences in damage. The 30 selected trees in low radiation areas (no visual
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contact to any phonemast and powerfluxdensity under 50 μW/m2) showed no damage. Statistical analysis dem-
onstrated that electromagnetic radiation frommobile phonemasts is harmful for trees. These results are consis-
tent with the fact that damage afflicted on trees by mobile phone towers usually start on one side, extending to
the whole tree over time.

© 2016 Elsevier B.V. All rights reserved.
1. Introduction

Formany years, there has been a discussion in the scientific commu-
nity about whether artificial radiofrequency radiation has harmful ef-
fects on living organisms and, more specifically, on the environmental
impact from mobile phone base stations (Panagopoulos et al., 2016).
Trees have several advantages over animals as experimental subjects:
they are continuously exposed to radiation in a constant orientation in
the electromagnetic field due to their inability to move (Vian et al.,
2016). Additionally, it is possible to easily document changes over
time, such as disturbed growth, dying branches, and premature colour
change of leaves. Moreover, the damage to trees is objective and cannot
be attributed to psychological or psychosomatic factors.

Plants are specialized in the interception of electromagnetic radia-
tion (light) but radiofrequency radiation impact on plants, which is be-
coming common in the environment because of the exponential use of
mobile phone technology, has received little attention and his physio-
logical effect has long been considered negligible.

Since the mid-twentieth century, several researchers have investi-
gated the effects of electromagnetic radiation on plants, both in the lab-
oratory (Kiepenheuer et al., 1949; Brauer, 1950; Harte, 1950, 1972;
Jerman et al., 1998; Lerchl et al., 2000; Sandu et al., 2005; Roux et al.,
2006, 2008; Sharma et al., 2009; Tkalec et al., 2005, 2009; Beaubois et
al., 2007; Kundu and IEEE, 2013; Pesnya and Romanovsky, 2013;
Cammaerts and Johansson, 2015; Grémiaux et al., 2016; Vian et al.,
2016), and in nature (field observations) (Bernatzky, 1986; Volkrodt,
1987, 1991; Selga and Selga, 1996; Balodis et al., 1996; Haggerty,
2010). Both kinds of study have frequently found pernicious effects.

Around the world, phone masts have been deployed in the last two
decades everywhere. Preliminary published studies have indicated del-
eterious effects of radiofrequency radiation on trees (Balmori, 2004;
Van't Wout, 2006; Schorpp, 2011; Waldmann-Selsam, 2007;
Waldmann-Selsam and Eger, 2013), cautioning that research on this
topic is extremely urgent (Balmori, 2015). However, these early warn-
ings have had no success and deployment has been continued without
consideration of environmental impact.

In a review of the effects of environmental microwaves on plants
(Jayasanka and Asaeda, 2013), it was indicated that effects depend on
the plant family and the growth stage, as well as the exposure duration,
frequency, and power density. This review concluded that most studies
that address the effects of microwaves on animals and plants have doc-
umented effects and responses at exposures below limits specified in
the electromagnetic radiation exposure guidelines and it is therefore
necessary to rethink these guidelines (Jayasanka and Asaeda, 2013).

Since 2005, on the occasion of medical examinations of sick resi-
dents living near mobile phone base stations, changes in nearby trees
(crown, leaves, trunk, branches, growth…) were observed at the same
time as clinical symptoms in humans occurred. Since 2006 tree damages
in the radiation field of mobile phone base stations were documented
(http://kompetenzinitiative.net/KIT/KIT/baeume-in-bamberg/). In the
radio shadow of buildings or that one of other trees, the trees stayed
healthy.

Additionally, unilateral crown damage, beginning on the side facing
an antenna, pointed to a possible link between RF-EMF (Radiofrequency
Electromagnetic Fields) and tree damage. We carried out measure-
ments on both sides of unilaterally damaged trees. Most of the trees
had been exposed to RF-EMF for at least five years. Each time we
found considerable differences between the measured values on the
damaged and on the healthy side.

The aimof thepresent studywas to verifywhether there is a connec-
tion between unusual (generally unilateral) tree damage and radiofre-
quency exposure.

2. Materials and methods

The official information of 65mobile phone sites in the neighbouring
cities Bamberg and Hallstadt was extracted from the EMF database
(EMF-Datenbank) of the German Federal Network Agency
(Bundesnetzagentur, inMarch 2011 andOctober 2015). Each site certif-
icate (“Standortbescheinigung”) provides information on themounting
height of antennas, the number and main beam direction of the sector
antennas, the number of omnidirectional antennas (ND), the number
of other transmitters, as well as the horizontal and vertical safety dis-
tances. The current specifications of the transmission facilities are avail-
able at: http://emf3.bundesnetzagentur.de/karte/Default.aspx

On most of the 65 mobile phone sites several sector antennas emit-
ting RF-EMF with differences in frequency, modulation and other phys-
ical characteristics are installed (GSM 900, GSM 1800, UMTS, LTE (4th
generation), TETRA). In 2011 there was a total of 483 sector antennas,
in 2015 a total of 779 sector antennas.

Numerical code, address and UTM 32N coordinates for the 65
Mobile phone (base stations) sites in Bamberg and Hallstadt are
shown in Table 1.

Between 2006 and 2015 there was observation and documentation
of tree damages. There were some preliminary measurements on both
sides of unilaterally damaged trees and approximately 700 trees in
Bamberg and Hallstadt were visited. The condition of numerous trees
has been documented in photographs. The photographs record the
state of trees showing damage patterns not attributable to diseases,
pests, drought or other environmental factors in order to monitor dam-
age and growth over several years (in 2006, Olympus FE-100 was used;
since 2007, Panasonic DMC-FZ50 was used).

In 2015we selected a polygonal study site, with anapproximate area
of 30 km2, which includes partial municipalities of Bamberg and Hall-
stadt (70 km2). The study area with the location of the phone masts in
the layer of natural areas and municipalities is shown in Fig. 1. In this
area, different measurements (see below) were done both for having
a radiationmap and for knowingwhich are the incident power densities
beside different trees. In spite of the fact that measurements are chang-
ing continuously, they do not show significant differences between
times (own data, see below).

In this polygon, we performed 144 measurements of the radiofre-
quency electromagnetic fields at a height of 1.5 m at different points
in the city. These measurements were taken in streets and parks and
allowed the preparation of an electromagnetic map of Bamberg and
Hallstadt with their interpolation. The measurements were carried out
with an EMF-broadband analyzer HF 59B (27–3300 MHz) and the hor-
izontal-isotrope broadband antenna UBB27_G3, (Gigahertz Solutions).
Measurements of the sum peak values of power flux density were in
μW/m2, which can be converted in V/m.

In general, a sector antenna covers an angle of 120° and the radiation
of the sector antennas is distributed inmain and secondary beams, bun-
dled vertically and horizontally. The high-frequency emissions are
reflected/diffracted and/or absorbed by buildings and trees. Therefore,

http://kompetenzinitiative.net/KIT/KIT/baeume-in-bamberg/
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Table 1
Official information of the 65 mobile phone base stations in Bamberg and Hallstadt.

Code number Adress in Bamberg and Hallstadt X Y Code number Adress in Bamberg and Hallstadt X Y

1 Altenburg 634268 5527019 34 Ludwigstr. 25 (Post) 636318 5529177
2 Am Borstig 2 636070 5531636 35 Luitpoldstr. 51 636241 5529232
3 Am Hirschknock 637511 5532267 36 Mainstraße, Ladekai 2 633924 5530319
4 An der Breitenau 2 637253 5530650 37 Mainstraße, Ladekai 3 633816 5530130
5 (An der Breitenau, P&R) ca. 637259 5526912 38 Margaretendamm 28 635341 5529331
6 (Artur-Landgraf-Straße) 635183 5526912 39 Memmelsdorfer Straße (Post) ca. 637769 5531392
7 Breitäckerstr. 9 632965 5529621 40 Memmelsdorfer Str. 208a 637568 5531191
8 Coburger Str. 6a 635877 5529951 41 Memmelsdorfer Str. 208a 634861 5528541
9 Coburger Str. 35 635252 5530468 42 Mußstr. 1 634949 5528827
10 Erlichstr. 47/51 637291 5527903 43 Pödeldorfer Str. 144 637828 5529305
11 Franz-Ludwig-Str. 7 635843 5528490 44 Rheinstr. 16 ca. 632910 5530367
12 Geisfelder Str. 30 637689 5528020 45 Robert-Bosch-Str. 40 637767 5528292
13 Grüner Markt 1 635624 5528370 46 Schildstr. 81 637049 5529049
14 Grüner Markt 23 635640 5528565 47 Schranne 3 635511 5528166
15 Gutenbergstr. 20 638448 5527180 48 Schützenstr. 23 636197 5527961
16 Hainstr. 4 635945 5528229 49 Schwarzenbergstr. 50 636762 5528732
17 Hainstr. 39 636341 5527550 50 Siemensstr. 37-43 638091 5528505
18 Hauptsmoorstr. 26a 638223 5530558 51 Theresienstr. 32 637487 5527866
19 Hauptsmoorwald, Pödeldorfer Straße 639683 5529635 52 Unterer Kaulberg 4 635350 5528084
20 Hauptsmoorwald, Geisfelder Straße 639890 5528022 53 Von-Ketteler-Str. 2 637905 5527553
21 Heiliggrabstr. 15 636054 5529240 54 Wilhelmsplatz 3 636316 5528259
22 Heinrichsdamm 1 635849 5528723 55 Zollnerstr. 181 637772 5530133
23 Heinrichsdamm 33a, P&R 636748 5527529 56 Heganger 18 634327 5530982
24 Hohenlohestr. 7 634794 5526480 57 Biegenhofstr. 13 633963 5531045
25 Kantstr. 33 637161 5530333 58 Seebachstr. 1 634399 5531764
26 Katzenberg 635374 5528266 59 Landsknechtstr. 634800 5531918
27 Kirschäckerstr. 37 636649 5530756 60 Lichtenfelser Str. 634864 5532621
28 (Kloster-Langheim-Str. 8) 637190 5529182 61 Michelinstr. 130 ca. 635629 5532106
29 Kronacher Str. 50 636722 5531496 62 Margaretendamm 634991 5529497
30 Lagerhausstr. 4-6 634850 5529871 63 Mainstr. 36a/Kiliansplatz 634326 5532386
31 Lagerhausstr. 19 634304 5530136 64 Bamberger Straße 635964 5526050
32 (Laurenziplatz 20) 635207 5527404 65 Würzburger Str. 76 635359 5526709
33 Ludwigstr. 2 635207 5529103
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due to existing obstacles there is an inhomogeneous radiofrequency
field distribution. Buildings and vegetation (trees and foliage) can shield
and reduce radiation and thus affect the quality of signal propagation
(e.g. Meng and Lee, 2010). Living material is not a perfect dielectric ob-
ject and interferes with high frequency electromagnetic fields in a way
that depends upon several parameters, including the general shape,
Fig. 1. The study area with the location of the phone masts in
conductivity, and density of the tissue, and the frequency and amplitude
of the electromagnetic radiation (Vian et al., 2016).

In the polygon mentioned before we selected 60 trees showing uni-
lateral damage. The selection was limited by the fact that we were able
to measure with the telescopic rod only up to a height of 6 m. Many
trees (Tilia, Betula, Quercus, Populus, Picea) showing damage above the
the layer of natural areas, buildings, and municipalities.
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height of 6 m could not be included. The measurements at the trees
were done between April and October 2015. Acer platanoides, Carpinus
betulus, Tilia sp., Taxus baccata and Thuja occidentalis are widely spread
in Bamberg and Hallstadt and can be reached for measurements. There-
fore they are the most represented species.

The selected 60 trees from the study polygon show damage patterns
that are not usually attributable to harmful organisms, such as diseases
(fungi, bacteria, viruses) and pests (insects, nematodes) or other envi-
ronmental factors (water stress, heat, drought, frost, sun, compaction
of the soil, air and soil pollutants).

The main features of damage from this source are:

- Trees are mainly affected on one side (showing side differences and
unilateral damage) and can appear in any orientation. The damage
only originates on one side.

- Damage appears without external indications that the tree is
infested with insects, nematodes, fungi, bacteria or viruses.
Table 2
Tree damage codes.

01 Damage only on one side: The tree shows damage only on one side. The damage can be

02 Crown transparency (sparse leaves or needles): The number of leaves or needles is red

03 Brown leaves (start at leaf margins): The leaves begin to turn brown in june. The brow

04 Colour change of leaves prematurely: Leaves become yellow, red or brown (in the who

05 Tree leaves fall prematurely: The leaves begin to fall already from june on.

06 Dead branches: Over a period of some years it can be observed how little and big branc

07 Tip of the main guide dried.

08 Irregular growth. The growth of deciduous and coniferous trees can be disturbed in dif

09 Not grow in height: Trees often stop to grow in height. The height was not measured. O

10 Colour change of needles. Needles can change their colour to yellow, red or brown.

11 Dead parts were trimmed down: When bigger branches die, it becomes necessary to re

12 Damage on different sides: The trees show damages on different sides.

13 No damage: The tree shows the typical habitus of its species. With the naked eye no da
- Damage appears on trees, which have previously grown well. Dam-
age appears on once healthy trees within one or two years after An-
tennas were put into operation.

- Damage increases from the outside to the inner part of the crown
over time.

- Trees of different species in the same location also show damage.
- Damage appears in favourable (gardens, parks) as well as in
unfavourable locations.

- Trees in the same location, but that are shielded by buildings or other
trees, are healthy.

For these damaged trees, we used 13 damage codes that may be
recognised with the naked eye (for explanations, see Table 2). In order
to explain each type of damage visually, a photograph was added for
each damage code.
recognized with the naked eye.

uced. The crown transparency increases from year to year.

ning starts at the leaf margins. It looks similar to effects by salt.

le) early in the year.

hes die.

ferent manners. One observation is that trees bend to a side.

nly the visual impression was valuated.
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Table 3
144 selected points in Bamberg and Hallstadt with their measurements and UTM coordinates.

Number Streets and parks in Bamberg and
Hallstadt

Measurement
μW/m²

X Y Number Streets and parks in Bamberg and
Hallstadt

Measurement
μW/m²

X Y

1 Wassermannpark 2300 637395 5530345 73 Ludwigstraße/Zollnerstraße 50 636228 5529444
2 Memmelsdorfer Str. 209 1830 637581 5531113 74 Landratsamt, Ludwigstraße, Einfahrt 670 636422 5529044
3 Holunderweg 10 638125 5530967 75 Wilhelmsplatz, Mitte 460 636250 5528263
4 Hauptsmoorstraße/Seehofstraße 3600 638039 5530857 76 Amalienstr. 16 16570 636303 5528086
5 Greifffenbergstr. 79 4210 638349 5530855 77 Otttostr. 7a 120 636133 5527878
6 Heimfriedweg 16 870 638393 5530621 78 Schönbornstr. 3 3640 636251 5527696
7 AWO, Innenhof, Parkplatz 3920 638223 5530584 79 Hainspielplatz 1530 636229 5527403
8 Ferdinand-Tietz-Str. 40 2600 637883 5530616 80 P&R Heinrichsdamm, Parkplatz bei

Kirschen
3400 636706 5527667

9 Ferdinand-Tietz-Str. 38 80 637889 5530601 81 P&R Heinrichsdamm, südöstlich des
Senders, Eichen

1690 636755 5527504

10 Petrinistr. 20 1340 637797 5530514 82 Luisenhain, Höhe Wasserwerk 260 636895 5526482
11 Petrinistr. 32 4700 637891 5530449 83 Kapellenstraße 2120 637050 5528148
12 Zollnerstraße 181 9300 637773 5530102 84 Geisfelder Str. 9, Gärtnerei 740 637410 5528164
13 Wassermannstr. 14 540 637424 5530125 85 Gereuthstr. 8 30 637621 5527424
14 Feldkirchenstraße/Kantstraße 2620 636803 5530069 86 Distelweg, Innenhof 15 637881 5527160
15 Breslaustr. 20 3890 637392 5530431 87 Am Sendelbach BSC 1920 30 637331 5526877
16 Berliner Ring 16920 637188 5530786 88 Am Sendelbach, Kleingartenanlage 10 637542 5526222
17 Rodezstr. 3 3780 637044 5530765 89 Robert-Bosch-Straße 2060 637504 5528200
18 Am Spinnseyer 3 880 637545 5530764 90 Ludwigstraße/Memmelsdorfer Straße 1000 635974 5529708
19 Kirschäckerstr. 24 4290 636655 5530857 91 Coburger Straße, Neubau

Studentenwohnheim
3460 635867 5529878

20 Kammermeisterweg 810 636283 5530282 92 Coburger Straße, junge Platane 3400 635835 5529941
21 Eichendorff-Gymnasium, Hof 6340 637194 5529084 93 Gundelsheimer Str. 2 9000 635783 5529680
22 Starkenfeldstraße/Pfarrfeldstraße 3660 637092 5529138 94 Hallstadter Straße 12 635232 5530212
23 Parkplatz auf der Westseite der

Polizei
9020 636921 5528970 95 Gerberstraße/Benzstraße 1280 635108 5530546

24 Starkenfeldstraße, Höhe Polizei 1120 636975 5529061 96 Coburger Straße, Einfahrt
Fitnesszentrum

2000 635326 5530508

25 Starkenfeldstr. 2 860 637527 5529216 97 Kleintierzuchtanlage 890 635380 5530622
26 Pödeldorfer Str., Haltestelle 2180 636965 5529217 98 Margaretendamm, Eingang ehemaliges

Hallenbad
1300 635455 5529178

27 Kindergarten St. Heinrich, Eingang 6450 637712 5529364 99 Margaretendamm/Europabrücke 1890 635200 5529365
28 Pödeldorfer Straße, Haltestelle

Wörthstraße
1620 637654 5529433 100 Margartendamm 38, nahe Sendeanlage 5560 635003 5529497

29 Pödeldorfer Str. 142, Nordseite 30 637840 5529437 101 Hafenstraße/Regnitzstraße 7610 634719 5529740
30 Pödeldorfer Str. 142, Südseite 17060 637824 5529410 102 Lagerhausstraße 210 634556 5530102
31 Berliner Ring, Höhe Pödeldorfer Str.

