ATTACHMENT 4

Adam Finestone

From: Darren Parker

Sent: Thursday, August 15, 2019 10:35 AM

To: Adam Finestone; Jay Paul

Subject: FW: [EXT] enewspaper.sandiegouniontribune.com - Regulating cell antennas for 5G use
in Escondido

FYI

From: Patricia <pborchmann9@gmail.com>

Sent: Thursday, August 8, 2019 7:57 AM

To: Bill Martin <bmartin@escondido.org>; Mike Strong <mstrong@escondido.org>; Darren Parker
<dparker@escondido.org>

Cc: christine nava <christinenava@hotmail.com>; Laura Hunter <earthlover@sbcglobal.net>

Subject: [EXT] enewspaper.sandiegouniontribune.com - Regulating cell antennas for 5G use in Escondido

CAUT I ON : This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender email address AND know the content is safe.

=l

county supervisors adopt ordinance regulating cell antennas for 5G use

https://enewspaper.sandiegouniontribune.com/infinity/article share.aspx?guid=287b2b2d-376c-45d0-bd66-
el7ead82b87a
Sent from Mail for Windows 10

Bill Martin, Mike Strong, Darren Parker

Before the pending Escondido code amendment AZ for regulations applied to cell antennas for 5G use in
Escondido is finalized, please consider recent action taken by SD County Supervisors, to apply the 3 new
regulations adopted by County staff to 5G cell antennas in Escondido:

. Small cell facilities be required to submit annual radio frequency reports for wireless providers, that they
comply with FCC maximum permissible exposure requirements for radio frequency emissions, and they post
signs at facilities warning of radio frequency emissions.

It was noted in article ‘federal law prevents municipalities from regulating location of cell towers for health
reasons, allowing them regulate the towers for visual impact and safety in a ‘reasonable way’. There are
other Escondido residents (Diana Boylon) and independent health experts who also assert that more rigorous
standards are necessary to regulate towers for visual impact and safety in a reasonable way in Escondido, and
indicate how standards in City of Escondido don’t go far enough to address reasonable concerns about
aesthetics, safety, concentration, proximity to sensitive receptors, or cause potential adverse impacts on property
values.

I urge City of Escondido to also take related action, by supporting amicus brief County of San Diego filed
earlier this year, joining other cities, counties and states opposing the FCC law. County also signed on to
support two legislative efforts to undo the law in US House and Senate.
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Please retain this email correspondence in public record for the pending Code Amendment for regulations
applied to cell antennas for 5G use in Escondido, for transmittal to Planning Commission and City Council.



Joanne Tasher

From: Mike Strong

Sent: Tuesday, August 27, 2019 11:26 AM

To: Darren Parker; Jay Paul; Adam Finestone
Subject: FW: [EXT] Protect the people, not telecoms!!

From: Jeffrey Epp <Jepp@escondido.org>

Sent: Tuesday, August 27, 2019 11:08 AM

To: Bill Martin <bmartin@escondido.org>; Mike Strong <mstrong@escondido.org>
Subject: FW: [EXT] Protect the people, not telecoms!!

FTR (For the Record)

Jeffrey R. Epp

City Manager

City of Escondido
Direct: 760-839-4897
jepp@escondido.org

Confidentiality Statement: This communication contains information that may be confidential,
and it may also be legally privileged or otherwise exempt from required disclosure. If you are
not the intended recipient, please do not read, distribute or copy this communication and
please delete the message from your computer.

From: Paul McNamara <pmcnamara@escondido.org>

Sent: Tuesday, August 27, 2019 8:57 AM

To: Pat Kenitz <kenitz@yahoo.com>

Cc: Jeffrey Epp <Jepp@escondido.org>; Michael McGuinness <mmcguinness@escondido.org>
Subject: RE: [EXT] Protect the people, not telecoms!!

Hi Pat,
Thank you for your note and concern.

| would like to assure you that the public welfare is the #1 priority of the city’s elected officials. More importantly, it is
the #1 priority of the city staff who have the grave responsibility to maintain, improve and implement new technology
for the city. They take this responsibility very seriously, and understand that the safety of the city is not a trivial
matter. Any action we take complies with the highest public standards and best practices. | will pass on your concerns
to them.

Thank you.

v/r
Paul



Paul “Mac” McNamara @ ;
LT
City of Escondido

760-839-4610 i
pmcnamara@escondido.org

Confidentiality Statement: This communication contains information that may be confidential,
and it may also be legally privileged or otherwise exempt from required disclosure. If you are
not the intended recipient, please do not read, distribute or copy this communication and
please delete the message from your computer.

From: Pat Kenitz <myvoice@oneclickpolitics.com>
Sent: Tuesday, August 27, 2019 7:57 AM

To: Paul McNamara <pmcnamara@escondido.org>
Subject: [EXT] Protect the people, not telecoms!!

CAUT ION : This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender email address AND know the content is safe.

Re: Protect the people, not telecoms!!
Dear Hon. McNamara,

You are my elected representative. This legal notice of liability is designed to be used as evidence in court if
needed and intends to enlighten you and to protect you from attracting civil and criminal liability in relation to
your actions and/or omissions surrounding the deployment of 5G technology within your constituency. 4G/LTE
small cells form an integral part of the 5G deployment. This 5G technology will cause me to be exposed to
wireless non-ionizing electromagnetic radiation against my consent and in my home.

Contamination of my home with 5G may cause damage to my home if it becomes a health risk to me and thus
render my home uninhabitable. Irradiating me with wireless non-ionizing electromagnetic radiation against my
consent would be an application of force against my person and which causes fear of bodily injury and could be
classed as a civil trespass and/or a criminal assault.

Any level of exposure of man-made non-ionizing electromagnetic radiation can be diagnosed by my medical
practitioner as an adverse health effect pursuant to the WHO’s International Classification of Diseases ICD-10,
code W90 thus rendering any safety limit as set by the government safety standards obsolete as to protecting my
health. As needed, I may see my doctor for advice on the 5G issue.

If 5G technology is deployed within your constituency, I expect that you as my elected representative will
exercise due diligence to certify that all parties deploying 5G technologies have sufficient insurance cover to
compensate for damage or harm caused by the emission of wireless non-ionizing electromagnetic radiation.
Please note that this could be a problem, since underwriters such as Lloyds of London do not insure for such
harm and damage.

I urge you, as my elected official, to act in the public interest by addressing the potential cumulative harms of
densification (the crowding of small cells into a limited area to enable 5G) and insisting that public safety
regulatory authorities need to prove that such densification of 5G technology is safe and that any deployment of
5G, Attificial Intelligence (Al), and/or the Internet of Things (IoT), is regulated appropriately to ensure that the
national security and the safety and privacy of the public and myself is not compromised.
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You need to protect the public from other harmful wireless technologies such as Wi-Fi in schools, “smart”
meters on dwellings, and the like, and to replace those technologies with safe and efficient wired technologies,
such as Ethernet and/or fiber optics, as the end-nodes of internet delivery systems to dwellings, schools and
commercial buildings. Forward-thinking cities are already doing this.

I implore you, as my elected official, to act in the public interest by protecting the public and myself from being
persecuted by the passing of laws that restrict the Courts, law enforcement agencies, municipal councils and
local governments from taking action to protect the public from harm to health and damage, caused by 5G and
other wireless technologies.

I am genuinely concerned for your welfare, the general public and mine, and this is a situation of the utmost
urgency. [ have studied the relevant facts and am thus aware of the danger. As a result [ am in fear and I take the
risk of harm and damage to me very seriously.

To help bring you up to speed on this extremely important topic, please go to the5Gsummit.com, and listen for
free to what 40 highly regarded experts inclusive of scientists, medical practitioners and lawyers from around
the world have to say on the 5G subject. Experts who are not censored by the telecommunications industry, nor
their captured governments, nor the captured media. Further, to assist with your education, please look at the
Bio-initiative Report 2012 (updated 2017) - A Rationale for Biologically-based Public Exposure Standards for
Electromagnetic Fields (ELF and RF) bioinitiative.org and Physicians for Safe Technology — 5G Mobile
Communications mdsafe.org.

I implore you as my civic leader, and as my elected representative to get educated on this important topic, and
show me by your decisions, actions and omissions that you are taking precautionary steps to address the risk of
harm to me and all the people within your constituency.

As an elected official you are deemed accountable if you do not take appropriate action to attempt to abate, or
prevent such harm, to me or the public. Therefore you attract liability in either the civil or criminal jurisdiction.

Your people are rising up and I implore you to take leadership and be a champion for the health and safety of all
of us. If you do, many voters, legislators and I will wholeheartedly support and campaign for you.

[Settled by Ray Broombhall, Barrister-at-Law"]
Sincerely,

Pat Kenitz
kenitz@yahoo.com

749 Cleveland Avenue
Escondido, CA 92026
Constituent



Joanne Tasher

From: Mike Strong

Sent: Monday, October 28, 2019 6:12 PM

To: Adam Finestone

Subject: FW: [EXT] Scientific American Issues a Chilling Warning on 5G Technology

Public correspondence....

From: Patricia <pborchmann9@gmail.com>

Sent: Monday, October 28, 2019 11:52 AM

To: Mike Strong <mstrong@escondido.org>; Bill Martin <bmartin@escondido.org>; Darren Parker
<dparker@escondido.org>

Cc: Patricia <pborchmann9@gmail.com>

Subject: [EXT] Scientific American Issues a Chilling Warning on 5G Technology

CAUT ION : This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender email address AND know the content is safe.

Scientific Américan, the Oldest US Monthly Magazine, Issues Chilling
Warning on 5G

In a recently published article entitled, Scientific American magazine issued a stern warning about the known and

potential dangers of 5G technology.
bm

https://themindunleashed.com/2019/10/scientific-american-warning-
5g.html?fbclid=IwAR1dwPcSrzcC2522uB4UkWzqjfYIXb4wGxkU4d15YN-LNdh2y3cBw?2allSY
Sent from Mail for Windows 10




Joanne Tasher

From: Adam Finestone

Sent: Monday, November 25, 2019 3:43 PM

To: ‘D Mitchell Sr.'

Subject: RE: [EXT] Re: Escondido "Small Cell" wireless facilities

Good afternoon Duane,

Barring any unforeseen circumstances, the Planning Commission will be considering the proposed Zoning Code
Amendment and Guidelines at their meeting on December 10" (7:00pm in City Council chambers). | will be finalizing the
staff report and proposed code language and guidelines early next week and would need any comments/input by the
end of the day next Tuesday (December 3). The final draft will be published with the staff report no later than next
Friday (December 6%).

The Planning Commission will be making a recommendation to City Council, who will ultimately consider the draft
documents early next year.

Please let me know if you have any questions. | look forward to seeing you tonight.
Thank you,

Adam Finestone, AICP
Principal Planner
City of Escondido

From: D Mitchell Sr. <dkmitchO5@sbcglobal.net>

Sent: Monday, November 25, 2019 2:25 PM

To: Adam Finestone <afinestone@escondido.org>
Subject: [EXT] Re: Escondido "Small Cell" wireless facilities

CAUT ION : This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender email address AND know the content is safe.

Hello Adam,

Thank you for sending me the meeting information. | do plan to attend and forward my input to you after completion of the
meeting. Better to respond after hearing the presentation in case there are other things, in addition, that | need to
address. Is there a deadline to submit input?

The Planning Division meeting is to follow in December? Please let me know when that meeting is confirmed.

I'll look for you tonight.

Thank you,

Duane Mitchell

On Monday, November 18, 2019, 2:59:23 PM PST, Adam Finestone <afinestone@escondido.org> wrote:




The City of Escondido will be holding a public information session on Monday, November 25, 2019, at 6:00 p.m. in the
Mitchell Room at Escondido City Hall. Additional information regarding the meeting can be found in the attached meeting

notice. The City has also created a webpage related to the topic at the following link: https://www.escondido.org/small-
cell-wireless-service-facilities.aspx.

Please let me know if you have any questions.

Thank you,

Adam Finestone, AICP

Principal Planner

Community Development Department | City of
Escondido

760-839-6203

www.escondido.org




Joanne Tasher

From: Mike Strong

Sent: Monday, November 25, 2019 3:13 PM

To: Adam Finestone

Subject: Fwd: [EXT] Encinitas Vertical Infrastructure Web App

Sent from my iPhone

Begin forwarded message:

From: Patricia <pborchmann9@gmail.com>

Date: November 25, 2019 at 3:10:01 PM PST

To: Darren Parker <dparker@escondido.org>, Mike Strong <mstrong@escondido.org>, Julie Procopio
<jprocopio@escondido.org>

Cc: Patricia <pborchmann9@gmail.com>, Christine Nava <christinenava858@gmail.com>

Subject: [EXT] Encinitas Vertical Infrastructure Web App

CAUT ION : This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender email address AND know the content is safe.

Encinitas Vertical Infrastructure Web App

http://encinitas.maps.arcgis.com/apps/webappviewer/index.html?id=7166c5223bfc40c18ed75b853a54
9641
Sent from Mail for Windows 10

Darren Parker, Mike Strong, Julie Procopio

For your public workshop tonight 11 25 19 at 6 pm for proposed Code Amendment, to update Small
Cell Guidelines in Escondido, it would be good to take a look at recent work undertaken by City of
Encinitas.

This first digital file is useful tool that would be good to apply in Escondido —it’s a Encinitas Vertical
Infrastructure Web App to display locations of small cell wireless antennae, and other
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infrastructure. The display shows cityide map for locations, and provides tracking capability. It makes
it easy to see all the wireless facilities, their concentration, distances from schools and sensitive
receptors.

As Escondido goes forward with proposed Code Amendment to update Small Cell Guidelines many
stakeholders think an online city-wide map, and tracking system is needed for purpose of providing data
display for baseline conditions.

City of Encinitas recently adopted updated regulations on Telecom Wireless facilities that public would
like to be considered by staff, and Planning Commission and City Council.

I'll send you details (Staff Report and Workshop Agendas) that City of Encinitas developed, which were
used to apply limits on location, and limits that were adopted in a separate email.

At your Public Workshop tonight to update Small Cell Guidelines in Escondido, please introduce this
information and consider applying similar design, location criteria, separation and distance limits that

were recently adopted in City of Encinitas.

Thank you for thoughtful consideration. .p



Joanne Tasher

From: herbsarnoff@yahoo.com

Sent: Wednesday, November 27, 2019 9:57 AM

To: Adam Finestone

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Attachments: RFR12-14-researchSummary.docx; BiolnitiativeReport-RF-Color-Charts.pdf
Hello Adam,

| don’t have enough knowledge to make any specific recommendations about the placement of small cell systems
in/around Escondido. My overall concern is that the wireless industry is planning a very aggressive approach to rolling
out this very significant infrastructure, and there is very little going on to make sure this is truly safe. They have lots of
resources (legal, engineering, etc.) to overwhelm local cities, and their motives will generally put profit over health and
safety, especially when they have FCC guidelines they can point to. Unfortunately, the FCC guidelines were written a
while back by engineers and ex-telecom industry insiders — and not by biologists, scientists, and medical

professionals. And they were written at a time when putting small wireless box right outside someone’s second-story
window, was not even being considered. The core belief that any/all non-ionizing radiation is safe for
humans/animals/plants is just false. There are health issues and legal/liability risks that the city should be taking into
account, but the game seems to be ‘rigged’ with the FCC trying to tie the hands of local municipalities. There is a great
deal of information on line, some of which is hyperbole but much of it is solid scientific and legal concerns about a fast
rollout of thousands of small cell wireless boxes.

| don’t know what you can do, but you and the city are in the (unenviable) position to either step aside and let the
wireless industry do whatever they want, or to take a stand and force them to provide additional documentation as to
the safety and liability issues associated with this new technology. Many cities are indeed taking a stand, and willing to
have that fight. Perhaps investigating what exactly those cities are doing will provide a roadmap to insure safety, and
perhaps a way to share the burden of any legal battles from the wireless industry.

| previously shared what | had found on the ‘NEPA Ruling’ which certainly provides one tool to slow the process a bit. It
allows the city to require additional reporting on safety on environment issues prior to approving their permit requests.

| am attaching here a couple documents that summarize the research provided at: www.bioinitiative.org Thereis a

1500-page report available here as well, but it is too large to email. Other URLs that focus on this issue, from
the perspective of opposing an uncontrolled/massive rollout of 5G due to health and safety concerns, include
the following:

www.bioinitiative.org
https://ehtrust.org
www.scientists4wiredtech.com
www.icems.eu
www.radiationresearch.org
https://mdsafetech.org/
www.MyStreetMyChoice.com
https://www.youtube.com/watch?v=0l3tAxnNccY — Sacha Stone Movie
Two specific parts in this long video:
https://youtu.be/ol3tAxnNccY?t=2093
https://youtu.be/ol3tAxnNccY?t=2192
www.fullsighalmovie.com




www.radiationresearch.org

In the end, | think most people want the advantages provided by a well-connected communications infrastructure, but
also expect the city and your department to make sure things are safe, aesthetic, and that property values are not
impacted.

| recommend doing your own research, and perhaps listening a little less to the broad claims by the wireless company
representatives who state definitely that there is no health issue, that all is safe, and that anybody pushing back is
somehow a conspiracy theorist, crazy person. | believe there are legitimate health and safety concerns that the City
really should take into account.

Hopefully the Escondido City Planning and City Council will decide to put some brakes on the wireless industry’s intent
to rollout as fast as possible.

Regards,
Herb Sarnoff
760-855-1477

From: Adam Finestone <afinestone@escondido.org>

Sent: Tuesday, November 26, 2019 4:04 PM

To: herbsarnoff@yahoo.com

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Hi Herb,

Thank you for sharing your concerns last night and for the information you have provided below. It will be included with
my staff reports for both Planning Commission and City Council. | will look into the NEPA ruling to see if it has any impact
on our ability to further regulate various aspects of these facilities.

Please feel free to reach out again or send any additional information that you’d like to be taken into consideration.
Thank you,

Adam Finestone, AICP
Principal Planner
City of Escondido

From: herbsarnoff@yahoo.com <herbsarnoff@yahoo.com>
Sent: Tuesday, November 26, 2019 12:27 AM

To: Adam Finestone <afinestone@escondido.org>

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Hello Adam,

Thanks for sharing the situation with the public today. | was disappointed there were not more concerned citizens in
attendance, but | think most people simply do not know there is something to concerned about.

One of the arguments made tonight is that local authorities do not have the right to consider certain aspects of “small
cells”, and are obligated to accept the position established by the FCC. One recent ruling vacated at least a portion of
FCC rules regarding small cells, therefore providing at least one avenue cities can take to insure that any negative impact
on city residents, or the environment, is minimized. Attached is the NEPA related ruling | mentioned in today’s meeting,



along with a couple news reports discussing the impact of the ruling (Aug 2019). My understanding is that cities can
now require a NEPA report along with any small cell facility application.

NEPA Ruling says that Environmental Assessments (EA) and / or Environmental Impact Statements (EIS) are still
appropriate in spite of FCC guidelines.
a. National Environmental Policy Act -- DC Circuit Court of Appeals Ruling — Valid across the U.S.
b. https://www.cnn.com/2019/08/09/tech/5g-fcc-regulations-ruling/index.html
C. https://www.fiercewireless.com/regulatory/court-rejects-fcc-exemption-5g-small-cell-site-reviews

Please submit this information to the public record for City Council Members to have access to. | will send
additional information as appropriate, and | would certainly appreciate your comments about the validity of
this NEPA, and impact on Escondido City Planning’s approach.

Thank You,
Herb Sarnoff

From: Adam Finestone <afinestone@escondido.org>

Sent: Thursday, November 21, 2019 6:38 PM

To: herbsarnoff@yahoo.com

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Good morning Herb,

The term “personal wireless services” is defined in the federal code | provided a link to below. That said, the definition
there can send one down a wormhole based on the definition of other terms referenced therein, and further references
in the definitions of those terms, and on and on. In general, the City’s Communication Antennas ordinance (Article 34 of
the Escondido Zoning Code - http://www.gcode.us/codes/escondido/view.php?topic=33-34&showAll=1&frames=on)
pertains primarily to cellular service. By “direct-to-consumer WiFi,” I’'m assuming you are talking about hotspots? | am
not sure of the exact definition of that term, or if it would fall under the provisions of our ordinance, however | can say
that we haven’t dealt with those types of facilities up to this point.

As far as the ability to install multiple antennas on a single structure, our code (existing and draft revisions) and our draft
guidelines limit the number and size of facilities. | can show you some examples on Monday of what we have approved
thus far and what is typically being proposed by wireless carriers.

While | have heard general concerns in the community regarding small cell antennas, the City has not heard from too
many people directly. Most of the comments we do receive are provided at public hearings for individual facilities in
specific locations. | truly don’t know what to expect as far as turn-out on Monday.

Let me know if you need anything else, otherwise I'll see you on Monday evening.

Thanks,

Adam Finestone, AICP

Principal Planner
City of Escondido

From: herbsarnoff@yahoo.com <herbsarnoff@yahoo.com>
Sent: Wednesday, November 20, 2019 8:45 PM




To: Adam Finestone <afinestone@escondido.org>
Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Thanks, Adam. Please call me Herb.

I look forward to your reply, and will plan to come listen in next Monday. Is there a lot of local opposition? Do you
expect this to be a well-attended and/or contentious meeting?

Regards,
Herb

From: Adam Finestone <afinestone@escondido.org>

Sent: Wednesday, November 20, 2019 6:48 PM

To: herbsarnoff@yahoo.com

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Good evening Mr. Sarnoff,

I've been in meetings all day and haven’t had a chance to provide a response. I'll get back to you tomorrow. Sorry for the
delay, and thanks for your patience.

Also, please call me Adam...
Thanks,

Adam Finestone, AICP
Principal Planner
City of Escondido

From: herbsarnoff@yahoo.com <herbsarnoff@yahoo.com>
Sent: Tuesday, November 19, 2019 8:14 PM

To: Adam Finestone <afinestone@escondido.org>

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Mr. Finestone,
Thanks for this information, it was very helpful. | have two follow-up questions:

1. Canyou help me understand the meaning of the term “personal wireless services” in the context of this
provision. Does this only apply to CELLULAR service, or is direct-to-consumer WiFi also fit under this
provision? The direct-to-consumer Wi-Fi requires a much, much greater level of power, so therefore poses a
greater risk to potential health concerns.

2. The lack of ability to consider health considerations, combined with the seeming inability to limit installations,
would seem to create a real risk. For example, what is to keep 10 different companies, or even local individuals,
from all requesting access to put their own “small cell wireless facilities” on the same pole. Would the city be
forced to allow 8 installations on every pole --- and what would that mean to the homeowner living next to that
pole?

I’'m a big fan of 5G, but clearly there are health concerns that need to take into account that many competing companies
will all want unlimited access, and the city clearly can’t say yes to everyone.

Thanks again for your help in understanding this difficult issue.
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Regards,
Herb Sarnoff

From: Adam Finestone <afinestone@escondido.org>

Sent: Tuesday, November 19, 2019 2:45 PM

To: herbsarnoff@yahoo.com

Subject: RE: [EXT] RE: Escondido "Small Cell" wireless facilities

Good afternoon Mr. Sarnoff,

The Federal Communications Commission (FCC) has established regulations that address exposure to radiofrequency
emissions, and preempts a local jurisdiction from considering environmental effects of said emissions as long as they
comply with the FCC’s standards. Specifically, 47 U.S. Code § 332.Mobile services, states:

No State or local government or instrumentality thereof may regulate the placement, construction, and modification of
personal wireless service facilities on the basis of the environmental effects of radio frequency emissions to the extent

that such facilities comply with the Commission’s regulations concerning such emissions.

The full text of that federal code can be found at the following link: https://www.law.cornell.edu/uscode/text/47/332.

| am not aware of any formal opinion provided by our city attorney’s office, however | will inquire and get back to you. |
can say that the attorney’s office has been consistently involved in the process as we have worked to develop the draft
zoning code amendment language and draft guidelines, and has not provided any input which would suggest that they

believe we can regulate facilities in a way that conflicts with the federal code cited above.

Please let me know if you have any further questions or if | can provide any additional information.
Thank you,

Adam Finestone, AICP
Principal Planner
City of Escondido

From: herbsarnoff@yahoo.com <herbsarnoff@yahoo.com>
Sent: Monday, November 18, 2019 5:30 PM

To: Adam Finestone <afinestone@escondido.org>

Subject: [EXT] RE: Escondido "Small Cell" wireless facilities

CAUT ION : This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender email address AND know the content is safe.

Hello Adam,

| read your notice about the planning meeting regarding Small Cell wireless. | found one statement very curious, and
was wondering if you could explain what is behind it. Specifically, you note: “It should be noted that the City of
Escondido does not have the authority to regulate the technologies wireless carriers use, but it does have
certain power to regulate the time, place, and manner of small cells as long as said regulations do not
effectively prohibit their deployment. Additionally, the City is preempted from considering health-related
impacts of small cells (or any wireless service facilities) when reviewing applications for proposed facilities.”
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Who exactly has “pre-empted” your authority to insure these Small Cell wireless installations are safe for the
people of Escondido? If this from the Federal Government, or State Government, | was wondering if you could
point me directly to the legislation you are following, and whether any legal opinion has been provided by the
City Attorney? If this pre-empting of authority to insure the health and safety of the people of Escondido
comes from some other agency’s jurisdiction, please provide the background on that as well.

Thanks in advance for your help in understanding this important issue.

Thanks,
Herb Sarnoff

From: Adam Finestone <afinestone@escondido.org>
Sent: Monday, November 18, 2019 2:59 PM

To: Adam Finestone <afinestone@escondido.org>
Subject: Escondido "Small Cell" wireless facilities

The City of Escondido will be holding a public information session on Monday, November 25, 2019, at 6:00 p.m. in the
Mitchell Room at Escondido City Hall. Additional information regarding the meeting can be found in the attached
meeting notice. The City has also created a webpage related to the topic at the following link:
https://www.escondido.org/small-cell-wireless-service-facilities.aspx.

Please let me know if you have any questions.
Thank you,

Adam Finestone, AICP

Principal Planner

Community Development Department | City of Escondido
760-839-6203

www.escondido.org




December 14, 2017

The following is a list of research publications (1990-2017) on the
biological effects of radiofrequency and cell phone radiation. Use the
‘Find’ command to search for keywords, e.g., sleep, melatonin,
micronucleus, etc.

Aalto S, Haarala C, Bruck A, Sipila H, Hamalainen H, Rinne JO. Mobile phone
affects cerebral blood flow in humans. J Cereb Blood Flow Metab. 26(7):885-890,
2006.

Mobile phones create a radio-frequency electromagnetic field (EMF) around them when
in use, the effects of which on brain physiology in humans are not well known. We studied
the effects of a commercial mobile phone on regional cerebral blood flow (rCBF) in
healthy humans using positron emission tomography (PET) imaging. Positron emission
tomography data was acquired using a double-blind, counterbalanced study design with
12 male subjects performing a computer-controlled verbal working memory task (letter 1-
back). Explorative and objective voxel-based statistical analysis revealed that a mobile
phone in operation induces a local decrease in rCBF beneath the antenna in the inferior
temporal cortex and an increase more distantly in the prefrontal cortex. Our results
provide the first evidence, suggesting that the EMF emitted by a commercial mobile
phone affects rCBF in humans. These results are consistent with the postulation that
EMF induces changes in neuronal activity.

Abdel-Rassoul G, El-Fateh OA, Salem MA, Michael A, Farahat F, EI-Batanouny M,
Salem E. Neurobehavioral effects among inhabitants around mobile phone base
stations. Neurotoxicology. 28(2):434-40, 2007.

BACKGROUND: There is a general concern on the possible hazardous health effects of
exposure to radiofrequency electromagnetic radiations (RFR) emitted from mobile phone
base station antennas on the human nervous system. AIM: To identify the possible
neurobehavioral deficits among inhabitants living nearby mobile phone base stations.
METHODS: A cross-sectional study was conducted on (85) inhabitants living nearby the
first mobile phone station antenna in Menoufiya governorate, Egypt, 37 are living in a
building under the station antenna while 48 opposite the station. A control group (80)
participants were matched with the exposed for age, sex, occupation and educational
level. All participants completed a structured questionnaire containing: personal,
educational and medical histories; general and neurological examinations;
neurobehavioral test battery (NBTB) [involving tests for visuomotor speed, problem
solving, attention and memory]; in addition to Eysenck personality questionnaire (EPQ).
RESULTS: The prevalence of neuropsychiatric complaints as headache (23.5%),
memory changes (28.2%), dizziness (18.8%), tremors (9.4%), depressive symptoms
(21.7%), and sleep disturbance (23.5%) were significantly higher among exposed
inhabitants than controls: (10%), (5%), (5%), (0%), (8.8%) and (10%), respectively
(P<0.05). The NBTB indicated that the exposed inhabitants exhibited a significantly lower
performance than controls in one of the tests of attention and short-term auditory memory
[Paced Auditory Serial Addition Test (PASAT)]. Also, the inhabitants opposite the station
exhibited a lower performance in the problem solving test (block design) than those under
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the station. All inhabitants exhibited a better performance in the two tests of visuomotor
speed (Digit symbol and Trailmaking B) and one test of attention (Trailmaking A) than
controls. The last available measures of RFR emitted from the first mobile phone base
station antennas in Menoufiya governorate were less than the allowable standard level.
CONCLUSIONS AND RECOMMENDATIONS: Inhabitants living nearby mobile phone
base stations are at risk for developing neuropsychiatric problems and some changes in
the performance of neurobehavioral functions either by facilitation or inhibition. So,
revision of standard guidelines for public exposure to RER from mobile phone base
station antennas and using of NBTB for regular assessment and early detection of
biological effects among inhabitants around the stations are recommended.

Aboul Ezz HS, Khadrawy YA, Ahmed NA, Radwan NM, El Bakry MM. The effect of
pulsed electromagnetic radiation from mobile phone on the levels of monoamine
neurotransmitters in four different areas of rat brain. Eur Rev Med Pharmacol Sci.
17(13):1782-1788, 2013.

BACKGROUND: The use of mobile phones is rapidly increasing all over the world. Few
studies deal with the effect of electromagnetic radiation (EMR) on monoamine
neurotransmitters in the different brain areas of adult rat. AIM: The aim of the present
study was to investigate the effect of EMR on the concentrations of dopamine (DA),
norepinephrine (NE) and serotonin (5-HT) in the hippocampus, hypothalamus, midbrain
and medulla oblongata of adult rats. MATERIALS AND METHODS: Adult rats were
exposed daily to EMR (frequency 1800 MHz, specific absorption rate 0.843 W/kg, power
density 0.02 mW/cm2, modulated at 217 Hz) and sacrificed after 1, 2 and 4 months of
daily EMR exposure as well as after stopping EMR for 1 month (after 4 months of daily
EMR exposure). Monoamines were determined by high performance liquid
chromatography coupled with fluorescence detection (HPLC-FD) using their native
properties. RESULTS: The exposure to EMR resulted in significant changes in DA, NE
and 5-HT in the four selected areas of adult rat brain. CONCLUSIONS: The exposure of
adult rats to EMR may cause disturbances in monoamine neurotransmitters and this may
underlie many of the adverse effects reported after EMR including memory, learning, and
stress.

Abramson MJ, Benke GP, Dimitriadis C, Inyang 10, Sim MR, Wolfe RS, Croft RJ.
Mobile telephone use is associated with changes in cognitive function in young
adolescents. Bioelectromagnetics. 30(8):678-686, 2009.

As part of the Mobile Radiofrequency Phone Exposed Users' Study (MoRPhEUS), a
cross-sectional epidemiological study examined cognitive function in secondary
school students. We recruited 317, 7th grade students (144 boys, 173 girls, median
age 13 years) from 20 schools around Melbourne, Australia. Participants completed
an exposure guestionnaire based on the Interphone study, a computerised cognitive
test battery, and the Stroop colour-word test. The principal exposure metric was the
total number of reported mobile phone voice calls per week. Linear regression
models were fitted to cognitive test response times and accuracies. Age, gender,
ethnicity, socio-economic status and handedness were fitted as covariates and
standard errors were adjusted for clustering by school. The accuracy of working
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memory was poorer, reaction time for a simple learning task shorter, associative
learning response time shorter and accuracy poorer in children reporting more mobile
phone voice calls. There were no significant relationships between exposure and
signal detection, movement monitoring or estimation. The completion time for Stroop
word naming tasks was longer for those reporting more mobile phone voice calls. The
findings were similar for total short message service (SMS, also known as text)
messages per week, suggesting these cognitive changes were unlikely due to
radiofrequency (RF) exposure. Overall, mobile phone use was associated with faster
and less accurate responding to higher level cognitive tasks. These behaviours may
have been learned through frequent use of a mobile phone.

Abu Khadra KM, Khalil AM, Abu Samak M, Aljaberi A. Evaluation of selected
biochemical parameters in the saliva of young males using mobile phones.
Electromagn Biol Med. 2014 Feb 5. [Epub ahead of print]

The biochemical status in the saliva of 12 males before/after using mobile phone has
been evaluated. Radio frequency signals of 1800 MHz (continuous wave
transmission, 217 Hz modulate and Global System for Mobile Communications [GSM
- non-DTX]) with 1.09 w/kg specific absorption rate (SAR) value were used for 15 and
30 min. Cell phone radiation induced a significant increase of superoxide dismutase
(SOD); there was a statistically significant effect of talking time on the levels of SOD,
F(2, 33)=8.084, p<0.05, w=0.53. The trend analysis suggests a significant
quadratic trend, F(1, 33) =4.891, p <0.05; indicating that after 15 min of talking the
levels of SOD increased, but as talking time increased the SOD activity started to
drop. In contrast to this, there was no statistically significant effect of talking time on
the level of salivary albumin, cytochrome c, catalase or uric acid. Results suggest that
exposure to electromagnetic radiation may exert an oxidative stress on human cells
as evidenced by the increase in the concentration of the superoxide radical anion
released in the saliva of cell phone users.

Acar GO, Yener HM, Savrun FK, Kalkan T, Bayrak I, Enver O. Thermal effects of
mobile phones on facial nerves and surrounding soft tissue. Laryngoscope.
119(3):559-562, 2009.

OBJECTIVE: To investigate the possible thermal effects of microwaves from mobile
phones on facial nerves (FN) and surrounding soft tissue. STUDY DESIGN:: A
prospective study. METHODS: We studied FN conduction rate and compound muscle
action potentials (CMAP) on 12 rabbits before exposure to radiofrequency radiation
(RFR) emitted from a mobile phone. Also, the temperature change in the soft tissues
around the FN was investigated by a four channel Luxtron fiber optic system. A mobile
phone with 1900 MHz frequency was placed over the ipsilateral ear of the rabbit for 25
minutes, and FN and surrounding tissues were exposed to a 1.5 watts pulse modulated
(217 packets/s) electromagnetic field. During exposure to RFR, immediately after turning
off the mobile phone, and 25 minutes after the exposure temperature change in the
surrounding tissue of the FN was recorded and compared to preexposure values.
Additionally, another recording regarding the FN functions was done and the data were
compared to preexposure values. RESULTS: The average temperature of the
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surrounding soft tissues was 0.39 K higher than the preexposure values during the
exposure and immediately after turning off the mobile phone, and decreased to normal
levels 25 minutes after the exposure, which was statistically significant. The amplitudes of
FN CMAP after radiofrequency radiation exposure were significantly smaller than the
preexposure amplitudes and the amplitudes were normal in the 25 minute measurement.
CONCLUSION: The RFR emitted from a mobile phone can cause temporary FN
dysfunction that can be due to temporary temperature increase in the soft tissue around
the FN.

Achudume A, Onibere B, Aina F, Tchokossa P. Induction of oxidative stress in
male rats subchronically exposed to electromagnetic fields at non-thermal
intensities. J Electromagnetic Analysis and Applications 2(8), 482-487, 2010.

To investigate the oxidative stress-inducing potential of non-thermal electromagnetic
fields in rats. Male Wister rats were exposed to electrical field intensity of 2.3 + 0.82 uV/m
. Exposure was in three forms: continuous waves, or modulated at 900 MHz or modulated
GSM-nonDTX. The radio frequency radiation (RFR) was 1800 MHz, specific absorption
radiation (SAR) (0.95-3.9 W/kg) for 40 and/or 60 days continuously. Control animals were
located > 300 m from base station, while sham control animals were located in a similar
environmental conditions, but in the vicinity of a non-functional base station. The rats
were assessed for thiobarbituric and reactive species (TBARS), reduced glutathione
(GSH) content, catalase activity, glutathione reductase (GR) and glucose residue after 40
and 60 days of exposure. At 40 days, electromagnetic radiation failed to induce any
significant alterations. However, at 60 days of exposure various attributes evaluated
decreased. The respective decreases in both nicotinamide adenine dinucleotide
phosphate (NADPH) and Ascorbate- linked lipid peroxidation (LPO) with concomitant
diminution in enzymatic antioxidative defense systems resulted in decreased glucose
residue. The present studies showed some biochemical changes that may be associated
with a prolong exposure to electromagnetic fields and its relationship to the activity of
antioxidant system in rat. Regular assessment and early detection of antioxidative
defense system among people working around the base stations are recommended.

Adachi-Mejia AM, Edwards PM, Gilbert-Diamond D, Greenough GP, Olson AL.TXT
Me I'm Only Sleeping: Adolescents With Mobile Phones in Their Bedroom. Fam
Community Health. 37(4):252-257, 2014.

The purpose of this study was to determine if mobile phones interfere with adolescent
sleep. We conducted a pilot test in a pediatric primary care practice of 454 patients, half
female (51.2%), 12 to 20 years old (mean = 15) attending a well-child visit. Adolescents
completed paper-and-pencil surveys in the waiting room. More than half took their mobile
phone to bed (62.9%) and kept it turned on while sleeping (56.8%). Almost half used their
phone as their alarm (45.7%). More than one-third texted after going to bed (36.7%). Two
or more times per week, 7.9% were awakened by a text after going to sleep.

Adair ER, Adams BW, Hartman SK, Physiological interaction processes and
radio-frequency energy absorption. Bioelectromagnetics 13(6):497-512, 1992.
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Because exposure to microwave fields at the resonant frequency may generate heat
deep in the body, hyperthermia may result. This problem has been examined in an
animal model to determine both the thresholds for response change and the steady-
state thermoregulatory compensation for body heating during exposure at resonant
(450 MHz) and supra-resonant (2,450 MHz) frequencies. Adult male squirrel
monkeys, held in the far field of an antenna within an anechoic chamber, were
exposed (10 min or 90 min) to either 450-MHz or 2,450-MHz CW fields (E
polarization) in cool environments. Whole-body SARs ranged from 0-6 W/kg (450
MHz) and 0-9 W/kg (2,450 MHz). Colonic and several skin temperatures, metabolic
heat production, and evaporative heat loss were monitored continuously. During brief
RF exposures in the cold, the reduction of metabolic heat production was directly
proportional to the SAR, but 2,450-MHz energy was a more efficient stimulus than
was the resonant frequency. In the steady state, a regulated increase in deep body
temperature accompanied exposure at resonance, not unlike that which occurs
during exercise. Detailed analyses of the data indicate that temperature changes in
the skin are the primary source of the neural signal for a change in physiological
interaction processes during RF exposure in the cold.

Adair ER, Kelleher SA, Mack GW, Morocco TS, Thermophysiological responses
of human volunteers during controlled whole-body radio frequency exposure at
450 MHz. Bioelectromagnetics 19(4):232-245, 1998.

Thermoregulatory responses of heat production and heat loss were measured in
seven adult volunteers (four women and three men, aged 21-57 yr) during 45-min
dorsal exposures of the whole body to 450 MHz continuous wave radio frequency
(RF) fields. Two power densities (PD) (local peak PD = 18 and 24 mW/cm2; local
peak specific absorption rate = 0.320 [W/kg]/[mW/cm2]) were tested in each of three
ambient temperatures (Ta = 24, 28, and 31 degrees C) plus Ta controls (no RF). No
changes in metabolic heat production occurred under any exposure conditions.
Vigorous increases in sweating rate on back and chest, directly related to both Ta
and PD, cooled the skin and ensured efficient regulation of the deep body
(esophageal) temperature to within 0.1 degrees C of the normal level. Category
judgments of thermal sensation, comfort, sweating, and thermal preference usually
matched the measured changes in physiological responses. Some subtle effects
related to gender were noted that confirm classic physiological data. Our results
indicate that dorsal exposures of humans to a supraresonant frequency of 450 MHz
at local peak specific absorption rates up to 7.68 W/kg are mildly thermogenic and
are counteracted efficiently by normal thermophysiologic heat loss mechanisms,
principally sweating.

Adair ER, Cobb BL, Mylacraine KS, Kelleher SA, Human exposure at two radio
frequencies (450 and 2450 MHz): similarities and differences in physiological
response. Bioelectromagnetics Suppl 4:12-20, 1999.

Thermoregulatory responses of heat production and heat loss were measured in two
different groups of seven adult volunteers (males and females) during 45-min dorsal
exposures of the whole body to 450 or 2450 MHz continuous-wave radio frequency
(RF) fields. At each frequency, two power densities (PD) were tested at each of three



ambient temperatures (T(a) = 24, 28, and 31 degrees C) plus T(a) controls (no RF).
The normalized peak surface specific absorption rate (SAR), measured at the
location of the subject's center back, was the same for comparable PD at both
frequencies, i.e., peak surface SAR = 6.0 and 7.7 W/kg. No change in metabolic heat
production occurred under any exposure conditions at either frequency. The
magnitude of increase in those skin temperatures under direct irradiation was directly
related to frequency, but local sweating rates on back and chest were related more to
T(a) and SAR. Both efficient sweating and increased local skin blood flow contributed
to the regulation of the deep body (esophageal) temperature to within 0.1 degrees C
of the baseline level. At both frequencies, normalized peak SARs in excess of
ANSI/IEEE C95.1 guidelines were easily counteracted by normal thermophysiological
mechanisms. The observed frequency-related response differences agree with
classical data concerning the control of heat loss mechanisms in human beings.
However, more practical dosimetry than is currently available will be necessary to
evaluate realistic human exposures to RF energy in the natural environment.

Adair ER, Blick DW, Allen SJ, Mylacraine KS, Ziriax JM, Scholl
DM.Thermophysiological responses of human volunteers to whole body RF
exposure at 220 MHz. Bioelectromagnetics. 26(6):448-461, 2005

Since 1994, our research has demonstrated how thermophysiological responses are
mobilized in human volunteers exposed to three radio frequencies, 100, 450, and 2450
MHz. A significant gap in this frequency range is now filled by the present study,
conducted at 220 MHz. Thermoregulatory responses of heat loss and heat production
were measured in six adult volunteers (five males, one female, aged 24-63 years) during
45 min whole body dorsal exposures to 220 MHz radio frequency (RF) energy. Three
power densities (PD =9, 12, and 15 mW/cm(2) [1 mW/cm(2) = 10 W/m(2)], whole body
average normalized specific absorption rate [SAR] = 0.045 [W/kg]/[mW/cm(2)] = 0.0045
[W/kg)/[Wim(2)]) were tested at each of three ambient temperatures (T(a) = 24, 28, and
31 degrees C) plus T(a) controls (no RF). Measured responses included esophageal
(T(esoph)) and seven skin temperatures (T(sk)), metabolic rate (M), local sweat rate, and
local skin blood flow (SkBF). Derived measures included heart rate (HR), respiration rate,
and total evaporative water loss (EWL). Finite difference-time domain (FDTD) modeling of
a seated 70 kg human exposed to 220 MHz predicted six localized 'hot spots' at which
local temperatures were also measured. No changes in M occurred under any test
condition, while T(esoph) showed small changes (</=0.35 degrees C) but never
exceeded 37.3 degrees C. As with similar exposures at 100 MHz, local T(sk) changed
little and modest increases in SKBF were recorded. At 220 MHz, vigorous sweating
occurred at PD =12 and 15 mW/cm(2), with sweating levels higher than those observed
for equivalent PD at 100 MHz. Predicted 'hot spots’ were confirmed by local temperature
measurements. The FDTD model showed the local SAR in deep neural tissues that
harbor temperature-sensitive neurons (e.g., brainstem, spinal cord) to be greater at 220
than at 100 MHz. Human exposure at both 220 and 100 MHz results in far less skin
heating than occurs during exposure at 450 MHz. However, the exposed subjects
thermoregulate efficiently because of increased heat loss responses, particularly
sweating. It is clear that these responses are controlled by neural signals from
thermosensors deep in the brainstem and spinal cord, rather than those in the skin.



Adang D, Remacle C, Vorst AV. Results of along-term low-level microwave
exposure of rats. IEEE Trans Microwave Theor Tech 57: 2488-2497, 2009.

This paper summarizes the results of experimental research on biological effects induced
by electromagnetic exposure to low-level microwaves. We exposed four-month-old Wistar
albino rats during 21 months to two different microwave frequencies and exposure
modes, 2 h a day, seven days a week. In order to assess possible biological effects of
microwaves, we selected among others the following parameters: leucocytes,
erythrocytes, monocytes, neutrophils, lymphocytes, hemoglobin, mean corpuscular
hemoglobin concentration, and mortality rate. After three and eight months of exposure,
we found a statistically significant difference of about 20% between the 970-MHz
continuous wave group and sham-exposed group regarding the monocytes in both
considered periods. After 14 and 18 months of exposure, we observed a significant
increase in white blood cells and neutrophils of about 15% and 25%, respectively.
Lymphocytes fell down after 18 months of exposure with about 15% compared to the
sham-exposed group. No other statistically significant differences were found, except for
minor changes with little biological significance. The most obvious effect we detected is
the increase in mortality rate of the exposed groups with respect to the sham-exposed
group after 21 months of exposure at the age of 25 months. This increase even increases
when observing rats until the age of 28 months: mortality in exposed groups then reaches
almost twice the value observed in the sham-exposed group.

Adey WR, Byus CV, Cain CD, Higgins RJ, Jones RA, Kean CJ, Kuster N,
MacMurray A, Stagg RB, Zimmerman G, Phillips JL, Haggren W, Spontaneous and
nitrosourea-induced primary tumors of the central nervous system in Fischer 344
rats chronically exposed to 836 MHz modulated microwaves. Radiat Res
152(3):293-302, 1999.

We have tested an 836.55 MHz field with North American Digital Cellular (NADC)
modulation in a 2-year animal bioassay that included fetal exposure. In offspring of
pregnant Fischer 344 rats, we tested both spontaneous tumorigenicity and the incidence
of induced central nervous system (CNS) tumors after a single dose of the carcinogen
ethylnitrosourea (ENU) in utero, followed by intermittent digital-phone field exposure for
24 months. Far-field exposures began on gestational day 19 and continued until weaning
at age 21 days. Near-field exposures began at 35 days and continued for the next 22
months, 4 consecutive days weekly, 2 h/day. SAR levels simulated localized peak brain
exposures of a cell phone user. Of the 236 original rats, 182 (77%) survived to the
termination of the whole experiment and were sacrificed at age 709-712 days. The 54
rats (23%) that died during the study ("preterm rats") formed a separate group for some
statistical analyses. There was no evidence of tumorigenic effects in the CNS from
exposure to the TDMA field. However, some evidence of tumor-inhibiting effects of TDMA
exposure was apparent. Overall, the TDMA field-exposed animals exhibited trends
toward a reduced incidence of spontaneous CNS tumors (P < 0. 16, two-tailed) and ENU-
induced CNS tumors (P < 0.16, two-tailed). In preterm rats, where primary neural tumors
were determined to be the cause of death, fields decreased the incidence of ENU-
induced tumors (P < 0.03, two-tailed). We discuss a possible approach to evaluating with
greater certainty the possible inhibitory effects of TDMA-field exposure on tumorigenesis
in the CNS.



Adey WR, Byus CV, Cain CD, Higgins RJ, Jones RA, Kean CJ, Kuster N,
MacMurray A, Stagg RB, Zimmerman G. Spontaneous and nitrosourea-induced
primary tumors of the central nervous system in Fischer 344 rats exposed to
frequency-modulated microwave fields. Cancer Res 60(7):1857-1863, 2000.

In a 2-year bioassay, we exposed Fischer 344 rats to a frequency-modulated (FM) signal
(836.55 MHz +/- 12.5 KHz deviation) simulating radiofrequency exposures in the head of
users of hand-held mobile phones. We tested for effects on spontaneous tumorigenicity
of central nervous system (CNS) tumors in the offspring of pregnant rats and also for
modified incidence of primary CNS tumors in rats treated with a single dose of the
neurocarcinogen ethylnitrosourea (ENU) in utero. ENU dosage (4 mg/kg) was selected to
give an expected brain tumor incidence of 10-15% over the mean life span of 26 months.
Pregnant dams (n = 102) were randomly assigned to six groups. Their offspring were
treated as cohorts in each of the six groups (n = 90 per group; total, n = 540): Sham
ENU/Sham Field, Sham ENU/Field Exposed, ENU/Sham Field, ENU/Field Exposed,
ENU/Cage Control, and Sham ENU/Cage Control. Intermittent field exposures began on
gestation day 19 and continued until weaning at 21 days, resuming thereafter at 31 days
and continuing until experiment termination at 731-734 days. Energy absorption rates
(SARS) in the rats' brains were similar to localized peak brain exposures of a phone user
(female, 236 g, 1.0 W/kg; male, 450 g, 1.2 W/kg). Of the original 540 rats, 168 died before
the termination of the experiment. In these rats, ENU significantly reduced survival from a
mean of 708 days in three groups without ENU treatment to 645 days in three groups
treated with ENU (P < 0.0005). There were no effects on survival attributable to FM field
exposure in either ENU-treated or in sham-treated groups. Spontaneous CNS tumor
incidence in control groups was 1.1-4.4% but sharply higher in rats receiving ENU (14.4-
22.2%; P <0.0001). No FM field-mediated changes were observed in number, incidence,
or histological type of either spontaneous or ENU-induced brain tumors, nor were gender
differences detected in tumor numbers. These negative findings with FM fields contrast
with our study using standard digital phone fields pulsed on and off at 50/se, where a
trend was noted toward reduced incidence of both spontaneous and ENU-induced CNS
tumors (W. R. Adey et al., Radiat. Res., 152: 293-302, 1999). Although consistent but not
attaining significance in the experiment overall (spontaneous CNS tumors, P < 0.08 one-
tailed; P < 0.16 two-tailed; ENU-induced CNS tumors, P < 0.08 one-tailed, P < 0.16 two-
tailed), the trend was significant (P < 0.015 one-tailed, P < 0.03, two-tailed) in rats that
received ENU and died prior to experiment termination, with a primary brain tumor as the
cause of death. We discuss differences in the signaling structure of digital and FM fields.
Certain bioeffects induced by either amplitude-modulated or pulsed radiofrequency fields
at athermal levels have not been seen with fields of similar average power but unvarying
in intensity (continuous wave or frequency-modulated fields).

Adibzadeh F, Bakker JF, Paulides MM, Verhaart RF, van Rhoon GC. Impact of head
morphology on local brain specific absorption rate from exposure to mobile phone
radiation. Bioelectromagnetics. 2014 Nov 15. doi: 10.1002/bem.21885. [Epub ahead
of print]

Among various possible health effects of mobile phone radiation, the risk of inducing
cancer has the strongest interest of laymen and health organizations. Recently, the
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Interphone epidemiological study investigated the association between the estimated
Radio Frequency (RF) dose from mobile phones and the risk of developing a brain tumor.
Their dosimetric analysis included over 100 phone models but only two homogeneous
head phantoms. So, the potential impact of individual morphological features on global
and local RF absorption in the brain was not investigated. In this study, we performed
detailed dosimetric simulations for 20 head models and quantified the variation of RF
dose in different brain regions as a function of head morphology. Head models were
exposed to RF fields from generic mobile phones at 835 and 1900 MHz in the "tilted" and
"cheek” positions. To evaluate the local RF dose variation, we used and compared two
different post-processing methods, that is, averaging specific absorption rate (SAR) over
Talairach regions and over sixteen predefined 1 cm? cube-shaped field-sensors. The
results show that the variation in the averaged SAR among the heads can reach up to
16.4 dB at a 1 cm?® cube inside the brain (field-sensor method) and alternatively up to
15.8 dB in the medulla region (Talairach method). In conclusion, we show head
morphology as an important uncertainty source for dosimetric studies of mobile phones.
Therefore, any dosimetric analysis dealing with RF dose at a specific region in the brain
(e.g., tumor risk analysis) should be based upon real morphology.

Aerts S, Deschrijver D, Joseph W, Verloock L, Goeminne F, Martens L, Dhaene T.
Exposure assessment of mobile phone base station radiation in an outdoor
environment using sequential surrogate modeling. Bioelectromagnetics. 34(4):300-
311, 2013.

Human exposure to background radiofrequency electromagnetic fields (RF-EMF) has
been increasing with the introduction of new technologies. There is a definite need for the
guantification of RF-EMF exposure but a robust exposure assessment is not yet possible,
mainly due to the lack of a fast and efficient measurement procedure. In this article, a new
procedure is proposed for accurately mapping the exposure to base station radiation in
an outdoor environment based on surrogate modeling and sequential design, an entirely
new approach in the domain of dosimetry for human RF exposure. We tested our
procedure in an urban area of about 0.04 km(2) for Global System for Mobile
Communications (GSM) technology at 900 MHz (GSM900) using a personal
exposimeter. Fifty measurement locations were sufficient to obtain a coarse street
exposure map, locating regions of high and low exposure; 70 measurement locations
were sufficient to characterize the electric field distribution in the area and build an
accurate predictive interpolation model. Hence, accurate GSM900 downlink outdoor
exposure maps (for use in, e.g., governmental risk communication and epidemiological
studies) are developed by combining the proven efficiency of sequential design with the
speed of exposimeter measurements and their ease of handling.

Aerts S, Deschrijver D, Verloock L, Dhaene T, Martens L, Joseph W. Assessment of
outdoor radiofrequency electromagnetic field exposure through hotspot
localization using kriging-based sequential sampling. Environ Res. 126:184-191,
2013.
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In this study, a novel methodology is proposed to create heat maps that accurately
pinpoint the outdoor locations with elevated exposure to radiofrequency electromagnetic
fields (RF-EMF) in an extensive urban region (or, hotspots), and that would allow local
authorities and epidemiologists to efficiently assess the locations and spectral
composition of these hotspots, while at the same time developing a global picture of the
exposure in the area. Moreover, no prior knowledge about the presence of
radiofrequency radiation sources (e.g., base station parameters) is required. After building
a surrogate model from the available data using kriging, the proposed method makes use
of an iterative sampling strategy that selects new measurement locations at spots which
are deemed to contain the most valuable information-inside hotspots or in search of
them-based on the prediction uncertainty of the model. The method was tested and
validated in an urban subarea of Ghent, Belgium with a size of approximately 1 km2. In
total, 600 input and 50 validation measurements were performed using a broadband
probe. Five hotspots were discovered and assessed, with maximum total electric-field
strengths ranging from 1.3 to 3.1 V/m, satisfying the reference levels issued by the
International Commission on Non-lonizing Radiation Protection for exposure of the
general public to RF-EMF. Spectrum analyzer measurements in these hotspots revealed
five radiofrequency signals with a relevant contribution to the exposure. The
radiofrequency radiation emitted by 900 MHz Global System for Mobile Communications
(GSM) base stations was always dominant, with contributions ranging from 45% to 100%.
Finally, validation of the subsequent surrogate models shows high prediction accuracy,
with the final model featuring an average relative error of less than 2dB (factor 1.26 in
electric-field strength), a correlation coefficient of 0.7, and a specificity of 0.96.

Aerts S, Plets D, Thielens A, Martens L, Joseph W. Impact of a Small Cell on the
RF-EMF Exposure in a Train. Int J Environ Res Public Health. 12(3):2639-2652,
2015.

The deployment of a miniature mobile-phone base station or small cell in a train car
significantly improves the coverage and the capacity of a mobile network service on the
train. However, the impact of the small cell on the passengers' exposure to radio-
frequency electromagnetic fields (RF-EMF) is unknown. In this study, we assessed
experimentally the RF-EMF exposure of a mobile-phone user who is either connected to
the outdoor macrocell network or to an in-train small cell, while traveling on the train, by
means of the absorbed-dose concept, which combines the base station downlink
exposure with the mobile-phone uplink exposure. For Global System for Mobile
Communications (GSM) technology at 1800 MHz, we found that by connecting to a small
cell, the brain exposure of the user could realistically be reduced by a factor 35 and the
whole-body exposure by a factor 11.

Aerts S, Wiart J, Martens L, Joseph W. Assessment of long-term spatio-temporal
radiofrequency electromagnetic field exposure. Environ Res. 2017 Nov 13;161:136-
143. doi: 10.1016/j.envres.2017.11.003.

As both the environment and telecommunications networks are inherently dynamic, our
exposure to environmental radiofrequency (RF) electromagnetic fields (EMF) at an
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arbitrary location is not at all constant in time. In this study, more than a year's worth of
measurement data collected in a fixed low-cost exposimeter network distributed over an
urban environment was analysed and used to build, for the first time, a full spatio-
temporal surrogate model of outdoor exposure to downlink Global System for Mobile
Communications (GSM) and Universal Mobile Telecommunications System (UMTS)
signals. Though no global trend was discovered over the measuring period, the difference
in measured exposure between two instances could reach up to 42dB (a factor 12,000 in
power density). Furthermore, it was found that, taking into account the hour and day of
the measurement, the accuracy of the surrogate model in the area under study was
improved by up to 50% compared to models that neglect the daily temporal variability of
the RF signals. However, further study is required to assess the extent to which the
results obtained in the considered environment can be extrapolated to other geographic
locations.

Afromeev VI, Tkachenko VN, [Change in the percent of lactate dehydrogenase
iIsoenzyme level in testes of animals exposed to superhigh frequency radiation].
Biofizika 44(5):931-932, 1999. [Article in Russian]

The content of six lactate dehydrogenase isoenzymes in testes of rats exposed to
electromagnetic field of 3-cm wavelength range was studied. The changes in their
percent contents were found to be inhomogeneous compared with control. It is assumed
that electromagnetic radiation affects the organs of the human urinogenital system. The
results can be used for estimating the safety of persons professionally exposed to
electromagnetic radiation of the industrial frequency range and in the therapy of diseases
of the urinogenital system.

Agarwal A, Deepinder F, Sharma RK, Ranga G, Li J. Effect of cell phone usage on
semen analysis in men attending infertility clinic: an observational study. Fertil
Steril. 89(1):124-128, 2008.

OBJECTIVE: To investigate the effect of cell phone use on various markers of semen
quality. DESIGN: Observational study. SETTING: Infertility clinic. PATIENT(S): Three
hundred sixty-one men undergoing infertility evaluation were divided into four groups
according to their active cell phone use: group A: no use; group B: <2 h/day; group C:
2-4 h/day; and group D: >4 h/day. INTERVENTION(S): None. MAIN OUTCOME
MEASURE(S): Sperm parameters (volume, liquefaction time, pH, viscosity, sperm
count, motility, viability, and morphology). RESULT(S): The comparisons of mean
sperm count, motility, viability, and normal morphology among four different cell
phone user groups were statistically significant. Mean sperm maotility, viability, and
normal morphology were significantly different in cell phone user groups within two
sperm count groups. The laboratory values of the above four sperm parameters
decreased in all four cell phone user groups as the duration of daily exposure to cell
phones increased. CONCLUSION(S): Use of cell phones decrease the semen quality
in men by decreasing the sperm count, motility, viability, and normal morphology. The
decrease in sperm parameters was dependent on the duration of daily exposure to
cell phones and independent of the initial semen quality.

Agarwal A, Desai NR, Makker K, Varghese A, Mouradi R, Sabanegh E, Sharma R.
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Effects of radiofrequency electromagnetic waves (RF-EMW) from cellular phones
on human ejaculated semen: an in vitro pilot study. Fertil Steril. 92(4) 1318-1325,
2009.

OBJECTIVE: To evaluate effects of cellular phone radiofrequency electromagnetic waves
(RF-EMW) during talk mode on unprocessed (neat) ejaculated human semen. DESIGN:
Prospective pilot study. SETTING: Center for reproductive medicine laboratory in tertiary
hospital setting. SAMPLES: Neat semen samples from normal healthy donors (n = 23)
and infertile patients (n = 9). INTERVENTION(S): After liquefaction, neat semen samples
were divided into two aliquots. One aliquot (experimental) from each patient was exposed
to cellular phone radiation (in talk mode) for 1 h, and the second aliquot (unexposed)
served as the control sample under identical conditions. MAIN OUTCOME
MEASURE(S): Evaluation of sperm parameters (motility, viability), reactive oxygen
species (ROS), total antioxidant capacity (TAC) of semen, ROS-TAC score, and sperm
DNA damage. RESULT(S): Samples exposed to RF-EMW showed a significant
decrease in sperm motility and viability, increase in ROS level, and decrease in ROS-
TAC score. Levels of TAC and DNA damage showed no significant differences from the
unexposed group. CONCLUSION(S): Radiofrequency electromagnetic waves emitted
from cell phones may lead to oxidative stress in human semen. We speculate that
keeping the cell phone in a trouser pocket in talk mode may negatively affect
spermatozoa and impair male fertility.

Aguirre E, lturri PL, Azpilicueta L, de Miguel-Bilbao S, Ramos V, Géarate U, Falcone
F. Analysis of estimation of electromagnetic dosimetric values from non-ionizing
radiofrequency fields in conventional road vehicle environments. Electromagn Biol
Med. 2014 Jan 24. [Epub ahead of print]

A high number of wireless technologies can be found operating in vehicular environments
with the aim of offering different services. The dosimetric evaluation of this kind of
scenarios must be performed in order to assess their compatibility with current exposure
limits. In this work, a dosimetric evaluation inside a conventional car is performed, with the
aid of an in-house 3D Ray Launching computational code, which has been compared
with measurement results of wireless sensor networks located inside the vehicle. These
results can aid in an adequate assessment of human exposure to non-ionizing
radiofrequency fields, taking into account the impact of the morphology and the topology
of the vehicle for current as well as for future exposure limits.

Ahlbom A, Feychting M, Green A, Kheifets L, Savitz DA, Swerdlow AJ; ICNIRP
(International Commission for Non-lonizing Radiation Protection) Standing
Committee on Epidemiology. Epidemiologic Evidence on mobile phones and
tumor risk: a review. Epidemiology. 20(5):639-652, 2009.

This review summarizes and interprets epidemiologic evidence bearing on a possible
causal relation between radiofrequency field exposure from mobile phone use and tumor
risk. In the last few years, epidemiologic evidence on mobile phone use and the risk of
brain and other tumors of the head in adults has grown in volume, geographic diversity of
study settings, and the amount of data on longer-term users. However, some key
methodologic problems remain, particularly with regard to selective nonresponse and
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inaccuracy and bias in recall of phone use. Most studies of glioma show small increased
or decreased risks among users, although a subset of studies show appreciably elevated
risks. We considered methodologic features that might explain the deviant results, but
found no clear explanation. Overall the studies published to date do not demonstrate an
increased risk within approximately 10 years of use for any tumor of the brain or any other
head tumor. Despite the methodologic shortcomings and the limited data on long latency
and long-term use, the available data do not suggest a causal association between
mobile phone use and fast-growing tumors such as malignant glioma in adults (at least
for tumors with short induction periods). For slow-growing tumors such as meningioma
and acoustic neuroma, as well as for glioma among long-term users, the absence of
association reported thus far is less conclusive because the observation period has been
too short.

Ahlers MT, Ammermdtiller J. No influence of acute RF exposure (GSM-900, GSM-
1800, and UMTS) on mouse retinal ganglion cell responses under constant
temperature conditions. Bioelectromagnetics. 2013 Sep 21. doi:
10.1002/bem.21811. [Epub ahead of print]

Possible non-thermal effects of radio frequency electromagnetic fields (RF-EMF) on
retinal ganglion cells were studied in vitro under conditions of constant temperature.
Isolated mouse retinae were exposed to GSM-900, GSM-1800, and universal mobile
telecommunication system (UMTS) RF-EMF applying specific absorption rates (SAR)
of 0 (sham), 0.02, 0.2, 2, and 20 W/kg. Temperature was kept constant within £0.5 to
1 °C for GSM-900 and 0.5 °C for GSM-1800 and UMTS. Responses of retinal
ganglion cells to light stimuli of three intensities (0.5, 16, and 445 Ix) were recorded
before, during, and up to 35 min after exposure. Experiments were performed under
double-blind conditions. Changes in light responses during and after exposure were
determined for each condition (RF-EMF; SAR value; light intensity) with respect to
the responses before exposure, respectively. Changes were calculated using the
Euclidian distance of the n-dimensional response vectors, respectively. Some
changes already occurred during sham (0 W/kg) exposure, reflecting the intrinsic
variability in retinal ganglion cell responses. Comparison of the distance values from
sham exposure with those from actual exposure yielded no significant differences. In
addition, linear regression analysis of the distance values versus SAR values yielded
no consistent dependence of light response changes. From these results we
conclude that RF-EMF exposure at three mobile phone frequencies (GSM-900, GSM-
1800, UMTS) and SARs up to 20 W/kg has no acute effects on retinal ganglion cell
responses under constant temperature conditions.

Ahmed NA, Radwan NM, Aboul Ezz HS, Salama NA. The antioxidant effect of Green
Tea Mega EGCG against electromagnetic radiation-induced oxidative stress in the
hippocampus and striatum of rats. Electromagn Biol Med. 36(1):63-73, 2017.

Electromagnetic radiation (EMR) of cellular phones may affect biological systems by
increasing free radicals and changing the antioxidant defense systems of tissues,
eventually leading to oxidative stress. Green tea has recently attracted significant
attention due to its health benefits in a variety of disorders, ranging from cancer to weight
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loss. Thus, the aim of the present study was to investigate the effect of EMR (frequency
900 MHz modulated at 217 Hz, power density 0.02 mW/cm?, SAR 1.245 W/kg) on
different oxidative stress parameters in the hippocampus and striatum of adult rats. This
study also extends to evaluate the therapeutic effect of green tea mega EGCG on the
previous parameters in animals exposed to EMR after and during EMR exposure. The
experimental animals were divided into four groups: EMR-exposed animals, animals
treated with green tea mega EGCG after 2 months of EMR exposure, animals treated
with green tea mega EGCG during EMR exposure and control animals. EMR exposure
resulted in oxidative stress in the hippocampus and striatum as evident from the
disturbances in oxidant and antioxidant parameters. Co-administration of green tea mega
EGCG at the beginning of EMR exposure for 2 and 3 months had more beneficial effect
against EMR-induced oxidative stress than oral administration of green tea mega EGCG
after 2 months of exposure. This recommends the use of green tea before any stressor to
attenuate the state of oxidative stress and stimulate the antioxidant mechanism of the
brain.

Ait-Aissa S, Billaudel B, Poulletier de Gannes F, Ruffié G, Duleu S, Hurtier A, Haro
E, Taxile M, Athané A, Geffard M, Wu T, Wiart J, Bodet D, Veyret B, Lagroye I. In
utero and early-life exposure of rats to a Wi-Fi signal: screening of immune
markers in sera and gestational outcome. Bioelectromagnetics. 33(5):410-420,
2012.

An experimental approach was used to assess immunological biomarkers in the sera
of young rats exposed in utero and postnatal to non-ionizing radiofrequency fields.
Pregnant rats were exposed free-running, 2 h/day and 5 days/week to a 2.45 GHz
Wi-Fi signal in a reverberation chamber at whole-body specific absorption rates
(SAR) of 0, 0.08, 0.4, and 4 W/kg (with 10, 10, 12, and 9 rats, respectively), while
cage control rats were kept in the animal facility (11 rats). Dams were exposed from
days 6 to 21 of gestation and then three newborns per litter were further exposed
from birth to day 35 postnatal. On day 35 after birth, all pups were sacrificed and sera
collected. The screening of sera for antibodies directed against 15 different antigens
related to damage and/or pathological markers was conducted using enzyme-linked
immunosorbent assay (ELISA). No change in humoral response of young pups was
observed, regardless of the types of biomarker and SAR levels. This study also
provided some data on gestational outcome following in utero exposure to Wi-Fi
signals. Mass evaluation of dams and pups and the number of pups per litter was
monitored, and the genital tracts of young rats were observed for abnormalities by
measuring anogenital distance. Under these experimental conditions, our
observations suggest a lack of adverse effects of Wi-Fi exposure on delivery and
general condition of the animals.

Ait-Aissa S, de Gannes FP, Taxile M, Billaudel B, Hurtier A, Haro E, Ruffié G,
Athané A, Veyret B, Lagroye I. In Situ Expression of Heat-Shock Proteins and 3-
Nitrotyrosine in Brains of Young Rats Exposed to a WiFi Signal In Utero and In
Early Life. Radiat Res. 179:707-716, 2013.
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The bioeffects of exposure to Wireless High-Fidelity (WiFi) signals on the developing
nervous systems of young rodents was investigated by assessing the in vivo and in
situ expression levels of three stress markers: 3-Nitrotyrosine (3-NT), an oxidative
stress marker and two heat-shock proteins (Hsp25 and Hsp70). These biomarkers
were measured in the brains of young rats exposed to a 2450 MHz WiFi signal by
immunohistochemistry. Pregnant rats were first exposed or sham exposed to WiFi
from day 6 to day 21 of gestation. In addition three newborns per litter were further
exposed up to 5 weeks old. Daily 2-h exposures were performed blind in a
reverberation chamber and whole-body specific absorption rate levels were 0, 0.08,
0.4 and 4 W/kg. 3-NT and stress protein expression was assayed in different areas of
the hippocampus and cortex. No significant difference was observed among exposed
and sham-exposed groups. These results suggest that repeated exposure to WiFi
during gestation and early life has no deleterious effects on the brains of young rats.

Aitken RJ, Bennetts LE, Sawyer D, Wiklendt AM, King BV. Impact of radio
frequency electromagnetic radiation on DNA integrity in the male germline. Inter J
Androl 28:171-179, 2005.

Concern has arisen over human exposures to radio frequency electromagnetic
radiation (RFEMR), including a recent report indicating that regular mobile phone use
can negatively impact upon human semen quality. These effects would be particularly
serious if the biological effects of RFEMR included the induction of DNA damage in
male germ cells. In this study, mice were exposed to 900 MHz RFEMR at a specific
absorption rate of approximately 90 mW/kg inside a waveguide for 7 days at 12 h per
day. Following exposure, DNA damage to caudal epididymal spermatozoa was
assessed by quantitative PCR (QPCR) as well as alkaline and pulsed-field gel
electrophoresis. The treated mice were overtly normal and all assessment criteria,
including sperm number, morphology and vitality were not significantly affected. Gel
electrophoresis revealed no gross evidence of increased single- or double-DNA
strand breakage in spermatozoa taken from treated animals. However, a detailed
analysis of DNA integrity using QPCR revealed statistically significant damage to
both the mitochondrial genome (p < 0.05) and the nuclear B-globin locus (p < 0.01).
This study suggests that while RFEMR does not have a dramatic impact on male
germ cell development, a significant genotoxic effect on epididymal spermatozoa is
evident and deserves further investigation.