144
4480 637900 5529380 103 Hafenstr. 28, Bayerischer Hafen 3200 634192 5530370

32 Schwimmbad Bambados, Vorgarten
mit Bambus

1620 638074 5529315 104 Laubanger 29 160 634202 5530561

33 Schwimmbad Bambados, Parkplatz,
Feldahorn

2540 638202 5529346 105 Heganger 1400 634341 5530812

34 Carl-Meinelt-Str. 5360 638043 5529094 106 Emil-Kemmer-Str. 2 5000 633822 5530863
35 Volkspark, FC Eintracht, Ostseite 120 638343 5529065 107 Emil-Kemmer-Str. 14 2500 634342 5531099
36 Michelsberger Garten, Teil Streuobst 5450 634831 5528673 108 Dr. Robert-Pfleger-Straße 60 90 634448 5530978
37 Michelsberger Garten,

Terrassengarten, bei Eibe
2500 634988 5528508 109 Friedhof Gaustadt, Haupteingang 13100 632981 5529677

38 Michelsberger Garten, Südostecke,
bei Holunder

910 635036 5528455 110 Friedhof Gaustadt, Ahornpaar 1400 632929 5529728

39 Michelsberg, Aussichtsterrasse,
oberhalb Weinberg

1260 634924 5528463 111 Herzog-Max-Str. 21 1600 636245 5528071

40 Michelsberg, Aussichtsterrasse,
Aussichtspunkt

780 634911 5528537 112 Gaustadter Hauptstr. 116 10 634042 5529457

41 Michelsberg, Nordostecke, bei
jungen Linden

390 634874 5528565 113 Landesgartenschaugelände,
Hafenerlebnispfad

2000 633789 5529894

42 Storchsgasse/Michelsberg 200 634725 5528415 114 Landesgartenschau, junge Baumgruppe 1270 633949 5529718
43 St. Getreu-Kirche, Südseite 55 634518 5528405 115 Würzburger Str. 340 635283 5527151
44 Villa Remeis, Garten 390 634295 5528203 116 Würzburger

Straße/Arthur-Landgraf-Straße
1380 635355 5526862

45 Villa Remeis, Treppe 300 634400 5528237 117 Hohe-Kreuz-Straße/Würzburger
Straße, Haltestelle

590 635383 5526733

46 Maienbrunnen 2 3920 634744 5528838 118 Hohe-Kreuz-Straße 10950 635469 5526729
47 Am Leinritt 2140 635071 5528617 119 Am Hahnenweg 6 3420 635332 5526729
48 Abtsberg 27 130 634526 5528935 120 Am

Hahnenweg/Viktor-von-Scheffel-Straße
640 635307 5526710

49 Welcome Hotel, Garten 3200 634788 5529012 121 Am Hahnenweg 28 a 145 635028 5526654
50 Mußstraße, eingang Kindergarten 1670 634864 5529011 122 Schlüsselberger Straße 200 634712 5526534
51 Mußstraße/Schlüsselstraße 710 634846 5529034 123 Schlüsselberger Str./Haltestelle

Hezilostr., Parkdeck
460 634749 5526549

52 Nebingerhof 2040 635069 5528901 124 Hezilostr. 13 70 634604 5526563
53 Graf-Stauffenberg-Platz 100 635120 5529009 125 Sückleinsweg, junge Hainbuchenhecke 75 634512 5526654
54 Don-Bosdo-Straße, Innenhof 10 635176 5529056 126 Rößleinsweg, oberes Ende 300 634708 5526789
55 Pfeuferstraße/Weide 1100 635222 5528820 127 Große Wiese 1500 634874 5526810
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Table 3 (continued)

Number Streets and parks in Bamberg and
Hallstadt

Measurement
μW/m²

X Y Number Streets and parks in Bamberg and
Hallstadt

Measurement
μW/m²

X Y

56 Weidendamm/Don-Bosco-Straße 1860 635166 5529195 128 Suidgerstraße 195 634508 5526409
57 Katzenberg/Karolinenstraße 1720 635316 5528239 129 Waizendorfer Straße 280 635317 5525864
58 Vorderer Bach 450 635305 5528141 130 Waizendorfer Straße, Einfahrt Gärtnerei 210 635326 5525582
59 Obere Brücke 8000 635565 5528289 131 Klinikum, Nähe Spielplatz 175 635732 5525672
60 Judenstraße 6 635479 5528040 132 Klinikum Weiher 100 635759 5525520
61 Tourist Information 4920 635674 5528172 133 Buger Straße/Bamberger Straße 2730 635829 5526082
62 Universität, Am Kranen 14, Innenhof 10 635501 5528535 134 Dunantstraße 470 635848 5526176
63 Fleischstraße 10 635703 5528683 135 Buger Straße/Paradiesweg 90 635743 5526286
64 ZOB 600 635882 5528541 136 Buger Straße/Abzweigung Münchner

Ring
470 635528 5526499

65 Schönleinsplatz, Ostseite 900 636004 5528300 137 Hallstadt, Markplatz, bei Linde 2000 634582 5532426
66 Friedrichstraße, Parkplatz 165 635984 5528360 138 Hallstadt, Markplatz 21, Innenhof 8 634632 5532488
67 Franz-Ludwig-Straße/Luisenstraße 1720 636158 5528410 139 Hallstadt, Lichtenfelser Str. 12 4000 634659 5532474
68 Franz-Ludwig-Str, Strassenbauamt 90 636246 5528408 140 Hallstadt, Lichtenfelser Str. 8 9000 634720 5532516
69 Heiliggrabstraße, Nähe Sender 4740 636072 5529245 141 Hallstadt, Am

Gründleinsbach/Kemmerner Weg
200 634743 5532784

70 Heiliggrabstr. 29, Landesjustizkasse 20 636063 5529399 142 Hallstadt,
Valentinstraße/Seebachstraße

2200 634232 5532237

71 Heiliggrabstr. 57, Aussichtspunkt
Schiefer Turm

4500 635797 5529410 143 Hallstadt, Johannisstr. 6 5000 634805 5532078

72 Bahnhof, ParkplatzWestseite 1600 636300 5529374 144 Hallstadt, Bamberger
Straße/Michael-Bienlein-Straße

1860 634805 5531969
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For each selected tree, the types of damage and the Universal Trans-
versal Mercator (UTM) coordinates were recorded. In addition, two
measurements were recorded: on the side showing damage and on
the side without damage, generally corresponding to opposite sides of
each tree. On both sides, the measurements were carried out at a vari-
able height of 1–6m (depending on the height of the tree), using a tele-
scopic rod, a ladder, and the broadband radiofrequency meter.

Mostmeasurementswere done in the afternoon or in the evening on
different days between April and October 2015. But the measurements
on the two sides of each single tree were done one after another imme-
diately on the same day and at the same time. The measurements took
about 5 min on each side. When we stood on the ground or on a ladder
Fig. 2. Location of the 144 measurements points
wemeasured the peak values.Whenwe used the telescopic rodwemea-
sured the peak hold values. Using the telescopic rod and measuring peak
hold values it took longer, because themeasurements had to be repeated
often in caseswhere RF-EMF emitting cars or passengers disturbed the re-
sults. At each single tree the two measurements were done in the height
where the damage had appeared. Because the height of the 120 trees dif-
fered, it was necessary to do the measurements at different heights.

In theory, although measurements are changing continuously there
is no evidence about significant changes in power densities of electro-
magnetic radiation produced by phonemasts over time. One study car-
ried over one year in the city of Madrid showed no changes in terms of
radiation intensity between the three rounds of measurements
in Bamberg and Hallstadt in the study area.



Fig. 3.Map showing the 60 damaged trees and phone masts (both with code numbers) over the interpolation electromagnetic map of the 144 measurement points.
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performed in about 200 sampling points (own data). Repeatability anal-
ysis checked this. Despite the fact that the increase in sector antennas
(observed between 2011 and 2015) would have probably increased
the radiation in the environment of the study area, measurements
used in this study were mostly done in 2015.

In an attempt to link the electromagnetic radiation measured at
every tree to specific phonemasts, the distances to the three nearest an-
tennas that could bemainly responsible for the radiationmeasurements
at each tree were calculated in meters with Geographical Information
System (GIS) programs, following the general approach criteria of prox-
imity. However, it must be taken into account that buildings and vege-
tation diminish radiation intensity and, in many cases, the nearest
phone mast or masts may be obscured by obstacles. In other cases, the
phone mast is in direct line of sight from the tree and the radiation
can reach the tree directly.

Additionally, 30 random points were generated inside the polyg-
onal study area and outside a layer of buildings, downloaded from:
http://www.mapcruzin.com/free-germany-arcgis-maps-shapefiles.
htm using a Random Points tool of QGIS 2.6.0-Brighton (QGIS
Development Team, 2014) allowing create random points inside a
specific layer. Therefore the points were randomly situated in specif-
ic places in the study area outside buildings but not frequently con-
cur with the location of trees. That is why measurements were
taken from the nearest tree for each random point, generating a ran-
dom tree group. Measurements and damage characteristics were
scored in the same way as with 60 damaged trees explained above,
measuring the maximum value of radiation corresponding to oppo-
site sides of each tree.

In areas of the city with lowmeasurements of electromagnetic radi-
ation (no visual contact to any phone mast and power flux density
b50 μW/m2), we scored another 30 trees in the same way as with 60
damaged trees and 30 random points. The UTM coordinates and the
three nearest phone masts of each tree in these last two groups (ran-
dom and low radiation trees) were also recorded.

To generate electromagnetic maps, we used ArcGis 9.3 (ESRI, 2008)
and QGIS 2.6.0-Brighton (QGIS Development Team, 2014). To check
possible differences between groups of data and taking into account
that there were two measures made in each tree, repeated measures
analysis of variance were applied, considering a repeated measures fac-
tor (within-subjects) and another between-subjects. The post hoc
Bonferroni test was used in all cases to elucidate significant differences.
Statistics were performed using STATISTICA 7 program (StatSoft, Inc,
2004).

3. Results

The results of radiation measurements obtained at 144 points in
Bamberg and Hallstadt at a height of 1.5 m were between 6 μW/m2

(0.047 V/m) and 17,060 μW/m2 (2.53 V/m) (for measurements and
UTM coordinates, see Table 3). The measured values are far below the
current limit values (41 V/m for GSM system and 61 V/m for UMTS;
ICNIRP, 1998).

The locations of these points in the study area are shown in Fig. 2. By
interpolation of the 144 measurements points (Table 3), we prepared a
map of the power flux density in Bamberg and Hallstadt (Fig. 3). This
map is theoretical and approximate, since many factors affect the true
electromagnetic values. However, the map is useful to provide approx-
imate differences in exposure (electromagnetic pollution) throughout
the city.

The 60 selected trees showing damage patterns not attributable to
diseases, pests or other environmental factors are presented in Table
4. In this Table, we added the tree code number, the scientific name,
the UTM coordinates, the measurements (power flux density) on both
sides of each tree, and the distances (meters) and code numbers to
the three nearest antennas for each tree, which may be mainly respon-
sible for the electromagnetic radiation measured. We also included the
orientation of the tree damage and the number ofmain (nearest) phone
mast(s) in direct line of sight, whose lobe of radiation most directly af-
fected each tree. Finally, we included the codes of damage observed in
the 60 trees.

From all 60 selected trees, one ormore phonemast(s) could be seen,
with no obstacles between the phone mast and damaged tree. In many
cases, oneof the three closest antennas caused themain radiation on the
tree surface. In ten trees (codes: 4, 7, 9, 10, 15, 26, 27, 31, 35, and 50),
another antenna in direct line of sight caused the measured radiofre-
quency exposure. This was determined using topography and existing
buildings (Table 4 and Fig. 3).

The 60 damaged trees (with their code number) and the phone
masts are overlaid on the electromagnetic map prepared by interpola-
tion of the 144 measurements points (Fig. 3). The likely antenna or

http://www.mapcruzin.com/free-germany-arcgis-maps-shapefiles.htm
http://www.mapcruzin.com/free-germany-arcgis-maps-shapefiles.htm
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antennas causing radiation damage to each tree are also shown (Fig. 3).
The measurements at all selected trees revealed significant differences
between the damaged side facing a phone mast and the intact (or less
Table 4
60 selected trees showing damage patterns not attributable to diseases, drought or other envir
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1 Acer platanoides 636298 5529366 970 130 35 145,6 34 190,1 21

2 Acer platanoides 638211 5530518 680 80 18 41,76 55 583,9 40

3 Acer platanoides 637868 5529371 2100 290 43 77,18 28 703,9 55

4 Acer platanoides 635316 5528245 2300 130 26 61,68 52 164,6 47

5 Acer platanoides 636677 5527688 3600 290 23 174,1 17 363,2 48

6 Acer platanoides 637536 5528219 700 140 45 242,3 12 251 51

7 Acer platanoides 635339 5526919 270 30 6 156,2 65 211 32

8 Acer platanoides 635876 5528029 80 10 16 211,6 48 328,1 47

9 Acer platanoides 634819 5526187 160 20 24 294,1 65 751,1 6

10 Acer platanoides 634638 5526163 180 55 24 353,3 65 904,4 6

11 Acer platanoides 635022 5526270 95 20 24 310 65 553,4 6

12 Acer platanoides 634854 5532596 11800 400 60 26,93 63 568,2 59

13 Acer platanoides 634455 5532438 9900 620 63 139,1 60 448,1 59

14 Acer platanoides 634890 5532028 3380 500 59 142,1 58 557,5 60

15 Acer platanoides 634815 5532307 1050 50 60 317,8 59 389,3 63

16 Carpinus betulus 638001 5530928 1210 120 18 431,5 40 506,6 39

17 Carpinus betulus 637996 5530945 2520 150 18 448,7 40 493,7 39

18 Carpinus betulus 637987 5530959 890 90 18 465,3 40 478,9 39

19 Carpinus betulus 637984 5530970 670 10 40 471,1 39 473,6 18

20 Carpinus betulus 636619 5528966 1000 200 33 169,6 49 274,2 34

21 Carpinus betulus 636068 5529245 430 20 21 14,87 35 173,5 34

22 Carpinus betulus 637138 5530413 4340 110 25 83,24 4 263,4 5

23 Carpinus betulus 637664 5530231 990 60 55 145,8 25 513,2 4

24 Carpinus betulus 633137 5529754 2700 50 7 217,4 44 653,7 37

25 Tilia sp. 636098 5528729 870 150 22 249,1 11 349,5 14

26 Tilia sp. 636261 5528398 410 20 54 149,5 16 358,4 11

27 Tilia sp. 636030 5528283 680 160 16 100,7 11 279 54

28 Tilia sp. 634972 5528626 660 170 41 139,8 42 202,3 26

29 Tilia sp. 636283 5529365 2450 160 35 139,5 34 191,2 21

30 Tilia sp. 634573 5532422 3800 420 63 249,6 60 352,5 59

31 Tilia sp. 635319 5526914 380 120 6 136 65 208,9 32

32 Quercus robur 638598 5526911 860 130 15 308 53 944,7 12

33 Quercus rubra 637501 5529207 1340 120 28 312 43 341,4 46

34 Quercus rubra 637107 5528961 1650 250 46 105,4 28 236,1 49

35 Aesculus hippocastanum 636092 5528434 400 20 16 252,3 11 255,2 54

36 Robinia pseudoacacia 638653 5526920 1300 40 15 331,1 53 979,9 12
damaged) opposite side. On the side facing a phonemast, themeasured
valueswere 80–13,000 μW/m2 (0.173–2.213 V/m). On the opposite side
the values were 8–720 μW/m2 (0.054–0.52 V/m).
onmental factors.
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274,6 S, SW 35,34,21 + + + + + + +

930,8 N 18 + + + + + + +

768 S 43 + + + + + + +

210,4 E, S 26,52,47, 14 + + + + + + + +

552,2 S 23 + + + + + + + +

356,4 E 45 + + + + + +

502,6 W 1 + + + + + + +

389,9 W 47 + + + +

811,2 N 24, 1 + + + + +

926,3 N 24, 1 + + + +

661,9 NW 24 + + +

680,1 N 60 + + + + + + +

624 W 63 + + +

593,6 SW 59 + + + + + + + +

495,3 SW 58 + + + + + + + +

518,8 S 18 + + + + +

501,3 S 18 + + + + +

484,8 S 18 + + + +

476,3 S 18 + + + +

367,6 SE 49 + + + + + +

259,1 W 21 + + + + + +

450,6 NE 4 + + + + + + +

586,9 E 55 + + + + +

776,2 E 37 + + + + +

486,5 W 22 + + + + +

428 W 14 + + +

287 S 48 + + + + + +

539,6 SW 41 + + + + + + + +

260,9 SW 35, 34, 21 + + + + +

552,8 NE 60 + + + + + +

502,6 W 1 + + + + + +

1434 NW 15 + + +

478,8 E 43 + + + +

414,1 SW 49 + + +

284,3 W 14 + + + + + + +

1463 NW 15 + + + + +

Effect codes



37 Robinia pseudoacacia 638619 5526874 660 240 15 350,5 53 985,3 12 1476 NW 15 + + + +

38 Sorbus occuparia 634587 5526564 84 8 24 223,4 1 555,7 6 690,2 N 1 + + + + + + +

39 Acer negundo 637722 5529366 3060 310 43 122,3 28 562,9 46 743,9 SE 43 + + + + + +

40 Acer saccharinum 637852 5527078 840 180 53 477,9 15 604,7 51 868,4 E 15 + + +

41 Juglans regia 634841 5528669 4500 590 41 129,6 42 191,4 26 668,2 N, E 42 + + + + + + +

42 Taxus baccata 635767 5528046 300 70 16 255,3 47 282,7 13 354,2 NW 47 + + + + +

43 Taxus baccata 635491 5526727 8970 190 65 133,2 6 359,3 32 734,2 W 65 + + + + +

44 Taxus baccata 634997 5528506 2500 240 41 140,4 42 324,6 26 446,9 N,E,W 41,42 + + + +

45 Taxus baccata 635272 5527980 2700 70 52 130 47 302,8 26 303,6 NE 52 + + + + +

46 Taxus baccata 637586 5529231 1520 190 43 253,1 28 399 46 567 E 43 + + + +

47 Thuja occidentalis 632975 5529719 910 30 7 98,51 44 651,3 37 936,1 S 7 + + + +

48 Thuja occidentalis 636128 5527881 120 10 48 105,6 16 393,2 17 393,6 S 17 + + + +

49 Thuja occidentalis 634900 5532611 13000 520 60 37,36 63 616,5 59 700,2 NW 60 + + + +

50 Thuja occidentalis 634387 5528232 290 50 41 565,8 42 818,5 52 974,3 S 1 + + + + +

51 Picea pungens 638525 5526863 770 90 15 326,2 53 927,6 12 1427 NE 15 + + + +

52 Picea pungens 634328 5531086 3080 310 56 104 57 367,3 58 681,7 W 57 + + + +

53 Picea pungens 633280 5529546 1350 200 7 323,8 37 792,7 44 900,5 W 7 + + + + +

54 Pinus sylvestris 638542 5526861 790 50 15 332,6 53 940,5 12 1439 NE 15 + + + + +

55 Pinus sylvestris 634461 5532462 5300 130 63 154,9 60 433,2 59 641 SW 63 + + +

56 Pseudotsuga menziesii 638560 5526844 1720 60 15 354,2 53 965,2 12 1463 NE 15 + + + + + +

57 Juniperus communis 634664 5526141 160 20 24 363,1 65 897,6 6 929,4 N 24 + + + +

58 Corylus avellana 'Contorta' 634355 5532399 420 80 63 31,78 60 555,3 58 636,5 W 63 + + + + +

59 Corylus avellana 637720 5529249 3880 720 43 121,7 28 534,2 46 700,2 N 43 + + + + +

60 Symphoricarpos albus 636002 5528299 1200 320 16 90,27 11 248,5 54 316,5 E 54 + + + + +

Table 4 (continued)
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In the five most represented species (n ≥ 4) among the 60 affected
trees, most trees showed damage only on one side: unilateral damage
(Damage code 1, Tables 2 and 4). By species and percentages: Acer
platanoides (86%), Carpinus betulus (88%), Tilia sp. (100%), Taxus baccata
(80%) and Thuja occidentalis (100%). On the seven trees not given code
1, the damage spread over thewhole tree, but trees still showed side dif-
ferences. Most of these trees were characterized with sparse leaves or
needles (crown transparency) (Damage code 2, Tables 2 and 4). By spe-
cies and percentages: Acer platanoides (86%), Carpinus betulus (100%),
Taxus baccata (100%) and Thuja occidentalis (100%). In many of the
trees with the one-sided damage, the leaves turned prematurely yellow
or brown in June – this always began at the leaf margins (Damage code
3, Tables 2 and 4). The species with higher percentages were: Acer
platanoides (86%) and Carpinus betulus (100%). In many trees leaves
fall prematurely: Acer platanoides (93%), Carpinus betulus (100%) and
Tilia sp. (100%) (Damage code 5, Tables 2 and 4). Many trees of the spe-
cies Acer platanoides (80%), Taxus baccata (80%) and Thuja occidentalis
(100%) had dead branches (Peak branches dried) (Damage code 6,
Tables 2 and 4). All the trees of the species Taxus baccata (100%) and
Thuja occidentalis (100%) exhibited color change of the needles (Damage
code 10, Tables 2 and 4). Finally, in all trees of the species Taxus baccata,
dead parts were trimmed (Damage code 11, Tables 2 and 4). Some trees
stopped growing in height while, in others, the main guide died (see
Tables 2 and 4).

The 30 randomly selected trees are presented in Table 5 with the
tree code number, the scientific name, the UTM coordinates, the mea-
surements (power flux density) on both sides of each tree, the distance
(meters) to the three nearest antennas, their code number and the
damage codes. Trees in these locations may be in areas with either
high or low radiation. Seventeen trees in this group were situated in
places with low radiation and showed no signs of damage. The
measurements were 8–50 μW/m2 (0.054–0.137 V/m) and showed no
difference between the two opposite sides. Thirteen trees stood in
the radiation field of one or more phone mast. Six of these had
damage only on the side facing a phone mast, and five had
damages on other sides. The measurements on the exposed sides
were 40–4600 μW/m2 (0.122–1.316 V/m).

The 30 trees selected in areas with low radiation (radio shadow of
hills, buildings or trees) are presented in Table 6 with the tree code
number, scientific name, UTM coordinates, measurements (power flux
density) on both sides of each tree, distance (meters) to the three
nearest antennas, their code number and the damage codes. All trees se-
lected in low radiation areas showed no damage (code 13). The power
flux density values measured were 3–40 μW/m2 (0.033–0.122 V/m)
and no significant differences were found between the two opposite
sides.