Akar A, Karayigit MO, Bolat D, Gultiken ME, Yarim M, Castellani G. Effects of low
level electromagnetic field exposure at 2.45 GHz on rat cornea. Int J Radiat Biol.
2012 Dec 3. [Epub ahead of print]

Abstract Purpose: To investigate the effects of low level Electromagnetic Field (low
level-EMF) exposure, as frequently encountered in daily life, on the yesmal rat cornea
using histological and stereological method. Methods: Twenty-two adult male Wistar
rats were randomly divided into two groups: study group (n=11) and control group
(n=11). Rats in the study group were exposed to 2.45 GHz Microwave (MW) radiation
(11.96x0.89Vv/m), 0.25 W/kg specific absorption rate (SAR) for 2 hours each day for
21 days. The corneal thickness and the anterior epithelium corneal thickness were
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measured using two different methods. Results: Using the histological method, the
mean corneal thicknesses in the control and study group were 278.9+54.5 um, and
272.4+85.6 um, respectively. There was no statistically significant difference between
the groups (p>0.05). The anterior corneal epithelium thickness was 28.1+4.9 pm in
the control group and 31.7+5.5 um in the study group. There were statistically
differences between the groups with regard to the thickness of anterior epithelium
(p<0.05). In the measurement made by the stereological method, the percentage of
the cornea occupied by anterior corneal epithelium was 15.94% in the control group
and 17.9% in the study group. Despite the fact that there was a relation between
increased anterior epithelial area (AEA) and radiation exposure, no statistically
significant relationship in area fraction of each compartment was found between the
control and study groups. Conclusions: Results of this preliminary study show that
exposure to MW radiation might cause alterations in the rat cornea.

Akbari A, Jelodar G, Nazifi S. Vitamin C protects rat cerebellum and encephalon
from oxidative stress following exposure to radiofrequency wave generated by a
BTS antenna model. Toxicol Mech Methods. 24(5):347-352, 2014.

Radio frequency wave (RFW) generated by base transceiver station has been
reported to produce deleterious effects on the central nervous system function,
possibly through oxidative stress. This study was conducted to evaluate the effect of
RFW:-induced oxidative stress in the cerebellum and encephalon and the prophylactic
effect of vitamin C on theses tissues by measuring the antioxidant enzymes activity,
including: glutathione peroxidase, superoxide dismutase, catalase, and
malondialdehyde (MDA). Thirty-two adult male Sprague-Dawley rats were randomly
divided into four equal groups. The control group; the control-vitamin C group
received L-ascorbic acid (200 mg/kg of body weight/day by gavage) for 45 days. The
RFW group was exposed to RFW and the RFW+ vitamin C group was exposed to
RFW and received vitamin C. At the end of the experiment, all groups were killed and
encephalon and cerebellum of all rats were removed and stored at -70 °C for
measurement of antioxidant enzymes activity and MDA. The results indicate that
exposure to RFW in the test group decreased antioxidant enzymes activity and
increased MDA compared with the control groups (p <0.05). The protective role of
vitamin C in the treated group improved antioxidant enzymes activity and reduced
MDA compared with the test group (p <0.05). It can be concluded that RFW causes
oxidative stress in the brain and vitamin C improves the antioxidant enzymes activity
and decreases MDA.

Akbarnejad Z, Esmaeilpour K, Shabani M, Asadi-Shekaari M, Saeedi-Goraghani
M, Ahmadi M. Spatial memory recovery in Alzheimer's rat model by
electromagnetic field exposure. Int J Neurosci. 2017 Nov 29:1-14. doi:
10.1080/00207454.2017.1411353.

INTRODUCTION: Although studies have shown a potential association between
extremely low frequency electromagnetic fields (ELF-EMFs) exposure and
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Alzheimer's disease (AD), few studies have been conducted to investigate the effects
of weak magnetic fields on brain functions such as cognitive functions in animal
models. Therefore, this study aimed to investigate the effect of ELF-EMF exposure
(50 Hz, 10 mT) on spatial learning and memory changes in AD rats. METHODS:
Amyloid-B (AB) 1-42 (5 ul/ bilateral, single-dose) was injected into lateral ventricle to
establish an AD rat model. The rats were divided into six groups: Group | (control);
Group Il (surgical sham); Group llIl (AD) Alzheimer's rat model; Group IV (MF) rats
exposed to ELF-MF for 14 consecutive days; Group V (AB injection+M) rats exposed
to magnetic field for 14 consecutive days from day 0-14 days after the AR peptide
injection; Group VI (AD+M) rats exposed to magnetic field for 14 consecutive days
after 2 weeks of AB peptide injection from 14th to 28th day. Morris water maze
investigation were implemented and performed 24 h after termination of ELF-MF,
respectively. RESULTS: AD rats showed a significant impairment in learning and
memory compared to control rats. The results showed that ELF-MF improved the
learning and memory impairments in AB injection+M and AD+M groups.
CONCLUSION: Our results showed that application of ELF-MF not only has
improving effect on different cognitive disorder signs of AD animals, but also disrupts
the processes of AD rat model formation.

Akdag MZ, Dasdag S, Canturk F, Karabulut D, Caner Y, Adalier N. Does prolonged
radiofrequency radiation emitted from Wi-Fi devices induce DNA damage in
various tissues of rats? J Chem Neuroanat. 2016 Jan 8. pii: S0891-0618(16)00005-3.
doi: 10.1016/j.jchemneu.2016.01.003. [Epub ahead of print]

Wireless Internet (Wi-Fi) providers have become essential in our daily lives, as wireless
technology is evolving at a dizzying pace. Although there are different frequency
generators, one of the most commonly used Wi-Fi devices are 2.4GHz frequency
generators. These devices are heavily used in all areas of life but the effect of
radiofrequency (RF) radiation emission on users is generally ignored. Yet, an increasing
share of the public expresses concern on this issue. Therefore, this study intends to
respond to the growing public concern. The purpose of this study is to reveal whether
long term exposure of 2.4GHz frequency RF radiation will cause DNA damage of different
tissues such as brain, kidney, liver, and skin tissue and testicular tissues of rats. The
study was conducted on 16 adult male Wistar-Albino rats. The rats in the experimental
group (n=8) were exposed to 2.4GHz frequency radiation for over a year. The rats in the
sham control group (n=8) were subjected to the same experimental conditions except the
Wi-Fi generator was turned off. After the exposure period was complete the possible DNA
damage on the rat's brain, liver, kidney, skin, and testicular tissues was detected through
the single cell gel electrophoresis assay (comet) method. The amount of DNA damage
was measured as% tail DNA value. Based on the DNA damage results determined by the
single cell gel electrophoresis (Comet) method, it was found that the% tail DNA values of
the brain, kidney, liver, and skin tissues of the rats in the experimental group increased
more than those in the control group. The increase of the DNA damage in all tissues was
not significant (p> 0.05). However the increase of the DNA damage in rat testes tissue
was significant (p < 0.01). In conclusion, long-term exposure to 2.4GHz RF radiation (Wi-
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Fi) does not cause DNA damage of the organs investigated in this study except testes.
The results of this study indicated that testes are more sensitive organ to RF radiation.

Akhavan-Sigari R, Baf MM, Ariabod V, Rohde V, Rahighi S. Connection between
Cell Phone use, p53 Gene Expression in Different Zones of Glioblastoma
Multiforme and Survival Prognoses. Rare Tumors. 2014 Aug 8;6(3):5350. doi:
10.4081/rt.2014.5350.

The aim of this paper is to investigate p53 gene expression in the central and peripheral
zones of glioblastoma multiforme using a real-time reverse transcription polymerase
chain reaction (RT-PCR) technique in patients who use cell phones =3 hours a day and
determine its relationship to clinicopathological findings and overall survival. Sixty-three
patients (38 males and 25 females), diagnosed with glioblastoma multiforme (GBM),
underwent tumor resection between 2008 and 2011. Patient ages ranged from 25 to 88
years, with a mean age of 55. The levels of expression of p53 in the central and
peripheral zone of the GBM were quantified by RT-PCR. Data on p53 gene expression
from the central and peripheral zone, the related malignancy and the clinicopatholagical
findings (age, gender, tumor location and size), as well as overall survival, were analyzed.
Forty-one out of 63 patients (65%) with the highest level of cell phone use (=3 hours/day)
had higher mutant type p53 expression in the peripheral zone of the glioblastoma; the
difference was statistically significant (P=0.034). Results from the present study on the
use of mobile phones for 23 hours a day show a consistent pattern of increased risk for
the mutant type of p53 gene expression in the peripheral zone of the glioblastoma, and
that this increase was significantly correlated with shorter overall survival time. The risk
was not higher for ipsilateral exposure. We found that the mutant type of p53 gene
expression in the peripheral zone of the glioblastoma was increased in 65% of patients
using cell phones 23 hours a day.

Akimoto S, Nagaoka T, Saito K, Watanabe S, Takahashi M, Ito K. Comparison of
SAR in realistic fetus models of two fetal positions exposed to electromagnetic
wave from business portable radio close to maternal abdomen.Conf Proc IEEE
Eng Med Biol Soc. 2010:734-737, 2010.

Since the diversification of the electromagnetic (EM) environment is spreading, it is
essential to estimate the EM energy absorption rate [specific absorption rate (SAR)] of a
pregnant woman's body and her fetus under various exposure situations. For example, if
pregnant women work in jobs where they might wear business portable radios around
their abdomens, they should also be concerned about this issue, because the fetuses are
in their abdomens. In this paper, in order to evaluate the SAR in the pregnant woman and
her fetus when wearing the wireless radio terminal on her abdomen, the SAR distribution
in the fetus is calculated using the numerical model of the pregnant woman by exposed to
near-field of a normal mode helical antenna (NHA) with a metallic case at 150 MHz. In
addition, the SAR in the fetus will be evaluated under two fetal positions. It was found that
the fetal SARs are greatly affected by the distance and penetration path from the antenna
to the fetal surface. In addition, the fetal SARs are lower than the RF safety guidelines for
occupational exposure.
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Akoev IG, Mel'nikov VM, Usachev AV, Kozhokaru AF, [Modification of lethal
radiation injury in mice by postradiation exposure to low-intensity centimeter-band
radio frequency waves]. Radiats Biol Radioecol 34(4-5):671-674, 1994. [Article in
Russian]

A clearly pronounced modification of acute radiation injury of mice has been obtained by
prolonged action (for up to 23 hours) of low-intensity (5 +/- 1.5 mu Wt/cm2)
radiofrequency radiation in the ranges of 2-8, 8-18 and 19-27 GHz with a swing frequency
of 12-14 Hz, applied immediately after exposure to lethal dose of gamma-radiation.
Survival of mice and average life duration of killed mice were increased.

Akoev IG, Pashovkina MS, Dolgacheva LP, Semenova TP, Kalmykov VL.
[Enzymatic activity of some tissues and blood serum from animals and humans
exposed to microwaves and hypothesis on the possible role of free radical
processes in the nonlinear effects and modification of emotional behavior of
animals] Radiats Biol Radioecol 42(3):322-330, 2002. [Article in Russian]

The dependence of activities of actomyosin ATPase, alkaline phosphatase,
aspartataminotranspherase, monoaminoxidase and that of affective rat behavior on
frequency of modulation of microwaves (0.8-10 microW/cm?2) was explored at short-time
actions. Series of nonlinear phenomenons, inexplicable from positions of the energy
approaches are revealed, The working hypothesis explaining opportunity of high
performance of weak and super-weak microwaves and other revealed phenomena by
resonance interaction of such electromagnetic radiofrequency radiation with
paramagnetic molecules of biological tissues was proposed. This resonance interaction
activate free radicals and initiate auto-supporting and auto-intensifying of chain chemical
reactions. The spontaneous autocatalytic oxidation of catecholamines enlarges a
common pool of free radicals, capable to participate in such enhanced generating. The
protective role of monoaminoxidase is postulated. Monoaminoxidase is basically located
on an outer surface of mitochondrias and it is deaminating monoamines. The
deaminating prevents penetration of catecholamines inside of mitochondrias and their
quinoid oxidation there with formation of free-radical semi-quinons, capable to destroy
system of ATP synthesis. These inferences are obliquely confirmed by the experimentally
revealed correlation between activity of monoaminoxidase and integrative activity of the
rat brain.

Aksen F, Dasdag S, Akdag Mz, Askin M, Dasdag MM. The effects of whole body
cell phone exposure on the tl relaxation times and trace elements in the serum of
rats. Electromag Biol Med. 23:7-11, 2004.

The objective of this study was to investigate the effects of radiofrequency radiation
emitted from cellular phones on: (1) trace elements such as manganese, iron, copper,
zinc, (2) T1 relaxation times in serum, and (3) rectal temperature of rats exposed to
microwave radiation emitted from cellular phones. Sixteen Spraque—Dawley rats were
separated into two groups of eight, one sham-exposed (control) and one exposed
(experimental). The rats were confined in Plexiglas cages and a cellular phone was
placed 0.5 cm under the cage. For the experimental group, cellular phones were
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activated 20 min per day, 7 days a week, for 1 month. For the control group, a cellular
phone placed beneath the cage for 20 min a day was turned off. Rectal temperatures
were measured weekly. For 250-mW-radiated powers, the whole body average specified
absorption rate (SAR) (rms) is 0.52 W/kg and 1-g-averaged peak SAR (rms) is

3.13 W/kg. The Mann-Whitney U test was used for statistical comparisons of groups. T1
relaxation time and the values of iron and copper in the serum of the experimental group
were not changed compared to the control group (p > 0.05). However, manganese and
zinc values in the serum of the experimental group were significantly different from the
control group (p < 0.05). The difference in rectal temperature measured before and after
exposure in the experimental groups was not statistically different from control (p > 0.05).

Aksoy U, Sahin S, Ozkoc S, Ergor G. The effect of electromagnetic waves on the
growth of Entamoeba histolytica and Entamoeba dispar. Saudi Med J. 26(9):1388-
1390, 2005.

OBJECTIVE: The aim of this study was to investigate the influence of electromagnetic
radiation of a digital Global System for Mobile Communication mobile telephone (900
MHz) on Entamoeba histolytica (E. histolytica) and Entamoeba dispar (E. dispar) (cysts or
trophozoites, or both) in a 24-hour period. METHODS: This study was carried out from
April 2004 to May 2004 at the Department of Parasitology, Medical Faculty of Dokuz Eylul
University in 1zmir, Turkey. The cultivated isolate tubes, which were exposed to
electromagnetic field at 370C, were evaluated as study group, whereas the tubes without
exposure were assessed as control group. Finally, only living parasites in all tubes were
counted using a hemacytometer. The effect of the temperature was evaluated for both
control and study groups. RESULTS: The influence of electromagnetic field and
temperature was assessed separately for the study group. The parasite number of E.
histolytica decreased after exposure at 370C and room temperature (p=0.009) compared
to the decrease in the control group (p=0.009). The parasite number of E. dispar also
decreased after exposure at 370C and room temperature (p=0.009). In comparison to
control tubes, this was a significant decrease (p=0.008). In the case of exposure of E.
histolytica the results did not reveal any significant difference between temperature
degrees to magnetic field (p=0.459) and E. dispar (p=0.172). CONCLUSION: Our
findings show that exposure to electromagnetic field for a certain period of time may
cause damage that can lead to death in single-cell organisms.

Aksu R, Ugur F, Bicer C, Menkl A, Guler G, Madenoglu H, Canpolat DG, Boyaci A.
The efficiency of pulsed radiofrequency application on L5 and 16 dorsal roots in
rabbits developing neuropathic pain. Reg Anesth Pain Med. 35(1):11-15, 2010.

BACKGROUND: Injury of a peripheral nerve may lead to neuropathic pain, a form of
chronic pain that does not respond to traditional pain therapies. The aim of this study was
to investigate the effect of pulsed radiofrequency (PRF) applied to the L5 and L6 dorsal
roots on the neuropathic pain that develops after sciatic nerve injury in rabbits.
METHODS: In this study, 18 New Zealand rabbits were used. These were divided into 3
groups. In groups 1 and 2, the left sciatic nerve was tightly ligated as a partial ligation
model with 4-0 silk sutures. Group 3 was a sham group. Pulsed radiofrequency was
applied to group 1 rabbits on both dorsal roots at 42 degrees C for 8 mins. The responses
of all the groups to thermal and mechanical stimuli were measured for a period of 4
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weeks after this process. RESULTS: Ten days after ligation of the left sciatic nerve and
before PRF application, neuropathic pain occurred; the responses of groups 1 and 2 to
the hot plate test and to the mechanical stimulus were lower (P < 0.005) when compared
with the baseline values. There were no statistically significant differences between
baseline values and group 1 rabbits' responses to the hot plate test 2 weeks after the
application of PRF or to the mechanical stimulus 3 weeks after RF application. The
decrease seen in group 2 persisted after 4 weeks (P < 0.001). CONCLUSIONS: The
hyperalgesia that develops as a result of neuropathic pain in rabbits was observed to be
reduced by PRF application.

Akyel Y, Hunt EL, Gambrill C, Vargas C Jr, Imnmediate post-exposure effects of
high-peak-power microwave pulses on operant behavior of Wistar rats.
Bioelectromagnetics 12(3):183-195, 1991.

Behavioral effects of high-peak-power microwave pulses on Wistar rats were studied by
operant schedules. Each of twelve rats that had been trained to press a lever to receive
food pellets was assigned randomly in groups of four to three different schedules of
reinforcement: fixed-ratio (FR), variable-interval (VI), and differential-reinforcement-of-low-
rates (DRL). After achieving a steady baseline performance, each animal was exposed
for 10 min to 1.25-GHz microwave radiation at 1-MW peak-power (10-microseconds
pulse width). Each pulse produced a peak whole-body SA and SAR of 2.1 J/kg and 0.21
MW/kg. Total doses (SAs) were set to 0.50, 1.5, 4.5, and 14 kJ/kg by adjusting the pulse-
repetition rate. The corresponding time-averaged whole-body SARs were 0.84, 2.5, 7.6,
and 23 W/kg. A microwave-transparent animal holder was used to keep the animal's
body axis parallel to the E-field. Exposures at the highest dose caused an average
colonic temperature rise of 2.5 degrees C and these animals failed to respond at all for
about 13 minutes after the exposure. Their colonic temperatures had decreased to 1.1
degrees C, or less, above their pre-exposure (normal) temperature level when they began
to respond. The FR and VI animals failed to reach their baseline levels of performance
thereafter, while those on the DRL schedule displayed variable effects. No behavioral
effects were found at the lower dose levels. It is concluded that the behavioral
perturbations produced by pulsed microwave irradiation were thermal in nature.

Al-Ali BM, Patzak J, Fischereder K, Pummer K, Shamloul R. Cell phone usage and
erectile function. Cent European J Urol. 66(1):75-77, 2013.

INTRODUCTION: The objective of this pilot study was to report our experience
concerning the effects of cell phone usage on erectile function (EF) in men. MATERIAL
AND METHODS: We recruited 20 consecutive men complaining of erectile dysfunction
(ED) for at least six months (Group A), and another group of 10 healthy men with no
complaints of ED (Group B). Anamnesis, basic laboratory investigations, and clinical
examinations were performed. All men completed the German version of the Sexual
Health Inventory for Men (SHIM) for evaluation of the International Index of Erectile
Function (IIEF), as well as another questionnaire designed by our clinicians that assessed
cell phone usage habits. RESULTS: There was no significant difference between both
groups regarding age, weight, height, and total testosterone (Table 1). The SHIM scores
of Group A were significantly lower than that of Group B, 11.2 +5 and 24.2 +2.3,
respectively. Total time spent talking on the cell phone per week was not significantly
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higher in Group A over B, 17.6 £11.1 vs. 12.5 £7 hours. Men with ED were found to carry
their 'switched on' cell phones for a significantly longer time than those without ED, 4.4
+3.6 vs. 1.8 1 hours per day. CONCLUSIONS: We found a potential correlation with cell
phone usage and a negative impact on EF. Further large-scale studies confirming our
initial data and exploring the mechanisms involved in this phenomenon are
recommended.

Alanko T, Hietanen M Occupational Exposure To Radiofrequency Fields In
Antenna Towers. Radiat Prot Dosimetry. 123(4):537-539,2007.

Exposure of workers to radiofrequency fields was assessed in two medium-sized
antenna towers. Towers had transmitting antennas from different networks, e.g.
mobile phone networks, radio and digital TV sub-stations and amateur radio. The
levels of radiofrequency fields were measured close to the ladders of the towers. All
measured values were below ICNIRP occupational reference levels.

Aldad TS, Gan G, Gao XB, Taylor HS.Fetal radiofrequency radiation exposure from
800-1900 mhz-rated cellular telephones affects neurodevelopment and behavior in
mice. Sci Rep. 2:312, 2012.

Neurobehavioral disorders are increasingly prevalent in children, however their etiology is
not well understood. An association between prenatal cellular telephone use and
hyperactivity in children has been postulated, yet the direct effects of radiofrequency
radiation exposure on neurodevelopment remain unknown. Here we used a mouse
model to demonstrate that in-utero radiofrequency exposure from cellular telephones
does affect adult behavior. Mice exposed in-utero were hyperactive and had impaired
memory as determined using the object recognition, light/dark box and step-down
assays. Whole cell patch clamp recordings of miniature excitatory postsynaptic currents
(mEPSCs) revealed that these behavioral changes were due to altered neuronal
developmental programming. Exposed mice had dose-responsive impaired glutamatergic
synaptic transmission onto layer V pyramidal neurons of the prefrontal cortex. We present
the first experimental evidence of neuropathology due to in-utero cellular telephone
radiation. Further experiments are needed in humans or non-human primates to
determine the risk of exposure during pregnancy.

Al-Damegh MA. Rat testicular impairment induced by electromagnetic radiation
from a conventional cellular telephone and the protective effects of the
antioxidants vitamins C and E. Clinics (Sao Paulo). 67(7):785-792, 2012.

OBJECTIVE: The aim of this study was to investigate the possible effects of
electromagnetic radiation from conventional cellular phone use on the oxidant and
antioxidant status in rat blood and testicular tissue and determine the possible protective
role of vitamins C and E in preventing the detrimental effects of electromagnetic radiation
on the testes. MATERIALS AND METHODS: The treatment groups were exposed to an
electromagnetic field, electromagnetic field plus vitamin C (40 mg/kg/day) or
electromagnetic field plus vitamin E (2.7 mg/kg/day). All groups were exposed to the
same electromagnetic frequency for 15, 30, and 60 min daily for two weeks. RESULTS:
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There was a significant increase in the diameter of the seminiferous tubules with a
disorganized seminiferous tubule sperm cycle interruption in the electromagnetism-
exposed group. The serum and testicular tissue conjugated diene, lipid hydroperoxide,
and catalase activities increased 3-fold, whereas the total serum and testicular tissue
glutathione and glutathione peroxidase levels decreased 3-5 fold in the
electromagnetism-exposed animals. CONCLUSION: Our results indicate that the adverse
effect of the generated electromagnetic frequency had a negative impact on testicular
architecture and enzymatic activity. This finding also indicated the possible role of
vitamins C and E in mitigating the oxidative stress imposed on the testes and restoring
normality to the testes.

Al-Dousary SH. Mobile phone induced sensorineural hearing loss. Saudi Med J.
28(8):1283-1286, 2007.

The increased use of mobile phones worldwide has focused interest on the biological
effects and possible health outcomes of exposure to radiofrequency fields from mobile
phones, and their base stations. Various reports suggest that mobile phone use can
cause health problems like fatigue, headache, dizziness, tension, and sleep disturbances;
however, only limited research data is available in medical literature regarding interaction
between electromagnetic fields emitted by mobile phones and auditory function; and the
possible impact on hearing. We report a case of sensorineural hearing loss due to Global
System for Mobile Communications mobile phone use, in a 42-year-old male.

Alhekail ZO. Electromagnetic radiation from microwave ovens. J Radiol Prot
21(3):251-258, 2001.

Electromagnetic radiation from microwave ovens in Saudi Arabia was investigated by
means of a field measurement survey. The survey was carried out for 106 ovens used in
households and restaurants in Riyadh city. Ovens were between 1 month and 14 years
old with operating power ranging from 0.5 to 4.4 kW. One oven was found to leak more
than the 5 mW cm(-2) limit specified in the standard. Fifteen other ovens were found to
leak 1 mW cm(-2) or more, with the remaining ovens leaking less than that. Based on the
survey result, previous studies and the fast decay of radiated power density with distance
from the oven, the conclusion was that user exposure to RF radiation from microwave
ovens is much less than the general public exposure limit set by most international
standards at 2450 MHz, i.e. 1 mW cm(-2), and that a detrimental effect on health is an
unlikely result of exposure to radiation from microwave ovens.

Alhusseiny A, Al-Nimer M, Majeed A. Electromagnetic energy radiated from mobile
phone alters electrocardiographic records of patients with ischemic heart disease.
Ann Med Health Sci Res. 2(2):146-151, 2012.

BACKGROUND: Electromagnetic energy radiated from mobile phones did not show
significant effect on the blood pressure, heart rate, and electrocardiographic (ECG)
parameters in animals and humans. AIM: This study aimed to investigate the effect of
radiofrequency of mobile phone on the electrocardiographic parameters in patients with
history of ischemic heart disease, taking into consideration the gender factor. SUBJECTS
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AND METHODS: A total number of 356 participants (129 males and 227 females) were
admitted in this study. They were grouped into: subjects without cardiac diseases (Group
), patients with ischemic heart disease (Group Il), and patients with history of cardiac
diseases not related to myocardial ischemia (Group 1ll). Electrocardiogram was obtained
from each patient when the mobile phone was placed at the belt level and over
precordium in turn-off mode (baseline) and turn-on mode for 40 sec ringing. The records
of ECG were electronically analyzed. RESULTS: Prolongation of QTc interval was
significantly observed in male gender of Groups | and Il (P < 0.001). Male patients of
Group Il showed significant QTc interval prolongation (P = 0.01) and changes in the
voltage criteria (P = 0.001). These changes were not observed in female patients with
ischemic heart disease. The position of mobile at the belt level or over the precordium
showed effects on the heart. CONCLUSIONS: The radiofrequency of cell phone
prolongs the QT interval in human beings and it interferes with voltage criteria of ECG
records in male patients with myocardial ischemia.

Al-Khlaiwi T, Meo SA. Association of mobile phone radiation with fatigue,
headache, dizziness, tension and sleep disturbance in Saudi population. Saudi
Med J. 25(6):732-736, 2004.

OBJECTIVE: The widespread use of mobile phones has been increased over the past
decade; they are now an essential part of business, commerce and society. The use of
mobile phones can cause health problems. Therefore, the aim of the present study is to
investigate the association of using mobile phones with fatigue, headache, dizziness,
tension and sleep disturbance in the Saudi population and provide health and social
awareness in using these devices. METHODS: This study was conducted in the
Department of Physiology, College of Medicine, King Saud University, Riyadh, Kingdom
of Saudi Arabia during the year 2002 to 2003. In the present study, a total of 437 subjects
(55.1% male and 39.9% female) were invited, they have and had been using mobile
phones. A questionnaire was distributed regarding detailed history and association of
mobile phones with health hazards. RESULTS: The results of the present study showed
an association between the use of mobile phones and health hazards. The overall mean
percentage for these clinical findings in all groups were headache (21.6%), sleep
disturbance (4.%), tension (3.9%), fatigue (3%) and dizziness (2.4%). CONCLUSION:
Based on the results of the present study, we conclude that the use of mobile phones is a
risk factor for health hazards and suggest that long term or excessive use of mobile
phones should be avoided by health promotion activities such as group discussions,
public presentations and through electronic and print media sources.

Alon L, Cho GY, Yang X, Sodickson DK, Deniz CM. A method for safety testing of
radiofrequency/microwave-emitting devices using MRI. Magn Reson Med. 2014
Nov 25. doi: 10.1002/mrm.25521. [Epub ahead of print]

PURPOSE: Strict regulations are imposed on the amount of radiofrequency (RF) energy
that devices can emit to prevent excessive deposition of RF energy into the body. In this
study, we investigated the application of MR temperature mapping and 10-g average
specific absorption rate (SAR) computation for safety evaluation of RF-emitting devices.
METHODS: Quantification of the RF power deposition was shown for an MRI-compatible
dipole antenna and a non-MRI-compatible mobile phone via phantom temperature
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change measurements. Validation of the MR temperature mapping method was
demonstrated by comparison with physical temperature measurements and
electromagnetic field simulations. MR temperature measurements alongside physical
property measurements were used to reconstruct 10-g average SAR. RESULTS: The
maximum temperature change for a dipole antenna and the maximum 10-g average SAR
were 1.83°C and 12.4 W/kg, respectively, for simulations and 1.73°C and 11.9 W/kg,
respectively, for experiments. The difference between MR and probe thermometry was
<0.15°C. The maximum temperature change and the maximum 10-g average SAR for a
cell phone radiating at maximum output for 15 min was 1.7°C and 0.54 W/kg,
respectively. CONCLUSION: Information acquired using MR temperature mapping and
thermal property measurements can assess RF/microwave safety with high resolution
and fidelity.

Al-Qahtani K. Mobile Phone Use and the Risk of Parotid Gland Tumors: A
Retrospective Case-Control Study. Gulf J Oncolog. 2016 Jan;1(20):71-8.

BACKGROUND: Mobile phones are integral part of the modern lifestyle. As they emit
radio frequency electromagnetic field, their role in carcinogenesis needs to be
ascertained. The goal of this study was to investigate the association between the use of
cellular phones and the risk for parotid gland tumors. MATERIALS AND METHODS: A
total of 26 patients diagnosed with parotid gland tumors and 61 healthy controls were
enrolled through a hospital-based retrospective case-control study. The patients were
referred and admitted to a tertiary hospital from January 1996 to March 2013. RESULTS:
The odds of exposure were 3.47 times higher among patients compared to their controls.
95% ClI suggested that the true Odds Ratio (OR) at the population level could be
somewhere between 1.3 and 9.23 and so the observed OR was statistically significant at
5% level of significance. CONCLUSIONS: Overall, an association between the exposure
of cellular phone use for more than 1 hour daily and parotid tumor was observed. This
association should be interpreted with caution because of the relatively small sample size.

Alsanosi AA, Al-Momani MO, Hagr AA, Almomani FM, Shami IM, Al-Habeeb SF. The
acute auditory effects of exposure for 60 minutes to mobile's electromagnetic field.
Saudi Med J. 34(2):142-146, 2013.

OBJECTIVE: To assess the immediate consequences of 60 minutes exposure to mobile
phones on hearing function by determining changes in distortion product otoacoustic
emission (DPOAE) and hearing threshold levels (HTLs). METHODS: This prospective
control clinical trial study was carried out at the Ear, Nose and Throat Department, King
Abdulaziz University Hospital, Riyadh, Kingdom of Saudi Arabia from July 2009 to July
2011. The data collected included age, symptoms experienced after exposure, and HTLs
and DPOAE were recorded before, and immediately after 60 minutes of exposure to the
same model of mobile phone. RESULTS: Heat/pain was the most commonly reported
symptom. In the test-ears, significant shift (p<0.05) was noticed in HTLs at 1000 and
2000 Hz but not at other frequencies, while non test-ears did not reveal significant shift in
HTLs. Additionally, test-ears revealed significant differences (p<0.05) in DPOAE at 1000
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Hz, 1400 Hz, 2000 Hz, and at the average of all frequencies, while non test-ears did not
show significant differences. CONCLUSION: Sixty minutes of close exposure to
electromagnetic fields emitted by a mobile phone had an immediate effect on HTL
assessed by pure-tone audiogram and inner ear (assessed by DPOAE) in young human
subjects. It also caused a number of other otologic symptoms.

Al-Serori H, Kundi M, Ferk F, MiSik M, Nersesyan A, Murbach M, Lah TT,
Knasmiller S. Evaluation of the potential of mobile phone specific electromagnetic
fields (UMTS) to produce micronuclei in human glioblastoma cell lines. Toxicol In
Vitro. 40:264-271, 2017.

Some epidemiological studies indicate that mobile phones cause glioblastomas in
humans. Since it is known that genomic instability plays a key role in the etiology of
cancer, we investigated the effects of the universal mobile telecommunications system
radiofrequency (UMTS-RF) signal, which is used in "smart" phones, on micronucleus
(MN) formation and other anomalies such as nuclear buds (NBUDs) and nucleoplasmatic
bridges (NPBs). MN are formed by structural and numerical aberrations, NBs reflect gene
amplification and NPBs are formed from dicentric chromosomes. The experiments were
conducted with human glioblastoma cell lines, which differ in regard to their p53 status,
namely U87 (wild-type) and U251 (mutated). The cells were cultivated for 16h in
presence and absence of fetal calf serum and exposed to different SAR doses (0.25, 0.50
and 1.00W/kg), which reflect the exposure of humans, in presence and absence of
mitomycin C as former studies indicate that RF may cause synergistic effects in
combination with this drug. We found no evidence for induction of MN and other
anomalies. However, with the highest dose, induction of apoptosis was observed in U251
cells on the basis of the morphological features of the cells. Our findings indicate that the
UMTS-RF signal does not cause chromosomal damage in glioblastoma cells; the
mechanisms which lead to induction of programmed cell death will be investigated in
further studies.

Altamura G, Toscano S, Gentilucci G, Ammirati F, Castro A, Pandozi C, Santini M,
Influence of digital and analogue cellular telephones on implanted pacemakers.
Eur Heart J 18(10):1632-4161, 1997.

The aim of this study was to find out whether digital and analogue cellular '‘phones affect
patients with pacemakers. The study comprised continuous ECG monitoring of 200
pacemaker patients. During the monitoring certain conditions caused by interference
created by the telephone were looked for: temporary or prolonged pacemaker inhibition; a
shift to asynchronous mode caused by electromagnetic interference; an increase in
ventricular pacing in dual chamber pacemakers, up to the programmed upper rate. The
Global System for Mobile Communications system interfered with pacing 97 times in 43
patients (21.5%). During tests on Total Access of Communication System telephones,
there were 60 cases of pacing interference in 35 patients (17.5%). There were 131
interference episodes during ringing vs 26 during the on/off phase; (P <0.0001); 106 at
maximum sensitivity level vs 51 at the 'base’ value; P <0.0001). Prolonged pacing
inhibition (> 4 s) was seen at the pacemaker 'base' sensing value in six patients using the
Global system but in only one patient using Total Access. CONCLUSION: Cellular
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‘phones may be dangerous for pacemaker patients. However, they can be used safely if
patients do not carry the 'phone close to the pacemaker, which is the only place where
high risk interference has been observed.

Altuntas G, Sadoglu D, Ardic S, Yilmaz H, Imamoglu M, Turedi S.Acute effects of
the electromagnetic waves emitted by mobile phones on attention in emergency
physicians. Am J Emerg Med. 2017 Nov 13. pii: S0735-6757(17)30940-3. doi:
10.1016/j.ajem.2017.11.031.

STUDY OBJECTIVE: The purpose of this study was to investigate the acute effects of the
electromagnetic waves (EMW) emitted by mobile phones on attention in emergency
physicians. METHODS: This single-center, prospective, randomized, double-blinded
clinical study was performed among emergency physicians in a tertiary hospital. Thirty
emergency physicians were enrolled in the study. Initial d2 test was applied in the
evaluation of attention and concentration of all the physicians, who were randomly
assigned into one of two groups. The control group members hold mobile phones in 'off
mode to their left ears for 15min. The members of the intervention group hold mobile
phones in ‘'on' mode to their left ears for 15min, thus exposing them to 900-1800MHz
EMW. The d2 test was re-applied to both groups after this procedure. Differences in
attention and concentration levels between the groups were compared. RESULTS:
Difference between initial and final d2 test in total performance (TN-E, p=0.319), in total
number of figures marked (TN, p=0.177), in test performance percentile (PR, p=0.619)
and in attention fluctuation (FR, p=0.083) were similar between the groups. However,
difference in the number of figures missed (E1 selective attention, p=0.025), difference
between numbers of incorrectly marked figures (E2, p=0,018) and difference in focus
levels (E, p=0.016) were significantly in favor of the intervention group. CONCLUSION:
According to our study findings, the EMW emitted by mobile phones has no deleterious
effect on the attention and concentration levels of emergency physicians, and even has a
positive impact on selective attention levels.

Aly AA, Cheema MI, Tambawala M, Laterza R, Zhou E, Rathnabharathi K, Barnes
FS. Effects of 900-MHz Radio Frequencies on the Chemotaxis of Human
Neutrophils in Vitro. IEEE Transactions on Biomedical Engineering, 55(2): 795-797,
2008.

Summary: The effects of radio frequency (RF) fields on the ability of human neutrophils to
follow concentration gradients of Cyclic Adenosine 3', 5'-Monophosphate (C-AMP) are
reported. Blood from healthy adult donors was exposed in vitro to different temperatures
and 900-MHz RF field at approximately 0.4 V/m. It was observed that the neutrophils'
speed increased with increasing temperatures from 35 °C to 40 °C where it peaked and
then decreased above 40 °C without RF exposure. When 900-MHz RF field was applied,
the speed increased above the value observed at the same temperature, and the
maximum speed exceeded that measured value at any temperature by approximately
50%. The calculated temperature change resulting from the RF exposure was less than
one microdegree. The direction of motion changed from along the concentration gradient
and the electrical field lines to motion at right angles to the concentration gradient and the
electric field. The average time for the neutrophils to respond to the effect of RF radiation
was about 2.5 min.
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Ammari M, Brillaud E, Gamez C, Lecomte A, Sakly M, Abdelmelek H, de Seze R.
Effect of a chronic GSM 900MHz exposure on glia in the rat brain. Biomed
Pharmacother. 62(4):273-281, 2008.

Extension of the mobile phone technology raises concern about the health effects of
900MHz microwaves on the central nervous system (CNS). In this study we measured
GFAP expression using immunocytochemistry method, to evaluate glial evolution 10 days
after a chronic exposure (5 days a week for 24 weeks) to GSM signal for 45min/day at a
brain-averaged specific absorption rate (SAR)=1.5W/kg and for 15min/day at a
SAR=6W/Kg in the following rat brain areas: prefrontal cortex (PfCx), caudate putamen
(Cpu), lateral globus pallidus of striatum (LGP), dentate gyrus of hippocampus (DG) and
cerebellum cortex (CCx). In comparison to sham or cage control animals, rats exposed to
chronic GSM signal at 6W/kg have increased GFAP stained surface areas in the brain
(p<0.05). But the chronic exposure to GSM at 1.5W/kg did not increase GFAP
expression. Our results indicated that chronic exposure to GSM 900MHz microwaves
(SAR=6W/kg) may induce persistent astroglia activation in the rat brain (sign of a
potential gliosis).

Ammari M, Lecomte A, Sakly M, Abdelmelek H, de-Seze R. Exposure to GSM 900
MHz electromagnetic fields affects cerebral cytochrome ¢ oxidase activity.
Toxicology. 250(1):70-74, 2008.

The world-wide and rapidly growing use of mobile phones has raised serious concerns
about the biological and health-related effects of radio frequency (RF) radiation,
particularly concerns about the effects of RFs upon the nervous system. The goal of this
study was conducted to measure cytochrome oxidase (CO) levels using histochemical
methods in order to evaluate regional brain metabolic activity in rat brain after exposure to
a GSM 900 MHz signal for 45 min/day at a brain-averaged specific absorption rate (SAR)
of 1.5 W/Kg or for 15 min/day at a SAR of 6 W/Kg over seven days. Compared to the
sham and control cage groups, rats exposed to a GSM signal at 6 W/Kg showed
decreased CO activity in some areas of the prefrontal and frontal cortex (infralimbic
cortex, prelimbic cortex, primary motor cortex, secondary motor cortex, anterior cingulate
cortex areas 1 and 2 (Cgl and Cg2)), the septum (dorsal and ventral parts of the lateral
septal nucleus), the hippocampus (dorsal field CA1, CA2 and CA3 of the hippocampus
and dental gyrus) and the posterior cortex (retrosplenial agranular cortex, primary and
secondary visual cortex, perirhinal cortex and lateral entorhinal cortex). However, the
exposure to GSM at 1.5 W/Kg did not affect brain activity. Our results indicate that 6
W/Kg GSM 900 MHz microwaves may affect brain metabolism and neuronal activity in
rats.

Ammari M, Jacquet A, Lecomte A, Sakly M, Abdelmelek H, de Seze R. Effect of
head-only sub-chronic and chronic exposure to 900-MHz GSM electromagnetic
fields on spatial memory in rats. Brain Inj. 22(13-14):1021-1029, 2008.

PRIMARY OBJECTIVE: This study was carried out to investigate the behavioural effects

of sub-chronic and chronic head-only exposure to 900 MHz GSM (Global System for
Mobile communications) in male rats. METHODS: Rats were exposed for 45 minutes per
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day, at a brain-averaged specific absorption rate (SAR) = 1.5 W Kg(-1) or 15 minutes per
day at a SAR = 6 W Kg(-1), during 8 or 24 weeks. Then, their spatial memory was tested
using the radial-arm maze. In the first phase (10 days), rats were trained to visit the eight
arms of the maze without returning to an arm already visited. In the second phase (8
days), a 45-minute intra-trial delay was introduced after four visited arms. RESULTS:
Performance of exposed rats (1.5 or 6 W Kg(-1)) was compared with that of sham,
negative control and positive control rats. Scopolamine treatment in the positive control
rats induced deficit in spatial memory task in the second phase of the test. However,
spatial memory task was unaffected in exposed rats. CONCLUSION: Sub-chronic and
chronic head-only exposure of rats to GSM 900 MHz signal (45-minutes, SAR = 1.5 or
15-minutes, SAR = 6 W Kg(-1)) did not induce spatial memory deficit in the radial-arm
maze.

Ammari M, Gamez C, Lecomte A, Sakly M, Abdelmelek H, De Seze R. GFAP
expression in the rat brain following sub-chronic exposure to a 900 MHz
electromagnetic field signal. Int J Radiat Biol. 86(5):367-375, 2010.

PURPOSE: The rapid development and expansion of mobile communications contributes
to the general debate on the effects of electromagnetic fields emitted by mobile phones
on the nervous system. This study aims at measuring the glial fibrillary acidic protein
(GFAP) expression in 48 rat brains to evaluate reactive astrocytosis, three and 10 days
after long-term head-only sub-chronic exposure to a 900 MHz electromagnetic field
(EMF) signal, in male rats. METHODS: Sprague-Dawley rats were exposed for 45
min/day at a brain-averaged specific absorption rate (SAR) = 1.5 W/kg or 15 min/day at a
SAR = 6 W/kg for five days per week during an eight-week period. GFAP expression was
measured by the immunocytochemistry method in the following rat brain areas: Prefrontal
cortex, cerebellar cortex, dentate gyrus of the hippocampus, lateral globus pallidus of the
striatum, and the caudate putamen. RESULTS: Compared to the sham-treated rats,
those exposed to the sub-chronic GSM (Global System for mobile communications)
signal at 1.5 or 6 W/kg showed an increase in GFAP levels in the different brain areas,
three and ten days after treatment. CONCLUSION: Our results show that sub-chronic
exposures to a 900 MHz EMF signal for two months could adversely affect rat brain (sign
of a potential gliosis).

Amoako JK, Fletcher JJ, Darko EO. Measurement and analysis of radiofrequency
radiations from some mobile phone base stations in Ghana. Radiat prot dosimetry.
135(4):256-260, 2009.

A survey of the radiofrequency electromagnetic radiation at public access points in the
vicinity of 50 cellular phone base stations has been carried out. The primary objective was
to measure and analyse the electromagnetic field strength levels emitted by antennae
installed and operated by the Ghana Telecommunications Company. On all the sites
measurements were made using a hand-held spectrum analyser to determine the electric
field level with the 900 and 1800 MHz frequency bands. The results indicated that power
densities at public access points varied from as low as 0.01 microwW m(-2) to as high as
10 microW m(-2) for the frequency of 900 MHz. At a transmission frequency of 1800
MHz, the variation of power densities is from 0.01 to 100 microW m(-2). The results were
found to be in compliant with the International Commission on Non-ionizing Radiological
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Protection guidance level but were 20 times higher than the results generally obtained for
such a practice elsewhere. There is therefore a need to re-assess the situation to ensure
reduction in the present level as an increase in mobile phone usage is envisaged within
the next few years.

Anane R, Geffard M, Taxile M, Bodet D, Billaudel B, Dulou PE, Veyret B. Effects of
GSM-900 microwaves on the experimental allergic encephalomyelitis (EAE) rat
model of multiple sclerosis. Bioelectromagnetics 24(3):211-213, 2003.

The effects of acute exposure to GSM-900 microwaves (900 MHz, 217 Hz pulse
modulation) on the clinical parameters of the acute experimental allergic
encephalomyelitis (EAE) model in rats were investigated in two independent experiments:
rats were either habituated or nonhabituated to the exposure restrainers. EAE was
induced with a mixture of myelin basic protein and Mycobacterium tuberculosis. Female
Lewis rats were divided into cage control, sham exposed, and two groups exposed either
at 1.5 or 6.0 W/kg local specific absorption rate (SAR averaged over the brain) using a
loop antenna placed over their heads. There was no effect of a 21-day exposure (2 h/day)
on the onset, duration, and termination of the EAE crisis.

Anane R, Dulou P-E, Taxile M, Geffard M, Crespeau F, Veyret B. Effects of GSM-
900 microwaves on DMBA-induced mammary gland tumors in female Sprague-
Dawley rats. Radiat Res 160:492-497, 2003.

The aim of this investigation was to test the hypothesis that sub-chronic whole-body
exposure to GSM-900 microwaves had an effect on tumor promotion and
progression. Mammary tumors were induced by ingestion of a single 10-mg dose of
7,12-dimethylbenz(a)anthracene (DMBA) in female Sprague-Dawley rats (Ico:OFA-
SD; IOPS Caw). In two independent experiments, DMBA-treated animals were
divided into four groups: sham-exposed (16) and exposed (three groups of 16
animals). The specific absorption rates (SARs), averaged over the whole body, were
3.5, 2.2 and 1.4 W/kg in the first experiment (May—July) and 1.4, 0.7 and 0.1 W/kg in
the second experiment (September—November). Exposure started 10 days after
DMBA treatment and lasted 2 h/day, 5 days/week for 9 weeks. Animals were
exposed to plane waves with the electric field parallel to the long axis of the animals.
Body weight and the number, location and size of the tumors were recorded at
regular intervals. Rats were killed humanely 3 weeks after the end of exposure. The
results are negative in terms of latency, multiplicity and tumor volume. With regard to
tumor incidence, in the first experiment there was an increase in the rate of incidence
at 1.4 W/kg but less at 2.2 W/kg and none at 3.5 W/kg. Overall, these results, which
are rather inconsistent, do not bring new evidence of a co-promoting effect of
exposure to GSM-900 signals using the DMBA rat model.

Anderson LE, Sheen DM, Wilson BW, Grumbein SL, Creim JA, Sasser LB. Two-
year chronic bioassay study of rats exposed to a 1.6 GHz radiofrequency signal.
Radiat Res. 162(2):201-210, 2004.

The purpose of this study was to determine whether long-term exposure to a 1.6 GHz
radiofrequency (RF) field would affect the incidence of cancer in Fischer 344 rats. Thirty-
six timed-pregnant rats were randomly assigned to each of three treatment groups: two
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groups exposed to a far-field RF Iridium signal and a third group that was sham exposed.
Exposures were chosen such that the brain SAR in the fetuses was 0.16 W/kg. Whole-
body far-field exposures were initiated at 19 days of gestation and continued at 2 h/day, 7
days/week for dams and pups after parturition until weaning (approximately 23 days old).
The offspring (700) of these dams were selected, 90 males and 90 females for each
near-field treatment group, with SAR levels in the brain calculated to be as follows: (1) 1.6
WI/Kg, (2) 0.16 W/kg and (3) near-field sham controls, with an additional 80 males and 80
females as shelf controls. Confining, head-first, near-field exposures of 2 h/day, 5
days/week were initiated when the offspring were 36 +/- 1 days old and continued until
the rats were 2 years old. No statistically significant differences were observed among
treatment groups for number of live pups/litter, survival index, and weaning weights, nor
were there differences in clinical signs or neoplastic lesions among the treatment groups.
The percentages of animals surviving at the end of the near-field exposure were not
different among the male groups. In females a significant decrease in survival time was
observed for the cage control group.

Anderson V, Joyner KH, Specific absorption rate levels measured in a phantom
head exposed to radio frequency transmissions from analog hand-held mobile
phones. Bioelectromagnetics 16(1):60-69,1995.

Electric fields (E-fields) induced within a phantom head from exposure to three different
advanced mobile phone system (AMPS) hand-held telephones were measured using an
implantable E-field probe. Measurements were taken in the eye nearest the phone and
along a lateral scan through the brain from its centre to the side nearest the phone.
During measurement, the phones were positioned alongside the phantom head as in
typical use and were configured to transmit at maximum power (600 mW nominal). The
specific absorption rate (SAR) was calculated from the in situ E-field measurements,
which varied significantly between phone models and antenna configuration. The SARs
induced in the eye ranged from 0.007 to 0.21 W/kg. Metal-framed spectacles enhanced
SAR levels in the eye by 9-29%. In the brain, maximum levels were recorded at the
measurement point closest to the phone and ranged from 0.12 to 0.83 W/kg. These
SARs are below peak spatial limits recommended in the U.S. and Australian national
standards [IEEE Standards Coordinating Committee 28 (1991): C95.1-1991 and
Standards Australia (1990): AS2772.1-1990] and the IRPA guidelines for safe exposure
to radio frequency (RF) electromagnetic fields [IRPA (1988): Health Phys 54:115-123].
Furthermore, a detailed thermal analysis of the eye indicated only a 0.022 degrees C
maximum steady-state temperature rise in the eye from a uniform SAR loading of 0.21
W/kg. A more approximate thermal analysis in the brain also indicated only a small
maximum temperature rise of 0.034 degrees C for a local SAR loading of 0.83 W/kg.

Anderson V. Comparisons of peak SAR levels in concentric sphere head models of
children and adults for irradiation by a dipole at 900 MHz. Phys Med Biol.
48(20):3263-3275, 2003.

The aim of this study is to examine the scale and significance of differences in peak
specific energy absorption rate (SAR) in the brains of children and adults exposed to
radiofrequency emissions from mobile phones. Estimates were obtained by method of
multipole analysis of a three layered (scalp/cranium/brain) spherical head exposed to a
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nearby 0.4 lambda dipole at 900 MHz. A literature review of head parameters that
influence SAR induction revealed strong indirect evidence based on total body water
content that there are no substantive age-related changes in tissue conductivity after the
first year of life. However, it was also found that the thickness of the ear, scalp and
cranium do decrease on average with decreasing age, though individual variability within
any age group is very high. The model analyses revealed that compared to an average
adult, the peak brain 10 g averaged SAR in mean 4, 8, 12 and 16 year olds (yo) is
increased by a factor of 1.31, 1.23, 1.15 and 1.07, respectively. However, contrary to the
expectations of a recent prominent expert review, the UK Stewart Report, the relatively
small scale of these increases does not warrant any special precautionary measures for
child mobile phone users since: (a) SAR testing protocols as contained in the CENELEC
(2001) standard provide an additional safety margin which ensures that allowable
localized SAR limits are not exceeded in the brain; (b) the maximum worst case brain
temperature rise (approximately 0.13 to 0.14 degrees C for an average 4 yo) in child
users of mobile phones is well within safe levels and normal physiological parameters;
and (c) the range of age average increases in children is less than the expected range of
variation seen within the adult population.

Andersson B, Berg M, Arnetz BB, Melin L, Langlet I, Lidén S. A cognitive-
behavioral treatment of patients suffering from "electric hypersensitivity".
Subjective effects and reactions in a double-blind provocation study. J Occup
Environ Med. 38(8):752-758, 1996.

This study tested psychological treatment of patients with "electric hypersensitivity."
Seventeen patients were randomly assigned to a treatment group or a waiting-list
control group in a pretest-posttest control group design. The patients were also taking
part in double-blind provocation tests before and after the treatment. Subjective
ratings of symptoms were registered and blood samples were taken and analyzed for
"stress-related"” variables, such as prolactin, cortisol, dehydroepiandrosterone, and
cholesterol levels. The patients in the experimental group reduced their evaluations of
the disability more than the control group did. This indicates that psychological
treatment may be of value in this disease. However, none of the psychophysiological
measures or the subjective reactions to the provocation test showed any significant
between-group difference. The conclusion from the provocation test is that this group
of alleged hypersensitive patients did not react to the electromagnetic fields.

Andrzejak R, Poreba R, Poreba M, Derkacz A, Skalik R, Gac P, Beck B, Steinmetz-
Beck A, Pilecki W. The influence of the call with a mobile phone on heart rate
variability parameters in healthy volunteers. Ind Health. 46(4):409-417, 2008.

It is possible that electromagnetic field (EMF) generated by mobile phones (MP) may
have an influence on the autonomic nervous system (ANS) and modulates the function of
circulatory system. The aim of the study was to estimate the influence of the call with a
mobile phone on heart rate variability (HRV) in young healthy people. The time and
frequency domain HRV analyses were performed to assess the changes in
sympathovagal balance in a group of 32 healthy students with normal electrocardiogram
(ECG) and echocardiogram at rest. The frequency domain variables were computed:
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ultra low frequency (ULF) power, very low frequency (VLF) power, low frequency (LF)
power, high frequency (HF) power and LF/HF ratio was determined. ECG Holter
monitoring was recorded in standardized conditions: from 08:00 to 09:00 in the morning in
a sitting position, within 20 min periods: before the telephone call (period 1), during the call
with use of mobile phone (period II), and after the telephone call (period I1). During 20
min call with a mobile phone time domain parameters such as standard deviation of all
normal sinus RR intervals (SDNN [ms]--period I: 73.94+/-25.02, period Il: 91.63+/-35.99,
period IlI: 75.06+/-27.62; I-1I: p<0.05, 1I-11l: p<0.05) and standard deviation of the
averaged normal sinus RR intervals for all 5-mm segments (SDANN [ms]--period I:
47.78+/-22.69, period II: 60.72+/-27.55, period Ill: 47.12+/-23.21; I-1l: p<0.05, 1I-11I:
p<0.05) were significantly increased. As well as very low frequency (VLF [ms2]--period I:
456.62+/-214.13, period II: 566.84+/-216.99, period IlI: 477.43+/-203.94; I-1I: p<0.05), low
frequency (LF [ms(2)]--period I: 607.97+/-201.33, period II: 758.28+/-307.90, period lII:
627.09+/-220.33; I-1l: p<0.01, lI-1ll: p<0.05) and high frequency (HF [ms(2)]--period I:
538.44+/-290.63, period II: 730.31+/-445.78, period IlI: 590.94+/-301.64; I-1I: p<0.05)
components were the highest and the LF/HF ratio (period I: 1.48+/-0.38, period II: 1.16+/-
0.35, period IlI: 1.46+/-0.40; I-II: p<0.05, II-lll: p<0.05) was the lowest during a call with a
mobile phone. The tone of the parasympathetic system measured indirectly by analysis of
heart rate variability was increased while sympathetic tone was lowered during the call
with use of a mobile phone. It was shown that the call with a mobile phone may change
the autonomic balance in healthy subjects. Changes in heart rate variability during the call
with a mobile phone could be affected by electromagnetic field but the influence of
speaking cannot be excluded.

Angelone LM, Bit-Babik G, Chou CK. Computational Electromagnetic analysis
in a human head model with EEG electrodes and leads exposed to RF-field
sources at 915 MHz and 1748 MHz. Radiat Res. 174(1):91-100. 2010.

Abstract An electromagnetic analysis of a human head with EEG electrodes and
leads exposed to RF-field sources was performed by means of Finite-Difference
Time-Domain simulations on a 1-mm(3) MRI-based human head model. RF-field
source models included a half-wave dipole, a patch antenna, and a realistic CAD-
based mobile phone at 915 MHz and 1748 MHz. EEG electrodes/leads models
included two configurations of EEG leads, both a standard 10-20 montage with 19
electrodes and a 32-electrode cap, and metallic and high resistive leads. Whole-head
and peak 10-g average SAR showed less than 20% changes with and without leads.
Peak 1-g and 10-g average SARs were below the ICNIRP and IEEE guideline limits.
Conversely, a comprehensive volumetric assessment of changes in the RF field with
and without metallic EEG leads showed an increase of two orders of magnitude in
single-voxel power absorption in the epidermis and a 40-fold increase in the brain
during exposure to the 915 MHz mobile phone. Results varied with the geometry and
conductivity of EEG electrodes/leads. This enhancement confirms the validity of the
guestion whether any observed effects in studies involving EEG recordings during
RF-field exposure are directly related to the RF fields generated by the source or
indirectly to the RF-field-induced currents due to the presence of conductive EEG
leads.

Anghileri LJ, Mayayo E, Domingo JL, Thouvenot P. Radiofrequency-induced
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carcinogenesis: cellular calcium homeostasis changes as a triggering factor.
InterJ RadBiol. 81(3):205-209, 2005.

The aim was to study the effects of radiofrequency (Rf) in a mice strain characterized by
age-determined carcinogenesis of lymphatic tissues. Mice were treated with a 1 h/week
Rf exposure for 4 months. A group submitted to sham exposure was used as control
animals. The evolution of carcinogenesis was followed up to 18 months. The maximal life
span of control mice was about 24 months. All dead animals were clinically and
histologically examined to give an age-determined comparative quantification of the
evolving carcinogenesis. A radiocalcium tracer method permitted the evaluation of Rf
effects on transmembrane transport of extracellular calcium at 1 and 24 h after exposure.
The determination of induced lipid peroxidation completed this second study. The findings
show that Rf provoked an earlier general lymphocyte cell infiltration, formation of
lymphoblastic ascites and extranodal tumours of different histological types, as well as an
increased early mortality. The results suggest that in Rf-exposed mice, carcinogenesis
may be induced earlier and with different pathological forms than in control animals. The
modifications in cellular calcium homeostasis and the age-determined thymus involution
appear to be important factors involved in this carcinogenesis process.

Anghileri LJ, Mayayo E, Domingo JL. Iron-radiofrequency synergism in
lymphomagenesis. Immunopharmacol Immunotoxicol. 28(1):175-183, 2006.

The parenteral iron administration effects on the acceleration of lymphomagenesis by
radiofrequency exposure were investigated using an animal model that develops
spontaneous lymphomas with ageing. Complementary studies of the in vivo uptake of
59Fe-labeled ferric gluconate and ferric-ATP complex showed differences ob absorption
and excretion between both iron compounds. In vitro assays of their effects on calcium
cellular uptake using a cell model and tissues homogenates showed a molecular
structure-dependence. The current results (mortality, clinical and histopathological
examinations) demonstrated a synergism between radiofrequency and ferric gluconate,
and the increased risk of radiofrequency exposure when it is simultaneous to parenteral
iron administration.

Anghileri LJ, Mayayo E, Domingo JL. Aluminum, calcium ion and radiofrequency
synergism in acceleration of lymphomagenesis. Imnmunopharmacol
Immunotoxicol. 31(3):358-362. 2009

This study that was done on lymphomagene-bearing mice indicates a synergism
aluminum-radiofrequency which induces an early increase in mortality that is in
concomitance with lymphoid elements proliferation and infiltration of spleen and liver.
These two last phenomena were assesed by determination of the hypertrophic index
(Growth Index) which is the organ weight to to the body weight ratio, as well as by the
histopathological examination of the organ tissue. The importance of this synergism
appears to be determined by the ionization at the physiological pH of the used aluminum
complexes: much higher with lactate complex than with the citrate one. On the other
hand, this dissociation appears to induce a remarkable acceleration of the mortality and
the lymphoid elements-related hypertrophy of the spleen and liver at early age. Aluminum
complexes are known as modifiers of the intracellular calcium homeostasis, and to verify
if such process could be implicated in this synergism, the effects of calcium chloride were
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assayed, in this case the calcium-overload had no effects in the presence of a workable
cellular control of intracellular calcium homeostasis. This finding support the hypothesis
that ionized aluminum provided by lactate may be implicated in the inhibition of the
buffering and extruding extracellular calcium system.

Anghileri LJ, Mayayo E, Domingo JL, Thouvenot P. Evaluation of health risks
caused by radio frequency accelerated carcinogenesis: the importance of
processes driven by the calcium ion signal. Eur J Cancer Prev. 15(3):191-195, 2006.

The acceleration of carcinogenesis, which was induced either by radio frequency
radiation from a cellular telephone or by the ferric-ATP complex, was similar in a mouse
strain characterized by age-determined carcinogenesis of lymphoid tissues. Organ
hypertrophy, the presence of lymphoid blood and ascites, the development of solid
tumours, and mortality were very different to those found in control animals. These results
emphasize the role of calcium ion signal influx in the activation of oncogenes and the
failure of thymus-determined immune defences.

Anglesio L, Benedetto A, Bonino A, Colla D, Martire F, Saudino Fusette S, d'Amore
G. Population exposure to electromagnetic fields generated by radio base
stations: evaluation of the urban background by using provisional model and
instrumental measurements. Radiat Prot Dosimetry 97(4):355-358, 2001.

Electromagnetic radiation, which is used by broadcasting and mobile telephone systems
to transmit information, permeates the city environment. In order to properly evaluate
population exposure to electromagnetic fields, knowledge of their intensity and spectral
components is necessary. In this study the results of radiofrequency field monitoring
carried out in Torino, a large town located in the north-west of Italy are shown: the
variation of the electromagnetic field strength is evaluated as a function of the height from
the ground, the location in the urban area and the frequency. separating the contributions
of the different sources (broadcasting antennas and radio base stations for mobile
phones). Furthermore, the contribution of the radio base stations is theoretically
evaluated, adding the emissions off all installations situated in Torino and examining the
field strength maps calculated, considering the orography, for different heights. The
theoretical values are also compared with those measured in the frequency range of
mobile telephony emissions.

Aniolczyk H, Electromagnetic field pattern in the environment of GSM base
stations. Int J Occup Med Environ Health 12(1):47-58, 1999.

Three mobile phone systems are used in Poland: analog, operated at the 450 MHz
frequency range, and two digital systems operated at 900 MHz and 1800 MHz. The
GSM--Global System for Mobile Communication meets all relevant requirements, and it is
most widely used throughout the world. According to the mobile phone concept, the
whole communication area is divided into sub-areas (cells) where base stations are
located. The base stations are provided with the transmitter units mounted on free-
standing masts, high chimneys and building roofs, including those of the residential
buildings. The transmitter antennas of the base stations constitute a source of 935-960
EMF radiation. This work analyses the essential characteristics of the base station
antennas from the point of view of radiation intensity. The analysis is based on the results
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of EMF measurements performed by experts of two relevant research institutes. For
inaccessible antennas, the measurements were performed at the accredited laboratory.

Antonopoulos A, Eisenbrandt H, Obe G, Effects of high-frequency electromagnetic
fields on human lymphocytes in vitro. Mutat Res 395(2-3): 209-214, 1997.

Human peripheral lymphocytes were incubated in the presence of high-frequency
electromagnetic fields of 380, 900 and 1800 MHz. The measured endpoints were cell
cycle progression and the frequencies of sister-chromatid exchanges. No differences
between treated and control cultures could be found.

Anttila K. Mycotoxins, fungus and 'electrohypersensitivity'. Med Hypotheses.
55(3):208-214, 2000.

'Electrohypersensitivity' is often explained as a psychological syndrome. Our modern
environment contains a lot of different substances and some of them are toxic.
Mycotoxins are types of toxins that are biologically very active and that affect living
organisms. Mycotoxins and fungi capable of producing toxins have been detected in
ventilation systems, water damage and in foodstuff. Many of those displaying
symptoms caused by electromagnetic fields have fungus infections or have been
living in fungus-contaminated environments for long periods. In animal studies
mycotoxins have shown the same effects as those seen in the
‘electrohypersensitivity' syndrome. Phototoxic reactions are well known in veterinary
medicine and in medical science, so the question is whether the
‘electrohypersensitivity' syndrome is caused by ‘phototoxic’ reactions?

Apollonio F, D'Inzeo G, Tarricone L. Energy evaluation of mw effects on Ach
receptor channels with parallel computing Electromag. Biol. Med. 19:69-79,
2000.

We present an evaluation of the effects of microwave fields on the acetylcholine
(ACh) receptor channel, based on energy issues. The channel is considered a
stochastic automaton, flipping randomly from one state to another, and the incident
field modifies transitions among the states. The observation of some appropriate
biochemical parameters demonstrates that microwave fields cause conformational
changes in the receptor site. An energetic mapping of ACh conformational changes is
also achieved, clearing the ground for future development of this research in the field
of molecular simulations.

Arai N, Enomoto H, Okabe S, Yuasa K, Kamimura Y, Ugawa Y. Thirty minutes
mobile phone use has no short-term adverse effects on central auditory pathways.
Clin Neurophysiol. 114(8):1390-1394, 2003.

OBJECTIVE: To investigate whether pulsed high-frequency electromagnetic field (pulsed
EM field) emitted by a mobile phone for 30 min has short-term adverse effects on the
human central auditory system.METHODS: We studied the auditory brainstem response
(ABR), the ABR recovery function and middle latency response (MLR) before and after
using a mobile phone for 30 min in 15 normal hearing volunteers.RESULTS: None of the
3 measures were affected by exposure to pulsed EM field emitted by a mobile phone for
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30 min.CONCLUSIONS: Based on the ABR and MLR methods utilized in the study, we
conclude that 30 min mobile phone use has no short-term adverse effects on the human
auditory system.

Aran JM, Carrere N, Chalan Y, Dulou PE, Larrieu S, Letenneur L, Veyret B, Dulon D.
Effects of exposure of the ear to GSM microwaves: in vivo and in vitro
experimental studies. Int J Audiol. 43(9):545-554, 2004.

The effects of mobile phone (GSM) microwaves on the ears of guinea pigs were
investigated in two in vivo experiments and one in vitro experiment. In the first
experiment, three groups of eight guinea pigs had their left ear exposed for 1 h/day, 5
days/week, for 2 months, to GSM microwaves (900 MHz. GSM modulated) at specific
absorption rates (SARs) of 1, 2 and 4 W/kg respectively, and a fourth group was sham-
exposed. Distortion-product otoacoustic emissions (DPOAES) were measured for each
ear before exposure, at the end of the 2-month exposure period, and 2 months later. In
the second experiment, the same protocol was applied to eight sham-exposed and 16
exposed guinea pigs at 4W/kg, but the auditory brainstem response (ABR) thresholds
were monitored. Repeated-measures ANOVA showed no difference in DPOAE
amplitudes or in ABR thresholds between the exposed and non-exposed ears and
between the sham-exposed and exposed groups In the course of the second experiment,
acute effects were also investigated by measuring once, in all animals, ABR thresholds
just before and just after the 1-h exposure: no statistically significant difference was
observed. In vitro, the two organs of Corti (OCs) of newborn rats (n=15) were isolated and
placed in culture. For each animal, one OC was exposed for 24-48 h to 1 W/kg GSM
microwaves, and the other was sham-exposed. After 2-3 days of culture, all OCs were
observed under light microscopy. They all appeared normal to naive observers at this
stage of development. These results provided no evidence that microwave radiation, at
the levels produced by mobile phones, caused damage to the inner ear or the auditory
pathways in our experimental animals.

Arbabi-Kalati F, Salimi S, Vaziry-Rabiee A, Noraeei M. Effect of mobile phone usage
time on total antioxidant capacity of saliva and salivary immunoglobulin a. Iran J
Public Health. 43(4):480-484, 2014.

BACKGROUND: Nowadays mobile phone is very popular, causing concern about the
effect it has on people's health. Parotid salivary glands are in close contact to cell phone
while talking with the phone and the possibility of being affected by them. Limited studies
have evaluated the effect of cell phone use on the secretions of these glands; so this
study was designed to investigate the effects of duration of mobile phone use on the total
antioxidant capacity of saliva. METHODS: Unstimulated saliva from 105 volunteers
without oral lesions collected. The volunteers based on daily usage of mobile phones
were divided into three groups then total antioxidant capacity of saliva was measured by
Ferric Reducing Ability of Plasma (FRAP) method. Data were analyzed by SPSS
software version 19. ANOVA was used to compare 3 groups and post-hoc Tukey test to
compare between two groups. RESULTS: Average total antioxidant capacities of saliva in
3 groups were 657.91 pumol/lit, 726.77 um/lit and 560.17 pmol/lit, respectively. The two
groups had statistically significant different (P = 0.039). CONCLUSION: Over an hour
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talking with a cell phone decreases total antioxidant capacity of saliva in comparison with
talking less than twenty minutes.

Ardoino L, Barbieri E, Vecchia P. Determinants of exposure to electromagnetic
fields from mobile phones. Radiat Prot Dosimetry. 111(4):403-406, 2004.

In actual conditions of use, the power radiated from cellular phones changes during
conversation depending on several factors. Upon request from the radio base station
(RBS), the phone in fact, reduces, its power to a level that is deemed optimum for the
quality of conversation. In this study, special phones, which had been modified to allow
the continuous logging of power emitted during the calls have been used. Off-line
processing of recorded data allowed the analysis of the behaviour of mobile phones
under real-use conditions. Further data recorded by operators at selected base stations
were used for the purposes of comparison and checking of the effectiveness of the
experimental method. The results indicate a high proportion of use of the highest power
levels, under any circumstance. Such behaviour is mainly due to frequent handovers
requested by the control software to optimise the communication traffic.

Arendash GW, Sanchez-Ramos J, Mori T, Mamcarz M, Lin X, Runfeldt M, Wang L,
Zhang G, Sava V, Tan J, Cao C. Electromagnetic field treatment protects against
and reverses cognitive impairment in Alzheimer's disease mice. J Alzheimers Dis.
19(1):191-210, 2010.

Despite numerous studies, there is no definitive evidence that high-frequency
electromagnetic field (EMF) exposure is a risk to human health. To the contrary, this
report presents the first evidence that long-term EMF exposure directly associated
with cell phone use (918 MHz; 0.25 w/kg) provides cognitive benefits. Both cognitive-
protective and cognitive-enhancing effects of EMF exposure were discovered for both
normal mice and transgenic mice destined to develop Alzheimer's-like cognitive
impairment. The cognitive interference task utilized in this study was designed from,
and measure-for-measure analogous to, a human cognitive interference task. In
Alzheimer's disease mice, long-term EMF exposure reduced brain amyloid-beta
(Abeta) deposition through Abeta anti-aggregation actions and increased brain
temperature during exposure periods. Several inter-related mechanisms of EMF
action are proposed, including increased Abeta clearance from the brains of
Alzheimer's disease mice, increased neuronal activity, and increased cerebral blood
flow. Although caution should be taken in extrapolating these mouse studies to
humans, we conclude that EMF exposure may represent a non-invasive, non-
pharmacologic therapeutic against Alzheimer's disease and an effective memory-
enhancing approach in general.

Arendash GW, Mori T, Dorsey M, Gonzalez R, Tajiri N, Borlongan C.
Electromagnetic Treatment to Old Alzheimer's Mice Reverses B-Amyloid
Deposition, Modifies Cerebral Blood Flow, and Provides Selected Cognitive
Benefit. PLoS One. 7(4):e35751, 2012.