The trees in randompoints and the trees in areas of low radiation are
represented In Fig. 4 over the electromagneticmapprepared by interpo-
lation of the 144 measurements points.

We performed a Repeated Measures ANOVA analysis in order to in-
clude the measurements of the exposed and shielded side of each tree
(R1 = within subjects factor) in the three groups of trees (damaged,
random, and low radiation), and to avoid pseudoreplication. The com-
parisons of all factor levels revealed significant differences, including
the interaction between factors. A post hoc Bonferroni comparisons
test, recommended for different sized groups of samples, revealed sig-
nificant differences between measurements from the exposed side of
damaged trees and all other groups (Table 7). Fig. 5 shows themeasure-
ments (mean and standard error) in all groups.

In the “Random points” group of trees, we performed another Re-
peated Measures ANOVA (R1 = within subjects factor) for trees dam-
aged and undamaged within this group (Table 8). The results showed
significant differences in both factors, including the interaction, which
means that depending on the group of tree (damaged or undamaged),



Table 5
Results of the tree measurements at the 30 random points.
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1 Salix viminalis 634095 5532455 10 10 63 241,1 58 754,9 60 786,7 +

2 Thuja occidentalis 634760 5532680 500 120 60 119,6 63 524,2 59 763 + + + + +

3 Abies alba 634030 5530490 2200 900 36 201,2 37 418,8 31 447,7 + + + + +

4 Acer campestre 634545 5530739 890 320 56 326,5 31 649,4 57 657,5 + + +

5 Acer platanoides 634557 5530005 4600 1100 31 284,9 30 322,2 62 668,1 + + + + +

6 Picea abies 635311 5530644 1900 210 9 185,6 8 894,8 30 900 + +

7 Thuja occidentalis 635635 5529879 10 10 8 252,5 38 621,9 9 702,6 +

8 Acer platanoides 635693 5529848 2600 310 8 210,9 38 625,5 21 707,1 + + + + +

9 Cornus sanguinea 636415 5530248 40 30 27 559,3 8 614,5 25 750,8 +

10 Acer pseudoplatanus 637525 5530896 50 50 5 270,5 40 298,1 4 366,7 +

11 Syringa 638111 5531436 10 10 39 344,8 40 595,7 18 885,1 +

12 Acer platanoides 'Globorum' 637928 5530541 30 30 18 295,5 55 436,8 4 683,7 +

13 Acer platanoides 637159 5529361 20 15 28 181,7 46 330,8 43 671,3 +

14 Quercus rubra 638342 5528994 1480 570 50 549,7 43 600,8 45 907,4 + + + + +

15 Thuja occidentalis 638359 5528569 25 20 50 275,5 45 653,6 12 866,2 +

16 Tilia sp 637412 5527922 460 320 51 93,6 10 122,5 12 293,8 +

17 Quercus robur 637363 5527807 45 33 10 120 51 137,3 12 389,4 +

18 Larix decidua 637804 5527628 4400 3170 53 125,8 51 396,4 12 408,5 + + + +

19 Acer pseudoplatanus 637919 5527135 760 120 53 418,2 15 530,9 51 849,1 + + + + + +

20 Acer negundo 637329 5526888 190 30 23 865,1 53 879,8 51 990,7 + +

21 Quercus robur 637115 5527423 46 26 23 382 10 511,2 51 578,5 +

22 Thuja occidentalis 637315 5526260 40 13 64 1367 23 1390 53 1421 + +

23 Salix matsudana 'Tortuosa' 635403 5525413 15 12 64 848,8 24 1229 65 1297 +

24 Populus tremula 635410 5525828 15 9 64 596,8 65 882,5 24 897 +

25 Salix matsudana 'Tortuosa' 634981 5526161 41 23 24 369,8 65 665,7 6 777,7 +

26 Prunus sp. 634829 5526050 28 21 24 431,4 65 845,7 6 931,9 +

27 Picea pungens 634791 5526809 470 340 24 329 6 405,3 1 563,6 + + + +

28 Cornus sanguinea 635164 5527863 15 15 52 288,9 26 454,4 47 460,7 +

29 Cornus sanguinea 634905 5528779 20 20 42 65,12 41 242 26 695,1 +

30 Acer negundo 634202 5529092 8 8 42 792,6 41 859 62 886,9 +

Effect codes
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significant or non-significant respectively differences between themea-
surements of the two sides are seen (Fig. 6). A post hoc Bonferroni com-
parisons test showed significant differences between the
measurements from the exposed side of damaged trees and all other
groups in the random points group (Table 8).

Of the 120 trees, thosewith lowermean distance to the three closest
antennas have usually higher values of radiation (Fig. 7). However,
screening is common in cities due to a large amount of buildings, thus
some trees that are close to antennas show lower radiation values
than expected. This means that radiation measurements at points
close to antennas are variable (high and low) while trees farther from
antennas always have low values.

A dossier with documentation gathered over the years and the ex-
amples of tree damages is presented in: http://kompetenzinitiative.
net/KIT/KIT/baeume-in-bamberg/

4. Discussion

In the present study it was useful, that tree damages in the vicinity of
phone masts in Bamberg and Hallstadt had been documented starting
2006. We found a high level of damage to trees in the vicinity of
phone masts. The damage encountered in these trees is not attributable
to harmful organisms, such as diseases, pests or other environmental
factors. These would impact upon the entire tree, whereas damage to
trees in the present study was only found on parts of the tree and only
on one side (unilateral). Therefore, these factors cannot explain the
damage documented here. Generally in all trees of this study, damage
is higher in areas of high radiation and occurs on the side where the
nearest phone mast is located (Table 4 and Fig. 3). Moreover, areas
with more antennas have more levels of radiation and damaged trees
are found most often in these high electromagnetic polluted areas.
These results showed that side differences in damage corresponded to
side differences in measured values of power flux density. This paper
look at the effects on trees, but also provides information on how elec-
tromagnetic radiation is distributed in a city (interpolation map and
Fig. 7).

In this study deciduous and coniferous trees were examined under
the real radiofrequency field conditions around phone masts in Bam-
berg and Hallstadt. Frommost phonemasts a broad band of frequencies
with differentmodulations andpulse frequencies andfluctuatingpower
densities is emitted (GSM 900, GSM 1800, UMTS, LTE, TETRA). Different
signals may have different effects due to their physical parameters
(Belyaev, 2010; IARC, 2013).We do not discriminate between these dif-
ferent signals and cannot answer the question which part of the

http://kompetenzinitiative.net/KIT/KIT/baeume-in-bamberg/
http://kompetenzinitiative.net/KIT/KIT/baeume-in-bamberg/


Table 6
Results of the tree measurements in the 30 points with low radiation.
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1 Acer platanoides 636741 5529855 26 20 25 636,3 33 784,1 35 798,8 +

2 Carpinus betulus 634853 5529041 10 8 42 234,5 62 476,4 41 500,1 +

3 Carpinus betulus 638311 5528439 12 10 50 229,7 45 563,5 12 750 +

4 Carpinus betulus 636753 5529880 8 8 25 609,6 33 811,5 28 823,5 +

5 Carpinus betulus 637817 5527130 15 12 53 432,1 15 633 51 806,6 +

6 Carpinus betulus 634931 5526731 15 15 24 286 6 310,3 65 428,6 +

7 Tilia sp. 636500 5529673 8 8 35 511,4 34 528,3 33 570,3 +

8 Tilia sp. 636824 5529794 17 9 25 635,7 28 713,1 33 755,3 +

9 Quercus robur 636455 5526130 9 8 64 497,5 65 1240 17 1425 +

10 Quercus robur 'Fastigiata' 636178 5528932 10 10 34 282,2 35 306,5 21 332 +

11 Aesculus hippocastanum 636828 5529780 10 10 25 645,5 28 699 33 744,2 +

12 Aesculus carnea 636463 5529709 12 12 35 526,1 34 551,4 33 608,6 +

13 Robinia pseudoacacia 635507 5528534 15 15 14 136,6 13 201,5 26 299,2 +

14 Robinia pseudoacacia 634720 5532783 8 8 60 216,7 63 559,3 59 868,7 +

15 Acer campestre 635697 5528689 40 30 14 136,5 22 155,8 11 246,8 +

16 Acer campestre 636486 5526116 6 6 64 526,2 65 1273 23 1437 +

17 Juglans regia 635744 5528667 20 15 22 119 14 145,7 11 202,8 +

18 Platanus hispanica 635496 5528529 17 15 14 148,4 13 204,1 26 289,9 +

19 Prunus avium 637958 5530874 10 8 18 412,4 40 502,6 39 551,4 +

20 Prunus sp. 636079 5528463 10 10 11 237,5 16 269,7 54 312,7 +

21 Taxus baccata 638407 5528502 5 5 50 316 45 673,6 12 864,8 +

22 Taxus baccata 638222 5531032 10 10 18 474 39 578,6 40 673,1 +

23 Thuja occidentalis 636518 5529853 9 9 8 648,4 35 680 34 705 +

24 Thuja occidentalis 635318 5528784 20 15 42 371,5 14 389,4 13 514,8 +

25 Picea pungens 636512 5529735 17 17 35 571,4 34 590,8 33 632 +

26 Juniperus communis 636549 5529756 8 8 35 607,8 34 623,4 33 653,7 +

27 Cornus sanguinea 638167 5529098 8 6 43 397,2 50 597,9 45 899,8 +

28 Sambucus nigra 635529 5525601 5 5 64 625,2 65 1121 24 1146 +

29 Corylus avellana 636422 5526181 5 3 64 476,4 65 1187 17 1371 +

30 Corylus avellana 636625 5529834 6 6 35 714 34 725,2 25 732,3 +

Effect codes
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radiation has caused the damage. Nevertheless broad bands of frequen-
cies, modulation, pulse frequencies, interferences and other physical
characteristics may play an important role, since in some cases, damage
already appears at low intensities. This can be a shortcoming of the
study.

The aim of the present studywas to find outwhether there is a caus-
al relationship between the unilateral tree damages, which had been
observed since 2006, and the RF-EMF emitted from phone masts and a
preliminary observation tofindoutwhether various species react differ-
ently to RF exposure.

The selection of the 60 unilaterally damaged treeswas limited by the
fact that we could do measurements only up to a height of 6 m. Trees
with damages above the height of 6 m could not be included.

Many factors can affect the health of trees: Air and soil pollutants,
heat, frost, drought, as well as composition, compaction and sealing of
the soil, road salts, root injury due to construction work, diseases and
pests. Most of these factors do not affect a tree only on one side over a
period of N5 years. Industrial air pollutants could eventually cause uni-
lateral damage in direction to an industrial emitter. But the observed
unilateral damages appeared in all directions and were not oriented to
the incineration plant or other industrial plants. Root injury due to con-
struction work can produce damage on one side of a tree, but 24 of the
60 selected trees were situated in gardens, parks or on the cemetery
where they could not be affected by construction damages.

From the damaged side there was always visual contact to one or
more phonemast (s). In each casemeasurements of the powerfluxden-
sity on the damaged sidewhichwas facing a phonemast and on the op-
posite side without (or with less) damage were carried out and the
difference between the measured values on both sides was significant
(Fig. 5), as well as between the exposed side of damaged trees and all
other groups. In all 60 trees the gradient of damage corresponded to a
gradient of measured values. The attenuation of the RF-EMF within
the treetop offers an explanation: a part of the RF-EMF is absorbed by
leaves or needles and another part is reflected, scattered and diffracted.

In the randomely selected group of 30 trees, 17 trees were situated
on places with low radiation. These 17 trees showed no damages, the
measured values were below 50 μW/m2 (0.137 V/m) and there was
no difference between opposite sides as in the low radiation group. On
the other hand, 13 trees grew in the radiation field of one or more
phone mast (s). These trees showed unilateral damage or damage on
different sides. The measured values at damaged trees showed differ-
ences between both sides as in the previous group above.

In the group of 30 trees in areas with low radiation (radio shadow of
hills, buildings or trees and without visual contact to phone masts)



Fig. 4.Mapshowing the 30 trees at randompoints and the 30 trees in areas of low radiation (bothwith codenumbers) over the interpolation electromagneticmapof the 144measurement
points. Phone masts (with code numbers) are also represented.
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there were no unilateral damages. The measured values were below
50 μW/m2 (0.137 V/m) and there was no difference between opposite
sides. These results in the three groups point to a connection between
unilateral tree damage and RF exposure.

In the electromagnetic field of all mobile phone base stations visited
numerous tree damages were observed. The damage occurred in tem-
poral relation with the putting into operation of new mobile phone
base stations. Woody plants of all species are affected (deciduous and
coniferous trees as well as shrubs).

In the five most represented species (n ≥ 4) among the 60 damaged
trees (Acer platanoides, Carpinus betulus, Tilia sp., Taxus baccata and
Thuja occidentalis), most trees showed damage only on one side (Dam-
age code 1, Tables 2 and 4). Most of these trees were characterized with
sparse leaves or needles (crown transparency) (Damage code 2, Tables
2 and 4). In many of the trees with the one-sided damage, the leaves
turned prematurely yellow or brown in June – this always began at
Table 7
Repeatedmeasures ANOVAanalysis and Bonferroni post hoc comparisons (p b 0.01 valueswith
correspond to the maximum/minumum value of radiation respectively for the opposite sides o

SS Degr. of

Intercept 62663309 1
Type of tree 52931692 2
Error 284010086 117
R1 33197069 1
R1*Type of tree 44608664 2
Error 212395158 117

Type of tree R1 {1} {2}

1 Damaged Measurement
Side1

0.000

2 Damaged Measurement
Side2

0.000000*

3 Random Measurement
Side1

0.001829* 1.000

4 Random Measurement
Side2

0.000001* 1.000

5 Low
radiation

Measurement
Side1

0.000000* 1.000

6 Low
radiation

Measurement
Side2

0.000000* 1.000
the leaf margins (Damage code 3, Tables 2 and 4). In many trees leaves
fall prematurely (Damage code 5, Tables 2 and 4) or had dead branches
(Peak branches dried) (Damage code 6, Tables 2 and 4). Some trees
stopped growing in height while, in others, the main guide died (see
Tables 2 and 4).

The differences in susceptibility of different species could be related
to radiofrequency energy absorption properties of the trees (e.g., dielec-
tric property). Perhaps this study cannot answer questions about these
differences, however it is quite possible that differences are related to
the electrical conductivity, related also with the density of the wood
(species of fast or slow growth) and particularly with the percentage
of water in the tissues. Poplars and aspen that grow near rivers and
water bodies in Spain seem to be particularly sensitive to the effects of
radiation. But the waves reflection in the water could also influence.

The results presented here lead us to conclude that damage found in
the selected trees is caused by electromagnetic radiation from phone
*) in the three types of trees (damaged, random, and low radiation).Measurement Side 1/2
f each tree.

MS F p

62663309 25.81460 0.000001*
26465846 10.90280 0.000046*
2427437
33197069 18.28694 0.000039*
22304332 12.28656 0.000014*
1815343

{3} {4} {5} {6}

000* 0.001829* 0.000001* 0.000000* 0.000000*

1.000000 1.000000 1.000000 1.000000

000 1.000000 1.000000 1.000000

000 1.000000 1.000000 1.000000

000 1.000000 1.000000 1.000000

000 1.000000 1.000000 1.000000



Fig. 6. Differences betweenmeasurements in both sides for the damaged and undamaged
treeswithin the random trees group.Measurement side 1/2 correspond to themaximum/
minumum value of radiation respectively for the opposite sides of each tree. The bars
represent means ± standard errors. The central point represents the mean and the
straight line ± 0.95*SE.

Fig. 5.Differences betweenmeasurements in both sides for the three different tree groups:
damaged, random, and low radiation. Measurement Side 1/2 correspond to the
maximum/minumum value of radiation respectively for the opposite sides of each tree.
The bars represent means ± standard errors. The central point represents the mean and
the straight line ± 0.95*SE.

566 C. Waldmann-Selsam et al. / Science of the Total Environment 572 (2016) 554–569
masts, as we proposed in previous studies (Balmori, 2004;
Waldmann-Selsam, 2007; Waldmann-Selsam and Eger, 2013; Balmori,
2014). Interested parties are able to locate the damaged trees found in
this work in Bamberg and Hallstadt with their UTM coordinates. How-
ever, trees with code numbers 20, 38 and 48 (Table 4) have been cut
down and removed.

Research on the effects of radiation from phone masts is advancing
rapidly. In February 2011 the first symposium on the effects of electro-
magnetic radiation on trees took place in Baarn, Netherlands (Schorpp,
2011 - http://www.boomaantastingen.nl/), where similar effects and
results to those found in the current paper were presented.

Although there are some related experiments that show no effect of
long-term exposure (3,5 years), 2450-MHz (continous wave) and
power flux densities from 0.007 to 300 W/m2 on crown transparency,
height growth and photosynthesis of young spruce and beech trees
(Schmutz et al., 1996), this result may not be transferred to modulated
2450-MHz or to other pulsed and modulated frequencies. In addiction,
an increasing number of studies have highlighted biological responses
andmodifications at themolecular andwhole plant level after exposure
to high frequency electromagnetic fields (Vian et al., 2016). Plants can
perceive and respond to various kinds of electromagnetic radiation
over awide range of frequencies. Moreover, a low electric field intensity
(5 V/m) was sufficient to evoke morphological responses (Grémiaux et
al., 2016). Electromagnetic radiation impacts at physiological and
Table 8
Repeated measures ANOVA analysis and Bonferroni post hoc comparisons (p b 0.01 values w
minumum value of radiation respectively for the opposite sides of each tree.

SS Degr. of

Intercept 17829607 1
13 code 16391606 1
Error 30056202 28
R1 3701923 1
R1*13 code 3627579 1
Error 6194761 28

13 code R1 {1}

1 Undamaged Measurement Side
1

2 Undamaged Measurement Side
2

1.000

3 Damaged Measurement Side
1

0.002

4 Damaged Measurement Side
2

0.416
ecological levels (Cammaerts and Johansson, 2015), and evokes a mul-
titude of responses in plants. The effects of high frequency electromag-
netic fields can also take place at the subcellular level: it can alter the
activity of several enzymes, including those of reactive oxygen species
(ROS) metabolism, a well-known marker of plant responses to various
kinds of environmental factors; it evokes the expression of specific
genes previously implicated in plant responses to wounding (gene ex-
pression modifications), and modifies the growth of the whole plants
(Vian et al., 2016). It could be hypothesized that membrane potential
variations in response to electromagnetic radiation exposure may initi-
ate electrical waves of depolarization (AP and/or VP) that could initiate
immediate or delayed growth responses (Grémiaux et al., 2016). It has
been proposed that electromagnetic fields act similarly in plants and
in animals, with the probable activation of calcium channels via their
voltage sensor (Pall, 2016).

Electromagnetic radiation (1800MHz) interferes with carbohydrate
metabolism and inhibits the growth of Zea mays (Kumar et al., 2015).
Furthermore, cell phone electromagnetic radiation inhibits root growth
of the mung bean (Vigna radiata) by inducing ROS-generated oxidative
stress despite increased activities of antioxidant enzymes (Sharma et al.,
2009). Germination rate and embryonic stem length of Triticum
aestivum was also affected by cell phone radiation (Hussein and El-
Maghraby, 2014). After soybeans were exposed to weakmicrowave ra-
diation from the GSM 900 mobile phone and base station, growth of
ith *) in the random trees group. Measurement Side 1/2 correspond to the maximum/

MS F p

17829607 16.60985 0.000343*
16391606 15.27023 0.000538*
1073436
3701923 16.73250 0.000329*
3627579 16.39647 0.000368*
221241

{2} {3} {4}

1.000000 0.002129* 0.416303

000 0.000034* 0.927155

129* 0.000034* 0.000055*

303 0.927155 0.000055*

http://www.boomaantastingen.nl


Fig. 7. Scatterplot showing the correlation between measurements from each of the 120
trees and the mean distance to the three nearest antennas. Dashed lines represent the
0.95 confidence interval.
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epicotyl and hypocotyl was reduced, whereas the outgrowth of roots
was stimulated. These findings indicate that the observed effects were
significantly dependent on field strength as well as amplitude modula-
tion of the applied field (Halgamuge et al., 2015). Phone mast radiation
also affects common cress (Lepidium sativum) seed germination
(Cammaerts and Johansson, 2015). In Arabidopsis thaliana, the long
term exposure to non ionizing radiation causes a reduction in the num-
ber of chloroplasts as well as the decrease of stroma thylakoids and the
photosynthetic pigments (Stefi et al., 2016). Finally, low-intensity expo-
sure to radiofrequencyfields can inducemitotic aberrations in rootmer-
istematic cells of Allium cepa; the observed effects were markedly
dependent on the frequencies applied as well as on field strength and
modulation (Tkalec et al., 2009).