Few studies have investigated physiologic and cognitive effects of "long-term"
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electromagnetic field (EMF) exposure in humans or animals. Our recent studies have
provided initial insight into the long-term impact of adulthood EMF exposure (GSM,
pulsed/modulated, 918 MHz, 0.25-1.05 W/kg) by showing 6+ months of daily EMF
treatment protects against or reverses cognitive impairment in Alzheimer's transgenic
(Tg) mice, while even having cognitive benefit to normal mice. Mechanistically, EMF-
induced cognitive benefits involve suppression of brain 3-amyloid (AB)
aggregation/deposition in Tg mice and brain mitochondrial enhancement in both Tg
and normal mice. The present study extends this work by showing that daily EMF
treatment given to very old (21-27 month) Tg mice over a 2-month period reverses
their very advanced brain A aggregation/deposition. These very old Tg mice and
their normal littermates together showed an increase in general memory function in
the Y-maze task, although not in more complex tasks. Measurement of both body
and brain temperature at intervals during the 2-month EMF treatment, as well as in a
separate group of Tg mice during a 12-day treatment period, revealed no appreciable
increases in brain temperature (and no/slight increases in body temperature) during
EMF "ON" periods. Thus, the neuropathologic/cognitive benefits of EMF treatment
occur without brain hyperthermia. Finally, regional cerebral blood flow in cerebral
cortex was determined to be reduced in both Tg and normal mice after 2 months of
EMF treatment, most probably through cerebrovascular constriction induced by
freed/disaggregated AB (Tg mice) and slight body hyperthermia during "ON" periods.
These results demonstrate that long-term EMF treatment can provide general
cognitive benefit to very old Alzheimer's Tg mice and normal mice, as well as reversal
of advanced AR neuropathology in Tg mice without brain heating. Results further
underscore the potential for EMF treatment against AD.

Arns M, Van Luijtelaar G, Sumich A, Hamilton R, Gordon E.
Electroencephalographic, personality, and executive function measures
associated with frequent mobile phone use. Int J Neurosci. 117(9):1341-1360,
2007.

The present study employs standardized data acquired from the Brain Resource
International Database to study the relationship between mobile phone usage,
personality, and brain function (n = 300). Based on the frequency and duration of
mobile phone usage, three groups were formed. The findings suggest a subtle
slowing of brain activity related to mobile phone use that is not explained by
differences in personality. These changes are still within normal physiological ranges.
Better executive function in mobile phone users may reflect more focused attention,
possibly associated with a cognitive training effect (i.e., frequently making phone calls
in distracting places), rather than a direct effect of mobile phone use on cognition.

Aslan A, ikinci A, Bag O, S6nmez OF, Kaya H, Odaci E. Long-term exposure to a

continuous 900 MHz electromagnetic field disrupts cerebellar morphology in
young adult male rats. Biotech Histochem. 92(5):324-330, 2017.
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The pathological effects of exposure to an electromagnetic field (EMF) during childhood
and adolescence may be greater than those from exposure during adulthood. We
investigated possible pathological changes in the cerebellum of adolescent rats exposed
to 900 MHz EMF daily for 25 days. We used three groups of six 21-day-old male rats as
follows: unexposed control group (Non-EG), sham-exposed group (Sham-EG) and an
EMF-exposed group (EMF-EG). EMF-EG rats were exposed to EMF in an EMF cage for
1 h daily from postnatal days 21 through 46. Sham-EG rats were placed in the EMF cage
for 1 h daily, but were not subjected to EMF. No procedures were performed on the Non-
EG rats. The cerebellums of all animals were removed on postnatal day 47, sectioned
and stained with cresyl violet for histopathological and stereological analyses. We found
significantly fewer Purkinje cells in the EMF-EG group than in the Non-EG and Sham-EG
groups. Histopathological evaluation revealed alteration of normal Purkinje cell
arrangement and pathological changes including intense staining of neuron cytoplasm in
the EMF-EG group. We found that exposure to continuous 900 MHz EMF for 1 h/day
during adolescence can disrupt cerebellar morphology and reduce the number of Purkinje
cells in adolescent rats.

Astrain I, Bernaus J, Claverol J, Escobar A, Godoy P. [Prevalence of mobile
phone use while driving vehicles] Gac Sanit 17(1):66-69, 2003. [Article in
Spanish]

Objective: To estimate the prevalence of mobile telephone use while driving vehicles
in the city of Lleida (Spain).Methods: A random sample of 1536 cars passing through
six intersections regulated by traffic lights in Lleida were selected (three with urban
traffic and three with interurban traffic). Cyclists, motorcyclists and driving school cars
were excluded. The variables studied were mobile telephone use, age, (18-40; 41-60;
>61), sex, the presence of passengers, type of intersection (urban traffic/interurban
traffic), day of the week (working day/weekend or holiday) and hour of the day (rush
hour/non-rush hour). The prevalence of mobile telephone use was calculated in
percentages with a 95% CI. The relationship among the dependent variable (mobile
telephone use) and the other independent variables was studied using odds radios
(OR) and 95% Cl.Results: A total of 1536 direct observations were made and mobile
telephone use was detected in 50 drivers. The prevalence was 3.3 (95% ClI, 2.4-4.3).
The prevalence was higher in men (OR = 2.2; 95% CI, 1.0-5.7), in drivers aged more
than 60 years old (OR = 2.2; 95% CI, 0.5-8,4) and in those aged 18-40 years old (OR
=1.5; 95% ClI, 0.8-3.0), in unaccompanied drivers (OR = 3.0; 95% ClI, 1.5-6.3), in
urban intersections (OR = 2.7; 95% CI, 1.2-5.9), on workdays (OR = 2.0; 95% ClI, 0.9-
4.4) and at the rush hour (OR =1.4; 95% ClI, 0.8-2.4).Conclusions: The prevalence of
mobile telephone use while driving vehicles can be considered high, because of the
increase in car accidents. The profile of drivers using mobile telephones corresponds
to men aged 18-40 years or more than 61 years, in urban intersections, without
passengers, during workdays and at the rush hour. We recommend the
implementation of measures to decrease the use of mobile telephones while driving.

Asbridge M, Brubacher JR, Chan H.Cell phone use and traffic crash risk: a
culpability analysis.Int J Epidemiol. 2012 Nov 18. [Epub ahead of print]
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BACKGROUND: The use of a cell phone or communication device while driving is illegal
in many jurisdictions, yet evidence evaluating the crash risk associated with cell phone
use in naturalistic settings is limited. This article aims to determine whether cell phone use
while driving increases motor vehicle crash culpability. METHOD: Drivers involved in
crashes where police reported cell phone use (nh = 312) and propensity matched drivers
(age, sex, suspect alcohol/drug impairment, crash type, date, time of day, geographical
location) without cell phone use (n = 936) were drawn from Insurance Corporation of
British Columbia Traffic Accident System data. A standardized scoring tool, modified to
account for Canadian driving conditions, was used to determine crash culpability from
police reports on all drivers from the crashes. The association between crash culpability
and cell phone use was determined, with additional subgroup analyses based on crash
severity, driver characteristics and type of licence. RESULTS: A comparison of crashes
with vs without cell phones revealed an odds ratio of 1.70 (95% confidence interval 1.22-
2.36; P = 0.002). This association was consistent after adjustment for matching variables
and other covariates. Subgroup analyses demonstrated an association for male drivers,
unimpaired drivers, injured and non-injured drivers, and for drivers aged between 26 and
65 years. CONCLUSIONS: Crash culpability was found to be significantly associated
with cell phone use by drivers, increasing the odds of a culpable crash by 70% compared
with drivers who did not use a cell phone. This increased risk was particularly high for
middle-aged drivers.

Aslan A, Kirdemir V, Kocak A, Atay T, Baydar ML, Ozerdemoglu RA, Aydogan NH.
Effect of 1800 MHz Electromagnetic Radiation Emitted from Cellular Phones on
Fracture Healing. Arch Med Res. 2014 Feb 4. pii: S0188-4409(14)00007-1. doi:
10.1016/j.arcmed.2014.01.006. [Epub ahead of print]

BACKGROUND AND AIMS: In this study, we aimed to investigate whether 1800 MHz
frequency electromagnetic radiation (EMRS) have an effect on bone healing.

METHODS: A total of 30 Wistar albino rats were divided into two equal groups. Fractures
were created in the right tibias of all rats; next, intramedullary fixations with K-wire were
performed. A control group (Group 1) was kept under the same experimental conditions
except without EMF exposure. Rats in Group Il were exposed to an 1800 MHz frequency
EMF for 30 min a day for 5 days a week. Next, radiological, mechanical, and histological
examinations were performed to evaluate tibial fracture healing. RESULTS: Radiological,
histological and mechanical scores were not significantly different between groups
(respectively, p = 0.114, p = 0.184 and p = 0.083), and all of these scores were lower
than those of the controls. CONCLUSIONS: EMR at 1800 MHz frequency emitted from
cellular phones has no effect on bone fracture healing.

Atasoy HI, Gunal MY, Atasoy P, Elgun S, Bugdayci G. Immunohistopathologic
demonstration of deleterious effects on growing rat testes of radiofrequency
waves emitted from conventional Wi-Fi devices. J Pediatr Urol. 9(2):223-229, 2013.

OBJECTIVE: To investigate effects on rat testes of radiofrequency radiation emitted from
indoor Wi-Fi Internet access devices using 802.11.g wireless standards. METHODS: Ten
Wistar albino male rats were divided into experimental and control groups, with five rats
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per group. Standard wireless gateways communicating at 2.437 GHz were used as
radiofrequency wave sources. The experimental group was exposed to radiofrequency
energy for 24 h a day for 20 weeks. The rats were sacrificed at the end of the study.
Intracardiac blood was sampled for serum 8-hydroxy-2'-deoxyguanosine levels. Testes
were removed and examined histologically and immunohistochemically. Testis tissues
were analyzed for malondialdehyde levels and prooxidant-antioxidant enzyme activities.
RESULTS: We observed significant increases in serum 8-hydroxy-2'-deoxyguanosine
levels and 8-hydroxyguanosine staining in the testes of the experimental group indicating
DNA damage due to exposure (p < 0.05). We also found decreased levels of catalase
and glutathione peroxidase activity in the experimental group, which may have been due
to radiofrequency effects on enzyme activity (p < 0.05). CONCLUSIONS: These findings
raise questions about the safety of radiofrequency exposure from Wi-Fi Internet access
devices for growing organisms of reproductive age, with a potential effect on both fertility
and the integrity of germ cells.

Atay T, Aksoy BA, Aydogan NH, Baydar ML, Yildiz M, Ozdemir R. Effect of
electromagnetic field induced by radio frequency waves at 900 to 1800 MHz on
bone mineral density of iliac bone wings. J Craniofac Surg. 20(5):1556-1560, 2009.

OBJECTIVE: Telecommunication has gained a different meaning in daily life with the
introduction of the mobile phone system. However, electromagnetic pollution has
increased in parallel to this improvement. In this study, we aimed to investigate the effects
of electromagnetic waves emitted from cellular phones operating at a frequency of 900 to
1800 MHz on the bone mineral density of the human iliac bone wings, which are the most
common carriage sites for mobile phones. MATERIALS AND METHODS: A total of 150
male volunteer participants were included in this study. The mean age was 31.85 years,
and the age range was between 21 and 57 years. The participants were separated into 2
groups based on as follows: iliac side exposed to electromagnetic wave (group 1) and
unexposed side (group 2). Of the total number of participants, 122 were carrying their
phones on their right iliac wings, whereas 28 were carrying their phones on their left iliac
wings. The mean daily carriage duration was 14.7 hours (between 12 and 20 h), and the
mean duration for cellular phone use was 6.2 years (between 4 and 9 yr). Mineral bone
density was measured using dual-energy x-ray absorptiometry in the right and the left iliac
wings of all the participants. The SPSS 15 software (SPSS Inc, Chicago, IL) was used for
statistical analysis. In the comparison of the 2 sides, Student t test was performed and P
< 0.05 was considered significant. RESULTS: The mean dual-energy x-ray
absorptiometry values measured from group 1 were slightly lower than those from group
2, but there was no statistically significant difference between the groups (P > 0.05). In
addition, the mean values of group 1 were not as low as those measured in osteopeny or
osteoporosis cases. CONCLUSIONS: Current data may suggest that taking into
consideration cellular phone use when iliac bone graft is necessary in clinical practice
would constitute an important factor for more favorable outcomes.

Atchley P, Dressel J. Conversation limits the functional field of view. Hum Factors.
46(4):664-673, 2004.

The purpose of these two experiments is to investigate one possible mechanism that
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might account for an increase in crash risk with in-car phone use: a reduction in the
functional field of view. In two between-subjects experiments, college undergraduates
performed a task designed to measure the functional field of view in isolation and while
performing a hands-free conversational task. In both experiments, the addition of the
conversational task led to large reductions in the functional field of view. Because similar
reductions have been shown to increase crash risk, reductions in the functional field of
view by conversation may be an important mechanism involved in increased risk for
crashes with in-car phone use. Actual or potential applications of this research include
improving driver performance.

Ath Sekeroglu Z, Akar A, Sekeroglu V. Evaluation of the cytogenotoxic damage in
immature and mature rats exposed to 900 MHz radio frequency electromagnetic
fields. Int J Radiat Biol. 2013 May 29. [Epub ahead of print]

Abstract Purpose: One of the most important issues regarding radio frequency
electromagnetic fields (RF-EMF) is their effect on genetic material. Therefore, we
investigated the cytogenotoxic effects of 900 MHz radio frequency electromagnetic
fields (RF-EMF) and the effect of a recovery period after exposure to RF-EMF on
bone marrow cells of immature and mature rats. Materials and methods: The
immature and mature rats in treatment groups were exposed to RF-EMF for 2 h/day
for 45 days. Average electrical field values for immature and mature rats were
28.1+4.8 V/m and 20.0£3.2 V/m, respectively. Whole-body specific absorption rate
(SAR) values for immature and mature rats were in the range of 0.38-0.78 W/kg, and
0.31-0.52 W/kg during the 45 days, respectively. Two recovery groups were kept for
15 days after RF-EMF exposure. Results: Significant differences were observed in
chromosome aberrations (CA), micronucleus (MN) frequency, mitotic index (MI) and
ratio of polychromatic erythrocytes (PCE) in all treatment and recovery groups. The
cytogenotoxic damage in immature rats was statistically higher than the mature rats.
The recovery period did not reduce the damage to the same extent as the
corresponding control groups. Conclusions: The exposure of RF-EMF leads to
cytotoxic and genotoxic damage in immature and mature rats. More sensitive studies
are required to elucidate the possible carcinogenic risk of EMF exposure in humans,
especially children.

Augner C, Florian M, Pauser G, Oberfeld G, Hacker GW. GSM base stations: Short-
term effects on well-being. Bioelectromagnetics. 30:73-80, 2009.

The purpose of this study was to examine the effects of short-term GSM (Global System
for Mobile Communications) cellular phone base station RF-EMF (radiofrequency
electromagnetic fields) exposure on psychological symptoms (good mood, alertness,
calmness) as measured by a standardized well-being questionnaire. Fifty-seven
participants were selected and randomly assigned to one of three different exposure
scenarios. Each of those scenarios subjected participants to five 50-min exposure
sessions, with only the first four relevant for the study of psychological symptoms. Three
exposure levels were created by shielding devices in a field laboratory, which could be
installed or removed during the breaks between sessions such that double-blinded
conditions prevailed. The overall median power flux densities were 5.2 microw/m(2)
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during "low," 153.6 microw/m(2) during "medium,"” and 2126.8 microWw/m(2) during "high"
exposure sessions. For scenario HM and MH, the first and third sessions were "low"
exposure. The second session was "high" and the fourth was "medium" in scenario HM;
and vice versa for scenario MH. Scenario LL had four successive "low" exposure
sessions constituting the reference condition. Participants in scenarios HM and MH (high
and medium exposure) were significantly calmer during those sessions than participants
in scenario LL (low exposure throughout) (P = 0.042). However, no significant differences
between exposure scenarios in the "good mood" or "alertness" factors were obtained. We
conclude that short-term exposure to GSM base station signals may have an impact on
well-being by reducing psychological arousal.

Augner C, Hacker GW. Are people living next to mobile phone base stations
more strained? Relationship of health concerns, self-estimated distance to
base station, and psychological parameters. Indian J Occup Environ Med.
13(3):141-145, 20009.

BACKGROUND AND AIMS: Coeval with the expansion of mobile phone technology
and the associated obvious presence of mobile phone base stations, some people
living close to these masts reported symptoms they attributed to electromagnetic
fields (EMF). Public and scientific discussions arose with regard to whether these
symptoms were due to EMF or were nocebo effects. The aim of this study was to find
out if people who believe that they live close to base stations show psychological or
psychobiological differences that would indicate more strain or stress. Furthermore,
we wanted to detect the relevant connections linking self-estimated distance between
home and the next mobile phone base station (DBS), daily use of mobile phone
(MPU), EMF-health concerns, electromagnetic hypersensitivity, and psychological
strain parameters. DESIGN, MATERIALS AND METHODS: Fifty-seven participants
completed standardized and non-standardized questionnaires that focused on the
relevant parameters. In addition, saliva samples were used as an indication to
determine the psychobiological strain by concentration of alpha-amylase, cortisol,
immunoglobulin A (IgA), and substance P. RESULTS: Self-declared base station
neighbors (DBS </= 100 meters) had significantly higher concentrations of alpha-
amylase in their saliva, higher rates in symptom checklist subscales (SCL)
somatization, obsessive-compulsive, anxiety, phobic anxiety, and global strain index
PST (Positive Symptom Total). There were no differences in EMF-related health
concern scales. CONCLUSIONS: We conclude that self-declared base station
neighbors are more strained than others. EMF-related health concerns cannot
explain these findings. Further research should identify if actual EMF exposure or
other factors are responsible for these results.

Augner C, Hacker GW, Oberfeld G, Florian M, Hitzl W, Hutter J, Pauser G.
Effects of Exposure to GSM mobile phone base station signals on salivary
cortisol, alpha-amylase, and Immunoglobulin A. Biomed Environ Sci. 23(3):199-
207, 2010.

OBJECTIVE: The present study aimed to test whether exposure to radiofrequency
electromagnetic fields (RF-EMF) emitted by mobile phone base stations may have
effects on salivary alpha-amylase, immunoglobulin A (IgA), and cortisol levels.
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METHODS: Fifty seven participants were randomly allocated to one of three different
experimental scenarios (22 participants to scenario 1, 26 to scenario 2, and 9 to
scenario 3). Each participant went through five 50-minute exposure sessions. The
main RF-EMF source was a GSM-900-MHz antenna located at the outer wall of the
building. In scenarios 1 and 2, the first, third, and fifth sessions were "low" (median
power flux density 5.2 muwW/m(2)) exposure. The second session was "high" (2126.8
muW/m(2)), and the fourth session was "medium" (153.6 muW/m(2)) in scenario 1,
and vice versa in scenario 2. Scenario 3 had four "low" exposure conditions, followed
by a "high" exposure condition. Biomedical parameters were collected by saliva
samples three times a session. Exposure levels were created by shielding curtains.
RESULTS: In scenario 3 from session 4 to session 5 (from "low" to "high" exposure),
an increase of cortisol was detected, while in scenarios 1 and 2, a higher
concentration of alpha-amylase related to the baseline was identified as compared to
that in scenario 3. IgA concentration was not significantly related to the
exposure.CONCLUSIONS: RF-EMF in considerably lower field densities than
ICNIRP-guidelines may influence certain psychobiological stress markers.

Augner C, Gnambs T, Winker R, Barth A. Acute effects of electromagnetic fields
emitted by GSM mobile phones on subjective well-being and physiological
reactions: a meta-analysis.Sci Total Environ. 424:11-15, 2012.

The potential effects of radiofrequency electromagnetic fields (RF-EMF) emitted by GSM
mobile phones on subjective symptoms, well-being and physiological parameters have
been investigated in many studies. However, the results have been ambiguous. The
current meta-analysis aims to clarify whether RF-EMF have an influence on well-being in
self-reported sensitive persons, as well as in non-sensitive people. A literature search
revealed 17 studies including 1174 participants. The single effects for various subjective
and objective outcomes were meta-analytically combined to yield a single population
parameter. Dependant variables were subjective (e.g. headaches) and objective
parameters (e.g. heart rate variability) of well-being. The results show no significant
impact of short-term RF-EMF exposure on any parameter. Future research should focus
on the possible effects of long-term exposure.

Auvinen A, Hietanen M, Luukkonen R, Koskela R-S, Brain tumors and salivary
gland cancers among cellular telephone users Epidemiology 13:356-359, 2002.

Background. Possible risk of cancer associated with use of cellular telephones has
lately been a subject of public debate. Methods. We conducted a register-based,
case-control study on cellular phone use and cancer. The study subjects were all
cases of brain tumor (N = 398) and salivary gland cancer (N = 34) diagnosed in
Finland in 1996, with five controls per case. Results. Cellular phone use was not
associated with brain tumors or salivary gland cancers overall, but there was a weak
association between gliomas and analog cellular phones. Conclusions. A register-
based approach has limited value in risk assessment of cellular phone use owing to
lack of information on exposure.
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Avci B, Akar A, Bilgici B, Tuncgel OK. Oxidative stress induced by 1.8 GHz radio
frequency electromagnetic radiation and effects of garlic extract in rats. Int J
Radiat Biol. 88(11):799-805, 2012.

PURPOSE: We aimed to study the oxidative damage induced by radiofrequency
electromagnetic radiation (RF-EMR) emitted by mobile telephones and the protective
effect of garlic extract used as an anti-oxidant against this damage. MATERIALS AND
METHODS: A total of 66 albino Wistar rats were divided into three groups. The first group
of rats was given 1.8 GHz, 0.4 W/kg specific absorption rate (SAR) for 1 h a day for three
weeks. The second group was given 500 mg/kg garlic extract in addition to RF-EMR. The
third group of rats was used as the control group. At the end of the study, blood and brain
tissue samples were collected from the rats. RESULTS: After the RF-EMR exposed, the
advanced oxidation protein product (AOPP) levels of brain tissue increased compared
with the control group (p < 0.001). Garlic administration accompanying the RF-EMR, on
the other hand, significantly reduced AOPP levels in brain tissue (p < 0.001). The serum
nitric oxide (NO) levels significantly increased both in the first and second group (p <
0.001). However, in the group for which garlic administration accompanied that of RF-
EMR, there was no difference in serum NO levels compared with the RF-EMR exposed
group (p > 0.05). There was no significant difference among the groups with respect to
malondialdehyde (MDA) levels in brain tissue and blood samples (p > 0.05). Similarly, no
difference was detected among the groups regarding serum paroxonase (PON) levels (p
> 0.05). We did not detect any PON levels in the brain tissue. CONCLUSIONS: The
exposure of RF-EMR similar to 1.8 GHz Global system for mobile communication (GSM)
leads to protein oxidation in brain tissue and an increase in serum NO. We observed that
garlic administration reduced protein oxidation in brain tissue and that it did not have any
effects on serum NO levels.

Avdikos A, Karkabounas S, Metsios A, Kostoula O, Havelas K, Binolis J,
Verginadis |, Hatziaivazis G, Simos |, Evangelou A. Anticancer effects on
leiomyosarcoma-bearing Wistar rats after electromagnetic radiation of resonant
radiofrequencies. Hell J Nucl Med. 10(2):95-101, 2007.

In the present study, the effects of a resonant low intensity static electromagnetic field
(EMF), causing no thermal effects, on Wistar rats have been investigated. Sarcoma cell
lines were isolated from leiomyosarcoma tumors induced in Wistar rats by the
subcutaneous (s.c) injection of 3,4-benzopyrene. Furthermore, smooth muscle cells
(SMC) were isolated from the aorta of Wistar rats and cultivated. Either leiomyosarcoma
cells (LSC) or SMC were used to record a number of characteristic resonant
radiofrequencies, in order to determine the specific electromagnetic fingerprint spectrum
for each cell line. These spectra were used to compose an appropriate algorithm, which
transforms the recorded radiofrequencies to emitted ones. The isolated LSC were
cultured and then exposed to a resonant low intensity radiofrequency EMF (RF-EMF), at
frequencies between 10 kHz to 120 kHz of the radiowave spectrum. The exposure lasted
45 consecutive minutes daily, for two consecutive days. Three months old female Wistar
rats were inoculated with exposed and non-exposed to EMF LSC (4 x 10(6) LCS for
animal). Inoculated with non-exposed to EMF cells animals were then randomly
separated into three Groups. The first Group was sham exposed to the resonant EMF
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(control Group-CG), the second Group after the inoculation of LSC and appearance of a
palpable tumor mass, was exposed to a non-resonant EMF radiation pattern, for 5 h per
day till death of all animals (experimental control Group-ECG). The third Group of animals
after inoculation of LSC and the appearance of a palpable tumor mass, was exposed to
the resonant EMF radiation for 5 h per day, for a maximum of 60 days (experimental
Group-l, EG-I). A fourth Group of animals was inoculated with LSC exposed to EMF
irradiation and were not further exposed to irradiation (experimental Group-II, EG-II).
Tumor induction was 100% in all Groups studied and all tumors were histologically
identified as leiomyosarcomas. In the case of the EG-I, a number of tumors were
completely regretted (final tumor induction: 66%). Both Groups of animals inoculated with
exposed or non-exposed to the EMF LSC, (EG-I and EG-II, respectively) demonstrated a
significant prolongation of the survival time and a lower tumor growth rate, in comparison
to the control Group (CG) and the experimental control Group (ECG). However, the
survival time of EG-I animals was found to be significantly longer and tumor growth rate
significantly lower compared to EG-Il animals. In conclusion, our results indicate a specific
anticancer effect of resonant EMF irradiation. These results may possibly be attributed to
(a) the duration of exposure of LSC and (b) the exposure of the entire animal to this
irradiation.

Avendafo C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers
connected to internet through Wi-Fi decreases human sperm motility and
increases sperm DNA fragmentation.Fertil Steril. 97(1):39-45, 2012.

OBJECTIVE: To evaluate the effects of laptop computers connected to local area
networks wirelessly (Wi-Fi) on human spermatozoa.DESIGN: Prospective in vitro
study.SETTING: Center for reproductive medicine.PATIENT(S): Semen samples from 29
healthy donors.INTERVENTION(S): Motile sperm were selected by swim up. Each
sperm suspension was divided into two aliquots. One sperm aliquot (experimental) from
each patient was exposed to an internet-connected laptop by Wi-Fi for 4 hours, whereas
the second aliquot (unexposed) was used as control, incubated under identical conditions
without being exposed to the laptop.MAIN OUTCOME MEASURE(S): Evaluation of
sperm motility, viability, and DNA fragmentation.RESULT(S): Donor sperm samples,
mostly normozoospermic, exposed ex vivo during 4 hours to a wireless internet-
connected laptop showed a significant decrease in progressive sperm motility and an
increase in sperm DNA fragmentation. Levels of dead sperm showed no significant
differences between the two groups.CONCLUSION(S): To our knowledge, this is the first
study to evaluate the direct impact of laptop use on human spermatozoa. Ex vivo
exposure of human spermatozoa to a wireless internet-connected laptop decreased
motility and induced DNA fragmentation by a nonthermal effect. We speculate that
keeping a laptop connected wirelessly to the internet on the lap near the testes may result
in decreased male fertility. Further in vitro and in vivo studies are needed to prove this
contention.

Aweda MA, Gbenebitse S, Meidinyo RO. Effects of 2.45 GHz microwave exposures

on the peroxidation status in Wistar rats. Niger Postgrad Med J. 10(4):243-246,
2003.
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One of the consequences of exposures to microwave (MW) radiations is the
enhanced production of free O2, free radicals, peroxides and superoxides. The
effects on the lipid peroxidation status (LPS) of whole body irradiation of 120 Wistar
rats with 2.45 GHz MW at a power density of 6mWcm(-2) have been studied using
the MW generator model ER6660E from Toshiba UK Ltd. The LPS in the rats was
monitored for a period of 8 weeks post irradiation using thiobarbituric acid (TRA)
method. The MW exposures caused an increase in the LPS from the mean control
value of 4.18 x 10(-6)g 1(-1)to a maximum of 6.50 x 10(-6) g 1(-1) within the first 24
hrs, and then gradually reduced to control value after about a week. 1mg kg(-1) of
ascorbic acid administered before irradiation caused a decrease in the LPS from the
control value to a minimum of 2.86 x 10(-6)g 1(-1) within the first week. The value
then gradually rose to a maximum of 3.96 x 10(-6)g 1(-1) within the monitoring period.
1 mg kg(-1) of a-tocopherol also administered before irradiation also caused a
decrease in the LPS from the control value to a minimum of 2.10 x 10(-6) g 1(-1)
within the first week. The value then gradually rose to a maximum of 3.94 x 10(-6) g
1(-1) within the monitoring period. The results obtained from this study demonstrate
that MW exposures cause significant increase in the LPS and there are protective
effects of the anti-oxidants ascorbic acid and alpha-tocopherol.

Aweda MA, Ajekigbe AT, Ibitoye AZ, Evwhierhurhoma BO, Eletu OB. Potential
health risks due to telecommunications radiofrequency radiation exposures in
Lagos State Nigeria. Nig Q J Hosp Med. 19(1):6-14, 2009.

BACKGROUND: The global system mobile telecommunications system (GSM) which
was recently introduced in Nigeria is now being used by over 40 million people in Nigeria.
The use of GSM is accompanied with exposure of the users to radiofrequency radiation
(RFR), which if significant, may produce health hazards. This is the reason why many
relevant national and international organizations recommended exposure limits to RFR
and why it is made compulsory for GSM handsets to indicate the maximum power output
as a guide to potential consumers. OBJECTIVE: This study was conducted to measure
the RFR output power densities (S) from the most commonly used GSM handsets used
in Lagos State and compare with the limit recommended for safety assessment.
METHODS: Over 1100 most commonly used handsets of different makes and models as
well as wireless phones were sampled and studied in all over the local government areas
of the State. An RFR meter, Electrosmog from LESSEMF USA was used for the
measurements. The handsets were assessed for health risks using the reference value of
9 Wm(-2) as recommended by the International Commission on Non-lonizing Radiation
Protection (ICNIRP). RESULTS: The range of the S-values obtained varied from a
minimum of 1.294 0.101 Wm(-2) with Siemens model R228 to a maximum of 16.813 +/-
0.094 Wm(-2) with Samsung model C140*. The results from wireless telephones showed
very low S-values ranging from a minimum of 0.024 +/- 0.001 Wm(-2) with HUAWEI and
ST CDMA 1 to a maximum of 0.093 +/- 0.002 Wm(-2) with HISENSE. CONCLUSION:
The results showed that the population in Lagos State may be at risk due to significant
RFR exposures resulting principally from the use of GSM. Quite a number of handsets
emit power above the ICNIRP recommended value. Measured RFR power close to Radio
and Television masts and transmitters are within tolerable limits in most cases, only that
the public should not reside or work close to RFR installations. Phone calls with GSM
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should be restricted to essential ones while youths and children that are more susceptible
to RFR hazards should be supervised in their use of GSM. Wireless phones are quite
safe.

Ayata A, Mollaoglu H, Yilmaz HR, Akturk O, Ozguner F, Altuntas I. Oxidative stress-
mediated skin damage in an experimental mobile phone model can be prevented
by melatonin. J Dermatol. 31(11):878-883, 2004.

Most mobile phones emit 900 MHz of radiation that is mainly absorbed by the external
organs. The effects of 900 MHz of radiation on fibrosis, lipid peroxidation, and anti-oxidant
enzymes and the ameliorating effects of melatonin (Mel) were evaluated in rat skin. Thirty
Wistar-Albino rats were used in the study. The experimental groups were the control
group, the irradiated group (IR), and the irradiated+Mel treated group (IR+Mel). A dose of
900 MHz, 2 W radiation was applied to the IR group every day for 10 days (30 min/day).
The IR+Mel group received 10 mg/kg/day melatonin in tap water for 10 days before the
irradiation. At the end of the 10th day, a skin specimen was excised from the
thoracoabdominal area. The levels of malondialdehyde (MDA) and hydroxypyroline and
the activities of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and
catalase (CAT) were studied in the skin samples. MDA and hydroxyproline levels and
activities of CAT and GSH-Px were increased significantly in the IR group compared to
the control group (p<0.05) and decreased significantly in the IR+Mel group (p<0.05). SOD
activity was decreased significantly in the IR group and this decrease was not prevented
by the Mel treatment. These results suggest that rats irradiated with 900 MHz suffer from
increased fibrosis and lipid peroxidation (LPO). Mel treatment can reduce the fibrosis and
LPO caused by radiation.

Aydin B, Akar A. Effects of a 900-MHz electromagnetic field on oxidative stress
parameters in rat lymphoid organs, polymorphonuclear leukocytes and plasma.
Arch Med Res. 42(4):261-267, 2011.

BACKGROUND AND AIMS: The present study investigated the effects of a 900-MHz
electromagnetic field (EMF) for 2 h/day for 45 days on lymphoid organs (spleen, thymus,
bone marrow), polymorphonuclear leukocytes (PMNs) and plasma of rats, focusing on
changes in the enzymatic and nonenzymatic antioxidant system. We determined whether
there is any difference between immature and mature rats in terms of oxidative damage
caused by EMF and tested recovery groups to determine whether EMF-induced damage
is reversible in immature and mature rats. METHODS: Twenty four immature and 24
mature rats were divided randomly and equally into six groups as follows: two control
groups, immature (2 weeks old) and mature (10 weeks old); two groups were exposed to
900 MHz (28.2 + 2.1 V/m) EMF for 2 h/day for 45 days. Two recovery groups were kept
for 15 days after EMF exposure. RESULTS: Substantial, deleterious biochemical
changes were observed in oxidative stress metabolism after EMF exposure. Antioxidant
enzyme activity, glutathione levels in lymphoid organs and the antioxidant capacity of the
plasma decreased, but lipid peroxidation and nitric oxide levels in PMNs and plasma and
also myeloperoxidase activity in PMNs increased. Oxidative damage was tissue specific
and improvements seen after the recovery period were limited, especially in immature
rats. CONCLUSIONS: In the present study, much higher levels of irreversible oxidative
damage were observed in the major lymphoid organs of immature rats than in mature
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rats.

Aydin D, Feychting M, Schiiz J, Andersen TV, Poulsen AH, Prochazka M, Klaeboe L,
Kuehni CE, Tynes T, Ro6sli M. Predictors and overestimation of recalled mobile
phone use among children and adolescents. Prog Biophys Mol Biol. 107(3):356-
361, 2011.

A growing body of literature addresses possible health effects of mobile phone use in
children and adolescents by relying on the study participants' retrospective
reconstruction of mobile phone use. In this study, we used data from the international
case-control study CEFALO to compare self-reported with objectively operator-
recorded mobile phone use. The aim of the study was to assess predictors of level of
mobile phone use as well as factors that are associated with overestimating own
mobile phone use. For cumulative number and duration of calls as well as for time
since first subscription we calculated the ratio of self-reported to operator-recorded
mobile phone use. We used multiple linear regression models to assess possible
predictors of the average number and duration of calls per day and logistic regression
models to assess possible predictors of overestimation. The cumulative number and
duration of calls as well as the time since first subscription of mobile phones were
overestimated on average by the study participants. Likelihood to overestimate
number and duration of calls was not significantly different for controls compared to
cases (OR=1.1, 95%-CI: 0.5 to 2.5 and OR=1.9, 95%-ClI: 0.85 to 4.3, respectively).
However, likelihood to overestimate was associated with other health related factors
such as age and sex. As a consequence, such factors act as confounders in studies
relying solely on self-reported mobile phone use and have to be considered in the
analysis.

Aydin D, Feychting M, Schiz J, Tynes T, Andersen TV, Schmidt LS, Poulsen AH,
Johansen C, Prochazka M, Lannering B, Kleeboe L, Eggen T, Jenni D, Grotzer M,
Von der Weid N, Kuehni CE, R66sli M. Mobile phone use and brain tumors in
children and adolescents: a multicenter case-control study. J Natl Cancer Inst.
103(16):1264-1276, 2011.

BACKGROUND: It has been hypothesized that children and adolescents might be more
vulnerable to possible health effects from mobile phone exposure than adults. We
investigated whether mobile phone use is associated with brain tumor risk among
children and adolescents. METHODS: CEFALO is a multicenter case-control study
conducted in Denmark, Sweden, Norway, and Switzerland that includes all children and
adolescents aged 7-19 years who were diagnosed with a brain tumor between 2004 and
2008. We conducted interviews, in person, with 352 case patients (participation rate:
83%) and 646 control subjects (participation rate: 71%) and their parents. Control
subjects were randomly selected from population registries and matched by age, sex,
and geographical region. We asked about mobile phone use and included mobile phone
operator records when available. Odds ratios (ORSs) for brain tumor risk and 95%
confidence intervals (CIs) were calculated using conditional logistic regression
models.RESULTS: Regular users of mobile phones were not statistically significantly
more likely to have been diagnosed with brain tumors compared with nonusers (OR =
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1.36; 95% CI = 0.92 to 2.02). Children who started to use mobile phones at least 5 years
ago were not at increased risk compared with those who had never regularly used mobile
phones (OR =1.26, 95% CI = 0.70 to 2.28). In a subset of study participants for whom
operator recorded data were available, brain tumor risk was related to the time elapsed
since the mobile phone subscription was started but not to amount of use. No increased
risk of brain tumors was observed for brain areas receiving the highest amount of
exposure.CONCLUSION: The absence of an exposure-response relationship either in
terms of the amount of mobile phone use or by localization of the brain tumor argues
against a causal association.

Aydin D, Feychting M, Schiiz J, Andersen TV, Poulsen AH, Prochazka M, Klaeboe
L, Kuehni CE, Tynes T, RO6sli M. Impact of random and systematic recall errors
and selection bias in case--control studies on mobile phone use and brain tumors
in adolescents (CEFALO study). Bioelectromagnetics. 32(5):396-407, 2011.

Whether the use of mobile phones is a risk factor for brain tumors in adolescents is
currently being studied. Case--control studies investigating this possible relationship
are prone to recall error and selection bias. We assessed the potential impact of
random and systematic recall error and selection bias on odds ratios (ORs) by
performing simulations based on real data from an ongoing case--control study of
mobile phones and brain tumor risk in children and adolescents (CEFALO study).
Simulations were conducted for two mobile phone exposure categories: regular and
heavy use. Our choice of levels of recall error was guided by a validation study that
compared objective network operator data with the self-reported amount of mobile
phone use in CEFALO. In our validation study, cases overestimated their number of
calls by 9% on average and controls by 34%. Cases also overestimated their duration
of calls by 52% on average and controls by 163%. The participation rates in CEFALO
were 83% for cases and 71% for controls. In a variety of scenarios, the combined
impact of recall error and selection bias on the estimated ORs was complex. These
simulations are useful for the interpretation of previous case-control studies on brain
tumor and mobile phone use in adults as well as for the interpretation of future
studies on adolescents.

Aydogan F, Unlu I, Aydin E, Yumusak N, Devrim E, Samim EE, Ozgur E, Unsal V,
Tomruk A, Ozturk GG, Seyhan N. The effect of 2100 MHz radiofrequency radiation
of a 3G mobile phone on the parotid gland of rats. Am J Otolaryngol. 2014 Oct 5.
pii: S0196-0709(14)00207-5. doi: 10.1016/j.amjot0.2014.10.001. [Epub ahead of print]

PURPOSE: We aimed to evaluate the effect of 2100 MHz radiofrequency radiation on the
parotid gland of rats in short and relatively long terms. MATERIAL AND METHODS:
Thirty Wistar albino rats were divided into four groups. Groups A and B served as the
control groups (for 10 days and 40 days, respectively), and each group included six rats.
Groups C and D were composed of nine rats each, and they were the exposure groups.
The rats were exposed to 2100 MHz radiofrequency radiation emitted by a generator,
simulating a third generation mobile phone for 6 hours/day, 5 days/week, for 10 or 40
days. Following exposure, the rats were sacrificed and parotid glands were removed.
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Histopathological and biochemical examinations were performed. RESULTS: Although
there were no histopathological changes in the control groups except for two animals in
group A and three animals in group B, the exposure groups C (10 days) and D (40 days)
showed numerous histopathological changes regarding salivary gland damage including
acinar epithelial cells, interstitial space, ductal system, vascular system, nucleus, amount
of cytoplasm and variations in cell size. The histopathological changes were more
prominent in group D compared to group C. There was statistically significant different
parameter regarding variation in cell size between the groups B and D (p=0.036).
CONCLUSION: The parotid gland of rats showed numerous histopathological changes
after exposure to 2100 MHz radiofrequency radiation, both in the short and relatively long
terms. Increased exposure duration led to an increase in the histopathological changes.

Aydogan F, Aydin E, Koca G, Ozgiir E, Atilla P, Tuziiner A, Demirci §, Tomruk A,
Oztiirk GG, Seyhan N, Korkmaz M, Miiftiioglu S, Samim EE. The effects of 2100-
MHz radiofrequency radiation on nasal mucosa and mucociliary clearance in rats.
Int Forum Allergy Rhinol. 5(7):626-632, 2015.

BACKGROUND: Nasal mucociliary clearance has an important role in voiding the
airways from inhaled foreign substances. This activity could be disturbed by
environmental factors such as radiofrequency radiation. The aim of the present study was
to investigate short-term and relatively long-term effects of 2100-MHz radiofrequency
radiation emitted by a generator, simulating a 3G-mobile phone, on the nasal septal
mucosa and mucociliary clearance in rats. METHODS: Thirty Wistar albino rats were
divided into 4 groups. There were 6 rats in Group A and Group B, which served as the
control groups (10-day and 40-day groups, respectively). Groups C (10-day exposure)
and D (40-day exposure) were both composed of 9 rats; they comprised the
radiofrequency radiation exposure groups. The rats in groups C and D were exposed to
2100-MHz radiofrequency radiation emitted by a generator, simulating a 3G-mobile
phone, 6 hours/day, for 10 or 40 days, respectively. After exposure, nasal mucociliary
clearance was measured by rhinoscintigraphy. After euthanization, the nasal septa of the
animals were removed, and tissue samples of the nasal mucosa were examined using a
transmission electron microscope. RESULTS: The differences in mucociliary clearances
between groups A and C, groups B and D, and groups C and D were found to be
statistically significant (p = 0.005, p <0.001, p < 0.001, respectively). Although there were
no histopathological abnormalities in the control groups, the exposure groups showed a
number of degenerated and apoptotic cells, ciliary disorganization and ciliary loss in the
epithelial cells, epithelial metaplasia, alteration of normal chromatin distribution and
karyolysis in nuclei, changes in the basal cells, and lymphocytic infiltration. The
histopathological changes were more severe in group D. CONCLUSION: Radiofrequency
radiation at 2100 MHz damaged the nasal septal mucosa, and disturbed the mucociliary
clearance. Ciliary disorganization and ciliary loss in the epithelial cells resulted in
deterioration of nasal mucociliary clearance.

Ayinmode BO, Farai IP. STUDY OF VARIATIONS OF RADIOFREQUENCY POWER

DENSITY FROM MOBILE PHONE BASE STATIONS WITH DISTANCE. Radiat Prot
Dosimetry. 2013 Apr 25. [Epub ahead of print]
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The variations of radiofrequency (RF) radiation power density with distance around
some mobile phone base stations (BTSs), in ten randomly selected locations in
Ibadan, western Nigeria, were studied. Measurements were made with a calibrated
hand-held spectrum analyser. The maximum Global System of Mobile (GSM)
communication 1800 signal power density was 323.91 yW m-? at 250 m radius of a
BTS and that of GSM 900 was 1119.00 uyW m- at 200 m radius of another BTS. The
estimated total maximum power density was 2972.00 yW m2 at 50 m radius of a
different BTS. This study shows that the maximum carrier signal power density and
the total maximum power density from a BTS may be observed averagely at 200 and
50 m of its radius, respectively. The result of this study demonstrates that exposure of
people to RF radiation from phone BTSs in Ibadan city is far less than the
recommended limits by International scientific bodies.

Aynali G, Naziroglu M, Celik O, Dogan M, Yariktag M, Yasan H. Modulation of
wireless (2.45 GHz)-induced oxidative toxicity in laryngotracheal mucosa of rat
by melatonin. Eur Arch Otorhinolaryngol. 270(5):1695-1700, 2013.

It is well known that oxidative stress induces larynx cancer, although antioxidants
induce modulator role on etiology of the cancer. It is well known that electromagnetic
radiation (EMR) induces oxidative stress in different cell systems. The aim of this
study was to investigate the possible protective role of melatonin on oxidative stress
induced by Wi-Fi (2.45 GHz) EMR in laryngotracheal mucosa of rat. For this purpose,
32 male rats were equally categorized into four groups, namely controls, sham
controls, EMR-exposed rats, EMR-exposed rats treated with melatonin at a dose of
10 mg/kg/day. Except for the controls and sham controls, the animals were exposed
to 2.45 GHz radiation during 60 min/day for 28 days. The lipid peroxidation levels
were significantly (p < 0.05) higher in the radiation-exposed groups than in the control
and sham control groups. The lipid peroxidation level in the irradiated animals treated
with melatonin was significantly (p < 0.01) lower than in those that were only exposed
to Wi-Fi radiation. The activity of glutathione peroxidase was lower in the irradiated-
only group relative to control and sham control groups but its activity was significantly
(p < 0.05) increased in the groups treated with melatonin. The reduced glutathione
levels in the mucosa of rat did not change in the four groups. There is an apparent
protective effect of melatonin on the Wi-Fi-induced oxidative stress in the
laryngotracheal mucosa of rats by inhibition of free radical formation and support of
the glutathione peroxidase antioxidant system.

Azadi Oskouyi E, Rajaei F, Safari Variani A, Sarokhani MR, Javadi A. Effects of
microwaves (950 MHZ mobile phone) on morphometric and apoptotic changes of
rabbit epididymis. Andrologia. 2014 Jul 25. doi: 10.1111/and.12321. [Epub ahead of
print]

The effect of mobile phone radiation on human reproduction system is still a matter of
debate. In this study, 18 male rabbits were randomly divided into two experimental groups
and one control group. Experimental groups received simulated microwaves with the
frequency of 950 MHz and the output power of 3 and 6 watts for 2 weeks, 2 h a day. After
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a week of rest, the microscopic slides from the quada of the excised epididymis were
prepared. Then, the diameter of epididymis, the height of epithelium and the number of
apoptotic cells in epithelium in study groups were determined. The data were compared
using spss software and one-way anova test. The epithelial height and diameter of the
epididymis in 3 watt and 6 watt groups had a significant decrease compared to the control
group (P < 0.001), while the testosterone level only in 6 watt group was significantly
decreased compared to control group. The rate of apoptosis in the epithelial cells of the
epididymis had a significant increase only in 6 watt group compared to the control group
(P <0.001). This study showed that the microwaves with the frequency of 950 MHz can
have negative impacts on morphometric and apoptotic changes of rabbit epididymis.

Azah CK, Amoako JK, Fletcher JJ. Levels of electric field strength within the
immediate vicinity of FM radio stations in Accra, Ghana. Radiat Prot Dosimetry.
156(4):395-400, 2013.

Heightened awareness of the ever-expanding use of radiofrequency (RF) techniques and
technology has led to mounting concerns from the general public and the scientific
community regarding the possible health effects that may arise as a consequence of
exposure to RF radiations and has drawn the attention of many researchers the world
over. A survey of the RF electromagnetic radiation at public access points in the vicinity of
20 frequency-modulated (FM) radio stations has been made in Accra, Ghana. The
fundamental object was to determine the levels of RF fields from FM broadcast antennae
within 10-200 m radius about the foot of the FM base station and at a height of 1.5 m
above the ground at selected locations. A spectrum analyser and a bi-conical antenna
element sensitive and effective within the frequency band of 30-300 MHz were used.
Results obtained indicated that the levels of electric field strength ranged from 5.4E-04 V
m(-1) at FM station 'O’ to 7.4E-08 V m(-1) at FM station 'D'. At a transmission frequency
range of 88-108 MHz, the variation of power densities is from 2.5E-10 to 1.5E-17 Wm(-2).
These values are very low and are far below the reference level set by the International
Commission on Non-lonizing Radiation Protection and therefore do not pose any known
hazard to the inhabitants of Accra, Ghana. The electric field levels presented in this work
are comparable with those reported from epidemiological studies conducted elsewhere.

Babincova M, Leszczynska D, Sourivong P, Babinec P, Selective treatment of
neoplastic cells using ferritin-mediated electromagnetic hyperthermia. Med
Hypotheses 54(2):177-179, 2000.

A new method of cancer treatment is proposed, based on the unique magnetic
properties of ferritin iron core which, in alternating magnetic field of frequency
approximately 100 kHz, is easily heated to temperatures sufficiently high to destroy
neoplastic cells containing an excess of this protein, without damaging the normal
cells.

Bachmann M, Kalda J, Lass J, Tuulik V, Sdkki M, Hinrikus H. Non-linear

analysis of the electroencephalogram for detecting effects of low-level
electromagnetic fields. Med Biol Eng Comput. 43(1):142-149, 2005.
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The study compared traditional spectral analysis and a new scale-invariant method,
the analysis of the length distribution of low-variability periods (LDLVPS), to
distinguish between electro-encephalogram (EEG) signals with and without a weak
stressor, a low-level modulated microwave field. During the experiment, 23 healthy
volunteers were exposed to a microwave (450 MHz) of 7 Hz frequency on-off
modulation. The field power density at the scalp was 0.16 mW cm(-2). The
experimental protocol consisted of ten cycles of repetitive microwave exposure.
Signals from frontal EEG channels FP1 and FP2 were analysed. Smooth power
spectrum and length distribution curves of low-variability periods, as well as
probability distribution close to normal, confirmed that stationarity of the EEG signal
during recordings was achieved. The quantitative measure of LDLVPs provided a
significant detection of the effect of the stressor for the six subjects exposed to the
microwave field but for none of the sham recordings. The spectral analysis revealed a
significant result for one subject only. A significant effect of the exposure to the EEG
signal was detected in 25% of subjects, with microwave exposure increasing EEG
variability. The effect was not detectable by power spectral measures.

Bachmann M, Rubljova J, Lass J, Tomson R, Tuulik V, Hinrikus H. Adaptation
of human brain bioelectrical activity to low-level microwave. Conf Proc IEEE
Eng Med Biol Soc. 2007:4747-4750, 2007.

The experiments of adaptation of the human brain bioelectrical activity were carried
out on a group of 14 healthy volunteers exposed to 450 MHz microwave radiation
modulated at 40 Hz frequencies. The field power density at the scalp was 0.16
mW/cm(2). Results of the study indicate that adaptation effect of human brain to low-
level microwave exposure is evident. The initial increase of EEG power was
compensated and even overcompensated. The adaptation phenomena were obvious
in EEG alpha and beta rhythms.

Bachmann M, Lass J, Kalda J, Sakki M, Tomson R, Tuulik V, Hinrikus H.
Integration of differences in EEG analysis reveals changes in human EEG
caused by microwave. Conf Proc IEEE Eng Med Biol Soc. 1:1597-1600, 2006.

Three different methods in combination with integration of differences in signals were
applied for EEG analysis to distinguish changes in EEG caused by microwave: S-
parameter, power spectral density and length distribution of low variability periods.
The experiments on the effect of modulated low-level microwaves on human EEG
were carried out on four different groups of healthy volunteers exposed to 450 MHz
microwave radiation modulated with 7 Hz, 14 Hz, 21 Hz, 40 Hz, 70 Hz, 217 or 1000
Hz frequencies. The field power density at the scalp was 0.16 mW/cm2. The EEG
analysis performed for individuals with three different methods showed that
statistically significant changes occur in the EEG rhythms energy and dynamics
between 12% and 30% of subjects.

Bahreyni Toossi MH, Sadeghnia HR, Mohammad Mahdizadeh Feyzabadi M,
Hosseini M, Hedayati M, Mosallanejad R, Beheshti F, Alizadeh Rahvar Z. Exposure
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to mobile phone (900-1800 MHz) during pregnancy: tissue oxidative stress after
childbirth. J Matern Fetal Neonatal Med. 2017 Apr 23:1-6. doi:
10.1080/14767058.2017.1315657. [Epub ahead of print]

BACKGROUND: The present study has investigated the effects of mobile phone (900-
1800 MHz)-induced electromagnetic radiation on redox status in the heart, liver, kidney,
cerebellum, and hippocampus of dams and the offspring mice. MATERIALS AND
METHODS: Pregnant Balb/C were divided into two groups including the control and the
experimental group. The experimental group was exposed to mobile phone (900-
1800 MHz), during pregnancy (2 h/d for 20 d). The dams and the offspring of both groups
were sacrificed and tissues of interest were harvested immediately after delivery.
Malondialdehyde (MDA) concentration, total thiol groups (TTG) content, superoxide
dismutase (SOD), and catalase (CAT) activities were determined in the
tissues.RESULTS: In the experimental groups, MDA levels were significantly increased,
while TTG, SOD, and CAT were significantly decreased in the total tissues of dams and
their offspring. CONCLUSION: Exposure to mobile phone (900-1800 MHz) during
pregnancy induced oxidative stress in tissues of dams and their offspring.

Bak M, Dudarewicz A, Zmyslony M, Sliwinska-Kowalska M. Effects of GSM
signals during exposure to event related potentials (ERPs). Int J Occup Med
Environ Health. 23(2):191-199, 2010.

Objectives: The primary aim of this work was to assess the effect of electromagnetic
field (EMF) from the GSM mobile phone system on human brain function. The
assessment was based on the assay of event related potentials (ERPs). Material and
Methods: The study group consisted of 15 volunteers, including 7 men and 8 women.
The test protocol comprised determination of P300 wave in each volunteer during
exposure to the EMF. To eliminate possible effects of the applied test procedure on
the final result, the test was repeated without EMF exposure. P300 latency,
amplitude, and latency of the N1, N2, P2 waves were analysed. Results: The
statistical analysis revealed an effect of EMF on P300 amplitude. In the experiment
with EMF exposure, lower P300 amplitudes were observed only at the time in which
the volunteers were exposed to EMF; when the exposure was discontinued, the
values of the amplitude were the same as those observed before EMF application.
No such change was observed when the experiment was repeated with sham
exposure, which may be considered as an indirect proof that lower P300 amplitude
values were due to EMF exposure. No statistically significant changes were noted in
the latencies of the N1, N2, P2 waves that precede the P300 wave, nor in the latency
of the P300 itself. Conclusions: The results suggest that exposure to GSM EMF
exerts some effects on CNS, including effects on long latency ERPs.

Bakacak M, Bostanci MS, Attar R, Yildinm OK, Yildinm G, Bakacak Z, Sayar H, Han

A. The effects of electromagnetic fields on the number of ovarian primordial
follicles: An experimental study. Kaohsiung J Med Sci. 31(6):287-292, 2015.
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The aim of this study was to evaluate the effect of an electromagnetic field (EMF),
generated close to the ovaries, on primordial follicles. A total of 16 rats were used in this
study. The study group consisted of rats exposed to an EMF in the abdominal region for
15 min/d for 15 days. Both the study and control group were composed of eight rats. After
the treatment period of 15 days, the ovaries of the rats were extracted, and sections of
ovarian tissue were taken for histological evaluation. The independent samples t test was
used to compare the two groups. In the study group, the means of the right and left
ovarian follicle numbers were 34.00 + 10.20 and 36.00 + 10.53, respectively. The average
total ovarian follicle number was 70.00 £ 19.03. In the control group, the means of the
right and left ovarian follicle numbers were 78.50 £+ 25.98 and 71.75 + 29.66, respectively,
and the average total ovarian follicle number was 150.25 + 49.53. The comparisons of the
means of the right and left ovarian follicle numbers and the means of the total ovarian
follicle numbers between the study and control groups indicated that the study group had
significantly fewer follicles (p < 0.001, p = 0.011, and p = 0.002, respectively). This study
found a significant decrease in the number of ovarian follicles in rats exposed to an EMF.
Further clinical studies are needed to reveal the effects of EMFs on ovarian reserve and
infertility.

Bakos J, Kubinyi G, Sinay H, Thuroczy G. GSM modulated radiofrequency
radiation does not affect 6-sulfatoxymelatonin excretion of rats.
Bioelectromagnetics 24(8):531-534, 2003.

In this study, the effect of exposure to 900 and 1800 MHz GSM-like radiofrequency
radiation upon the urinary 6-sulfatoxymelatonin (6SM) excretion of adult male Wistar rats
was studied. Seventy-two rats were used in six independent experiments, three of which
were done with 900 MHz and the other three with 1800 MHz. The exposures were
performed in a gigahertz transverse electromagnetic mode (GTEM) cell. The power
densities of radiation were 100 and 20 microW/cm(2) at 900 and 1800 MHz frequency,
respectively. The carrier frequency was modulated with 218 Hz, as in the GSM signal.
The animals were exposed for 2 h between 8:00 AM and noon daily during the 14 day
exposure period. The urine of rats was collected from 12:00 AM to 8:00 AM, collecting
from exposed and control animal groups on alternate days. The urinary 6SM
concentration was measured by (125)I radioimmunoassay and was referred to creatinine.
The combined results of three experiments done with the same frequency were
statistically analyzed. Statistically significant changes in the 6SM excretion of exposed
rats (n = 18) compared to control group (n = 18) were not found either at 900 or 1800
MHz.

Balakrishnan K, Murali V, Rathika C, Manikandan T, Malini RP, Kumar RA, Krishnan
M. Hsp70 is an independent stress marker among frequent users of mobile
phones. J Environ Pathol Toxicol Oncol. 33(4):339-347, 2014.

The aim of this study was to measure the serum concentrations of heat shock protein
(HSP) 70 and C-reactive protein (CRP) and the expression levels of the hsp70 gene
among frequent users of mobile phones (FUMPSs). We enrolled 120 employees of
information technology (IT)/IT enabled service companies (FUMPs; IT professionals) and
102 infrequent users of mobile phones (IFUMPs; people from non-IT professions) as
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controls. The serum concentrations of HSP70 and CRP were measured by enzyme-
linked immunosorbant assay and hsp70 gene expression by reverse transcription
polymerase chain reaction. Significantly higher concentrations of serum HSP70 (P <
0.00012) and CRP (P < 0.04) were observed among FUMPs than IFUMPs. A higher level
of hsp70 gene expression (fold induction) was observed among FUMPs than IFUMPs (P
<7.06 x 10-13). In contrast to the duration of exposure-dependent increase of serum
concentration of CRP, the serum HSP70 concentration was found to be independent of
the duration of exposure to mobile phones. Thus, the study convincingly demonstrated
the role of serum HSP and CRP as systemic inflammatory biomarkers for mobile phone-
induced radiation.

Balcer-Kubiczek EK, Harrison GH. Neoplastic transformation of C3H/10T1/2 cells
following exposure to 120-Hz modulated 2.45-GHz microwaves and phorbol ester
tumor promoter. Radiat Res 126(1):65-72, 1991.

Some recent epidemiological studies have shown a positive association between cancer
incidence and exposure to electromagnetic (EM) fields. Evidence from in vitro studies
indicates that this effect could be due to synergistic interaction between EM fields and
tumor promoters. However, no dose-response data related directly to carcinogenesis
have been published. In this study, actively growing cultures of C3H/10T1/2 cells were
exposed for 24 h to 2.45-GHz microwaves pulse-modulated at 120 Hz. Conditions of EM-
field exposure were designed to simulate low-field exposures (specific absorption rate
0.1, 1, or 4.4 W/kg; the corresponding peak amplitudes were electric field 18, 56, or 120
V/m, magnetic field 0.09, 0.27, or 0.56 muT, respectively). In separate experiments, a 24-
h EM-field exposure at 4.4 W/kg was preceded or followed by X irradiation at 0.5, 1, or
1.5 Gy. Cells were assayed for cell survival and neoplastic transformation with or without
post-treatment administration of 0.1 micrograms/ml of 12-O-tetradecanoylphorbol-13-
acetate (TPA) for the duration of the assay. The EM fields alone had no effect on cell
survival or induction of neoplastic transformation. However, enhancement of
transformation due to EM fields plus TPA was highly significant and ranged up to a level
equivalent to that produced by 1.5 Gy of X rays. The frequency of neoplastic
transformation was dependent on the level of EM exposure and was additive with doses
of X rays given as a cocarcinogen.

Balci M, Devrim E, Durak I. Effects of mobile phones on oxidant/antioxidant
balance in cornea and lens of rats. Curr Eye Res. 32(1):21-25, 2007.

Purpose: To investigate the effects of mobile-phone-emitted radiation on the
oxidant/antioxidant balance in corneal and lens tissues and to observe any protective
effects of vitamin C in this setting. Methods: Forty female albino Wistar rats were
assigned to one of four groups containing 10 rats each. One group received a
standardized daily dose of mobile phone radiation for 4 weeks. The second group
received this same treatment along with a daily oral dose of vitamin C (250 mg/kg).
The third group received this dose of vitamin C alone, while the fourth group received
standard laboratory care and served as a control. In corneal and lens tissues,
malondialdehyde (MDA) levels and activities of superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), and catalase (CAT) were measured with
spectrophotometric methods. Results: In corneal tissue, MDA level and CAT activity
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significantly increased in the mobile phone group compared with the mobile phone
plus vitamin C group and the control group (p < 0.05), whereas SOD activity was
significantly decreased (p < 0.05). In the lens tissues, only the MDA level significantly
increased in the mobile phone group relative to mobile phone plus vitamin C group
and the control groups (p < 0.05). In lens tissue, significant differences were not
found between the groups in terms of SOD, GSH-Px, or CAT (p > 0.05). Conclusions:
The results of this study suggest that mobile telephone radiation leads to oxidative
stress in corneal and lens tissues and that antioxidants such as vitamin C can help to
prevent these effects

Balci M, Namuslu M, Devrim E, Durak I. Effects of computer monitor-emitted
radiation on oxidant/antioxidant balance in cornea and lens from rats. Mol Vis.
15:2521-2525, 2009.

PURPOSE: This study aims to investigate the possible effects of computer monitor-
emitted radiation on the oxidant/antioxidant balance in corneal and lens tissues and
to observe any protective effects of vitamin C (vit C). METHODS: Four groups (PC
monitor, PC monitor plus vitamin C, vitamin C, and control) each consisting of ten
Wistar rats were studied. The study lasted for three weeks. Vitamin C was
administered in oral doses of 250 mg/kg/day. The computer and computer plus
vitamin C groups were exposed to computer monitors while the other groups were
not. Malondialdehyde (MDA) levels and superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px), and catalase (CAT) activities were measured in corneal and
lens tissues of the rats. RESULTS: In corneal tissue, MDA levels and CAT activity
were found to increase in the computer group compared with the control group. In the
computer plus vitamin C group, MDA level, SOD, and GSH-Px activities were higher
and CAT activity lower than those in the computer and control groups. Regarding
lens tissue, in the computer group, MDA levels and GSH-Px activity were found to
increase, as compared to the control and computer plus vitamin C groups, and SOD
activity was higher than that of the control group. In the computer plus vitamin C
group, SOD activity was found to be higher and CAT activity to be lower than those in
the control group. CONCLUSION: The results of this study suggest that computer-
monitor radiation leads to oxidative stress in the corneal and lens tissues, and that
vitamin C may prevent oxidative effects in the lens.

Baliatsas C, van Kamp |, Kelfkens G, Schipper M, Bolte J, Yzermans J, Lebret E.
Non-specific physical symptoms in relation to actual and perceived proximity to
mobile phone base stations and powerlines. BMC Public Health. 11:421, 2011.

BACKGROUND: Evidence about a possible causal relationship between non-specific
physical symptoms (NSPS) and exposure to electromagnetic fields (EMF) emitted by
sources such as mobile phone base stations (BS) and powerlines is insufficient. So far
little epidemiological research has been published on the contribution of psychological
components to the occurrence of EMF-related NSPS. The prior objective of the current
study is to explore the relative importance of actual and perceived proximity to base
stations and psychological components as determinants of NSPS, adjusting for
demographic, residency and area characteristics. METHODS: Analysis was performed
on data obtained in a cross-sectional study on environment and health in 2006 in the
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Netherlands. In the current study, 3611 adult respondents (response rate: 37%) in twenty-
two Dutch residential areas completed a questionnaire. Self-reported instruments
included a symptom checklist and assessment of environmental and psychological
characteristics. The computation of the distance between household addresses and
location of base stations and powerlines was based on geo-coding. Multilevel regression
models were used to test the hypotheses regarding the determinants related to the
occurrence of NSPS. RESULTS: After adjustment for demographic and residential
characteristics, analyses yielded a number of statistically significant associations:
Increased report of NSPS was predominantly predicted by higher levels of self-reported
environmental sensitivity; perceived proximity to base stations and powerlines, lower
perceived control and increased avoidance (coping) behavior were also associated with
NSPS. A trend towards a moderator effect of perceived environmental sensitivity on the
relation between perceived proximity to BS and NSPS was verified (p = 0.055). There
was no significant association between symptom occurrence and actual distance to BS or
powerlines. CONCLUSIONS: Perceived proximity to BS, psychological components and
socio-demographic characteristics are associated with the report of symptomatology.
Actual distance to the EMF source did not show up as determinant of NSPS.

Baliatsas C, Van Kamp |, Lebret E, Rubin GJ. Idiopathic environmental intolerance
attributed to electromagnetic fields (IEI-EMF): A systematic review of identifying
criteria. BMC Public Health. 2012 Aug 11;12:643. doi: 10.1186/1471-2458-12-643.

BACKGROUND: Idiopathic environmental intolerance attributed to electromagnetic fields
(IEI-EMF) remains a complex and unclear phenomenon, often characterized by the report
of various, non-specific physical symptoms (NSPS) when an EMF source is present or
perceived by the individual. The lack of validated criteria for defining and assessing IEI-
EMF affects the quality of the relevant research, hindering not only the comparison or
integration of study findings, but also the identification and management of patients by
health care providers. The objective of this review was to evaluate and summarize the
criteria that previous studies employed to identify IEI-EMF participants. METHODS: An
extensive literature search was performed for studies published up to June 2011. We
searched EMBASE, Medline, Psychinfo, Scopus and Web of Science. Additionally,
citation analyses were performed for key papers, reference sections of relevant papers
were searched, conference proceedings were examined and a literature database held
by the Mobile Phones Research Unit of King's College London was reviewed. RESULTS:
Sixty-three studies were included. "Hypersensitivity to EMF" was the most frequently used
descriptive term. Despite heterogeneity, the criteria predominantly used to identify IEI-
EMF individuals were: 1. Self-report of being (hyper)sensitive to EMF. 2. Attribution of
NSPS to at least one EMF source. 3. Absence of medical or psychiatric/psychological
disorder capable of accounting for these symptoms 4. Symptoms should occur soon (up
to 24 hours) after the individual perceives an exposure source or exposed area.
(Hyper)sensitivity to EMF was either generalized (attribution to various EMF sources) or
source-specific. Experimental studies used a larger number of criteria than those of
observational design and performed more frequently a medical examination or interview
as prerequisite for inclusion. CONCLUSIONS: Considerable heterogeneity exists in the
criteria used by the researchers to identify IEI-EMF, due to explicit differences in their
conceptual frameworks. Further work is required to produce consensus criteria not only
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for research purposes but also for use in clinical practice. This could be achieved by the
development of an international protocol enabling a clearly defined case definition for IEI-
EMF and a validated screening tool, with active involvement of medical practitioners.

Balik HH, Turgut-Balik D, Balikci K, Ozcan IC. Some ocular symptoms and
sensations experienced by long term users of mobile phones. Pathol Biol (Paris).
53(2):88-91, 2005.

In this study, a survey was conducted to investigate the possible effects of long term
usage of mobile phone (MP) on eyes. The studied symptoms are blurring of vision,
redness on the eyes, vision disturbance, secretion of the eyes, inflammation in the eyes
and lacrimation of the eyes. There is no effect on redness on the eyes and vision
disturbance, but some statistical evidences are found that MP may cause blurring of
vision, secretion of the eyes, inflammation in the eyes and lacrimation of the eyes. These
results suggest an awareness of the symptoms and sensations.

Balikci K, Cem Ozcan |, Turgut-Balik D, Balik HH. A survey study on some
neurological symptoms and sensations experienced by long term users of mobile
phones. Pathol Biol (Paris). 53(1):30-34, 2005.

A survey study was conducted to investigate the possible effects of mobile phone on
headache, dizziness, extreme irritation, shaking in the hands, speaking falteringly,
forgetfulness, neuro-psychological discomfort, increase in the carelessness, decrease of
the reflex and clicking sound in the ears. There is no effect on dizziness, shaking in
hands, speaking falteringly and neuro-psychological discomfort, but some statistical
evidences are found that mobile phone may cause headache, extreme irritation, increase
in the carelessness, forgetfulness, decrease of the reflex and clicking sound in the ears.

Balmori A. Mobile Phone Mast Effects on Common Frog (Rana temporaria)
Tadpoles: The City Turned into a Laboratory. Electromagn Biol Med. 29(1-2):31-
35, 2010.

An experiment has been made exposing eggs and tadpoles of the common frog
(Rana temporaria) to electromagnetic radiation from several mobile (cell) phone
antennae located at a distance of 140 meters. The experiment lasted two months,
from the egg phase until an advanced phase of tadpole prior to metamorphosis.
Measurements of electric field intensity (radiofrequencies and microwaves) in V/m
obtained with three different devices were 1.8 to 3.5 V/m. In the exposed group (n =
70), low coordination of movements, an asynchronous growth, resulting in both big
and small tadpoles, and a high mortality (90%) was observed. Regarding the control
group (n = 70) under the same conditions but inside a Faraday cage, the coordination
of movements was normal, the development was synchronous, and a mortality of
4.2% was obtained. These results indicate that radiation emitted by phone masts in a
real situation may affect the development and may cause an increase in mortality of
exposed tadpoles. This research may have huge implications for the natural world,
which is now exposed to high microwave radiation levels from a multitude of phone
masts.
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Balode, Z, Assessment of radio-frequency electromagnetic radiation by the
micronucleus test in bovine peripheral erythrocytes. Sci Total Environ 180(1):81-
85, 1996.

Previous bioindicative studies in the Skrunda Radio Location Station area have focused
on the somatic influence of electromagnetic radiation on plants, but it is also important to
study genetic effects. We have chosen cows as test animals for cytogenetical evaluation
because they live in the same general exposure area as humans, are confined to specific
locations and are chronically exposed to radiation. Blood samples were obtained from
female Latvian Brown cows from a farm close to and in front of the Skrunda Radar and
from cows in a control area. A simplified alternative to the Schiff method of DNA staining
for identification of micronuclei in peripheral erythrocytes was applied. Microscopically,
micronuclei in peripheral blood erythrocytes were round in shape and exhibited a strong
red colour. They are easily detectable as the only coloured bodies in the uncoloured
erythrocytes. From each individual animal 2000 erythrocytes were examined at a
magnification of x 1000 for the presence of micronuclei. The counting of micronuclei in
peripheral erythrocytes gave low average incidences, 0.6 per 1000 in the exposed group
and 0.1 per 1000 in the control, but statistically significant (P < 0.01) differences were
found in the frequency distribution between the control and exposed groups.