In general, polarization from man-made electromagnetic radiation
appears to have a greater bioactive effect than natural radiation, and sig-
nificantly increases the probability for initiation of biological or health
effects (Panagopoulos et al., 2015).

Tree damages as in Bamberg and Hallstadt were documented by the
authors in several countries: Spain (Valladolid, Salamanca, Madrid, Pa-
lencia, León), Germany (Munich, Nürnberg, Erlangen, Bayreuth,
Neuburg/Donau, Garmisch-Partenkirchen, Murnau, Stuttgart, Kassel,
Fulda, Göttingen, biosphere reserve Rhön, Tegernsee Valley and in sev-
eral small towns), Austria (Graz), Belgium (Brussels) and Luxemburg.

Each phonemast can harmmany trees and each tree can be affected
by several phonemasts belonging to the same or different base stations.
Damaged trees seem to exist around each antenna and the several mil-
lion phone masts in the world could potentially be damaging the
growth and health of millions of trees. This can occur not only in cities,
but also in well-preserved forests, and in natural and national parks,
where base stations are being installed without the necessary prior en-
vironmental impact studies, due to a lack of knowledge of the problem.
For this reason, it is essential for an assessment on the environmental
impact of any new base station prior to implementation.

Additionally, phonemasts can cause a drop in timber productivity in
plantations of pine, poplar, etc., as well as fruits, nuts, etc. Thus, the in-
dustrymust be required to pay damages to plantation owners. Similarly,
as trees are a common social good, the industry should compensate for
damaged and dead trees around theworld due to radiation. Further, the
money spent by municipalities to repair or replace damaged trees
should enter into the computation of costs/benefits of this technology.
For installation of any new technology, the burden of proof should be
to the industry that requires demonstration of safety prior to
deployment.

Electromagnetic radiation from telecommunication antennas affect-
ed the abundance and composition of wild pollinators in natural habi-
tats and these changes in the composition of pollinator communities
associated with electromagnetic smog may have important ecological
and economic impacts on the pollination service that could significantly
affect the maintenance of wild plant diversity, crop production and
human welfare (Lázaro et al., 2016).

Evidence for plant damage due to high frequency electromagnetic
radiationwasnot taken into account in determining the current statuto-
ry regulations (the limit values). Once the problem becomes evident,
the guidelines of radiation emitted by the antennas should be reviewed.
Proper risk assessment of electromagnetic radiation should be under-
taken to develop management strategies for reducing this pollution in
the natural environment (Kumar et al., 2015).

Moreover, due to the lack of recognition, certain modern projects
with interesting ideas for decreasing environmental pollution could
have opposite effects than expected. For example, in the Netherlands,
the TreeWiFi project (http://treewifi.org/),which aims tomotivate people
to use bikes and public transport in order to reduce the [NO2] pollution
providing freeWiFi when air quality improves, could be favoring electro-
magnetic pollutionwith evenmore harmful effects as it has been demon-
strated in this manuscript (see also: http://www.greenpeace.org/canada/
fr/Blog/le-wi-fi-tuerait-les-ar-bres/blog/33569/).

In addition, the number of sector antennas has increased in Bamberg
and this increase appears to be accelerating: 483 sector antennas in
2011 and 779 sector antennas in 2015. Both radiation and damaged
trees represent a loss of quality of life for citizens. This study began
after finding that patients who claimed to be affected by phone masts,
referred to as radiation, live in areas where affected trees and plants
are located. Evidence of radiation damage was even found in potted
plants inside patient homes (Waldmann-Selsam and Eger, 2013).
Thus, this study is certainly complementary to the study by Eger and
Jahn (2010) and other research that has shown effects on the health
of people by phone masts located in their vicinity (Santini et al., 2002;
Eger et al., 2004; Wolf and Wolf, 2004; Abdel-Rassoul et al., 2007;
Khurana et al., 2010; Dode et al., 2011; Gómez-Perretta et al., 2013;
Shahbazi-Gahrouei et al., 2014; Belyaev et al., 2015).

In the introduction to the International Seminar on “Effects of Elec-
tromagnetic Fields on the Living Environment” in 1999 in Ismaning,
Germany, organized byWHO, ICNIRP and German Federal Office for Ra-
diation Protection (BfS), M. Repacholi, head of the International EMF
Project of the WHO, said: “By comparison, influences of these fields on
plants, animals, birds and other living organismshave not been properly
examined. Given that any adverse impacts on the environment will ul-
timately affect human life, it is difficult to understand why more work
has not been done. There are many questions that need to be raised:
…” and “…it seems that research should focus on the long-term, low-
level EMF exposure forwhich almost no information is available. Specif-
ic topics that need to be addressed include: … EMF influences on agri-
cultural plants and trees” (Matthes et al., 2000).
5. Conclusions

In this studywe found a high-level damage in trees within the vicin-
ity of phone masts. Preliminary laboratory studies have indicated some
deleterious effects of radiofrequency radiation. However, these early
warnings have had no success and deployment has been continued
without consideration of environmental impact.

We observed trees with unilateral damage in the radiation field of
phone masts. We excluded the possibility that root injury due to con-
struction work or air pollutants could have caused the unilateral dam-
age. We found out that from the damaged side there was always
visual contact to one or more phone mast (s).

Statistical analyses demonstrated that the electromagnetic radiation
from cellphone towers is harmful to trees. Results show that the mea-
surements in the most affected sides of damaged trees (i.e. those that
withstand higher radiation levels) are different to all other groups.
These results are consistent with the fact that damage inflicted on

http://treewifi.org
http://www.greenpeace.org/canada/fr/Blog/le-wi-fi-tuerait-les-ar-bres/blog/33569/
http://www.greenpeace.org/canada/fr/Blog/le-wi-fi-tuerait-les-ar-bres/blog/33569/
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trees by cellphone towers usually start on one side, extending to the
whole tree over time.

The occurrence of unilateral damage is the most important fact in
our study and an important argument for a causal relationship with
RF-EMF, as it supplies evidence for non-thermal RF-EMF effects. This
constitutes a danger for trees worldwide. The further deployment of
phone masts has to be stopped. Scientific research on trees under the
real radiofrequency field conditions must continue.
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Chapter One: The Corrupted Network 

Renee Sharp seemed proud to discuss her spring 2014 meeting with the Federal 
Communications Commission. 

As research director for the non-profit Environmental Working Group, Sharp doesn‘t get 
many chances to visit with the FCC. But on this occasion she was able to express her concerns 
that lax FCC standards on radiation from wireless technologies were especially hazardous for 
children. 

The FCC, however, should have little trouble dismissing those concerns. 

Arguing that current standards are more than sufficient and that children are at no elevated 
risk from microwave radiation, wireless industry lobbyists don‘t generally have to set up 
appointments months in advance. They are at the FCC‘s door night and day. 

Indeed, a former executive with the Cellular Telecommunications Industry Association 
(CTIA), the industry‘s main lobbying group, has boasted that the CTIA meets with FCC officials 
―500 times a year.‖1 

Sharp does not seem surprised. ―There‘s no question that the government has been under the 
influence of industry. The FCC is a captured agency,‖ she said.2  

Captured agency. 

That‘s a term that comes up time and time again with the FCC. Captured agencies are 
essentially controlled by the industries they are supposed to regulate. A detailed look at FCC 
actions—and non-actions—shows that over the years the FCC has granted the wireless industry 
pretty much what it has wanted. Until very recently it has also granted cable what it wants. More 
broadly, the FCC has again and again echoed the lobbying points of major technology interests. 

 Money—and lots of it—has played a part. The National Cable and Telecommunications 
Association (NCTA) and CTIA have annually been among Washington‘s top lobbying spenders. 
CTIA alone lobbied on at least 35 different Congressional bills through the first half of 2014. 
Wireless market leaders AT&T and Verizon work through CTIA. But they also do their own 
lobbying, spending nearly $15 million through June of 2014, according to data from the Center 
for Responsive Politics (CRP). In all, CTIA, Verizon, AT&T, T-Mobile USA, and Sprint spent 
roughly $45 million lobbying in 2013. Overall, the Communications/Electronics sector is one of 
Washington‘s super heavyweight lobbyists, spending nearly $800 million in 2013-2014, 
according to CRP data. 

But direct lobbying by industry is just one of many worms in a rotting apple. The FCC sits at 
the core of a network that has allowed powerful moneyed interests with limitless access a variety 
of ways to shape its policies, often at the expense of fundamental public interests. 



 As a result, consumer safety, health, and privacy, along with consumer wallets, have all been 
overlooked, sacrificed, or raided due to unchecked industry influence. The cable industry has 
consolidated into giant local monopolies that control pricing while leaving consumers little 
choice over content selection. Though the FCC has only partial responsibility, federal regulators 
have allowed the Internet to grow into a vast hunting grounds for criminals and commercial 
interests: the go-to destination for the surrender of personal information, privacy and identity. 
Most insidious of all, the wireless industry has been allowed to grow unchecked and virtually 
unregulated, with fundamental questions on public health impact routinely ignored. 

Industry controls the FCC through a soup-to-nuts stranglehold that extends from its well-
placed campaign spending in Congress through its control of the FCC‘s Congressional oversight 
committees to its persistent agency lobbying. ―If you‘re on a committee that regulates industry 
you‘ll be a major target for industry,‖ said Twaun Samuel, chief of staff for Congresswoman 
Maxine Waters.3 Samuel several years ago helped write a bill aimed at slowing the revolving 
door. But with Congress getting its marching orders from industry, the bill never gained any 
traction. 

Industry control, in the case of wireless health issues, extends beyond Congress and 
regulators to basic scientific research. And in an obvious echo of the hardball tactics of the 
tobacco industry, the wireless industry has backed up its economic and political power by 
stonewalling on public relations and bullying potential threats into submission with its huge 
standing army of lawyers. In this way, a coddled wireless industry intimidated and silenced the 
City of San Francisco, while running roughshod over local opponents of its expansionary 
infrastructure. 

On a personal level, the entire system is greased by the free flow of executive leadership 
between the FCC and the industries it presumably oversees. Currently presiding over the FCC is 
Tom Wheeler, a man who has led the two most powerful industry lobbying groups: CTIA and 
NCTA. It is Wheeler who once supervised a $25 million industry-funded research effort on 
wireless health effects. But when handpicked research leader George Carlo concluded that 
wireless radiation did raise the risk of brain tumors, Wheeler‘s CTIA allegedly rushed to muffle 
the message. ―You do the science. I‘ll take care of the politics,‖ Carlo recalls Wheeler saying.4 

Wheeler over time has proved a masterful politician. President Obama overlooked Wheeler‘s 
lobbyist past to nominate him as FCC chairman in 2013. He had, after all, raised more than 
$700,000 for Obama‘s presidential campaigns. Wheeler had little trouble earning confirmation 
from a Senate whose Democrats toed the Presidential line and whose Republicans understood 
Wheeler was as industry-friendly a nominee as they could get. And while Wheeler, at the behest 
of his Presidential sponsor, has taken on cable giants with his plans for net neutrality and shown 
some openness on other issues, he has dug in his heels on wireless. 



 Newly ensconced as chairman of the agency he once blitzed with partisan pitches, Wheeler 
sees familiar faces heading the industry lobbying groups that ceaselessly petition the FCC. At 
CTIA, which now calls itself CTIA - The Wireless Association, former FCC commissioner 
Meredith Atwell Baker is in charge.  

 

And while cell phone manufacturers like Apple and Samsung, along with wireless service 
behemoths like Verizon and AT&T, are prominent CTIA members, the infrastructure of 300,000 
or more cellular base stations and antenna sites has its own lobbying group: PCIA, the Wireless 
Infrastructure Association. The President and CEO of PCIA is Jonathan Adelstein, another 
former FCC commissioner. Meanwhile, the cable industry‘s NCTA employs former FCC 
chairman Michael Powell as its president and CEO. Cozy, isn‘t it?  

FCC commissioners in 2014 received invitations to the Wireless Foundation‘s May 19th 
Achievement Awards Dinner. Sounds harmless, but for the fact that the chief honoree at the 
dinner was none other than former wireless lobbyist but current FCC Chairman Tom Wheeler. Is 
this the man who will act to look impartially at the growing body of evidence pointing to health 
and safety issues?  

The revolving door also reinforces the clout at another node on the industry-controlled 
influence network. Members of congressional oversight committees are prime targets of 



industry. The cable industry, for example, knows that key legislation must move through the 
Communications and Technology Subcommittee of the House Energy and Commerce 
Committee. Little wonder then that subcommittee chairman Greg Walden was the second 
leading recipient (after Speaker John Boehner) of cable industry contributions in the last six 
years (through June 30, 2014). In all, Walden, an Oregon Republican, has taken over $108,000 
from cable and satellite production and distribution companies.5 But he is not alone. Six of the 
top ten recipients of cable and satellite contributions sit on the industry‘s House oversight 
committee. The same is true of senators on the cable oversight committee. Committee members 
were six of the ten top recipients of campaign cash from the industry.6  

 



 

 



 

The compromised FCC network goes well beyond the revolving door and congressional 
oversight committees. The Washington social scene is one where money sets the tone and throws 
the parties. A look at the recent calendar of one current FCC commissioner shows it would take 
very disciplined and almost saintly behavior on the part of government officials to resist the lure 
of lavishly catered dinners and cocktail events. To paraphrase iconic investigative journalist I.F. 
Stone, if you‘re going to work in Washington, bring your chastity belt. 

All that free liquor, food and conviviality translates into the lobbyist‘s ultimate goal: access. 
―They have disproportionate access,‖ notes former FCC commissioner Michael Copps. ―When 
you are in a town where most people you see socially are in industry, you don‘t have to ascribe 
malevolent behavior to it,‖ he added.7 

Not malevolent in motive. But the results can be toxic. And blame does not lie solely at the 
feet of current commissioners. The FCC‘s problems predate Tom Wheeler and go back a long 
way. 

Indeed, former Chairman Newton Minow, enduringly famous for his 1961 description of 
television as a ―vast wasteland,‖ recalls that industry manipulation of regulators was an issue 
even back then. ―When I arrived, the FCC and the communications industry were both regarded 
as cesspools. Part of my job was to try to clean it up.‖

8 

More than 50 years later, the mess continues to pile up. 

  



Chapter Two: Just Don’t Bring Up Health 

Perhaps the best example of how the FCC is tangled in a chain of corruption is the cell tower 
and antenna infrastructure that lies at the heart of the phenomenally successful wireless industry. 

It all begins with passage of the Telecommunications Act of 1996, legislation once described 
by South Dakota Republican senator Larry Pressler as ―the most lobbied bill in history.‖ Late 
lobbying won the wireless industry enormous concessions from lawmakers, many of them major 
recipients of industry hard and soft dollar contributions. Congressional staffers who helped 
lobbyists write the new law did not go unrewarded. Thirteen of fifteen staffers later became 
lobbyists themselves.9 

Section 332(c)(7)(B)(iv) of the Act remarkably—and that adverb seems inescapably best 
here—wrests zoning authority from local governments. Specifically, they cannot cite health 
concerns about the effects of tower radiation to deny tower licenses so long as the towers comply 
with FCC regulations. 

 

 In preempting local zoning authority—along with the public‘s right to guard its own safety 
and health— Congress unleashed an orgy of infrastructure build-out. Emboldened by the 
government green light and the vast consumer appetite for wireless technology, industry has had 
a free hand in installing more than 300,000 sites. Church steeples, schoolyards, school rooftops, 
even trees can house these facilities. 

Is there any reason to believe that the relatively low level radiofrequency emissions of these 
facilities constitute a public health threat? Certainly, cell phones themselves, held close to the 
head, have been the focus of most concern on RF emissions. Since the impact of RF diminishes 
with distance, industry advocates and many scientists dismiss the possibility that such structures 
pose health risks. 



But it‘s not really that simple. A troubling body of evidence suggests exposure to even low 
emission levels at typical cellular frequencies between 300 MHz and 3 GHz can have a wide 
range of negative effects. 

In a 2010 review of research on the biological effects of exposure to radiation from cell tower 
base stations, B. Blake Levitt and Henry Lai found that ―some research does exist to warrant 
caution in infrastructure siting.‖

10 They summarized the results on one 2002 study that compared 
the health of 530 people living at various distances within 300 meters of cell towers with a 
control group living more than 300 meters away. ―Results indicated increased symptoms and 
complaints the closer a person lived to a tower. At <10 m, symptoms included nausea, loss of 
appetite, visual disruptions, and difficulties in moving. Significant differences were observed up 
through 100 m for irritability, depressive tendencies, concentration difficulties, memory loss, 
dizziness, and lower libido.‖

11 

A 2007 study conducted in Egypt found similar results. Levitt and Lai report, ―Headaches, 
memory changes, dizziness, tremors, depressive symptoms, and sleep disturbance were 
significantly higher among exposed inhabitants than controls.‖12  

Beyond epidemiological studies, research on a wide range of living things raises further red 
flags. A 2013 study by the Indian scientists S. Sivani and D. Sudarsanam reports: ―Based on 
current available literature, it is justified to conclude that RF-EMF [electro magnetic fields] 
radiation exposure can change neurotransmitter functions, blood-brain barrier, morphology, 
electrophysiology, cellular metabolism, calcium efflux, and gene and protein expression in 
certain types of cells even at lower intensities.‖

13 

The article goes on to detail the effects of mobile tower emissions on a wide range of living 
organisms: ―Tops of trees tend to dry up when they directly face the cell tower antennas. . . . A 
study by the Centre for Environment and Vocational Studies of Punjab University noted that 
embryos of 50 eggs of house sparrows were damaged after being exposed to mobile tower 
radiation for 5-30 minutes. . . . In a study on cows and calves on the effects of exposure from 
mobile phone base stations, it was noted that 32% of calves developed nuclear cataracts, 3.6% 
severely.‖14 

Does any of this constitute the conclusive evidence that would mandate much tighter control 
of the wireless infrastructure? Not in the estimation of industry and its captured agency. Citing 
other studies—often industry-funded—that fail to establish health effects, the wireless industry 
has dismissed such concerns. The FCC has typically echoed that position. 

Keep in mind that light regulation has been one factor in the extraordinary growth of 
wireless—CTIA says exactly that in a Web post that credits the Clinton Administrations light 
regulatory touch.  



 

Obviously, cellular technology is wildly popular because it offers many benefits to 
consumers. But even allowing for that popularity and for the incomplete state of science, don‘t 
some of these findings raise enough concern to warrant some backtracking on the ham-fisted 
federal preemption of local zoning rights? 

In reality, since the passage of the 1996 law, the very opposite has occurred. Again and again 
both Congress and the FCC have opted to stiffen—rather than loosen—federal preemption over 
local zoning authority. In 2009, for example, the wireless industry convinced the FCC to impose 
a ―shot clock‖ that requires action within 90 days on many zoning applications. ―My sense is that 
it was an industry request,‖ said Robert Weller, who headed up the FCC‘s Office of Engineering 
and Technology when the shot clock was considered and imposed.15  

And just last November, the FCC voted to further curb the rights of local zoning officials to 
control the expansion of antenna sites Again and again, Congress and the FCC have extended the 
wireless industry carte blanche to build out infrastructure no matter the consequences to local 
communities. 

The question that hangs over all this: would consumers‘ embrace of cell phones and Wi-Fi be 
quite so ardent if the wireless industry, enabled by its Washington errand boys, hadn‘t so 
consistently stonewalled on evidence and substituted legal intimidation for honest inquiry? (See 
Appendix for online study of consumer attitudes on wireless health and safety.) 

Document searches under the Freedom of Information Act reveal the central role of Tom 
Wheeler and the FCC in the tower siting issue. As both lobbyist and FCC chairman, Wheeler has 
proved himself a good friend of the wireless industry. 

 In January of 1997, CTIA chieftain Wheeler wrote FCC Wireless Telecommunications 
Bureau Chief Michele C. Farquhar citing several municipal efforts to assert control over siting. 
Wheeler, for example, asserted that one New England state had enacted a law requiring its Public 
Service Commissioner to issue a report on health risks posed by wireless facilities.16 He 



questions whether such a study—and regulations based on its results—would infringe on FCC 
preemption authority. 

 FCC bureau chief Farquhar hastily reassured Wheeler that no such study could be consulted 
in zoning decisions. ―Therefore, based on the facts as you have presented them, that portion of 
the statute that directs the State Commissioner to recommend regulations based upon the study‘s 
findings would appear to be preempted,‖17 the FCC official wrote to Wheeler. She emphasized 
that the state had the right to do the study. It just couldn‘t deny a siting application based on 
anything it might learn. 

The FCC in 1997 sent the message it has implicitly endorsed and conveyed ever since: study 
health effects all you want. It doesn‘t matter what you find. The build-out of wireless cannot be 
blocked or slowed by health issues. 

Now let‘s fast forward to see Wheeler on the other side of the revolving door, interacting as 
FCC chairman with a former FCC commissioner who is now an industry lobbyist. 

A March 14, 2014 letter18 reveals the chummy relationship between Wheeler and former 
commissioner Jonathan Adelstein, now head of PCIA, the cellular infrastructure lobbying group. 
It also references FCC Chairman Wheeler seeking policy counsel from lobbyist Adelstein:  

 

 “Tom – It was great to see you the other night at the FCBA event, and wonderful to see how 
much fun you’re having (if that’s the right word). I know I enjoyed my time there (thanks to your 
help with Daschle in getting me that role in the first place!).” 

 “Thanks for asking how we think the FCC can help spur wireless broadband deployment,” 
the wireless lobbyist writes to the ex-wireless lobbyist, now running the FCC. 



 Adelstein‘s first recommendation for FCC action: “Amend its rules to categorically exclude 
DAS and small deployments [Ed. note: these are compact tower add-ons currently being widely 
deployed] from environmental and historic review.” Adelstein outlined other suggestions for 
further limiting local antenna zoning authority and the FCC soon did its part. Late last year, the 
agency proposed new rules that largely (though not entirely) complied with the antenna 
industry‘s wish list.  

James R. Hobson is an attorney who has represented municipalities in zoning issues 
involving the FCC. He is also a former FCC official, who is now of counsel at Best, Best and 
Krieger, a Washington-based municipal law practice. ―The FCC has been the ally of industry,‖ 
says Hobson. Lobbyist pressure at the FCC was intense even back in the 70s, when he was a 
bureau chief there. ―When I was at the FCC, a lot of my day was taken up with appointments 
with industry lobbyists.‖ He says of the CTIA that Wheeler once headed: ―Their reason for being 
is promoting the wireless industry. And they‘ve been successful at it.‖19 

The FCC‘s deferential compliance has allowed industry to regularly bypass and if necessary 
steamroll local authorities. Violation of the FCC-imposed ―shot clock,‖ for example, allows the 
wireless license applicant to sue. 

The FCC‘s service to the industry it is supposed to regulate is evidently appreciated. The 
CTIA web site, typically overflowing with self-congratulation, spreads the praise around in 
acknowledging the enabling contributions of a cooperative FCC. In one brief summation of its 
own glorious accomplishments, CTIA twice uses the word ―thankfully‖ in describing favorable 
FCC actions. 

In advancing the industry agenda, the FCC can claim that it is merely reflecting the will of 
Congress. But the agency may not be doing even that. 

 Remember the key clause in the 96 Telecom Act that disallowed denial of zoning permits 
based on health concerns? Well, federal preemption is granted to pretty much any wireless outfit 
on just one simple condition: its installations must comply with FCC radiation emission 
standards. In view of this generous carte blanche to move radiation equipment into 
neighborhoods, schoolyards and home rooftops, one would think the FCC would at the very least 
diligently enforce its own emission standards. But that does not appear to be the case. 

Indeed, one RF engineer who has worked on more than 3,000 rooftop sites found vast 
evidence of non-compliance. Marvin Wessel estimates that ―10 to 20% exceed allowed radiation 
standards.‖

20 With 30,000 rooftop antenna sites across the U.S. that would mean that as many as 
6,000 are emitting radiation in violation of FCC standards. Often, these emissions can be 600% 
or more of allowed exposure levels, according to Wessel. 

Antenna standards allow for higher exposure to workers. In the case of rooftop sites, such 
workers could be roofers, painters, testers and installers of heating and air conditioning 



equipment, to cite just a few examples. But many sites, according to Wessel, emit radiation at 
much higher levels than those permitted in occupational standards. This is especially true of sites 
where service providers keep adding new antenna units to expand their coverage. ―Some of these 
new sites will exceed ten times the allowable occupational radiation level,‖ said Wessel.21 
Essentially, he adds, this means that nobody should be stepping on the roof. 

―The FCC is not enforcing its own standard,‖ noted Janet Newton, who runs the EMF Policy 
Institute, a Vermont-based non-profit. That group several years ago filed 101 complaints on 
specific rooftop sites where radiation emissions exceeded allowable levels. ―We did this as an 
exercise to hold the FCC‘s feet to the fire,‖ she said. But the 101 complaints resulted in few 
responsive actions, according to Newton.22  

Former FCC official Bob Weller confirms the lax—perhaps negligible is the more 
appropriate word—FCC activity in enforcing antenna standards. ―To my knowledge, the 
enforcement bureau has never done a targeted inspection effort around RF exposure,‖ he said.23 
Budget cuts at the agency have hurt, limiting the FCC‘s ability to perform field inspections, he 
added. But enforcement, he adds, would do wonders to insure industry compliance with its 
limited regulatory compliance requirements. ―If there were targeted enforcement and fines issued 
the industry would pay greater attention to ensuring compliance and self-regulation,‖ he allowed. 

Insurance is where the rubber hits the road on risk. So it is interesting to note that the rating 
agency A.M. Best, which advises insurers on risk, in 2013 topped its list of ―emerging 
technology-based risks‖ with RF Radiation:  

“The risks associated with long-term use of cell phones, although much studied over the 
past 10 years, remain unclear. Dangers to the estimated 250,000 workers per year who 
come in close contact with cell phone antennas, however, are now more clearly 
established. Thermal effects of the cellular antennas, which act at close range essentially 
as open microwave ovens can include eye damage, sterility and cognitive impairments. 
While workers of cellular companies are well trained on the potential dangers, other 
workers exposed to the antennas are often unaware of the health risks. The continued 
exponential growth of cellular towers will significantly increase exposure of these 
workers and others coming into close contact with high-energy cell phone antenna 
radiation,” A.M. Best wrote.24 

So what has the FCC done to tighten enforcement? Apparently, not very much. Though it 
does follow up on many of the complaints filed against sites alleged to be in violation of 
standards it takes punitive actions very rarely. (The FCC did not provide answers to written 
questions on details of its tower enforcement policies.) 

The best ally of industry and the FCC on this (and other) issues may be public ignorance. 



An online poll conducted for this project asked 202 respondents to rate the likelihood of a 
series of statements.25 Most of the statements were subject to dispute. Cell phones raise the risk 
of certain health effects and brain cancer, two said. There is no proof that cell phones are 
harmful, another declared. But among the six statements there was one statement of indisputable 
fact: ―The U.S. Congress forbids local communities from considering health effects when 
deciding whether to issue zoning permits for wireless antennae,‖ the statement said. 

Though this is a stone cold fact that the wireless industry, the FCC and the courts have all 
turned into hard and inescapable reality for local authorities, just 1.5% of all poll respondents 
replied that it was ―definitely true.‖  

Public ignorance didn‘t take much cultivation by the wireless industry on the issue of local 
zoning. And maybe it doesn‘t matter much, considering the enormous popularity of wireless 
devices. But let‘s see how public ignorance has been cultivated and secured—with the FCC‘s 
passive support—on the potentially more disruptive issue of mobile phone health effects. 

  



Chapter Three: Wireless Bullies and the Tobacco Analogy 

Issues of cable and net neutrality have recently attracted wide public attention (more on that 
in Chapter Six). Still, the bet here remains that future judgment of the FCC will hinge on its 
handling of wireless health and safety issues. 

And while the tower siting issue is an egregious example of an industry-dominated political 
process run amuck, the stronger health risks appear to reside in the phones themselves. This is an 
issue that has flared up several times in recent years. Each time, industry has managed to beat 
back such concerns. But it‘s worth noting that the scientific roots of concern have not 
disappeared. If anything, they‘ve thickened as new research substantiates older concerns. 

The story of an FCC passively echoing an industry determined to play hardball with its 
critics is worth a further look. The CTIA‘s own website acknowledges the helpful hand of 
government‘s ―light regulatory touch‖ in allowing the industry to grow.26  

Former congressman Dennis Kucinich ventures one explanation for the wireless industry‘s 
success in dodging regulation: ―The industry has grown so fast its growth has overtaken any 
health concerns that may have gained attention in a slow growth environment. The proliferation 
of technology has overwhelmed all institutions that would have attempted safety testing and 
standards,‖ Kucinich said.27  

But the core questions remain: Is there really credible evidence that cell phones emit harmful 
radiation that can cause human health problems and disease? Has the FCC done an adequate job 
in protecting consumers from health risks? Or has it simply aped industry stonewalling on health 
and safety issues?  

Before wading into these questions, some perspective is in order. 

First, there‘s simply no denying the usefulness and immense popularity of wireless 
technology. People depend on it for safety, information, entertainment and communication. It 
doesn‘t take a keen social observer to know that wireless has thoroughly insinuated itself into 
daily life and culture. 

The unanswered question, though, is whether consumers would embrace the technology quite 
so fervently if health and safety information was not spun, filtered and clouded by a variety of 
industry tactics. 

To gain some insight into this question, we conducted an online survey of 202 respondents, 
nearly all of whom own cell phones, on Amazon‘s Mechanical Turk Web platform (see 
Appendix). One striking set of findings: many respondents claim they would change behavior—
reduce wireless use, restore landline service, protect their children—if claims on health dangers 
of wireless are true. 



It is not the purpose of this reporter to establish that heavy cell phone usage is dangerous. 
This remains an extremely controversial scientific issue with new findings and revised scientific 
conclusions repeatedly popping up. Just months ago, a German scientist who had been outspoken 
in denouncing the view that cell phones pose health risks reversed course. In an April 2015 
publication, Alexander Lerchl reported results confirming previous research on the tumor-
promoting effects of electromagnetic fields well below human exposure limits for mobile 
phones. ―Our findings may help to understand the repeatedly reported increased incidences of 
brain tumors in heavy users of mobile phones,‖ the Lerchl team concluded.28 And in May 2015, 
more than 200 scientists boasting over 2,000 publications on wireless effects called on global 
institutions to address the health risks posed by this technology. 

But the National Cancer Institute still contends that no cell phone dangers have been 
established. A representative of NCI was the sole known dissenter among the 30 members of the 
World Health Organization‘s International Agency for Research on Cancer (IARC) when it 
voted to declare wireless RF ―possibly carcinogenic.‖

29 If leading scientists still can‘t agree, I 
will not presume to reach a scientific conclusion on my own. 

 



But let‘s at least look at some of the incriminating clues that health and biology research has 
revealed to date. And let‘s look at the responses of both industry and the FCC. 

 The most widely cited evidence implicating wireless phones concerns gliomas, a very 
serious type of brain tumor. The evidence of elevated risk for such tumors among heavy cell 
phone users comes from several sources. 

 Gliomas account for roughly half of all malignant brain tumors, which are relatively rare. 
The annual incidence of primary malignant brain tumors in the U.S. is only 8.2 per 100,000 
people, according to the International Radio Surgery Association. 

Still, when projected over the entire U.S. population, the public health impact is potentially 
very significant. 

Assuming roughly four new glioma cases annually in the U.S. per 100,000 people, yields 
over 13,000 new cases per year over a total U.S. population of 330 million. Even a doubling of 
that rate would mean 13,000 new gliomas, often deadly, per year. A tripling, as some studies 
have found, could mean as many as 26,000 more new cases annually. Indeed, the respected 
online site Medscape in January 2015 reported results of Swedish research under the headline: 
Risk for Glioma Triples With Long-Term Cell Phone Use.30  

 And here‘s some eye-opening quantitative perspective: the wars in Iraq and Afghanistan, 
waged now for more than a decade each, have together resulted in roughly 7,000 U.S. deaths. 

Preliminary—though still inconclusive—research has suggested other potential negative 
health effects. Swedish, Danish and Israeli scientists have all found elevated risk of salivary 
gland tumors. One Israeli studied suggested elevated thyroid cancer risk. Some research has 
found that men who carry their phones in their pockets may suffer sperm count damage. One 
small study even suggests that young women who carry wireless devices in their bras are 
unusually vulnerable to breast cancer. 

And while industry and government have never accepted that some portion of the population 
is unusually sensitive to electromagnetic fields, many people continue to complain of a broad 
range of symptoms that include general weakness, headaches, nausea and dizziness from 
exposure to wireless. 

Some have suggested that the health situation with wireless is analogous to that of tobacco 
before court decisions finally forced Big Tobacco to admit guilt and pay up. In some ways, the 
analogy is unfair. Wireless research is not as conclusively incriminating as tobacco research was. 
And the identified health risks with wireless, significant as they are, still pale compared with 
those of tobacco. 

 But let‘s not dismiss the analogy outright. There is actually a very significant sense in which 
the tobacco-wireless analogy is uncannily valid. 



People tend to forget that the tobacco industry—like the wireless industry—also adopted a 
policy of tone-deaf denial. As recently as 1998, even as evidence of tobacco toxicity grew 
overwhelming, cigarette maker Phillip Morris was writing newspaper advertorials insisting there 
was no proof smoking caused cancer. 

It seems significant that the responses of wireless and its captured agency—the FCC—
feature the same obtuse refusal to examine the evidence. The wireless industry reaction features 
stonewalling public relations and hyper aggressive legal action. It can also involve undermining 
the credibility and cutting off the funding for researchers who do not endorse cellular safety. It is 
these hardball tactics that look a lot like 20th century Big Tobacco tactics. It is these hardball 
tactics—along with consistently supportive FCC policies—that heighten suspicion the wireless 
industry does indeed have something to hide. 

Begin with some simple facts issuing from meta-analysis of cellular research. Dr. Henry Lai, 
emeritus professor of bioengineering at the University of Washington, has reviewed hundreds of 
published scientific papers on the subject. He wanted to see how many studies demonstrated that 
non-ionizing radiation produces biological effects beyond the heating of tissue. This is critical 
since the FCC emission standards protect only against heating. The assumption behind these 
standards is that there are no biological effects beyond heating. 

But Dr. Lai found that just over half—actually 56%—of 326 studies identified biological 
effects. And the results were far more striking when Dr. Lai divided the studies between those 
that were industry-funded and those that were independently funded. Industry-funded research 
identified biological effects in just 28% of studies. But fully 67% of non-industry funded studies 
found biological effects (Insert Slide—Cell Phone Biological Studies). 

A study conducted by Swiss and British scientists also looked at how funding sources 
affected scientific conclusions on the possible health effects of cell phone usage. They found that 
of studies privately funded, publicly funded and funded with mixed sponsorship, industry-funded 
studies were ―least likely to report a statistically significant result.‖31 ―The interpretation of 
results from studies of health effects of radiofrequency radiation should take sponsorship into 
account,‖ the scientists concluded.32  

So how does the FCC handle a scientific split that seems to suggest bias in industry-
sponsored research?  

 In a posting on its Web site that reads like it was written by wireless lobbyists, the FCC 
chooses strikingly patronizing language to slight and trivialize the many scientists and health and 
safety experts who‘ve found cause for concern. In a two page Web post titled ―Wireless Devices 
and Health Concerns,‖ the FCC four times refers to either ―some health and safety interest 
groups,‖ ―some parties,‖ or ―some consumers‖ before in each case rebutting their presumably 
groundless concerns about wireless risk.33 Additionally, the FCC site references the World 
Health Organization as among those organizations who‘ve found that ―the weight of scientific 



evidence‖ has not linked exposure to radiofrequency from mobile devices with ―any known 
health problems.‖ 

Yes, it‘s true that the World Health organization remains bitterly divided on the subject. But 
it‘s also true that a 30 member unit of the WHO called the International Agency for Research on 
Cancer (IARC) was near unanimous in pronouncing cell phones ―possibly carcinogenic‖ in 
2011. How can the FCC omit any reference to such a pronouncement? Even if it finds reason to 
side with pro-industry scientists, shouldn‘t this government agency also mention that cell phones 
are currently in the same potential carcinogen class as lead paint?  

Now let‘s look a bit more closely at the troublesome but presumably clueless crowd of ―some 
parties‖ that the FCC so cavalierly hastens to dismiss? Let‘s begin with Lennart Hardell, 
professor of Oncology and Cancer Epidemiology at the University Hospital in Oreboro, Sweden. 

Until recently it was impossible to gain any real sense of brain tumor risk from wireless since 
brain tumors often take 20 or more years to develop. But the cohort of long-term users has been 
growing. In a study published in the International Journal of Oncology in 2013, Dr. Hardell and 
Dr. Michael Carlberg found that the risk of glioma—the most deadly type of brain cancer—rose 
with cell phone usage. The risk was highest among heavy cell phone users and those who began 
to use cell phones before the age of 20.34  

 Indeed, those who used their phones at least 1640 hours (which would be roughly 30 
minutes a day for nine years) had nearly three times the glioma incidence. Drs. Hardell and 
Carlberg also found that gliomas tend to be more deadly among heavy wireless callers.35  

Perhaps of greatest long-term relevance, glioma risk was found to be four times higher 
among those who began to use mobile phones as teenagers or earlier. These findings, along with 
the established fact that it generally takes decades for tumors induced by environmental agents to 
appear, suggest that the worst consequences of omnipresent wireless devices have yet to be seen. 

In a 2013 paper published in Reviews on Environmental Health, Drs. Hardell and Carlberg 
argued that the 2011 finding of the IARC that identified cell phones as a ―possibly carcinogenic‖ 

needs to be revised. The conclusion on radiofrequency electromagnetic fields from cell phones 
should now be ―cell phones are not just a possible carcinogen.‖ They can now be ―regarded as 
carcinogenic to humans‖ and the direct cause of gliomas (as well as acoustic neuromas, a less 
serious type of tumor).36 Of course, these views are not universally accepted. 

The usual spin among industry supporters when presented with research that produces 
troubling results is along the lines of: ―We might pay attention if the results are duplicated.‖ In 
fact, the Hardell results were echoed in the French CERENAT study, reported in May of 2014. 
The CERENAT study also found higher risk among heavy users, defined as those using their 
phones at least 896 hours (just 30 minutes a day for five years). ―These additional data support 



previous findings concerning a possible association between heavy mobile phone use and brain 
tumors,‖ the study concluded.37 

Cell phones are not the only wireless suspects. Asked what he would do if he had policy-
making authority, Dr. Hardell swiftly replied that he would ―ban wireless use in schools and pre-
schools. You don‘t need Wi-Fi,‖ he noted.38 This is especially interesting in view of the FCC‘s 
sharply hiked spending to promote and extend Wi-Fi usage, as well as its consistent refusal to set 
more stringent standards for children (more on all this later). But for now let‘s further fill out the 
roster of the FCC‘s unnamed ―some parties.‖  

Martin Blank is a Special Lecturer in Physiology and Cellular Biophysics at Columbia 
University. Unlike Dr. Hardell, who looks at broad epidemiological effects over time, Dr. Blank 
sees cause for concern in research showing there is biological response at the cellular level to the 
type of radiation emitted by wireless devices. ―The biology tells you unequivocally that the cell 
treats radiation as a potentially damaging influence,‖ Dr. Blank said in a late 2014 interview.39  

―The biology tells you it‘s dangerous at a low level,‖ he added. Though some results have 
been difficult to replicate, researchers have identified a wide range of cellular responses 
including genetic damage and penetration of the blood brain barrier. Dr. Blank specifically cited 
the ―cellular stress response‖ in which cells exposed to radiation start to make proteins. 