Bamiou DE, Ceranic B, Cox R, Watt H, Chadwick P, Luxon LM. Mobile telephone
use effects on peripheral audiovestibular function: A case-control study.
Bioelectromagnetics.29(2):108-117,2008.

Low level radio-frequency (RF) signals may produce disorientation, headache and
nausea. This double blind study tested nine case-subjects, who complained of
various symptoms after prolonged mobile telephone use and 21 control subjects.
Each subject underwent a series of trials, in which a dummy mobile telephone
exposure system was held to each ear for 30 min in (a) pulsed, (b) continuous RF
emission or, (C) no emission test modes. In the active pulsed and continuous modes
the same mean power as the output of a typical handset was delivered at a carrier
frequency of 882 MHz and at a maximum specific absorption rate (SAR) value of 1.3
W kg(-1) (+/- 30%). In Experiment | (auditory), transient evoked otoacoustic
emissions (TEOAE), which assess the outer hair cells in the inner ear, were
conducted. In Experiment Il (vestibular) the vestibulo-ocular reflex was recorded by
video-oculography (VOG), at baseline and immediately post exposure. There were no
significant TEOAE changes from baseline to post-exposure recording for any of the
exposures and no significant differences in the TEOAES' change from baseline to
post exposure between cases and controls. The VOG did not identify any effect of the
exposure on the vestibular end organ in either cases or controls. In conclusion, 30
min exposure to mobile phone RF did not show any immediate effects on
vestibulocochlear function as measured by TEOAE and the VOR.

Bamiou DE, Ceranic B, Vickers D, Zamyslowska-Szmytke E, Cox R, Chadwick P,
Luxon LM. Mobile telephone use effects on perception of verticality.
Bioelectromagnetics. 2014 Sep 26. doi: 10.1002/bem.21877. [Epub ahead of print]
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Low-level radiofrequency (RF) signals may produce disorientation and nausea. In
experiment |, we assessed mobile phone effects on graviception in nine symptomatic
subjects after mobile telephone use and 21 controls. The mobile handset was strapped to
each ear for 30 min in pulsed emission, continuous RF emission, or no emission test
mode, respectively. The subjective visual vertical and horizontal (SVV/SVH) were tested
from min 25 of exposure. There was no exposure effect; however, there was an ear
effect, with the SVV/SVH being shifted to the opposite direction of the ear exposed. This
could be due to thermal or RF effects or handset weight. In experiment Il, we assessed
the handset weight effect on 18 normal controls. After baseline SVV/SVH, the switched
off handset was strapped to either ear; the SVV/SVH was repeated 25 min later. A
significant ear effect was found. We compared the observed ear effect SVV/SVH change
in the experiment Il group to the continuous exposure ear effect change in the experiment
| group, and the difference was not significant. The ear effect was attributed to a minor
head tilt due to the handset weight, or proprioceptive stimulation of neck muscle affecting
the perception of verticality.

Banaceur S, Banasr S, Sakly M, Abdelmelek H. Whole body exposure to 2.4 GHz
WIFI signals: effects on cognitive impairment in adult triple transgenic mouse
models of Alzheimer's disease (3xTg-AD). Behav Brain Res. 240:197-201, 2013.

The present investigation aimed at evaluating the effects of long-term exposure to WIFI
type radiofrequency (RF) signals (2.40 GHz), two hours per day during one month at a
Specific Absorption Rate (SAR) of 1.60 W/kg. The effects of RF exposure were studied
on wildtype mice and triple transgenic mice (3xTg-AD) destined to develop Alzheimer's-
like cognitive impairment. Mice were divided into four groups: two sham groups (WT, TG;
n=7) and two exposed groups (WTS, TGS; n=7). The cognitive interference task used in
this study was designed from an analogous human cognitive interference task including
the Flex field activity system test, the two-compartment box test and the Barnes maze
test. Our data demonstrate for the first time that RF improves cognitive behavior of 3xTg-
AD mice. We conclude that RF exposure may represent an effective memory-enhancing
approach in Alzheimer's disease.

Banerjee S, Singh NN, Sreedhar G, Mukherjee S. Analysis of the Genotoxic Effects
of Mobile Phone Radiation using Buccal Micronucleus Assay: A Comparative
Evaluation. J Clin Diagn Res. 2016 Mar;10(3):ZC82-5. doi:
10.7860/JCDR/2016/17592.7505. Epub 2016 Mar 1.

INTRODUCTION: Micronucleus (MN) is considered to be a reliable marker for genotoxic
damage and it determines the presence and the extent of the chromosomal damage. The
MN is formed due to DNA damage or chromosomal disarrangements. The MN has a
close association with cancer incidences. In the new era, mobile phones are constantly
gaining popularity specifically in the young generation, but this device uses
radiofrequency radiation that may have a possible carcinogenic effect. The available
reports related to the carcinogenic effect of mobile radiation on oral mucosa are
contradictory. AIM: To explore the effects of mobile phone radiation on the MN frequency
in oral mucosal cells. MATERIALS AND METHODS: The subjects were divided into two
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major groups: low mobile phone users and high mobile phone users. Subjects who used
their mobile phone since less than five years and less than three hours a week comprised
of the first group and those who used their mobile since more than five years and more
than 10 hours a week comprised of the second group. Net surfing and text messaging
was not considered in this study. Exfoliated buccal mucosal cells were collected from both
the groups and the cells were stained with DNA-specific stain acridine orange. Thousand
exfoliated buccal mucosal cells were screened and the cells which were positive for
micronuclei were counted. The micronucleus frequency was represented as mean+SD,
and unpaired Student t-test was used for intergroup comparisons. RESULTS: The
number of micronucleated cells/ 1000 exfoliated buccal mucosal cells was found to be
significantly increased in high mobile phone users group than the low mobile phone users
group. The use of mobile phone with the associated complaint of warmth around the ear
showed a maximum increase in the number of micronucleated cells /1000 exfoliated
buccal mucosal cells. CONCLUSION: Mobile phone radiation even in the permissible
range when used for longer duration causes significant genotoxicity. The genotoxicity can
be avoided to some extent by the regular use of headphones.

Baohong Wang, Jiliang H, Lifen J, Degiang L, Wei Z, Jianlin L, Hongping D.
Studying the synergistic damage effects induced by 1.8GHz radiofrequency field
radiation (RFR) with four chemical mutagens on human lymphocyte DNA using
comet assay in vitro. Mutat Res. 578(1-2):149-157, 2005.

The aim of this investigation was to study the synergistic DNA damage effects in human
lymphocytes induced by 1.8GHz radiofrequency field radiation (RFR, SAR of 3W/kg) with
four chemical mutagens, i.e. mitomycin C (MMC, DNA crosslinker), bleomycin (BLM,
radiomimetic agent), methyl methanesulfonate (MMS, alkylating agent), and 4-
nitroquinoline-1-oxide (4NQO, UV-mimetic agent). The DNA damage of lymphocytes
exposed to RFR and/or with chemical mutagens was detected at two incubation time (O
or 21h) after treatment with comet assay in vitro. Three combinative exposure ways were
used. Cells were exposed to RFR and chemical mutagens for 2 and 3h, respectively. Tail
length (TL) and tail moment (TM) were utilized as DNA damage indexes. The results
showed no difference of DNA damage indexes between RFR group and control group at
0 and 21h incubation after exposure (P>0.05). There were significant difference of DNA
damage indexes between MMC group and RFR+MMC co-exposure group at 0 and 21h
incubation after treatment (P<0.01). Also the significant difference of DNA damage
indexes between 4NQO group and RFR+4NQO co-exposure group at 0 and 21h
incubation after treatment was observed (P<0.05 or P<0.01). The DNA damage in
RFR+BLM co-exposure groups and RFR+MMS co-exposure groups was not significantly
increased, as compared with corresponding BLM and MMS groups (P>0.05). The
experimental results indicated 1.8GHz RFR (SAR, 3W/kg) for 2h did not induce the
human lymphocyte DNA damage effects in vitro, but could enhance the human
lymphocyte DNA damage effects induced by MMC and 4NQO. The synergistic DNA
damage effects of 1.8GHz RFR with BLM or MMS were not obvious.

Baohong W, Lifen J, Lanjuan L, Jianlin L, Degiang L, Wei Z, Jiliang H. Evaluating
the combinative effects on human lymphocyte DNA damage induced by ultraviolet
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ray C plus 1.8GHz microwaves using comet assay in vitro. Toxicology. 232(3):311-
316, 2007.

The objective of this study was to observe whether 1.8GHz microwaves (MW) (SAR,
3 W/kg) exposure can influence human lymphocyte DNA damage induced by
ultraviolet ray C (UVC). The lymphocytes, which were from three young healthy
donors, were exposed to 254 nm UVC at the doses of 0.25, 0.5, 0.75, 1.0, 1.5 and
2.0 3 m(-2), respectively. The lymphocytes were irradiated by 1.8GHz MW (SAR, 3
W/kg) for 0, 1.5 and 4 h. The combinative exposure of UVC plus MW was conducted.
The treated cells were incubated for 0, 1.5 and 4 h. Finally, comet assay was used to
measure DNA damage of above treated lymphocytes. The results indicated that the
difference of DNA damage induced between MW group and control group was not
significant (P>0.05). The MTLs induced by UVC were 1.71+/-0.09, 2.02+/-0.08,
2.27+/-0.17, 2.27+/-0.06, 2.25+/-0.12, 2.24+/-0.11 microm, respectively, which were
significantly higher than that (0.96+/-0.05 microm) of control (P<0.01). MTLs of some
sub-groups in combinative exposure groups at 1.5-h incubation were significantly
lower that those of corresponding UVC sub-groups (P<0.01 or P<0.05). However,
MTLs of some sub-groups in combinative exposure groups at 4-h incubation were
significantly higher that those of corresponding UVC sub-groups (P<0.01 or P<0.05).
In this experiment it was found that 1.8GHz (SAR, 3 W/kg) MW exposure for 1.5 and
4 h did not enhance significantly human lymphocyte DNA damage, but could reduce
and increase DNA damage of human lymphocytes induced by UVC at 1.5-h and 4-h
incubation, respectively.

Barbaro V, Bartolini P, Donato A, Militello C, Electromagnetic interference of
analog cellular telephones with pacemakers. Pacing Clin Electrophysiol
19(10):1410-1418, 1996.

The aim of this study was to verify whether there is a public health risk from the
interference of analog cellular telephones with pacemakers. We used a human trunk
simulator to reproduce an actual implant, and two cellular telephones working with the
TACS (Total Access Communication System) standard. Results showed that the
electromagnetic field radiated from the analog cellular telephones interfered with a large
number of the pacemakers tested (10/25). When the telephone antenna was in close
proximity to the pacemaker head, pacemaker desensitizing and sensitizing and pulse
inhibition was detected at the moment of an incoming call and throughout ringing. In the
worst case of pulse inhibition, the pacemaker skipped three nonconsecutive beats and
then resumed its normal pacing, while the desensitizing and sensitizing phenomena
persisted as long as the interfering signal was on. Pulse inhibition was also observed
when the connection did not succeed. Maximum sensing threshold variation was about
186% (increase) and 62% (decrease) for desensitizing and sensitizing phenomena,
respectively. It was also demonstrated that the signal emitted by analog cellular
telephones during the crossing of contiguous cells could induce pacemaker pulse
inhibition, but under our experimental conditions this event did not seem to pose a risk for
the pacemaker patient.

Barcal J, Cendelin J, Vozeh F, Zalud V. Effect of whole-body exposure to high-
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frequency electromagnetic field on the brain electrogeny in neurodefective and
healthy mice. Prague Med Rep. 106(1):91-100, 2005.

A direct registration of brain cortical and hippocampal activity during a high-frequency
electromagnetic field (HF EMF) exposure was performed. All experimental procedures
were done under urethane anaesthesia (20%, 2 g/kg i.p.) in Lurcher mutant mice, wild
type (healthy littermates) were used as controls. Experimental animals were exposed to
the HF EMF with frequency corresponding to cellular phones. Our method is based on
the use of gel electrodes (silicon tubes or glass microcapillaries filled with agar) where the
connection with classical electrodes is located out of HF EMF space. ECoG evaluation
showed a distinct shift to lower frequency components but clear effect has been observed
only in wild type (healthy) mice whereas in Lurcher mutant mice only gentle differences
between frequency spectra were found. Measurement of hippocampal rhythmicity
showed gentle changes with increase of higher frequencies (i.e. opposite effect than in
cortex) and changes in theta oscillations registered from a dentate gyrus and CALl area in
both types of animals (healthy and mutant). These findings support the idea about
possible influencing the central nervous system by HF EMF exposure and support also
some recent results about possible health risks resulting from cellular phones use.

Barcal J, Vozeh F. Effect of whole-body exposure to high-frequency
electromagnetic field on the brain cortical and hippocampal activity in mouse
experimental model. NeuroQuantology 5:292-302, 2007.

Evaluation of the direct registration of brain cortical and hippocampal activity during a
high-frequency electromagnetic field (HF-EMF) exposure was performed. Experimental
procedures were done under general anesthesia (urethane, 20%, 2g/kg i.p.) in Lurcher
mutant mice, wild type (healthy littermates) were used as controls. Animals were exposed
to the HF-EMF with frequency corresponding to cellular phones (900 MHz). We used of
gel electrodes (silicon tubes or glass microcapillary filled with agar) where the connection
with classical electrodes was located out of HF-EMF space. ECoG evaluation showed a
distinct shift to lower frequency components but clear effect has been observed only in
wild type (healthy) mice whereas in Lurcher mutant mice only gentle differences between
frequency spectra were found. Measurement of hippocampal rhythmicity showed gentle
changes with increase of higher frequencies (i.e. opposite effect than in cortex) and
changes in theta oscillations registered from a dentate gyrus and CA1 area in both types
of animals (healthy and mutant). These findings support an idea about possible
influencing the central nervous system by HF-EMF exposure and support also some
recent results about possible health risks resulting from cellular phones use.

Barkana Y, Zadok D, Morad Y, Avni |. Visual field attention is reduced by
concomitant hands-free conversation on a cellular telephone. Am J Ophthalmol.
138(3):347-353, 2004.

PURPOSE: To quantify the central attention-diverting effect of hands-free cellular phone

conversation on visual field awareness. DESIGN: Experimental study. METHODS:
Twenty male and 21 female healthy participants performed a pretest and baseline
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Esterman visual field examinations with the Humphrey Systems Visual Field Analyzer II.
During the consequent third examination, each participant engaged in a hands-free
conversation using a cellular phone. The conversation was the same for all participants.
Visual field performance parameters were compared between the second (baseline)
examination, and the third (test) examination for each eye. RESULTS: During phone
conversation, missed points increased from mean 1.0 +/- 1.5t0 2.6 +/- 3.4 (P <==.001) in
the right eye and from 1.1 +/- 1.53 to 3.0 +/- 3.4 (P <.001) in the left eye. Fixation loss
increased from mean 7.8% to 27.4% (P <.0001) and from 7.2% to 34.8% (P <.0001) for
the right and left eyes, respectively. Test duration increased by a mean of 0.28 seconds
(15%) per stimulus (P <.0001). Approximately half of missed points were inside the
central 30 degrees. There was no significant difference in the performance of male and
female participants. CONCLUSION: We describe a new model for the quantification of
the attention-diverting effect of cellular-phone conversation on the visual field. In the
current study, cellular hands-free conversation caused some subjects to miss significantly
more points, react slower to each stimulus, and perform with reduced precision.
Legislative restrictions on concomitant cellular-phone conversation and driving may need
to be based on individual performance rather than a general ban on cellular phone usage.

Barker AT, Jackson PR, Parry H, Coulton LA, Cook GG, Wood SM. The effect of
GSM and TETRA mobile handset signals on blood pressure, catechol levels and
heart rate variability. Bioelectromagnetics.28(6):433-438, 2007.

An acute rise in blood pressure has been reported in normal volunteers during
exposure to signals from a mobile phone handset. To investigate this finding further
we carried out a double blind study in 120 healthy volunteers (43 men, 77 women) in
whom we measured mean arterial pressure (MAP) during each of six exposure
sessions. At each session subjects were exposed to one of six different radio
frequency signals simulating both GSM and TETRA handsets in different
transmission modes. Blood catechols before and after exposure, heart rate variability
during exposure, and post exposure 24 h ambulatory blood pressure were also
studied. Despite having the power to detect changes in MAP of less than 1 mmHg
none of our measurements showed any effect which we could attribute to radio
frequency exposure. We found a single statistically significant decrease of 0.7 mmHg
(95% CI 0.3-1.2 mmHg, P = .04) with exposure to GSM handsets in sham mode. This
may be due to a slight increase in operating temperature of the handsets when in this
mode. Hence our results have not confirmed the original findings of an acute rise in
blood pressure due to exposure to mobile phone handset signals. In light of this
negative finding from a large study, coupled with two smaller GSM studies which
have also proved negative, we are of the view that further studies of acute changes in
blood pressure due to GSM and TETRA handsets are not required.

Barteri M, Pala A, Rotella S. Structural and kinetic effects of mobile phone
microwaves on acetylcholinesterase activity. Biophys Chem. 113(3):245-253, 2005.

The present study provides evidence that "in vitro" simple exposure of an aqueous
solution of electric eel acetylcholinesterase (EeAChE; EC 3.1.1.7.) to cellular phone
emission alters its enzymatic activity. This paper demonstrates, by combining different
experimental technigues, that radio frequency (RF) radiations irreversibly affect the
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structural and biochemical characteristics of an important CNS enzyme. These results
were obtained by using a commercial cellular phone to reproduce the reality of the human
exposition. This experimental procedure provided surprising effects collected practically
without experimental errors because they were obtained comparing native and irradiated
sample of the same enzyme solution. Although these results cannot be used to conclude
whether exposure to RF during the use of cellular phone can lead to any hazardous
health effect, they may be a significant first step towards further verification of these
effects on other "ex vivo" or "in vivo" biological systems.

Barteri M, De Carolis R, Marinelli F, Tomassetti G, Montemiglio LC. Effects of
microwaves (900 MHz) on peroxidase systems: a comparison between
lactoperoxidase and horseradish peroxidase. Electromagn Biol Med. 2015 Jan
12:1-7. [Epub ahead of print]

This work shows the effects of exposure to an electromagnetic field at 900 MHz on the
catalytic activity of the enzymes lactoperoxidase (LPO) and horseradish peroxidase
(HRP). Experimental evidence that irradiation causes conformational changes of the
active sites and influences the formation and stability of the intermediate free radicals is
documented by measurements of enzyme kinetics, circular dichroism spectroscopy (CD)
and cyclic voltammetry.

Barth A, Winker R, Ponocny-Seliger E, Mayrhofer W, Ponocny |, Sauter C, Vana N.
A meta-analysis for neurobehavioral effects due to electromagnetic field exposure
emitted by GSM mobile phones. Occup Environ Med.65(5):342-6, 2008.

BACKGROUND AND OBJECTIVE: Numerous studies have investigated the potential
effects of electromagnetic fields (EMFs) emitted by GSM mobile phones (~900 MHz
to ~1800 MHz) on cognitive functioning, but results have been equivocal. In order to
try and clarify this issue, the current study carried out a meta-analysis on nineteen
experimental studies. DESIGN: meta-analysis METHODS: Nineteen studies were
taken into consideration. Ten of them were included in the meta-analysis as they fulfil
several minimum requirements; for example, single-blind or double-blind
experimental study design and documentation of means and standard deviation of
the dependent variables. The meta-analysis aimed at comparing exposed with non-
exposed subjects assuming that there is a common population effect so that one
single effect size could be calculated. When homogeneity for single effect sizes was
not given, an own population effect for each study and a distribution of population
effects was assumed. RESULTS: Attention measured by the subtraction task seems
to be affected in regard of decreased reaction time. Working memory measured by
the N-back test seems to by affected too: Under condition 0-back target response
time is lower under exposure, while under condition 2-back target response time
increases. The number of errors under condition 2-back non-targets appears to be
higher under exposure. CONCLUSION: Results of the meta-analysis suggest that
EMFs may have a small impact on human attention and working memory.

Barthéléemy A, Mouchard A, Bouji M, Blazy K, Puigsegur R, Villégier AS. Glial
markers and emotional memory in rats following acute cerebral radiofrequency
exposures. Environ Sci Pollut Res Int. 2016 Sep 30. [Epub ahead of print]
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The widespread mobile phone use raises concerns on the possible cerebral effects of
radiofrequency electromagnetic fields (RF EMF). Reactive astrogliosis was reported in
neuroanatomical structures of adaptive behaviors after a single RF EMF exposure at high
specific absorption rate (SAR, 6 W/kg). Here, we aimed to assess if neuronal injury and
functional impairments were related to high SAR-induced astrogliosis. In addition, the
level of beta amyloid 1-40 (AR 1-40) peptide was explored as a possible toxicity marker.
Sprague Dawley male rats were exposed for 15 min at 0, 1.5, or 6 W/kg or for 45 min at
6 W/kg. Memory, emotionality, and locomotion were tested in the fear conditioning, the
elevated plus maze, and the open field. Glial fibrillary acidic protein (GFAP, total and
cytosolic fractions), myelin basic protein (MBP), and AB1-40 were quantified in six brain
areas using enzyme-linked immunosorbent assay. According to our data, total GFAP was
increased in the striatum (+114 %) at 1.5 W/kg. Long-term memory was reduced, and
cytosolic GFAP was increased in the hippocampus (+119 %) and in the olfactory bulb
(+46 %) at 6 W/kg (15 min). No MBP or AB1-40 expression modification was shown. Our
data corroborates previous studies indicating RF EMF-induced astrogliosis. This study
suggests that RF EMF-induced astrogliosis had functional consequences on memory but
did not demonstrate that it was secondary to neuronal damage.

Bartsch H, Bartsch C, Seebald E, Deerberg F, Dietz K, Vollrath L, Mecke D. Chronic
Exposure to a GSM-like Signal (Mobile Phone) Does Not Stimulate the
Development of DMBA-Induced Mammary Tumors in Rats: Results of Three
Consecutive Studies. Radiat Res 157(2):183-190, 2002.

Certain epidemiological and experimental studies raised concerns about the safety of
radiofrequency (RF) electromagnetic fields because of a possible increased risk of
leukemia and lymphoma. In this study, an RF field used in mobile telecommunication was
tested using 7,12-dimethylbenz[a]anthracene (DMBA)-induced mammary tumors in
female Sprague-Dawley rats as a model for human breast cancer. Three experiments
were carried out under strictly standardized conditions and were started on the same day
of three consecutive years. The field consisted of a GSM-like signal (900 MHz pulsed at
217 Hz, pulse width 577 [mu]s) of relatively low power flux density (100 [mu]W/cm(2)
[plus minus] 3 dB) and was applied continuously throughout each experiment to freely
moving animals. The specific absorption rates averaged over the whole body were 17.5--
70 mW/kg. The highest values in young animals were at or around the exposure limit
permissible for the general public (i.e. 80 mW/kg). The animals were palpated weekly for
the presence of mammary tumors and were killed humanely when tumors reached a
diameter of 1--2 cm to allow a reliable histopathological classification and a distinction
between malignant and benign subtypes. The overall results of the three studies are that
there was no statistically significant effect of RF-field exposure on tumor latency and that
the cumulative tumor incidence at the end of the experiment was unaffected as well. The
risk ratios were 1.08 (95% CI: 0.91--1.29) and 0.96 (95% CI: 0.85--1.07) for benign and
malignant tumors, respectively. These observations are in agreement with other
published findings. In the first experiment, however, the median latency for the
development of the first malignant tumor in each animal was statistically significantly
extended for RF-field-exposed animals compared to controls (278 days compared to 145
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days, P = 0.009). No such differences were detected in the two subsequent experiments.
These results show that low-level RF radiation does not appear to possess carcinogenic
or cancer-promoting effects on DMBA-induced mammary tumors. To explain the
mechanisms underlying the different results obtained in the three experiments, a
hypothesis is presented which is based upon the neuroendocrine control mechanisms
involved in the promotion of DMBA-induced mammary tumors. Despite the apparent
absence of stimulatory effects of low-level RF-field exposure on the development and
growth of solid tumors, it will be necessary to verify these results for leukemias and
lymphomas, which may have completely different biological control mechanisms.

Bartsch H, Klipper H, Scheurlen U, Deerberg F, Seebald E, Dietz K, Mecke D,
Probst H, Stehle T, Bartsch C. Effect of chronic exposure to a GSM-like signal
(mobile phone) on survival of female Sprague-Dawley rats: Modulatory effects
by month of birth and possibly stage of the solar cycle. Neuro Endocrinol Lett.
31(4):457-473, 2010.

During 1997-2008 two long-term (I and 1) and two life-long (11l and 1V) experiments
were performed analyzing the effect of chronic exposure to a low-intensity GSM-like
signal (900 MHz pulsed with 217 Hz, 100 microW/cm(2) average power flux density,
38-80 mW/kg mean specific absorption rate for whole body) on health and survival of
unrestrained female Sprague-Dawley rats kept under identical conditions.
Radiofrequency (RF)-exposure was started at 52-70 days of age and continued for
24 (1), 17 (1) and up to 36 and 37 months, respectively (I1I/1V). In the first two
experiments (1997-2000) 12 exposed and 12 sham-exposed animals each were
observed until they were maximally 770 or 580 days old. In experiment | no adverse
health effects of chronic RF-exposure were detectable, neither by macroscopic nor
detailed microscopic pathological examinations. Also in experiment Il no apparent
macroscopic pathological changes due to treatment were apparent. Median survival
time could not be estimated since in none of the groups more than 50% of the
animals had died. In the course of two complete survival experiments (2002-2005;
2005-2008) 30 RF- and 30 sham-exposed animals each were followed up until their
natural end or when they became moribund and had to be euthanized. A synoptical
data analysis was performed. Survival data of all four groups could be fitted well by
the Weibull distribution. According to this analysis median survival was significantly
shortened under RF-exposure in both experiments by 9.06% (95% CI 2.7 to 15.0%)
(p=0.0064); i.e by 72 days in experiment lll and 77 days in experiment IV as
compared to the corresponding sham-treated animals (Ill: 799 days; IV: 852 days).
Both groups of animals of experiment Ill showed reduced median survival times by
6.25% (95% CI -0.3 to 12.4%) (p=0.0604) compared to the corresponding groups of
experiment IV (53 days: sham-exposed animals, 48 days: RF-exposed animals)
which may be due to the fact that animals of experiment Il were born in October and
animals of experiment IV in May indicating that the month of birth affects life span.
From the results of the last two experiments it has to be concluded that chronic
exposure to a low-intensity GSM-like signal may exert negative health effects and
shorten survival if treatment is applied sufficiently long and the observational period
covers the full life span of the animals concerned. The current data show that survival
of rats kept under controlled laboratory conditions varies within certain limits
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depending on the month of birth. In view of our previous observations regarding an
inhibitory or no effect of RF-exposure on DMBA-induced mammary cancer during the
1997-2000 period, an additional modulatory influence on a year-to-year basis should
be considered which might be related to changing solar activity during the the 11-
years' sunspot cycle. These potentially complex influences of the natural environment
modulating the effects of anthropogenic RF-signals on health and survival require a
systematic continuation of such experiments throughout solar cycle 24 which started
in 2009.

Bas O, Odaci E, Kaplan S, Acer N, Ucok K, Colakoglu S. 900 MHz electromagnetic
field exposure affects qualitative and quantitative features of hippocampal
pyramidal cells in the adult female rat. Brain Res. 1265:178-185, 2009.

The effects of electromagnetic fields (EMFs) emitted by mobile phones on humans hold
special interest due to their use in close proximity to the brain. The current study
investigated the number of pyramidal cells in the cornu ammonis (CA) of the 16-week-old
female rat hippocampus following postnatal exposure to a 900 megahertz (MHz) EMF. In
this study were three groups of 6 rats: control (Cont), sham exposed (Sham), and EMF
exposed (EMF). EMF group rats were exposed to 900 MHz EMF (1 h/day for 28 days) in
an exposure tube. Sham group was placed in the exposure tube but not exposed to EMF
(1 h/day for 28 days). Cont group was not placed into the exposure tube nor were they
exposed to EMF during the study period. In EMF group rats, the specific energy
absorption rate (SAR) varied between 0.016 (whole body) and 2 W/kg (locally in the
head). All of the rats were sacrificed at the end of the experiment and the number of
pyramidal cells in the CA was estimated using the optical fractionator technique.
Histopathological evaluations were made on sections of the CA region of the
hippocampus. Results showed that postnatal EMF exposure caused a significant
decrease of the pyramidal cell number in the CA of the EMF group (P<0.05). Additionally,
cell loss can be seen in the CA region of EMF group even at qualitative observation.
These results may encourage researchers to evaluate the chronic effects of 900 MHz
EMF on teenagers' brains.

Bassen HI, Moore HJ, Ruggera PS, Cellular phone interference testing of
implantable cardiac defibrillators in vitro. Pacing Clin Electrophysiol 21(9):1709-
1715, 1998.

An in vitro study was undertaken to investigate the potential for cellular telephones to
nterfere with representative models of presently used ICDs. Digital cellular phones
(DCPs) generate strong, amplitude modulated fields with pulse repetition rates near the
physiological range sensed by the ICD as an arrhythmia. DCPs with Time Division
Multiple Access (TDMA) pulsed amplitude modulation caused the most pronounced
effect--high voltage firing or inhibition of pacing output of the ICDs. This electromagnetic
interference (EMI) occurred only when the phones were within 2.3-5.8 cm of the ICD
pulse generator that was submerged 0.5 cm in 0.18% saline. ICD performance always
reverted to baseline when the cellular phones were removed from the immediate
proximity of the ICD. Three models of ICDs were subjected to EMI susceptibility testing
using two types of digital phones and one analog cellular phone, each operating at their
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respective maximum output power. EMI was observed in varying degrees from all DCPs.
Inhibition of pacer output occurred in one ICD, and high voltage firing occurred in the two
other ICDs, when a TDMA-11 Hz DCP was placed within 2.3 cm of the ICD. For the ICD
that was most sensitive to delivering unintended therapy, inhibition followed by firing
occurred at distances up to 5.8 cm. When a TDMA-50 Hz phone was placed at the
minimum test distance of 2.3 cm, inhibition followed by firing was observed in one of the
ICDs. EMI occurred most frequently when the lower portion of the monopole antenna of
the cellular phone was placed over the ICD header.

Baste V, Riise T, Moen BE. Radiofrequency electromagnetic fields; male infertility
and sex ratio of offspring. Eur J Epidemiol.23(5):369-377,2008.

Concern is growing about exposure to electromagnetic fields and male reproductive
health. The authors performed a cross-sectional study among military men employed
in the Royal Norwegian Navy, including information about work close to equipment
emitting radiofrequency electromagnetic fields, one-year infertility, children and sex of
the offspring. Among 10,497 respondents, 22% had worked close to high-frequency
aerials to a "high" or "very high" degree. Infertility increased significantly along with
increasing self-reported exposure to radiofrequency electromagnetic fields. In a
logistic regression, odds ratio (OR) for infertility among those who had worked closer
than 10 m from high-frequency aerials to a "very high" degree relative to those who
reported no work near high-frequency aerials was 1.86 (95% confidence interval (Cl):
1.46-2.37), adjusted for age, smoking habits, alcohol consumption and exposure to
organic solvents, welding and lead. Similar adjusted OR for those exposed to a
"high", "some" and "low" degree were 1.93 (95% CI: 1.55-2.40), 1.52 (95% CI: 1.25-
1.84), and 1.39 (95% CI: 1.15-1.68), respectively. In all age groups there were
significant linear trends with higher prevalence of involuntary childlessness with
higher self-reported exposure to radiofrequency fields. However, the degree of
exposure to radiofrequency radiation and the number of children were not associated.
For self-reported exposure both to high-frequency aerials and communication
equipment there were significant linear trends with lower ratio of boys to girls at birth
when the father reported a higher degree of radiofrequency electromagnetic
exposure.

Baste V, Mild KH, Moen BE. Radiofrequency exposure on fast patrol boats in the
Royal Norwegian Navy--an approach to a dose assessment. Bioelectromagnetics.
31(5):350-360, 2010.

Epidemiological studies related to radiofrequency (RF) electromagnetic fields (EMF)
have mainly used crude proxies for exposure, such as job titles, distance to, or use of
different equipment emitting RF EMF. The Royal Norwegian Navy (RNoN) has
measured RF field emitted from high-frequency antennas and radars on several
spots where the crew would most likely be located aboard fast patrol boats (FPB).
These boats are small, with short distance between the crew and the equipment
emitting RF field. We have described the measured RF exposure aboard FPB and
suggested different methods for calculations of total exposure and annual dose.
Linear and spatial average in addition to percentage of ICNIRP and squared
deviation of ICNIRP has been used. The methods will form the basis of a job
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exposure matrix where relative differences in exposure between groups of crew
members can be used in further epidemiological studies of reproductive health.

Baste V, Moen BE, Oftedal G, Strand LA, Bjarge L, Mild KH. Pregnancy Outcomes
After Paternal Radiofrequency Field Exposure Aboard Fast Patrol Boats. J Occup
Environ Med. 54(4):431-438, 2012.

OBJECTIVES: To investigate adverse reproductive outcomes among male employees in
the Royal Norwegian Navy exposed to radiofrequency electromagnetic fields aboard fast
patrol boats. METHODS: Cohort study of Royal Norwegian Navy servicemen linked to
the Medical Birth Registry of Norway, including singleton offspring born between 1967
and 2008 (n = 37,920). Exposure during the last 3 months before conception (acute) and
exposure more than 3 months before conception (nonacute) were analyzed. RESULTS:
Perinatal mortality and preeclampsia increased after service aboard fast patrol boats
during an acute period and also after increased estimated radiofrequency exposure
during an acute period, compared with service aboard other vessels. No associations
were found between nonacute exposure and any of the reproductive outcomes.
CONCLUSIONS: Paternal work aboard fast patrol boats during an acute period was
associated with perinatal mortality and preeclampsia, but the cause is not clear.

Bastide M, Youbibier-Simoa BJ, Lebecq JC, Giaimis J. Toxicologic study of
electromagnetic radiation emitted by television and video display screens and
cellular telephones on chickens and mice. Indoor Built Environ 10:291-298, 2001.

The effects of continuous exposure of chick embryos and young chickens to the
electromagnetic fields (EMFs) emitted by video display units (VDUs) and GSM cell phone
radiation, either the whole spectrum emitted or attenuated by a copper gauze, were
investigated. Permanent exposure to the EMFs radiated by a VDU was associated with
significantly increased fetal loss (47-68%) and markedly depressed levels of circulating
specific antibodies (IgG), corticosterone and melatonin. We have also shown that under
chronic exposure conditions, GSM cell phone radiation was harmful to chick embryos,
stressful for healthy mice and, in this species, synergistic with cancer insofar as it
depleted stress hormones. The same pathological results were observed after substan
tial reduction of the microwaves radiated from the cell phone by attenuating them with a
copper gauze.

Batellier F, Couty I, Picard D, Brillard JP. Effects of exposing chicken eggs to a cell
phone in "call" position over the entire incubation period. Theriogenology.
69(6):737-745,2008

The aim of the present study was to assess the effects of exposing fertile chicken
eggs to a cell phone repeatedly calling a ten-digit number at 3-min intervals over the
entire period of incubation. A pre-experiment was performed first to adjust incubation
conditions in an experimental chamber devoid of metallic content and without
automatic turning until the overall performance of hatchability was reproducible in the
absence of the cell phone. The experimental period consisted of a series of 4
incubations referred to as "replicates”. For each replicate, one batch of 60 eggs was
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exposed to the immediate environment (</=25cm) of a cell phone in the "call" position
(exposed group), while another batch of 60 eggs, 1.5m away from the exposed group
and also in the incubation chamber, was exposed to a similar cell phone in the "off"
position (sham group). For each replicate, 2 other groups each of 60 eggs were also
incubated, one in a standard mini-incubator ("Control I" group) and the second in a
standard medium size incubator ("Control II" group). Temperature, relative humidity
and electromagnetic fields in the experimental chamber were permanently monitored
over the entire experiment. A significantly higher percentage of embryo mortality was
observed in the "exposed"” compared to the "sham" group in 2 of the 4 replicates
(p<.05). In comparison with control groups, additional embryo mortality in the
exposed group occurred mainly between Days 9 and 12 of incubation but a causal
relationship between the intensity of the electric field and embryo mortality could not
be established.