It is still not clear whether biological responses at the cellular level translate into human 
health effects. But the research seems to invalidate the basic premise of FCC standards that the 
only biological effect of the type of radiation produced by wireless devices is tissue heating at 
very high power levels. But the standards-setting agencies ―ignore the biology,‖ according to Dr. 
Blank. He describes the FCC as being ―in industry‘s pocket.‖
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Sweden‘s Lund University is annually ranked among the top 100 universities in the world. 
Leif Salford has been chairman of the Department of Neurosurgery at Lund since 1996. He is 
also a former president of the European Association for Neuro-Oncology. In the spring of 2000, 
Professor Salford told me that wireless usage constituted ―the world‘s largest biological 
experiment ever.‖41  

He has conducted numerous experiments exposing rats to cellular-type radiation. Individual 
experiments have shown the radiation to penetrate the blood-brain barrier, essential to protecting 
the brain from bloodstream toxins. Professor Salford also found that rats exposed to radiation 
suffered loss of brain cells. ―A rat‘s brain is very much the same as a human‘s. They have the 
same blood-brain barrier and neurons. We have good reason to believe that what happens in rat‘s 
brains also happens in humans,‖ he told the BBC in 2003. Dr. Salford has also speculated that 
mobile radiation could trigger Alzheimer‘s disease in some cases but emphasized that much 
more research would be needed to establish any such causal relationship. Does this man deserve 
to be dismissed as one of a nameless and discredited group of ―some parties?‖ 



And what about the American Academy of Pediatrics (AAP), which represents 60,000 
American doctors who care for children? In a December 12, 2012 letter to former Ohio 
Congressman Dennis Kucinich, AAP President Dr. Thomas McInerny writes: ―Children are 
disproportionately affected by environmental exposures, including cell phone radiation. The 
differences in bone density and the amount of fluid in a child‘s brain compared to an adult‘s 
brain could allow children to absorb greater quantities of RF energy deeper into their brains than 
adults.‖
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In a subsequent letter to FCC officials dated August 29, 2013, Dr. McInerny points out that 
―children, however, are not little adults and are disproportionately impacted by all environmental 
exposures, including cell phone radiation.‖ Current FCC exposure standards, set back in 1996, 
―do not account for the unique vulnerability and use patterns specific to pregnant women and 
children,‖ he wrote. (Insert slide: A Plea from Pediatricians). Does an organization representing 
60,000 practitioners who care for children deserve to be brushed off along with ―some health and 
safety interest groups?‖ 

So what is the FCC doing in response to what at the very least is a troubling chain of clues to 
cellular danger? As it has done with wireless infrastructure, the FCC has to this point largely 
relied on industry ―self-regulation.‖ Though it set standards for device radiation emissions back 
in 1996, the agency doesn‘t generally test devices itself. Despite its responsibility for the safety 
of cell phones, the FCC relies on manufacturers‘ good-faith efforts to test them. Critics contend 
that this has allowed manufacturers undue latitude in testing their devices. 

 Critics further contend that current standards, in place since cell phones were barely in use, 
are far too lax and do not reflect the heavy usage patterns that have evolved. Worse still, industry 
is allowed to test its own devices using an imprecise system that makes no special provision for 
protecting children and pregnant women. One 2012 study noted that the procedure widely used 
by manufacturers to test their phones ―substantially underestimates‖ the amount of RF energy 
absorbed by 97% of the population, ―especially children.‖ A child‘s head can absorb over two 
times as much RF energy. Other persons with smaller heads, including women, are also more 
vulnerable. The authors recommend an alternative computer simulation technique that would 
provide greater insight into the impact of cellular radiation on children and on to the specific RF 
absorption rates of different tissues, which vary greatly.43  

 Acting on recommendations of the General Accounting Office, the FCC is now 
reconsidering its standards for wireless testing and allowed emissions. On the surface, this may 
seem to represent an effort to tighten standards to promote consumer health and safety. But many 
believe the FCC‘s eventual new standard will actually be weaker, intensifying any health risk 
from industry‘s self-reported emission levels. ―They‘re under great pressure from industry to 
loosen the criteria,‖ notes Joel Moskowitz, director of the Center for Family and Community 
Health at UC Berkeley‘s School of Public Health.44 One fear is that the FCC could measure the 
allowed radiation absorption level (SAR) over a wider sample of tissue, effectively loosening the 



standard allowable energy absorption. One FCC official, who asked that his name not be used, 
contended that a decision had not yet been made to loosen the standard. 

But to this point, there is little evidence the FCC is listening to anyone beyond its familiar 
friends in the wireless industry. Carl Blackman, a scientist at the Environmental Protection 
agency until retiring in 2014, notes that the FCC does rely to some degree on an inter-agency 
governmental group for advice on health matters. The group includes, for example, 
representatives from the EPA and the FDA. 

 Blackman served on that advisory group and he says that it has been divided. Though some 
government advisers to the FCC find evidence of wireless health risks convincing, others remain 
skeptical, said Blackman. Root of the skepticism: even though numerous researchers have found 
biological and health effects, the mechanism for action by non-ionizing radiation on the human 
body has still not been identified. ―I don‘t think there‘s enough of a consensus within the Radio 
Frequency Inter-agency Working Group for them to come out with stricter standards,‖ he says.45 

But political pressures also figure mightily in all this. The EPA, notably, was once a hub of 
research on RF effects, employing as many as 35 scientists. However, the research program was 
cut off in the late 80s during the Regan presidency. Blackman says he was personally 
―forbidden‖ to study health effects by his ―supervisory structure.‖46 He termed it ―a political 
decision‖ but recognized that if he wanted to continue to work at the EPA he would have to do 
research in another area. 

Blackman is cautious in imputing motives to the high government officials who wanted his 
work at EPA stopped. But he does say that political pressure has been a factor at both the EPA 
and FCC: ―The FCC people were quite responsive to the biological point of view. But there are 
also pressures on the FCC from industry.‖ The FCC, he suggests, may not just be looking at the 
scientific evidence ―The FCC‘s position—like the EPA‘s—is influenced by political 
considerations as well.‖47  

 Still, the FCC has ultimate regulatory responsibility and cannot indefinitely pass the buck on 
an issue of fundamental public health. Remarkably, it has not changed course despite the IARC 
classification of cell phones as possibly carcinogenic, despite the recent studies showing triple 
the glioma risk for heavy users, despite the floodtide of research showing biological effects, and 
despite even the recent defection of core industry booster Alex Lerchl. It is the refusal of both 
industry and the FCC to even acknowledge this cascade of warning signs that seems most 
incriminating. 

 Of course, industry behavior goes well beyond pushing for the FCC‘s willful ignorance and 
inaction. Industry behavior also includes self-serving public relations and hyper aggressive legal 
action. It can also involve undermining the credibility of and cutting off the funding for 
researchers who do not endorse cellular safety. It is these hardball tactics that recall 20th century 
Big Tobacco tactics. It is these tactics that heighten suspicion that the wireless industry does 



indeed have a dirty secret. And it is those tactics that intensify the spotlight on an FCC that so 
timidly follows the script of the fabulously wealthy, bullying, billion-dollar beneficiaries of 
wireless. 

  



Chapter Four: You Don’t Need Wires To Tie People Up 

So let‘s look a little more deeply at some of the actions of an industry group that boasts of 
500 meetings a year with the FCC. Lobbying is one thing. Intimidation is another. CTIA has 
shown its skill at—and willingness to use—both. 

Outright legal bullying is a favored tactic. The City of San Francisco passed an ordinance in 
2010 that required cell phone manufacturers to display more prominently information on the 
emissions from their devices. This information was already disclosed—but often buried—in 
operator manuals and on manufacturer websites. The idea was to ensure that consumers saw 
information already mandated and provided. 

Seeing this as a threat to its floodtide of business, the industry sued the City of San 
Francisco. The City, fearing a prolonged legal fight with an industry that generates hundreds of 
billions of dollars in annual revenue, backed down. 

On May 12, 2015, Berkeley, California‘s City Council unanimously passed a similar 
ordinance. Joel Moskowitz, director of the Center for Family and Community Health at the 
University of California-Berkeley‘s School of Public Health, has been involved in the effort. 
Berkeley, he says, didn‘t want to run into the same legal threats that paralyzed San Francisco. So 
it tried to draft the most inoffensive and mild language possible. The proposed Cell Phone Right 
to Know ordinance: ―To assure safety, the Federal Government requires that cell phones meet 
radio frequency (RF) exposure guidelines. If you carry or use your phone in a pants or shirt 
pocket or tucked into a bra when the phone is ON and connected to a wireless network, you may 
exceed the federal guidelines for exposure to RF radiation. This potential risk is greater for 
children. Refer to the instructions in your phone or user manual for information about how to use 
your phone safely.‖48 

 Sounds pretty inoffensive, no? Not to the CTIA, which indicated that it was prepared to sue, 
according to Berkeley City Attorney Zach Cowan.49 (On June 8th, CTIA did indeed sue the City 
of Berkeley.) 

Well, from the industry point of view, why not throw around your weight? Smash mouth 
legal tactics have been highly successful thus far as industry has managed to throttle several 
efforts to implicate manufacturers in cases where heavy users suffered brain tumors. 

But one current case has advanced in district court in Washington to the point where the 
judge allowed plaintiffs to present expert witness testimony. The industry response: file a legal 
action seeking to invalidate long-held court methods for qualifying expert witnesses. 

This is a very rich industry that does not hesitate to outspend and bully challengers into 
submission. Meanwhile, amidst the legal smoke and medical confusion, the industry has 



managed to make the entire world dependent on its products. Even tobacco never had so many 
hooked users. 

Such sustained success in the face of medical doubt has required industry to keep a lid on 
critics and detractors. Many scientists who‘ve found real or potential risk from the sort of 
microwave radiation emanating from wireless devices have learned there is a price to be paid for 
standing up to the industry juggernaut. A few prominent examples:  

-- 

In 1994, University of Washington researchers Henry Lai and N.P. Singh found that rats 
exposed to microwave radiation suffered DNA damage to their brain cells. This was a scary 
finding since DNA damage can lead to mutations and possibly cancer. 

The reaction from industry was swift. Motorola was at that time the U.S. market leader in 
cell phones. In a memorandum obtained by the journal Microwave News, Motorola PR honcho 
Norm Sandler outlined how the company could ―downplay the significance of the Lai study.‖ 
One step: ―We have developed a list of independent experts in this field and are in the process of 
recruiting individuals willing and able to reassure the public on these matters,‖ Sandler wrote. 
After outlining such measures, he concluded that Motorola had ―sufficiently war-gamed‖ the 
issue. The practices of lining up industry-friendly testimony and ―war-gaming‖ researchers who 
come up with unfavorable results have been persistent themes with this industry. 

-- 

After Lai‘s results were published, Motorola decided to sponsor further research on 
microwaves and DNA damage. Oftentimes, lab results cannot be reproduced by other 



researchers, particularly if experiments are tweaked and performed a bit differently. Non-
confirming studies raise doubt, of course, on the original work. 

 Motorola lined up Jerry Phillips, a scientist at the Veteran‘s Administration Medical Center 
in Loma Linda, California, and Phillips tested the effect of radiation at different frequencies from 
those tested by Lai and Singh. Nevertheless, Phillips found that at some levels of exposure, DNA 
damage increased, while at other levels it decreased. Such findings were ―consistent‖ with the 
sorts of effects produced by chemical agents, Phillips said in an interview.50 In some cases, the 
radiation may have activated DNA repair mechanisms, reducing the overall microwave effect. 
But what was important, Phillips explained, is that there were any biological effects at all. The 
wireless industry has long contended—and the FCC has agreed—that there is no evidence that 
non-ionizing radiation at the frequencies and power levels used by cell phones is biologically 
active. 

Understanding the potential impact of ―biological effect‖ findings, Motorola again turned to 
damage control, said Phillips. He recalls receiving a phone call from a Motorola R&D executive. 
―I don‘t think you‘ve done enough research,‘‖ Phillips recalls being told. The study wasn‘t ready 
for publication, according to the Motorola executive. Phillips was offered more money to do 
further research without publishing the results of what he‘d done. 

 But Phillips felt he‘d done enough. Despite warnings for his own boss to ―give Motorola 
what it wants,‖ Phillips went ahead and published his findings in 1998. Since then, Phillips‘ 
industry funding has dried up. Meanwhile, as many other researchers report, government funding 
to do independent research on microwave radiation has dried up, leaving the field at least in the 
U.S. to industry-funded scientists. ―There is no money to do the research,‖ Said Phillips. ―It‘s not 
going to come from government because government is controlled by industry.‖
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-- 

Om P. Gandhi is Professor of Electrical and Computer Engineering at the University of Utah 
and a leading expert in dosimetry—measurement of non-ionizing radiation absorbed by the 
human body. Even before cell phones were in wide use, Professor Gandhi had concluded that 
children absorb more emitted microwave radiation. ―The concentration of absorbed energy is 50 
to 80% greater,‖ he explained.52  

These conclusions were not acceptable to Professor Gandhi‘s industrial sponsors. In 1998, he 
recalls, an executive from a cell phone manufacturer—which he did not want to identify—told 
him directly that if he did not discontinue his research on children his funding would be cut off. 
Professor Gandhi recalled replying: ―I will not stop. I am a tenured professor at the University of 
Utah and I will not reject my academic freedom.‖ Professor Gandhi also recalled some of his 
thought process: ―I wasn‘t going to order my students to alter their results so that I can get 
funding.‖ His industry sponsors cancelled his contract and asked for a return of funds. 



 Professor Gandhi believes that some cell phone users require extra protection because their 
heads are smaller and more absorptive. ―Children, as well as women and other individuals with 
smaller heads absorb more concentrated energy because of the proximity of the radiating antenna 
to the brain tissue,‖ he said. And yet the FCC has not acted to provide special protection for these 
groups. Asked why not, Professor Gandhi conceded that he doesn‘t know. He does note, 
however, that recent standards-setting has been dominated by industry representatives.53  

-- 

While the mobile industry refuses to admit to even the possibility that there is danger in RF 
radiation, giant insurance companies see things differently. Several insurers have in recent years 
issued reports highlighting product liability risk with cell phones. This is important because it is 
evidence that where money is on the line professionals outside the industry see the risk of legal 
liability. 

Legal exposure could be one reason—perhaps the central one—the industry continues to 
stonewall. Should legal liability be established, one key question will be how much wireless 
executives knew—and at what point in time. Meanwhile, the combination of public relations 
denials, legal intimidation and the selective application of pressure on research follows a familiar 
pattern. ―The industry is basically using the tobacco industry playbook,‖ UC Berkeley‘s 
Moskowitz said in a recent radio interview.54  

That playbook has thus far been highly successful in warding off attention, regulation and 
legal incrimination. 



Chapter Five: $270 Billion . . . and Looking for Handouts 

The FCC‘s network of corruption doesn‘t just shield industry from needed scrutiny and 
regulation on matters of public health and safety. Sometimes it just puts its hand directly into the 
public pocket and redistributes that cash to industry supplicants. 

Such is arguably the case with the Universal Service Fund. Originally established to extend 
telephone service to rural and urban areas that industry would find difficult or uneconomical to 
wire, the USF is now shifting from subsidizing landline phone service to subsidizing the 
extension of broadband Internet. USF monies also support the Lifeline program, which 
subsidizes cell phone service to low-income consumers, and the E-Rate program, which 
subsidizes Internet infrastructure and service to schools and libraries. 

Since 1998, more than $110 billion has been allocated to Universal Service programs, notes 
Charles Davidson, director of the Advanced Communications Law & Policy Institute at New 
York Law School. The FCC has allocated over $40 billion to the E-Rate program alone. 

Who pays the freight for these high-cost programs? You do. 

Technically, landline and wireless phone companies are assessed for the Universal Service 
fund‘s expenditures. But the FCC also allows those companies to pass on such charges to their 
subscribers, which they do. Both landline and wireless subscribers pay a monthly Universal 
Service charge that is tacked on to their phone bills. That charge has been rising and recently 
amounted to a 16% surcharge on interstate calls. 

Consumers who pay for these programs might be interested to learn that both the E-Rate and 
Lifeline programs have been riddled with fraud. Government watchdogs have repeatedly found 
the programs to be inefficient and prone to inflated and fraudulent claims. But the programs have 
been a windfall for tech and telecom industry beneficiaries. Wherever the FCC presides, it 
seems, these industries reap a windfall. 

 The General Accounting Office (GAO) has issued several reports citing fraud, waste and 
mismanagement, along with inadequate FCC oversight of the subsidy program. Bribery, 
kickbacks and false documentation can perhaps be expected in a handout program mandated by 
Congress and only indirectly supervised by the FCC. 

But the scope of fraud has been impressive. The most striking corruption has marred the E-
Rate program, which subsidizes Internet hardware, software and service for schools and libraries, 
and the Lifeline cell phone subsidies. 

 In recent years, several school districts have paid fines to settle fraud cases involving 
bribery, kickbacks, non-competitive bidding of contracts and false documentation in the E-Rate 



program. More eye opening perhaps are the settlements of fraud claims by tech giants like IBM, 
Hewlett Packard and AT&T. The HP case, for example, involved some colorful bribery 
allegations, including gifts of yachts and Super Bowl tickets. HP settled for $16 million. An HP 
official and a Dallas Independent School District official both received jail sentences. 

The Lifeline program has also been riddled with fraud. A Wall Street Journal investigation of 
the five top corporate beneficiaries of Lifeline showed that 41% of more than 6 million subsidy 
claimants ―couldn‘t demonstrate their eligibility or didn‘t respond to requests for certification.‖
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AT&T, Verizon, and Sprint Nextel were three of the major Lifeline beneficiaries. 

The FCC has initiated several efforts to clean up USF programs and seems honestly 
determined to bring greater accountability and efficiency to its subsidy efforts. Nevertheless, 
problems with fraud persist, as reported recently by the FCC‘s own top investigator. 

 Congress established the FCC‘s Office of Inspector General in 1989 to ―provide objective 
and independent investigations, audits and reviews of the FCC‘s programs and operations.‖ 
Here‘s what the FCC‘s internal investigative unit said in a September 30, 2014 report to 
Congress about its Office of Investigation (OI): ―The bulk of the work of OI involves 
investigating and supporting civil and criminal investigations/prosecutions of fraud in the FCC’s 
federal universal service program.‖
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Fraud—as pervasive and troubling as it has been—is just one of the problems with the 
programs of universal service. It may not even be the fundamental problem. More fundamental 
issues concern the very aim, logic and efficiency of programs to extend broadband and wireless 
technology at public expense. Though the aims of extending service to distant impoverished 
areas seem worthy on the surface, there are many reasons to think the major beneficiaries of 
these programs are the technology companies that win the contracts. 



Lobbyists have long swarmed over the FCC looking to get an ever-growing piece of the USF 
honeypot. An FCC report on meetings with registered lobbyists details a 2010 meeting with 
representatives of the International Society for Technology in Education and other education 
lobbyists. Topics discussed, according to the FCC report, included ―the need to raise the E-
Rate‘s annual cap.‖
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The CTIA, leaving no stone unturned in its efforts to pump up member revenues, last year 
responded to a House hearing on the USF by grousing that ―current USF-supported programs 
skew heavily toward support of wireline services. . . . The concentration of USF monies to 
support wireline services is inconsistent with technological neutrality principles and 
demonstrated consumer preferences,‖ CTIA wrote..58 An industry that generates hundreds of 
billions of dollars in equipment and service revenues annually bellies up for a bigger slice of the 
$8 billion a year USF. 

The grousing has paid off. The FCC recently announced that it will raise spending on E-Rate 
from what had been a cap of $2.4 billion a year to $3.9 billion. A significant portion of new 
outlays will go to Wi-Fi—yet another wireless industry victory at the FCC. But the CTIA is by 
no means the only industry group pressing the FCC. 

 Leading the roster of active lobbyists on E-Rate issues is the Software and Information 
Industry Association. Beginning in 2006, SIAA led all lobbyists with 54 mentions of E-Rate in 
its filings, according to the Center for Responsive Politics. SIAA board members include 
executives from tech heavyweights Google, Oracle and Adobe Systems. 

Tech business leaders—many of them direct beneficiaries of FCC programs—made a direct 
pitch to FCC Chairman Wheeler last year to hike E-Rate funding. ―The FCC must act boldly to 
modernize the E-Rate program to provide the capital needed to upgrade our K-12 broadband 
connectivity and Wi-Fi infrastructure within the next five years,‖ the executives wrote.59  

There were dozens of corporate executive signees to this letter, including the CEOs of many 
Fortune 500 giants. But let‘s just consider the participation of three: top executives of Microsoft, 
Google and HP all joined the call to expand E-Rate subsidies. Consider the simple fact that these 
three tech giants alone had revenues of $270 billion—more than a quarter of a trillion dollars—in 
a recent four-quarter period. Together, they produced nearly $40 billion in net income. And yet 
their top executives still thought it necessary to dun the FCC—and really, they were 
surreptitiously hitting up the public—for ramped-up spending on what was then a $2.4 billion a 
year program. 

 Is that greed? Arrogance? Or is it simply behavior conditioned by success in repeatedly 
getting what they want at the public trough? Almost never mentioned in these pleas for higher 
subsidies is the fact that ordinary American phone subscribers are the ones footing the bill for the 
E-Rate program—not the FCC or the telecom industry. 



Much of the added spending, as noted, will go towards the installation of wireless networks. 
And yet Wi-Fi does not have a clean bill of health. When Lennart Hardell, professor of Oncology 
and Cancer Epidemiology at the University Hospital in Orebro, Sweden, was asked what he 
would do if given policy authority over wireless health issues, he replied swiftly that he would 
―ban wireless use in schools and pre-school.‖ Noting that there are wired alternatives, Professor 
Hardell flatly stated: ―You don‘t need Wi-Fi.‖60 And yet the FCC, prodded by an industry ever 
on the lookout for incremental growth opportunities, is ignoring the health of youngsters to 
promote expanded Wi-Fi subsidies in schools across the U.S. 

And what about the merit of the program itself? Overlooking the fraud and lobbying and Wi-
Fi safety issues for a moment, shouldn‘t schools and libraries across the country be equipped 
with the best electronic gear, accessing the Internet at the fastest speeds? Doesn‘t the government 
owe that to its younger citizens, especially those disadvantaged by the long-referenced digital 
divide?  

Well, maybe. But answers to these questions hinge on even more fundamental question: Do 
students actually learn more or better with access to the latest high-speed electronic gadgetry?  

It would be foolish to argue that nobody benefits from access to high-speed Internet. But the 
benefits are nowhere near as broad or rich as corporate beneficiaries claim. Some researchers, for 
example, have concluded that computers don‘t seem to have positive educational impact—they 
may even have negative impact—when introduced into the home or freely distributed to kids 
from low income backgrounds. 

 Duke University researchers Jacob Vigdor and Helen Ladd studied the introduction of 
computers into North Carolina homes. They found that the academic performance of youngsters 
given computers actually declined. “The introduction of home computer technology is associated 
with modest but statistically significant and persistent negative impacts on student math and 
reading test scores,” the authors wrote in a National Bureau of Economic Research Working 
Paper.61 The impact was actually most negative on the poorer students. 

A study in the Journal of International Affairs examined the impact of the global One Laptop 
Per Child Program (OLPC), which has distributed millions of computers to children around the 
world. Researchers Mark Warschauer and Morgan Ames conclude: “The analysis reveals that 
provision of individual laptops is a utopian vision for the children in the poorest countries, 
whose educational and social futures could be more effectively improved if the same investments 
were instead made on more proven and sustainable interventions. Middle- and high-income 
countries may have a stronger rationale for providing individual laptops to children, but will 
still want to eschew OLPC’s technocratic vision. In summary, OLPC represents the latest in a 
long line of technologically utopian schemes that have unsuccessfully attempted to solve complex 
social problems with overly simplistic solutions.‖
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Access to computers in the home may not work educational magic. But what about 
computers in the classroom? Don‘t they have educational value there?  

The anecdotal evidence is mixed at best. Consider how students in Los Angeles, newly 
equipped with flashy iPads at a mind-boggling taxpayer cost of more than $1 billion, went about 
using the new tools to improve their educational performance. ―Instead of solving math problems 
or doing English homework, as administrators envisioned, more than 300 Los Angeles Unified 
School District students promptly cracked the security setting and started tweeting, posting to 
Facebook and playing video games.‖
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 But let‘s cut through the self-serving corporate claims and the troubling anecdotes to hear 
from someone who actually has had extensive and unique field experience. Kentaro Toyama was 
co-founder of Microsoft‘s research lab in India. Over more than five years he oversaw at least a 
dozen projects that sought to address educational problems with the introduction of computer 
technology. His conclusion: ―The value of technology has been over-hyped and over-sold.‖  

The most important factor in improving schools, says Toyama, now the W.K Kellogg 
Associate Professor of Community Information at the University of Michigan, is good teachers. 
Without good, well-trained teachers, adequate budgets and solid school administration, 
technology does little good. ―Technology by itself never has any kind of positive impact,‖ he 
said.64 

The only schools in his experience that benefited from increased technology investment were 
those where ―the teachers were very good, the budgets adequate.‖ The richer schools, in essence. 
But as both Vigdor and Warschauer found, the introduction of technology has by itself little if 
any positive effect. For a public conditioned to believe in the virtues of new technology, such 
testimony is a bracing dose of cold reality. 



But what about cost? Doesn‘t technology in the schools more efficiently replace alternative 
investments? Cost reductions are often the most persuasive argument for technology, Toyama 
agrees. But even these have been overstated. The costs of introducing new technology run far 
beyond initial hardware and software investments, said Toyama. In reality, the total costs of 
ownership—including maintenance, training, and repair—typically run to five or ten times the 
initial cost, according to Toyama. He said of the investment in technology for cost benefits: ―I 
would say that in the long run—and even in the medium run and the short-run—that‘s probably 
the worst and most misguided conclusion to come to.‖
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He adds: ―The inescapable conclusion is that significant investments in computers, mobile 
phones and other electronic gadgets in education are neither necessary nor warranted for most 
school systems. In particular, the attempt to use technology to fix underperforming class rooms . 
. . is futile. And for all but wealthy, well-run schools, one-to-one computer programs cannot be 
recommended in good conscience.‖66 

But that doesn‘t keep industry lobbyists from recommending them. And it hasn‘t kept the 
FCC for spending scores of billions subsidizing technology to the very groups least likely to 
benefit from it. 

Unmoved by the arguments of researchers and educators like Vigdor, Warschauer, and 
Toyama, the FCC keeps moving to increase technology subsidies. Ignoring research that disputes 
the value of technology in closing the so-called ―digital divide,‖ the FCC has even pioneered a 
new slogan: ―the Wi-Fi gap.‖  

 In announcing that it was lifting E-Rate‘s annual budget from $2.4 billion to $3.9 billion and 
stepping up investment in wireless networking, FCC chairman Wheeler exulted that ―10 million 
students are going to experience new and better opportunities.‖

67 The impact on consumer 
pocketbooks (and potentially on youngsters‘ health from daily Wi-Fi exposure) were not 
mentioned. 

The two Republican members of the FCC did at least recognize the pocketbook impact. ―It 
always seems easier for some people to take more money from the American people via higher 
taxes and fees rather than do the hard work,‖ said Commissioner Michael O‘Reilly.68  

The subsidized provision of high-speed Internet service is yet another pet project of the FCC. 
Julius Genachowski, chairman from 2009 to 2013, championed the transition of the USF from 
landline phone service to broadband. Universal broadband Internet connections would begin to 
absorb the monies collected from consumers to extend basic phone service. 

As with government subsidies for cell phone service, classroom technology, and Wi-Fi, there 
are basic questions about the wisdom of subsidizing broadband. Charles Davidson and Michael 
Santorelli of the New York Law School found that spending billions to extend broadband is a 
flawed approach since there are many largely ignored reasons people choose not to adopt 



broadband. ―Everybody is pushing broadband non-stop,‖ noted Davidson, director of the Law 
School‘s Advanced Communications Law and Policy Institute. ―I think the FCC is focused on 
the wrong set of issues,‖ he said.69  

Already, he explained, over 98% of Americans have access to wired or wireless broadband. 
The issue is not one of supply. It‘s one of demand. Many people—for a variety of reasons—
don‘t really care about broadband, he contends. Price is one issue. Also powerful factors—but 
given almost no attention—are privacy and security concerns. ―In our view, they should be 
focused on barriers to meaningful broadband utilization: privacy and security,‖ said Davidson.70 

But consumer privacy (more on this subject in Chapter Seven) has no well-funded lobby with 
limitless access to the FCC. 

  



Chapter Six: The Cable Connection 

The network has also been active in diluting FCC control of the cable television industry. 
Over the years, cable has devolved into major de facto local monopolies. Comcast and Time 
Warner Cable, whose merger proposal was dropped in April, are dominant forces in both cable 
television and broadband Internet subscriptions. Somehow, though, they have managed to steer 
clear of one another in specific markets, giving each pricing power where it faces little local 
competition. 

It‘s interesting that cable companies annually rank in consumer polls among the ―most hated‖ 
or ―most disliked‖ American corporations. Indeed, Comcast and Time Warner Cable often top 
the ―most hated‖ list.71 Why would these companies—providers of the TV programming that has 
so expanded consumer options in recent decades—be so widely scorned? After all, the U.S. has 
been a leader in developing both cable technology and diverse television programming. 

 The problem is that it hasn‘t been anything close to a leader in bringing down subscriber 
prices. Industry consultants typically measure pricing by the metric of average revenue per 
subscriber. Industry trackers at IHS compared the price of U.S. pay television (which includes 
satellite services) to those in more than 60 other countries. U.S. prices were the highest, with 
only Australia even coming close. The average revenue per subscriber in the U.S. in 2013 was 
$81. But in France it was just $18.55. In Germany it was $19.68. In Japan it was just over $26.  

Pay TV Monthly Revenue Per Person: 

 



And U.S. cable prices have risen in recent years at rates three or more times the rate of 
inflation. This has been going on for some time. From 1995 to 2013 cable rates increased at a 
6.1% annual clip. The Consumer Price Index, by contrast, rose by just 2.4% annually. Former 
FCC commissioner Michael Copps says the FCC shares a major part of the blame. ―The FCC is 
as culpable for allowing that as much as the companies for imposing it,‖ he said.72  

One area where the FCC has contributed to the problem is in its traditional rubber-stamping 
of merger agreements. The proposed Comcast/Time Warner Cable deal has been shelved, largely 
because of Justice Department reservations. But a long run of earlier FCC-sanctioned deals 
allowed Comcast and Time Warner Cable to grow to the market dominance—and attendant 
pricing power—they currently command. 

Lofty monthly cable bills pinch consumers. But it‘s more than that. Subscribers paying $80 a 
month are often paying for a lot of channels they don‘t watch and don‘t want. The FCC has 
never required cable operators to charge for what consumers actually want to watch. Kevin 
Martin, who chaired the FCC from 2005 to 2009, pushed to ―debundle‖ programming in hopes 
of lowering bills. But the issue was never resolved. Only recently have viable competitive 
alternatives to cable‘s ―bundled‖ packages become available. The satellite service Dish, for 
example, months ago introduced its Sling offering that enables consumers to opt for smaller and 
cheaper packages. 

 In fairness to cable operators, it should be pointed that programmers often require operators 
to take unwanted or fledgling channels along with their stars. New York cable operator 
Cablevision Systems filed suit against Viacom in 2013, charging that in order to get popular 
channels like MTV and Nickelodeon it was also forced to take low-rated channels like Nicktoons 
and VH1 Soul. But the simple truth is that no matter who is to blame, the cable consumer pays 
high prices, typically for some programming he doesn‘t want. As it often does when powerful 
interests pursue dubious practices, the FCC has for the most part idly stood by. 

Still, the FCC isn‘t entirely to blame. Some factors in the growth of the cable giants cannot 
be laid at its doorstep. Local municipalities often granted monopoly or duopoly status in granting 
franchises to cable network builders. With the huge capital investments required to cable 
metropolitan areas, this once seemed to make sense. 

 And over the years, the cable giants have used a variety of tactics to weaken what little local 
competition they may have had. Active lobbyists on the local level, the cable giants have 
managed to convince a growing number of states to outlaw municipal systems that could threaten 
private corporate incumbents. The FCC for many years declined to tangle with the states in this 
matter, partly due to the opposition of Republican commissioners. But the Wheeler-led 
Commission did vote recently to override state laws that limit the build-out of municipal cable 
systems. 



 Still, many years of industry subservience will be difficult to swiftly undo. One linchpin 
merger shows how FCC decision-making has been thoroughly undermined by the revolving 
door, lobbying, and carefully targeted campaign contributions. All conspired in Comcast‘s 
pivotal 2011 buyout of NBC Universal, a deal which reinforced Comcast‘s domination of both 
cable and broadband access. This deal also set the stage for the recent headline-grabbing 
acrimony over the issue of net neutrality. 

In 2011, mighty Comcast proposed to acquire NBC Universal. A series of mergers including 
the 1986 acquisition of Group W assets and the 2002 acquisition of AT&T‘s cable assets had 
already vaulted Comcast into cable market leadership. In bidding for NBC Universal, a huge step 
towards vertical integration, Comcast was once again raising the stakes. NBC Universal would 
give Comcast a treasure trove of programming, including valued sports content like NFL football 
and the Olympics. 

Suddenly, the issue was not just cable subscriber base size—where Comcast had already 
bought its way to dominance. NBC Universal would also allow Comcast to consolidate its 
growing power as a broadband Internet provider. And with NBC Universal‘s programming 
assets, Comcast would gain new leverage when negotiating prices to carry the competing 
programming content of rivals. This would prompt a new round of debate over net neutrality. 
Couldn‘t a programming-rich Comcast slow down rival services—or charge them more to carry 
their programming? 

To short-circuit any potential opposition to the merger, Comcast assembled a superstar cast 
of lobbyists. As Susan Crawford reports in her 2013 book, ―Comcast hired almost eighty former 
government employees to help lobby for approval of the merger, including several former chiefs 
of staff for key legislators on congressional antitrust committees, former FCC staffers and 
Antitrust Division lawyers, and at least four former members of Congress.73 Such ―profligate 
hiring,‖ Crawford observes, pretty much silenced the opposition to the deal. If Comcast had 
already retained one member of a lobbying firm, the firm could not under conflict of interest 
rules object to the deal. And Comcast had locked up key lobbying shops. Money was both 
weapon and silencer. 

Of course, Comcast had always been a big spender on lobbying, with outlays exceeding $12 
million every year since 2008. Lobbying costs peaked in 2011 at $19.6 million, according to the 
Center for Responsive Politics. 

For its part, the FCC had a long history of approving most media mergers. So it was hardly a 
great surprise when the agency, after exacting some relatively minor concessions from Comcast, 
rubber-stamped the deal. Comcast would thus broaden its footprint as local monopoly distributor 
of cable. And with its new programming assets, it would enhance its leverage in negotiating 
deals to carry its rivals‘ programming. It would also fortify its position of growing strength as 
broadband Internet gatekeeper. 



 The most telling footnote to the deal would come just four months later. FCC Commissioner 
Meredith Atwell Baker, who voted to approve the merger in January 2011, left the FCC to 
become a top-tier Comcast lobbyist in May. It was the ultimate—and perhaps most telling—
glide of the revolving door. 

 Baker‘s was a high-profile defection. But it was neither the first nor the last. Comcast had 
successfully convinced other FCC officials to take their expertise and government contacts to the 
cable giant. Comcast has long been a master at spinning the revolving door to its own advantage. 
―Comcast has been very good at hiring everyone who is very smart,‖ said Crawford.74 

Approval of the NBC Universal deal was another in the long string of FCC merger approvals 
that made Comcast a nationwide monopolist that could dictate both pricing and viewer 
programming choice. 

 But the deal may have had another unintended consequence. It set the stage for Comcast‘s 
subsequent battles on net neutrality. ―Those mergers gave additional oomph to the issue of net 
neutrality,‖ noted former commissioner Copps. Speaking specifically of Comcast‘s buyout of 
NBC Universal, IHS senior analyst Eric Brannon agreed. ―That merger laid the grounds for net 
neutrality.‖  

 In allowing Comcast to acquire major programming assets, the deal would sharpen questions 
about the power of gatekeepers like Comcast to control the flow of traffic from rival Web 
services. So in bowing to lobbyist pressure, the FCC would bring on itself a whole new set of 
pressures by focusing public attention on the issue of net neutrality. 

With activists rounding up comments from the public and hip TV personalities like HBO‘s 
John Oliver also beating the drums, net neutrality quickly grew into a popular issue that won the 
support of President Obama, and by proxy, his hand-picked appointee Tom Wheeler. When the 
FCC ruled in February of 2015 that it would seek Title II authority to regulate the Internet and 
presumably block any favoritism by broadband gatekeepers, it seemed to finally cast its lot with 
the public against steamrolling corporate interests 

The issue had simmered for years but reached full boil when movie purveyor Netflix, which 
had argued that its service was slowed down by Comcast, signed a side deal ensuring better 
download speeds for its wares. This triggered an outburst of public concern that Comcast was 
now in position to operate ―fast‖ and ―slow‖ lanes, depending on whether a rival programmer 
could afford to ensure that Comcast provide adequate download speed. 

With nearly 4 million comments—many supplied or encouraged by public interest groups—
filed to the FCC, net neutrality was a bankable political issue. And there‘s no question, net 
neutrality attracted public interest because it gave cable viewers—long furious at the treatment 
by the monopolists who send them monthly bills—issues of both viewing pleasure and 
economics. 



But it also fed into the longstanding sentimental but increasingly unrealistic view of the 
Internet as the last bastion of intellectual freedom. Internet romanticists have long seen the Web 
as a place that somehow deserves special rules for breaking the stranglehold of traditional media 
and offering exciting new communications, information retrieval and shopping efficiencies. 

Yes, the Internet is a modern marvel. This is beyond dispute. But some of the favors it has 
won from government over the years have had unfortunate unintended consequences. 

In the 1990s, for example, net access providers were repeatedly exempted as an ―infant 
industry‖ from paying access charges to the Baby Bells even though they had to connect users 
through local phone networks. The long distance companies were then paying as much as $30 
billion a year for the privilege. But the Internet was exempted. 

 As the late 90s approached, the Internet was no longer an infant industry. Still, the 
exemption from access charges was extended. That exemption essentially allowed AOL in the 
late 90s to offer unlimited unmetered online time, a key factor in boosting usage and siphoning 
advertisers from print media. Why buy an ad in print that might get viewed with the transitory 
flip of a page when you can get round-the-clock attention online?75 FCC decisions to grant the 
Internet access-charge exemptions arguably accelerated the decline of print media and much of 
the quality journalism print advertising could once support. 

 Meanwhile, retailers on the Internet were making inroads into brick and mortar retail 
business with the help of a Supreme Court-sanctioned exemption from collecting sales tax.76 
This judicial coddling of the Internet was the death knell for many smaller mom and pop local 
businesses, already challenged to match online pricing. And that‘s not all. The special favors 
continue virtually every year, as Congress proposes and/or passes legislation to extend special 
tax exemptions to Internet services. 

Well, maybe tax breaks aren‘t such a bad idea for such an innovative and transformational 
emerging technology. For all its faults, the Internet—gateway to all goods, repository of all 
things, wizardly guide to all knowledge, enabler of universal self-expression—is undeniably 
cool. 

But let‘s not deny that the combination of tax advantages and deregulation was toxic. Allow 
an industry to emerge with advantages over useful existing industries that largely play by the 
rules—well, maybe that can be rationalized. But then fail to hold the upstart industry to the same 
rules, allowing it more leeway to trample fundamental rights because it has the technical capacity 
to do so. Well, then you have a cruel Faustian bargain. 

With the see-no-evil deregulatory gospel loosing all constraints, the Web would devolve into 
a playground for corporate snoops and criminals. For all its wonders, the Internet comes at a 
cost: the loss of control over personal data, the surrender of personal privacy, sometimes even 
the confiscation of identity. 



Perhaps the most favorable consequence of net neutrality—and one that has gotten 
surprisingly little attention—is that it could set the stage for privacy reform. (More on this in 
Chapter Seven). The FCC can now choose to exercise its Title II powers to enforce privacy 
standards over broadband Internet. Privacy is one area where the FCC has done a pretty good job 
in the past. 

Worth remembering, though, is that the hard-fought public victory over Net Neutrality may 
be transitory. AT&T and others have threatened to go to court to upend the FCC rules. And 
there‘s a fair chance a Republican Congress will legislate against Title II. 

 Meanwhile, though, one supreme irony has begun to unfold in the marketplace. 

Modern-day laissez fair ideologues love to invoke the wisdom of markets as represented by 
the ―mysterious hand‖ of Adam Smith. Unfortunately, in the absence of effective regulation, the 
putatively wise ―mysterious hand‖ generally seems to work its magic for those with huge 
financial resources and the political access it buys. 

In the current cable situation, however, the mysterious hand may actually be working in 
consumer-friendly ways. Years of regulation that favored the cable companies have now 
backfired as the market reacts to monopolistic pricing and content control. 

Whereas cable giants have commanded premium monthly subscriber prices to deliver 
packages of largely unwatched channels, the market is now beginning to burst with new 
―debundled‖ options that are whittling away at cable‘s vast subscriber base. 

Satellite service Direct TV, as noted, now offers its streaming video Sling TV package of 
popular networks that includes live sports and news. Amazon, Apple, CBS, HBO, Netflix, Sony, 
and others offer a variety of streaming video options that allow viewers to cut the cable cord. 
Suddenly, consumers have the cherry-picking capability that bundled—and expensive—cable 
packages have never allowed. 

In this case, at least, the unintended consequences of the FCC‘s pro-industry policies may be 
producing an unexpected pro-consumer twist. 

  



Chapter Seven: What about Privacy? 

Has any issue gotten as much lip service—and as little meaningful action?  

For all the various congressional bills, corporate self-regulatory schemes and presidential 
Privacy Bill of Rights proposals, the simple truth remains that no personal information is safe on 
the Internet. Data brokers have built a multi-billion dollar business exchanging information used 
to build profiles of Net users. Your shopping and surfing habits, your health history, your 
banking data, your network of social ties, perhaps even your tax filings are all potentially 
exposed online. Both legal and criminal enterprises amass this information. And it doesn‘t go 
away. 

At any given moment people you don‘t know somehow know where you are. They may very 
well know when you made your last bank deposit, when you had your last asthma attack or 
menstrual period. Corporations encourage and pay for every bit of information they can use or 
sell. Creepy? Perhaps, but as Jeff Chester, president of the Center for Digital Democracy points 
out: ―The basic business model that drives online is advertising.‖77 

The FCC largely escapes blame on this one. It is the Federal Trade Commission that has had 
primary responsibility for protecting Internet privacy. The FCC does have some limited 
authority, which, some critics say, could have been exercised more vigorously. But for the most 
part the FCC is not to blame for the rampant online abuse of personal privacy and identity. 

The FCC does however have privacy authority over the phone, cable and satellite industries. 
Until recently, at least, the FCC has kept privacy issues at bay among the companies in these 
industries. ―The FCC has generally taken privacy very seriously,‖ noted Harold Feld, a senior 
vice president at the non-profit Public Knowledge.78  

But dynamics now in place suggest that privacy may be the next great testing ground for the 
FCC. A new chance, perhaps, to champion public interest. Even before the opportunity for 
privacy enforcement under Title II regulatory powers, the FCC faces new challenges from phone 
companies, now itching to monetize their vast consumer data stashes the way Net companies 
have. The commonly used term is ―Google envy.‖  

―Until now, ISPs (Internet Service Providers) have mostly not gotten into hot water on 
privacy—but that‘s changing,‖ observed Jonathan Mayer, a fellow at the Center for Internet and 
Society.79 Verizon and AT&T, major providers of mobile Internet access, have each introduced 
―super cookies‖ that track consumer behavior even if they try to delete older, less powerful, 
forms of cookies. AT&T is actually charging its customers an extra $30 a month not to be 
tracked. 

Showdowns loom. 



In adopting Title II to enforce net neutrality, the FCC has made broadband Internet access a 
telecom service subject to regulation as a ―common carrier.‖ This reclassification means that the 
FCC could choose to invoke privacy authority under Title II‘s Section 222. That section, 
previously applied to phone and cable companies, mandates the protection of consumer 
information. Such information—called CPNI for Customer Proprietary Network Information—
has kept phone companies from selling data on whom you call, from where you call and how 
long you spend on the phone. Consumers may have taken such protection for granted on their 
phone calls. But they have no such protection on their Internet activity—which, as noted, has 
been a multi-billion dollar safe house hideaway for corporate and criminal abusers of personal 
privacy. 

Now, though, the FCC could put broadband Internet communications under Section 222 
protection. To Scott Cleland, a telecom industry consultant who has often been ahead of the 
analytic pack, this would be a momentous decision. 

When the smoke clears—and it hasn‘t yet—the FCC could make consumer identifiers like IP 
addresses the equivalent of phone numbers. Suddenly, the Internet companies that have 
trafficked in all that personal data would be subject to the same controls as the phone and cable 
companies. 

 Cleland argues that the risk for privacy abuses extends beyond broadband access providers 
like Comcast and Verizon to Internet giants like Google and Facebook that have until now 
flourished with all that personal data. ―They are at risk and they are going to live under the 
uncertainty their business model could be ruled illegal by the FCC,‖ Cleland said.80  

Much has been written about the legal challenges broadband access providers intend to 
mount against the FCC‘s new rules. But Cleland argues that a very different type of legal action 
could engulf companies that have benefited from the use and sale of private data. Trial lawyers, 
he argues, will see opportunity in rounding up massive class action suits of Internet users whose 
privacy has been violated. What sorts of privacy abusers face legal action? Anyone who has 
―collected CPNI via some type of cookie,‖ according to Cleland. 

―Right now, edge providers like Google, Facebook and Twitter are at risk of being sued by 
trial lawyers,‖ he said.81 

Sounds great for consumers who care about privacy on the Internet and how it has been 
abused. But the FCC, Cleland was reminded, has never been a consumer advocate. ―Bingo,‖ 
replied Cleland. That‘s what makes the FCC‘s potential move into privacy protection so 
important and so surprising, he suggests. 

There are other signs that the FCC under Tom Wheeler might actually become more 
consumer-friendly on the issue of data privacy. While Wheeler has brought some former 
associates from lobbying groups to the FCC, he has also peppered his staff with respected 



privacy advocates. Indeed, he named Gigi Sohn, longtime president of the non-profit Public 
Knowledge, as Counsellor to the Chairman in April. 

Another appointee with a privacy background is Travis LeBlanc, head of the FCC‘s 
Enforcement Bureau. In previous employment in California‘s Office of the Attorney General, 
LeBlanc was active in enforcing online privacy. LeBlanc has stated an interest in privacy and has 
already taken action against two firms that exposed personal information—including social 
security numbers—on unprotected Internet servers. 

But many aspects of LeBlanc‘s approach to regulating Internet privacy under Title II remain 
unclear. Unfortunately, the FCC declined repeated requests to make LeBlanc available for an 
interview. (It also declined to answer written questions on its enforcement intentions in both 
privacy and cell tower infrastructure emissions.) 

It remains to be seen if LeBlanc and his superiors at the FCC are really willing to take on 
privacy enforcement. Such a stance would require great courage as the entire Internet 
infrastructure is built around privacy abuse. It is also questionable whether the FCC would have 
the courage to challenge Google—a rare corporate ally in the battles over Net Neutrality. 

  



Chapter Eight: Dependencies Power the Network of Corruption 

As a captured agency, the FCC is a prime example of institutional corruption. Officials in 
such institutions do not need to receive envelopes bulging with cash. But even their most well-
intentioned efforts are often overwhelmed by a system that favors powerful private influences, 
typically at the expense of public interest. 

Where there is institutional corruption, there are often underlying dependencies that 
undermine the autonomy and integrity of that institution. Such is the case with the FCC and its 
broader network of institutional corruption. 

As noted earlier, the FCC is a single node on a corrupt network that embraces Congress, 
congressional oversight committees and Washington social life. The network ties the public 
sector to the private through a frictionless revolving door—really no door at all. 

Temptation is everywhere in Washington, where moneyed lobbyists and industry 
representatives throw the best parties and dinners. Money also allows industry to control other 
important factors, like the research agenda. All of this works together to industry‘s advantage 
because—as with other instances of institutional corruption—there are compromising 
dependencies. Policy makers, political candidates and legislators, as well as scientific researchers 
are all compromised by their dependence on industry money. 

Dependency #1 – So much of the trouble here comes back to the core issue of campaign 
finance. Cable, cellular and educational tech interests know where to target their funds for 
maximum policy impact. And the contributions work, seemingly buying the silence of key 
committee congressmen—even those with past records as progressives. Key recipients of 
industry dollars include Massachusetts Senator Ed Markey and, until he retired, California 
Democrat Henry Waxman. Though they have intermittently raised their voices on such issues as 
data privacy and cellular health and safety, neither has shown any great inclination to follow 
through and take up what would have to be a long and tough fight on these issues. 

Dependency #2 – Democrats might be expected to challenge industry now and then. They 
traditionally have done so, after all. But this is the post-Citizens United era where the Supreme 
Court has turned government into a giant auction house. 

Bid the highest price and you walk home with the prize—your personal congressman, 
legislative loophole, even an entire political party. 

 Such is the case with technology industries and the Democrats. The 
communications/electronics industry is the third largest industry group in both lobbying and 
campaign contributions, according to the Center for Responsive Politics. In just 2013 and 2014, 
this industry sector spent well over $750 million on lobbying.82  



 Only the finance/insurance/real estate and health industries outspend the tech sector on 
lobbying. But those industry groups lean Republican. Over 62% of the finance/insurance/real 
estate campaign contributions go to the GOP. Health contributions lean Republican 57% to 43%. 
But the technology group leans sharply to Democrats, who got 60% of contributions in the 2013-
2014 election cycle.83 The two next largest industry groups—energy/natural resources and 
agribusiness—also lean heavily Republican. So of the top five industry groups whose money 
fuels and often tilts elections four are strongly Republican. The Democrats need the tech 
industry—and they show that dependence with consistent support, rarely raising such public 
interest issues as wireless health and safety and Internet privacy. 

Dependency #3 – Spectrum auctions give the wireless industry a money-making aura. In 
recent Congressional testimony, an FCC official reminded legislators that the FCC has over the 
years been a budget-balancing revenue-making force.84 Indeed, the auctions of electromagnetic 
spectrum, used by all wireless communications companies to send their signals, have yielded 
nearly $100 billion in recent years. The most recent auction to wireless providers produced the 
unexpectedly high total of $43 billion. No matter that the sale of spectrum is contributing to a 
pea soup of electromagnetic ―smog‖ whose health consequences are largely unknown. The 
government needs money and Congress shows its appreciation with consistently pro-wireless 
policies. 

Dependency #4 – Science is often the catalyst for meaningful regulation. But what happens 
when scientists are dependent on industry for research funding? Under pressure from budget 
cutters and deregulators, government funding for research on RF health effects has dried up. The 
EPA, which once had 35 investigators in the area, has long since abandoned its efforts.85 
Numerous scientists have told me there‘s simply no independent research funding in the U.S. 
They are left with a simple choice: work on industry-sponsored research or abandon the field. 

  



Chapter Nine: A Modest Agenda for the FCC 

Nobody is proposing that cell phones be banned. Nor does anyone propose the elimination of 
the Universal Service program or other radical reforms. But there are some steps—and most are 
modest—that the FCC can take now to right some of the wrongs that result from long years of 
inordinate industry access and influence: 

1. Acknowledge that there may be health risks in wireless communications. Take down the 
dismissive language. Maturely and independently discuss the research and ongoing debate on the 
safety of this technology. 

2. In recognition of this scientific uncertainty, adopt a precautionary view on use of wireless 
technology. Require prominent point-of-sale notices suggesting that users who want to reduce 
health risks can adopt a variety of measures, including headphones, more limited usage and 
storage away from at-risk body parts. 

3. Back off the promotion of Wi-Fi. As Professor Lennart Hardell has noted, there are wired 
alternatives that do not expose children to wireless risk. 

4. Petition Congress for the budgetary additions needed to expand testing of emissions on 
antenna sites. It was Congress after all that gave industry carte blanche for tower expansion so 
long as they comply with FCC standards. But there is evidence of vast non-compliance and 
Congress needs to ensure that tower infrastructure is operating within the law. 

5. Acknowledge that children and pregnant women may be more vulnerable to the effects of 
RF emissions and require special protection. 

6. Promote cable debundling as a way to lighten consumer cable bills, especially for those 
customers who don‘t care about high-cost sports programming. 

7. Apply more rigorous analysis to properly assess the value of technology in education. 
Evidence continues to pile up that technology in education is not as valuable as tech companies 
claim. Pay less attention to tech CEOs—pay more attention to the researchers who‘ve actually 
studied the impact of trendy technology fixes on learning 

8. Take over enforcement of personal privacy rights on the Internet. Of all the basic 
suggestions here, this would require the most courage as it would involve challenging many of 
the entrenched powers of the Internet. 

  



Chapter Ten: Stray Thoughts 

Some concluding thoughts:  

Why do so many of the most dubious FCC policies involve technology?  

In large part, of course, because the FCC has authority over communications and that is a 
sector that has been radically transformed—along with so many others—by technology. 

Let‘s be clear, though. The problem is not technology, which unarguably brings countless 
benefits to modern life. The problem is with the over-extension of claims for technology‘s 
usefulness and the worshipful adulation of technology even where it has fearful consequences. 
Most fundamentally, the problem is the willingness in Washington—for reasons of both venality 
and naïveté—to give technology a free pass. 

Personally, I don‘t believe that just because something can be done it should heedlessly be 
allowed. Murder, rape and Ponzi schemes are all doable—but subject to prohibition and 
regulation. Government regulators have the responsibility to examine the consequences of new 
technologies and act to at least contain some of the worst. Beyond legislators and regulators, 
public outrage and the courts can also play a role—but these can be muffled indefinitely by 
misinformation and bullying. 

There are precedents for industries (belatedly perhaps) acting to offset the most onerous 
consequences of their products. In responding to a mix of litigation, public demand and 
regulatory requirement, the auto industry, for example, has in the last 50 years substantially 
improved the safety and environmental footprint of its products. 

Padded instrument panels, seat belts, air bags, and crumple zones have all addressed safety 
issues. Environmental concerns have been addressed with tightened emissions and fuel 
consumption standards. The response to new safety challenges is ongoing. Before side air bags 
were widely deployed, sedan drivers side-swiped by much larger SUVs were at vastly 
disproportionate risk of death and dismemberment.86 But the deployment of side air bags has 
―substantially‖ reduced the risk of collision deaths.87 Overall, auto fatality rates per 100,000 
persons have dropped by nearly 60% in the U.S. since 1966.88 Today, automakers continue to 
work on advanced safety features like collision avoidance. 

It can be argued that most of these safety improvements came decades after autos were in 
wide usage and only in response to outrage at Ralph Nader‘s 1965 revelations on the auto 
industry.89 No matter the catalysts. The simple truth remains that the auto industry—and its 
regulators—have for the last half-century been addressing safety and environmental issues. 



But with the overwhelming application of money and influence, information and 
communications technologies have almost totally escaped political scrutiny, regulatory control, 
and legal discipline. 

Should the Internet have been allowed to develop into an ultra-efficient tool for lifting 
personal information that includes financial records, health histories and social security 
numbers? Should wireless communications be blindly promoted even as new clues keep 
suggesting there may be toxic effects? Should local zoning authorities and American citizens be 
stripped of the right to protect their own health? Should education be digitized and imposed just 
because technology companies want to develop a new market and lock in a younger customer 
base?  

All these questions can perhaps be rolled up in one: do we all just play dead for the corporate 
lobbyists and spinners who promote the unexamined and unregulated application of their 
products?  

Finally, a word about the structure of the FCC. With five commissioners—no more than 
three from the same party—the structure seems to make some kind of sense. 

 But in practice, it works out poorly. The identification of commissioners by party tends to 
bring out the worst in both Republicans and Democrats. Instead of examining issues with clear-
sighted independence, the commissioners seem to retreat into the worst caricatures of their 
parties. The Republicans spout free market and deregulatory ideology that is most often a 
transparent cover for support of business interests. The Democrats seems satisfied if they can 
implement their pet spending programs—extension of broadband wireless to depressed urban 
and rural schools, cell phone subsidies for low income clients. The result is a Commission that 
fulminates about ideology and spends heavily to subsidize powerful interests. 

Perhaps one solution would be to expand the Commission to seven by adding two public 
interest Commissioners. The public interest only rarely prevails at the FCC. So it would 
represent vast improvement if both Republican and Democrat commissioners had to vie for 
support of public interest representatives in order to forge a majority. The public interest, in other 
words, would sometimes carry the swing votes. 

It‘s very hard to believe, though, that Congress would ever approve such a plan. It simply 
represents too much of a threat to the entrenched political power of the two parties. Why would 
they ever agree to a plan that dilutes that power?  

 It‘s also worth noting that the public interest is not always easy to define. Sometimes there 
are arguably conflicting definitions. Still, an FCC with public interest commissioners is an idea 
worth consideration. It would at least require party apologists to defend how they so consistently 
champion the moneyed interests that have purchased disproportionate access and power in 
Washington.   



Appendix—Survey of Consumer Attitudes 

What does the public believe about the science and politics of wireless health research? 
Under what conditions would people change wireless usage patterns? Is the FCC currently 
trusted to protect public health? How would confirmation of health risks affect trust in the FCC? 

These are some of the questions Ann-Christin Posten90 and Norm Alster91 hoped to answer 
with an April 2015 online survey of 202 respondents. Participants were recruited through 
Amazon‘s Mechanical Turk online platform. All were U.S. residents and had achieved 
qualifying approval rates in prior Mechanical Turk surveys. 

Participants were asked how likely they believed the following statements to be true: 

Statement 1. Prolonged and heavy cell phone use can have a variety of damaging effects 
on health. 

Statement 2. Prolonged and heavy cell phone use triples the risk of brain tumors. 

Statement 3. There is no scientific evidence that proves that wireless phone usage can 
lead to cancer or a variety of other problems. 

Statement 4. Children and pregnant women are especially vulnerable to radiation from 
wireless phones, cell towers and Wi-Fi 

Statement 5. Lobbying and campaign contributions have been key factors in keeping the 
government from acknowledging wireless hazards and adopting more stringent 
regulation. 

Statement 6. The U.S. Congress forbids local communities from considering health 
concerns when deciding whether to issue zoning permits for wireless antennae. 



 

Two findings seem especially interesting:  

1. Statement 3 received a higher credibility rating than Statements 1 and 2. The different 
credibility levels are statistically significant. Respondents are more likely to trust in wireless 
safety than to believe there are general or specific health risks. 

2. The only statement that is a matter of uncontested fact is Statement 6 on the outlawing of 
opposition to antenna sites on health grounds. (All other statements have been both proclaimed 
and denied.) And yet Statement 6 was least likely to be believed. Just 1.5% of respondents 
recognized this as an ―absolutely true‖ statement. Over 14% thought this statement was ―not true 
at all.‖ Answers to this question would seem to reflect public ignorance on the political 
background to wireless health issues. 

 Participants were also asked how they would change behavior if claims of wireless health 
risks were established as true:  

  



 



 



The greatest impact on behavior came when respondents were asked to assume it is true that 
prolonged and heavy cell phone use triples the risk of brain tumors. More than half said they 
would ―definitely‖ restrict the amount of time spent on the phone. Just over 43% would 
―definitely‖ restrict their children‘s phone use. Perhaps most surprisingly, close to 25% would 
―definitely‖ start up a new landline phone account. (This last response suggests it may be 
foolishly premature for the phone giants to exit the landline business just yet.)  

The inclination of consumers to change behavior should negative health effects be confirmed 
suggests the stakes are enormous for all companies that derive revenue from wireless usage. 

This survey points to—but cannot answer—some critical questions: Do wireless companies 
better protect themselves legally by continuing to deny the validity of all troublesome research? 
Or should they instead be positioning themselves to maintain consumer trust? Perhaps there is 
greater financial wisdom in listening to the lawyers right now and denying all chance of harm. If 
so, however, why would anyone seriously concerned about health listen to the industry—or to its 
captured agency? That‘s a question the FCC will eventually need to answer. 

Trust could eventually become a central issue. Respondents were initially asked to describe 
their level of trust in the wireless industry and in the FCC as its regulator. Not surprisingly, 
establishment of any of the presumed health risks—or confirmation of inordinate industry 
pressure—resulted in statistically significant diminution of trust in both the industry and the 
FCC. 



 

On a scale of 1 to 100, the FCC had a mean baseline trust level of 45.66. But if the tripling of 
brain tumor risk is established as definitely true, that number falls all the way to 24.68. If 
―lobbying and campaign contributions‖ have been ―key factors‖ in keeping the government from 
acknowledging wireless hazards, the trust level in the FCC plummets to 20.02. All results were 
statistically significant. 

 It‘s clear that at this point confirmation of health dangers—or even of behind-the-scenes 
political pressures—from wireless will substantially diminish public trust in the FCC. Skeptics 
might argue that this gives the FCC motive to continue to downplay and dismiss further evidence 
of biological and human health effects. Those of a more optimistic bent might see in these 
findings reason to encourage an FCC concerned about public trust to shake itself loose from 
special interests. 
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