Bayat M, Hemati S, Soleimani-Estyar R, Shahin-Jafari A. Effect of long-term
exposure of mice to 900 MHz GSM radiation on experimental cutaneous
candidiasis. Saudi J Biol Sci. 24(4):907-914, 2017.

Mobile phones communicate with base stations using 900 MHz microwaves. The current
study was aimed to survey the effects of long-term 900 MHz microwave exposure of mice
on experimentally induced cutaneous candidiasis. Forty inbred, male, BALB/c mice were
randomly divided into four groups. Cutaneous lesions with Candida albicans were
experimentally induced on the lateral-back skin of the 20 mice. One group of the diseased
mice were exposed (6 h per day and 7 d per week) to 900 MHz microwave radiation,
while the other groups were not exposed. Two unexposed control groups were also
included. The skin lesions were regularly monitored and the live candida cell density was
enumerated using the colony-forming unit (CFU) assay. The process was repeated after
a one week resting interval. One week later, all mice were challenged through intra tail
veins using LDgo dose of C. albicans. Mortality of the mice was recorded and the candida
load of the kidney homogenates from died animals was counted. 900 MHz microwave
exposed mice had 1.5 day and 3.7 day delays on wound healing in stages two. Live
Candida inoculated Wave exposed (LCW) mice also showed higher yeast loads in skin
lesions at days 5, 7 and 9 post inoculation. Survival analysis of live candida challenged
mice showed the radiation exposed group is prone to death induced by systemic infection
and candida enumeration from the kidney homogenates showed radiation exposed
animals have had significantly higher yeast load in the tissue. In collection, long-term

900 MHz radiation exposure of mice led to longevity of skin wounds and susceptibility of
the animals to systemic challenge and higher incidences of microorganisms in internal
tissues.

Beason RC, Semm P. Responses of neurons to an amplitude-modulated
microwave stimulus. Neurosci Lett 333(3):175-178, 2002.

In this study we investigated the effects of a pulsed radio frequency signal similar to the
signal produced by global system for mobile communication telephones (900 MHz carrier,
modulated at 217 Hz) on neurons of the avian brain. We found that such stimulation
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resulted in changes in the amount of neural activity by more than half of the brain cells.
Most (76%) of the responding cells increased their rates of firing by an average 3.5-fold.
The other responding cells exhibited a decrease in their rates of spontaneous activity
Such responses indicate potential effects on humans using hand-held cellular phones.

Bedir R, Tumkaya L, Sehitoglu i, Kalkan Y, Yilmaz A, Sahin OZ. The effect of
exposure of rats during prenatal period to radiation spreading from mobile phones
on renal development. Ren Fail. 37(2):305-309, 2015.

Background: The aim of this study was to investigate the effects of exposure to a 900-
MHz electromagnetic field (EMF) produced by mobile phones on the renal development
of prenatal rats. Histopathological changes and apoptosis in the kidneys, together with
levels of urea, creatinine and electrolyte in serum were determined. METHODS: A total
of 14 Sprague-Dawley rats were studied. Pregnant rats were divided into two equal
groups: a control group and an EMF-exposed group. The study group was exposed to
900-MHz of EMF during the first 20 days of pregnancy, while the control group was
unexposed to EMF. Sections obtained from paraffin blocks were stained for caspase-3 by
immunohistochemistry, hematoxylin-eosin and Masson's trichrome. RESULTS: Mild
congestion and tubular defects, and dilatation of Bowman's capsule were observed in the
kidney tissues of rats in the exposed group. Apoptosis was evaluated using anti-caspase-
3; stronger positive staining was observed in the renal tubular cells in the study group
than those of the control group. Although there was a significant difference between the
study and control groups in terms of K(+) level (p <0.05), no significant difference was
observed in the other parameters studied (p >0.05). CONCLUSION: Our study shows
that the electromagnetic waves propagated from mobile phones have harmful effects on
the renal development of prenatal rats.

Beede KE, Kass SJ. Engrossed in conversation: The impact of cell phones on
simulated driving performance. Accid Anal Prev38(2):415-21, 2006.

The current study examined the effects of cognitively distracting tasks on various
measures of driving performance. Thirty-six college students with a median of 6 years of
driving experience completed a driving history questionnaire and four simulated driving
scenarios. The distraction tasks consisted of responding to a signal detection task and
engaging in a simulated cell phone conversation. Driving performance was measured in
terms of four categories of behavior: traffic violations (e.g., speeding, running stop signs),
driving maintenance (e.g., standard deviation of lane position), attention lapses (e.g.,
stops at green lights, failure to visually scan for intersection traffic), and response time
(e.g., time to step on brake in response to a pop-up event). Performance was significantly
impacted in all four categories when drivers were concurrently talking on a hands-free
phone. Performance on the signal detection task was poor and not significantly impacted
by the phone task, suggesting that considerably less attention was paid to detecting these
peripheral signals. However, the signal detection task did interact with the phone task on
measures of average speed, speed variability, attention lapses, and reaction time. The
findings lend further empirical support of the dangers of drivers being distracted by cell
phone conversations.
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Beekhuizen J, Vermeulen R, Kromhout H, Blrgi A, Huss A. Geospatial modelling of
electromagnetic fields from mobile phone base stations. Sci Total Environ. 2013
Jan 16;445-446C:202-209. doi: 10.1016/j.scitotenv.2012.12.020. [Epub ahead of
print]

There is concern that exposure to radio frequency electromagnetic fields (RF-EMF) from
mobile phone base stations might lead to adverse health effects. In order to assess
potential health risks, reliable exposure assessment is necessary. Geospatial exposure
modelling is a promising approach to quantify ambient exposure to RF-EMF for
epidemiological studies involving large populations. We modelled RF-EMF for
Amsterdam, The Netherlands by using a 3D RF-EMF model (NISMap). We subsequently
compared modelled results to RF-EMF measurements in five areas with differing built-up
characteristics (e.g., low-rise residential, high-rise commercial). We performed, in each
area, repeated continuous measurements along a predefined ~2km long path. This
mobile monitoring approach captures the high spatial variability in electric field strengths.
The modelled values were in good agreement with the measurements. We found a
Spearman correlation of 0.86 for GSM900 and 0.85 for UMTS between modelled and
measured values. The average measured GSM900 field strength was 0.21V/m, and
UMTS 0.09V/m. The model underestimated the GSM900 field strengths by 0.07V/m, and
slightly overestimated the UMTS field strengths by 0.01V/m. NISMap provides a reliable
way of assessing environmental RF-EMF exposure for epidemiological studies of RF-
EMF and health in urban areas.

Behari J, Kunjilwar KK, and Pyne S, Interaction of low level modulated RF radiation
with Na*K*-ATPase. Bioelectrochem Bioenerg 47:247-252, 1998.

The effect of low-level amplitude modulated radiofrequency radiation were studied on
Na*-K*-ATPase activity in the brain of developing male Wistar rats of age 23 days
(body weight 55-60 g). They were exposed to carrier wave (CW) frequency 147 MHz
and its sub-harmonic frequencies 73.5 and 36.75 MHz amplitude modulated (AM) at
16 and 76 Hz for 30-35 days (3 h day!, Power density 1.47 mW cm2,average
specific absorption rate 9.65-6.11 W kg'). We observed a statistically significant
increase in Na*-K*-ATPase activity in chronically exposed rats compared to the
control ones. The increase in Na*~K*-ATPase activity was around 19-20% in the rats
exposed to CW frequencies AM at 16 Hz compared to the controls, whereas the
increase in Na*-K*-ATPase activity was around 15-16% in rats exposed to the same
set of CW frequencies but AM at 76 Hz. Though there was a difference in Na*-K*-
ATPase activities (374%) in the two groups but the difference was found to be
statistically insignificant. Within the group of rats exposed to CW frequencies
amplitude modulated at 16 and 76 Hz, respectively, the effect on Na*~K*-ATPase
activity was found to be independent of the magnitude of CW frequencies. An
additional single short duration (2060 min) exposure of membranes in vitro from
different exposed group to the above field did not show any significant alteration on
Na*-K*-ATPase activity. It is concluded that a low level effect of amplitude modulated
radiation produces statistically significant effect on Na*-K*-ATPase activity but is
insensitive to the carrier wave frequencies under investigation.
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Behari J, Nirala JP. Specific absorption rate variation in a brain phantom due to
exposure by a 3G mobile phone: problems in dosimetry. Indian J Exp Biol.
51(12):1079-1085, 2013.

A specific absorption rate (SAR) measurements system has been developed for
compliance testing of personal mobile phone in a brain phantom material contained in
a Perspex box. The volume of the box has been chosen corresponding to the volume
of a small rat and illuminated by a 3G mobile phone frequency (1718.5 MHz), and the
emitted radiation directed toward brain phantom .The induced fields in the phantom
material are measured. Set up to lift the plane carrying the mobile phone is run by a
pulley whose motion is controlled by a stepper motor. The platform is made to move
at a pre-determined rate of 2 degrees per min limited up to 20 degrees. The
measured data for induced fields in various locations are used to compute
corresponding SAR values and inter comparison obtained. These data are also
compared with those when the mobile phone is placed horizontally with respect to the
position of the animal. The SAR data is also experimentally obtained by measuring a
rise in temperature due to this mobile exposures and data compared with those
obtained in the previous set. To seek a comparison with the safety criteria same set
of measurements are performed in 10 g phantom material contained in a cubical box.
These results are higher than those obtained with the knowledge of induced field
measurements. It is concluded that SAR values are sensitive to the angular position
of the moving platform and are well below the safety criteria prescribed for human
exposure. The data are suggestive of having a fresh look to understand the mode of
electromagnetic field -bio interaction.

Behrens T, Lynge E, Cree |, Sabroe S, Lutz JM, Afonso N, Eriksson M, Guénel
P, Merletti F, Morales-Suarez-Varela M, Stengrevics A, Févotte J, Llopis-
Gonzalez A, Gorini G, Sharkova G, Hardell L, Ahrens W. Occupational exposure
to electromagnetic fields and sex-differential risk of uveal melanoma. Occup
Environ Med.67(11):751-759, 2010

Objectives The association between occupational exposure to electromagnetic fields
(EMF) and the risk of uveal melanoma was investigated in a case-control study in
nine European countries. Methods Incident cases of uveal melanoma and population
as well as hospital controls were included and frequency matched by country, 5-year
birth cohort and sex. Subjects were asked whether they had worked close to high-
voltage electrical transmission installations, computer screens and various electrical
machines, or in complex electrical environments. Measurements of two Scandinavian
job-exposure matrices were applied to estimate lifelong cumulative EMF exposure.
Unconditional logistic regression analyses, stratified by sex and eye colour were
calculated, adjusting for several potential confounders. Results 293 patients with
uveal melanoma and 3198 control subjects were interviewed. Women exposed to
electrical transmission installations showed elevated risks (OR 5.81, 95% CI 1.72 to
19.66). Positive associations with exposure to control rooms were seen among men
and women, but most risk increases were restricted to subjects with dark iris colour.
Application of published EMF measurements revealed stronger risk increases among
women compared to men. Again, elevated risks were restricted to subjects with dark
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eye colour. Conclusion Although based on a low prevalence of exposure to potential
occupational sources of EMF, our data indicate that exposed dark-eyed women may
be at particular risk for uveal melanoma.

Bellieni CV, Pinto |, Bogi A, Zoppetti N, Andreuccetti D, Buonocore G. Exposure to
electromagnetic fields from laptop use of "laptop” computers. Arch Environ Occup
Health. 67(1):31-36, 2012.

Portable computers are often used at tight contact with the body and therefore are called
"laptop.” The authors measured electromagnetic fields (EMFs) laptop computers produce
and estimated the induced currents in the body, to assess the safety of laptop computers.
The authors evaluated 5 commonly used laptop of different brands. They measured EMF
exposure produced and, using validated computerized models, the authors exploited the
data of one of the laptop computers (LTCs) to estimate the magnetic flux exposure of the
user and of the fetus in the womb, when the laptop is used at close contact with the
woman's womb. In the LTCs analyzed, EMF values (range 1.8-6 uT) are within
International Commission on Non-lonizing Radiation (NIR) Protection (ICNIRP)
guidelines, but are considerably higher than the values recommended by 2 recent
guidelines for computer monitors magnetic field emissions, MPR Il (Swedish Board for
Technical Accreditation) and TCO (Swedish Confederation of Professional Employees),
and those considered risky for tumor development. When close to the body, the laptop
induces currents that are within 34.2% to 49.8% ICNIRP recommendations, but not
negligible, to the adult's body and to the fetus (in pregnant women). On the contrary, the
power supply induces strong intracorporal electric current densities in the fetus and in the
adult subject, which are respectively 182-263% and 71-483% higher than ICNIRP 98
basic restriction recommended to prevent adverse health effects. Laptop is paradoxically
an improper site for the use of a LTC, which consequently should be renamed to not
induce customers towards an improper use.

Belokhvostov AS, Osipovich VK, Veselova OM, Kolodiazhnaia VA. [DNA analysis
of retroposon-like genetic LINE elements in blood plasma of rats exposed to radio-
diapason electromagnetic waves] Radiats Biol Radioecol 35(3):356-363, 1995.
[Article in Russian]

The elevation of LINE-elements' DNA level was revealed in blood plasma of rats exposed
to electromagnetic waves. The amount of full-size 5'-containing LINE-elements copies
was increased especially. Connection of this effect with retrotransposon activation and
genetic instability condition of organism development is supposed.

Belousova TE, Kargina-Terent'eva RA, [Adrenergic nerve plexuses of heart and
adrenal and myocardial catecholamines of spontaneously hypertensive rats under
the influence of electromagnetic irradiation in the millimeter range]. Morfologiia
115(1):16-18, 1999. [Article in Russian]

Condition of adrenergic cardiac and adrenal nervous plexuses of Kyoto-Wistar Rats
(WKY) and spontaneously hypertensive rats (SHR) was examined by quantitative
neurohistochemical methods before and after extremely high frequency field (EHF field)
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influence of "Bayur" microwave therapy apparatus in mode 1 (42,194 MHz frequency, 7.1
mm wavelength) and in mode 3 (53,534 MHz frequency, 5.6 mm wavelength). Reduction
of myocardial nervous plexus density and catecholamine luminescence intensity were
detected in SHR, as well as decrease of adrenal glands relative weight and
catecholamine luminescence intensity in adrenal medulla of SHR, that is indicative of
suppression of sympatho-adrenal system of hypertensive animals by EHF field influence
in medical operating modes.

Belyaev IYa, Alipov YD, Shcheglov VS, Lystsov VN, Resonance effect of
microwaves on the genome conformational state of E. coli cells. Z Naturforsch [C]
47(7-8):621-827, 1992.

The effect of low intensity microwaves on the conformational state of the genome of X-
irradiated E. coli cells was studied by the method of viscosity anomalous time
dependencies. It has been established that within the ranges of 51.62-51.84 GHz and
41.25-41.50 GHz the frequency dependence of the observed effect has a resonance
nature with a resonance half-width of the order of 100 MHz. The power dependence of
the microwave effect within the range of 0.1-200 microwW/cm2 has shown that a power
density of 1 microwW/cmz2 is sufficient to suppress radiation-induced repair of the genome
conformational state. The effect of microwave suppression of repair is well reproduced
and does not depend on the sequence of cell exposure to X-rays and microwave
radiation in the millimeter band. The results obtained indicate the role of the cell genome
in the resonant interaction of cells with low intensity millimeter waves.

Belyaev 1Y, Shcheglov VS, Alipov YD, Polunin VA, Resonance effect of millimeter
waves in the power range from 10(-19) to 3 x 10(-3) W/cm2 on Escherichia coli cells
at different concentrations. Bioelectromagnetics 17(4):312-321, 1996.

The effect of millimeter waves (MMWs) on the genome conformational state (GCS) of E.
coli AB1157 cells was studied by the method of anomalous viscosity time dependencies
(AVTD) in the frequency range of 51.64-51.85 GHz. The 51.755 GHz resonance
frequency of the cell reaction to MMWs did not depend on power density (PD) in the
range from 10(-19) to 3 x 10(-3) W/cm2. The half-width of the resonant reaction of cells
showed a sigmoid dependence on PD, changing from 3 MHz to 100 MHz. The PD
dependence of the half-width had the same shape for different concentrations of exposed
cells (4 x 10(7) and 4 x 10(8) cells/ml), whereas the magnitude of the 51.755 GHz
resonance effect differed significantly and depended on the PD of MMW exposure. Sharp
narrowing of the 51.755 GHz resonance in the PD range from 10(-4) to 10(-7) W/cm2
was followed by an emergence of new resonance frequencies. The PD dependence of
the MMW effect at one of these resonance frequencies (51.674 GHz) differed markedly
from the corresponding dependence at the 51.755 GHz resonance, the power window
occurring in the range from 10(-16) to 10(-8) W/cm2. The results obtained were explained
in the framework of a model of electron-conformational interactions. The frequency-time
parameters of this model appeared to be in good agreement with experimental data.

Belyaev 1Y, Hillert L, Protopopova M, Tamm C, Malmgren LO, Persson BR,
Selivanova G, Harms-Ringdahl M. 915 MHz microwaves and 50 Hz magnetic field
affect chromatin conformation and 53BP1 foci in human lymphocytes from
hypersensitive and healthy persons. Bioelectromagnetics. 26(3):173-184, 2005.
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We used exposure to microwaves from a global system for mobile communication (GSM)
mobile phone (915 MHz, specific absorption rate (SAR) 37 mW/kg) and power frequency
magnetic field (50 Hz, 15 muT peak value) to investigate the response of lymphocytes
from healthy subjects and from persons reporting hypersensitivity to electromagnetic field
(EMF). The hypersensitive and healthy donors were matched by gender and age and the
data were analyzed blind to treatment condition. The changes in chromatin conformation
were measured with the method of anomalous viscosity time dependencies (AVTD).
53BP1 protein, which has been shown to colocalize in foci with DNA double strand
breaks (DSBs), was analyzed by immunostaining in situ. Exposure at room temperature
to either 915 MHz or 50 Hz resulted in significant condensation of chromatin, shown as
AVTD changes, which was similar to the effect of heat shock at 41 degrees C. No
significant differences in responses between normal and hypersensitive subjects were
detected. Neither 915 MHz nor 50 Hz exposure induced 53BP1 foci. On the contrary, a
distinct decrease in background level of 53BP1 signaling was observed upon these
exposures as well as after heat shock treatments. This decrease correlated with the
AVTD data and may indicate decrease in accessibility of 53BP1 to antibodies because of
stress-induced chromatin condensation. Apoptosis was determined by morphological
changes and by apoptotic fragmentation of DNA as analyzed by pulsed-field gel
electrophoresis (PFGE). No apoptosis was induced by exposure to 50 Hz and 915 MHz
microwaves. In conclusion, 50 Hz magnetic field and 915 MHz microwaves under
specified conditions of exposure induced comparable responses in lymphocytes from
healthy and hypersensitive donors that were similar but not identical to stress response
induced by heat shock.

Belyaev 1Y, Koch CB, Terenius O, Roxstrom-Lindquist K, Malmgren LO, H Sommer
W, Salford LG, Persson BR. Exposure of rat brain to 915 MHz GSM microwaves
induces changes in gene expression but not double stranded DNA breaks or
effects on chromatin conformation. Bioelectromagnetics.27(4):295-306,2006.

We investigated whether exposure of rat brain to microwaves (MWSs) of global system for
mobile communication (GSM) induces DNA breaks, changes in chromatin conformation
and in gene expression. An exposure installation was used based on a test mobile phone
employing a GSM signal at 915 MHz, all standard modulations included, output power
level in pulses 2 W, specific absorption rate (SAR) 0.4 mW/g. Rats were exposed or
sham exposed to MWs during 2 h. After exposure, cell suspensions were prepared from
brain samples, as well as from spleen and thymus. For analysis of gene expression
patterns, total RNA was extracted from cerebellum. Changes in chromatin conformation,
which are indicative of stress response and genotoxic effects, were measured by the
method of anomalous viscosity time dependencies (AVTD). DNA double strand breaks
(DSBs) were analyzed by pulsed-field gel electrophoresis (PFGE). Effects of MW
exposure were observed on neither conformation of chromatin nor DNA DSBs. Gene
expression profiles were obtained by Affymetrix U34 GeneChips representing 8800 rat
genes and analyzed with the Affymetrix Microarray Suite (MAS) 5.0 software. In
cerebellum from all exposed animals, 11 genes were upregulated in a range of 1.34-2.74
fold and one gene was downregulated 0.48-fold (P < .0025). The induced genes encode
proteins with diverse functions including neurotransmitter regulation, blood-brain barrier
(BBB), and melatonin production. The data shows that GSM MWs at 915 MHz did not
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induce PFGE-detectable DNA double stranded breaks or changes in chromatin
conformation, but affected expression of genes in rat brain cells

Belyaev 1Y, Markova E, Hillert L, Malmgren LO, Persson BR. Microwaves from
UMTS/GSM mobile phones induce long-lasting inhibition of 53BP1/gamma-H2AX
DNA repair foci in human lymphocytes. Bioelectromagnetics.30(2):129-141, 2009

We have recently described frequency-dependent effects of mobile phone
microwaves (MWSs) of global system for mobile communication (GSM) on human
lymphocytes from persons reporting hypersensitivity to electromagnetic fields and
healthy persons. Contrary to GSM, universal global telecommunications system
(UMTS) mobile phones emit wide-band MW signals. Hypothetically, UMTS MWs may
result in higher biological effects compared to GSM signal because of eventual
"effective” frequencies within the wideband. Here, we report for the first time that
UMTS MWs affect chromatin and inhibit formation of DNA double-strand breaks co-
localizing 53BP1/gamma-H2AX DNA repair foci in human lymphocytes from
hypersensitive and healthy persons and confirm that effects of GSM MWs depend on
carrier frequency. Remarkably, the effects of MWs on 53BP1/gamma-H2AX foci
persisted up to 72 h following exposure of cells, even longer than the stress response
following heat shock. The data are in line with the hypothesis that the type of signal,
UMTS MWs, may have higher biological efficiency and possibly larger health risk
effects compared to GSM radiation emissions. No significant differences in effects
between groups of healthy and hypersensitive subjects were observed, except for the
effects of UMTS MWs and GSM-915 MHz MWs on the formation of the DNA repair
foci, which were different for hypersensitive (P < 0.02[53BP1]//0.01[gamma-H2AX])
but not for control subjects (P > 0.05). The non-parametric statistics used here did not
indicate specificity of the differences revealed between the effects of GSM and UMTS
MWs on cells from hypersensitive subjects and more data are needed to study the
nature of these differences.

Benson VS, Pirie K, Schiiz J, Reeves GK, Beral V, Green J; for the Million Women
Study Collaborators. Mobile phone use and risk of brain neoplasms and other
cancers: prospective study. Int J Epidemiol. 2013 May 8. [Epub ahead of print]

BACKGROUND: Results from some retrospective studies suggest a possible increased
risk of glioma and acoustic neuroma in users of mobile phones. METHODS: The relation
between mobile phone use and incidence of intracranial central nervous system (CNS)
tumours and other cancers was examined in 791 710 middle-aged women in a UK
prospective cohort, the Million Women Study. Cox regression models were used to
estimate adjusted relative risks (RRs) and 95% confidence intervals (Cls). Women
reported mobile phone use in 1999 to 2005 and again in 2009. RESULTS: During 7
years' follow-up, 51 680 incident invasive cancers and 1 261 incident intracranial CNS
tumours occurred. Risk among ever vs never users of mobile phones was not increased
for all intracranial CNS tumours (RR = 1.01, 95% CI = 0.90-1.14, P = 0.82), for specified
CNS tumour types nor for cancer at 18 other specified sites. For long-term users
compared with never users, there was no appreciable association for glioma (10+ years:
RR =0.78, 95% CI = 0.55-1.10, P = 0.16) or meningioma (10+ years: RR =1.10, 95% ClI
= 0.66-1.84, P = 0.71). For acoustic neuroma, there was an increase in risk with long term
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use vs never use (10+ years: RR = 2.46, 95% CI = 1.07-5.64, P = 0.03), the risk
increasing with duration of use (trend among users, P = 0.03). CONCLUSIONS: In this
large prospective study, mobile phone use was not associated with increased incidence
of glioma, meningioma or non-CNS cancers.

Berg G, Schuz J, Samkange-Zeeb F, Blettner M. Assessment of radiofrequency
exposure from cellular telephone daily use in an epidemiological study: German
Validation study of the international case-control study of cancers of the brain-
INTERPHONE-Study. J Expo Anal Environ Epidemiol. 15(3):217-224, 2004.

OBJECTIVE: The objective of the study is to validate self-reported cellular phone use
information by comparing it with the cumulative emitted power and duration of calls
measured by software-modified cellular phones (SMP). The information was obtained
using a questionnaire developed for the international case-control study on the risk of the
use of mobile phones in tumours of the brain or salivary gland (INTERPHONE-study).
Method: The study was conducted in Bielefeld, Germany. Volunteers were asked to use
SMPs instead of their own cellular phones for a period of 1 month. The SMP recorded the
power emitted by the mobile phone handset during each base station contact. Information
on cellular phone use for the same time period from traffic records of the network
providers and from face-to-face interviews with the participants 3 months after the SMP
use was assessed. Pearson's correlation coefficients and linear regression models were
used to analyse the association between information from the interview and from the
SMP. Results: In total, 1757 personal mobile phone calls were recorded for 45 persons
by SMP and traffic records. The correlation between the self-reported information about
the number and the duration of calls with the cumulative power of calls was 0.50 (P<0.01)
and 0.48 (P<0.01), respectively. Almost 23% of the variance of the cumulative power was
explained by either the number or the cumulative duration of calls. After inclusion of
possible confounding factors in the regression model, the variance increased to 26%.
Minor confounding factors were "network provider", "contract form", and "cellular phone
model". Discussion: The number of calls alone is a sufficient parameter to estimate the
cumulative power emitted by the handset of a cellular telephone. The cumulative power
emitted by these phones is only associated with number of calls but not with possible
confounding factors. Using the mobile phone while driving, mainly in cities, or mainly in
rural areas is not associated with the recorded cumulative power in the SMP.

Berg G, Spallek J, Schuz J, Schlehofer B, Bohler E, Schlaefer K, Hettinger |, Kunna-
Grass K, Wahrendorf J, Blettner M. Occupational exposure to radio
frequency/microwave radiation and the risk of brain tumors: Interphone Study
Group, Germany. Am J Epidemiol.164(6):538-548, 2006.

It is still under debate whether occupational exposure to radio frequency/microwave
electromagnetic fields (RF/MW-EMF) contributes to the development of brain tumors.
This analysis examined the role of occupational RF/MW-EMF exposure in the risk of
glioma and meningioma. A population-based, case-control study including 381
meningioma cases, 366 glioma cases, and 1,494 controls aged 30-69 years was
performed in three German regions in 2000-2003. An exposure matrix for
occupational activity was constructed by using information on RF/MW-EMF exposure
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collected in a computer-assisted personal interview. "High" exposure was defined as
an occupational exposure that may exceed the RF/MW-EMF exposure limits for the
general public recommended by the International Commission on Non-lonizing
Radiation Protection. Multiple conditional logistic regressions were performed
separately for glioma and meningioma. No significant association between
occupational exposure to RF/MW-EMF and brain tumors was found. For glioma, the
adjusted odds ratio for highly exposed persons compared with persons not highly
exposed was 1.21 (95% confidence interval: 0.69, 2.13); for meningioma, it was 1.34
(95% confidence interval: 0.64, 2.81). However, the slight increase in risk observed
with increasing duration of exposure merits further research with larger sample sizes.

Bergamaschi A, Magrini A, Ales G, Coppetta L, Somma G. Are thyroid dysfunctions
related to stress or microwave exposure (900 MHz)? Int J Immunopathol
Pharmacol. 17(2 Suppl):31-36, 2004.

In the last decade, numerous scientific evidence suggested possible adverse health
effects from exposure to electromagnetic fields (EMF’s) and the use of mobile phones.
According to some studies EMF induced changes of trans-membrane Ca++ flux may lead
to altered metabolism and/or secretion of neurohormones including TSH, ACTH, GH,
prolactin and melatonin. The aim of this research was to analyse the effects of mobile
phone use on thyroid function and to evaluate the possible role of occupational stress.
2598 employees (1355 men and 1243 women) with different duties (vendors, operators
and network technicians) were included in the study. Exposure to EMF’s, generated by
mobile phones, was assessed both by submitting a questionnaire directly to the
employees and acquiring data regarding conversation times. The workers were divided
into three groups on the basis of their personal mobile phone use. Moreover, a group of
160 workers with TSH values below 0.4 Ul/l was characterized. No statistically significant
difference regarding TSH values below 0.4 Ul/l was observed among workers with
different duties but there was a greater prevalence of subjects with low TSH values
among 192 employees with more than 33 hrs/month conversation time; this difference
was statistically significant (p< 0.05). On the basis of our data, it is not possible to
establish whether this result is determined by exposure to EMF’s from mobile phones or
by the stress of using these instruments.

Berg-Beckhoff G, Blettner M, Kowall B, Breckenkamp J, Schlehofer B, Schmiedel
S, Bornkessel C, Reis U, Potthoff P, Schuz J Mobile phone base stations and
adverse health effects: phase 2 of a cross-sectional study with measured radio
frequency electromagnetic fields. Occup Environ Med 66:124-130, 2009.

ABSTRACT. Objective: The aim of the cross-sectional study was to test the hypothesis
that exposure to continuous low-level radio frequency electromagnetic fields (RF-EMFs)
emitted from mobile phone base stations was related to various health disturbances.
Methods: For the investigation people living mainly in urban regions were selected from a
nationwide study in 2006. In total, 3526 persons responded to a questionnaire (response
rate 85%). For the exposure assessment a dosimeter measuring different RF-EMF
frequencies was used. Participants answered a postal questionnaire on how mobile
phone base stations affected their health and they gave information on sleep
disturbances, headaches, health complaints and mental and physical health using
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standardised health questionnaires. Information on stress was also collected. Multiple
linear regression models were used with health outcomes as dependent variables
(n=1326). Results: For the five health scores used, no differences in their medians were
observed for exposed versus nonexposed participants. People who attributed adverse
health effects to mobile phone base stations reported significantly more sleep
disturbances and health complaints, but they did not report more headaches or less
mental and physical health. Individuals concerned about mobile phone base stations did
not have different wellbeing scores compared with those who were not concerned.
Conclusions: In this large population-based study, measured RF-EMFs emitted from
mobile phone base stations were not associated with adverse health effects.

Bergdahl J, Tillberg A, Stenman E. Odontologic survey of referred patients with
symptoms allegedly caused by electricity or visual display units. Acta Odontol
Scand. 56(5):303-307, 1998.

Twenty-eight consecutive patients with symptoms allegedly caused by electricity or
visual display units were odontologically investigated according to a specially
designed registration form including an anamnestic interview and a clinical protocol.
The most common oral and general symptoms reported were burning mouth,
craniomandibular dysfunction symptoms, skin complaints, and fatigue. Oral
symptoms such as craniomandibular dysfunction and general symptoms such as eye
complaints and dizziness scored highest on a visual analog scale regarding mean
symptom intensity. The patients reported various numbers of medical diagnoses,
such as allergic rhinitis or asthma and hypothyroidism. Various dental diseases were
found; the most common were temporomandibular joint and masticatory muscle
dysfunctions, lesions in the oral mucosa, and periodontal diseases. Urinary-Hg (U-
Hg) analysis showed a mean U-Hg concentration of 8.5 nmol Hg/L urine, and none of
the patients exceeded the limit of 50 nmol Hg/L urine. The U-Hg concentration was
positively correlated with the number of amalgam fillings (P< 0.01) and
craniomandibular disorders (P < 0.05). No or low secretion of the minor mucous
glands was found in 43% of the patients. One patient showed hypersensitivity to gold
and cobalt. The present study showed that various odontologic factors might be
involved in some of these patients' suffering. Thus, it is important that professionals
from other disciplines collaborate with dentistry if these patients are to be properly
investigated.

Bergqvist B, Arvidsson L, Pettersson E, Galt S, Saalman E, Hamnerius Y, Norden
B, Effect of microwave radiation on permeability of liposomes. Evidence against
non-thermal leakage. Biochim Biophys Acta 1201(1):51-54, 1994.

The effect of 2.45 GHz microwave radiation on the permeability of unilamellar
phosphatidylcholine liposomes has been studied. Leakage of 5(6)-carboxyfluorescein
from the liposomes was measured using spectrofluorimetry after exposure to either
microwaves or thermal heating for 5-20 min intervals. The exposure temperature,
37.6 +/- 0.5 degrees C, was well above the phase transition temperature of the lipid
membrane. The microwave exposure did not result in any non-thermal increase in
permeability above that produced by thermal heating. This study refutes the results
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reported by Saalman et al. [Biochim Biophys Acta 1064(1):124-130, 1991] in which
an increased liposome permeability due to microwave exposure was reported. The
refined analysis in the present study shows that this increased liposome permeability
was not a non-thermal microwave effect.

Berolo S, Steenstra I, Amick BC 3rd, Wells RP. A comparison of two methods to
assess the usage of mobile hand-held communication devices. J Occup Environ
Hyg. 2014 Dec 1:0. [Epub ahead of print]

Objective: The purposes of this study were to: 1) examine agreement between self-
reported measures of mobile device use and direct measures of use, and 2) understand
how respondents thought about their device use when they provided self-reports.
Methods: Self-reports of six categories of device use were obtained using a previously
developed questionnaire, and direct measures of use were collected using a custom
logging application (n = 47). Bland-Altman analyses were used to examine agreement
between the two measurement approaches. Interviews targeted participants' experiences
completing the device use section of the questionnaire. Results: Self-reports of use on a
typical day last week overestimated logged use; overestimates tended to be low at low
average usage times, and became more variable as usage time increased. Self-reports of
use yesterday also exceeded logged use, however the degree of overestimation was less
than for a typical day last week. Six themes were identified from interviews, including the
thought process used by participants to arrive at usage and the ease of reporting usage.
Discussion: It is challenging for respondents of this questionnaire to provide accurate self-
reports of use. The source of this challenge may be attributed to the intrinsic difficulty of
estimating use, partly due to the multiple functions of the devices as well as the variability
of use both within a day and a week. Conclusion: Research investigating the relationship
between device use and health outcomes should include a logging application to examine
exposure simultaneously with self-reports to better understand the sources of hazardous
exposures.

Besset A, Espa F, Dauvilliers Y, Billiard M, de Seze R. No effect on cognitive
function from daily mobile phone use. Bioelectromagnetics. 26(2):102-108, 2005.

The increasing use of mobiles phones (MP) has raised the problem of the effects of daily
electromagnetic fields (EMF) exposure on human health. To date several studies have
been published concerning the effects of acute MP exposure on psychomotor
performances. This study investigated the effects of daily exposure to GSM 900 type MP
on cognitive function. Fifty-five subjects (27 male and 28 female) were divided into two
groups: a group with MP switched on and a group with MP switched off. The two groups
were matched according to age, gender, and IQ. This double blind study lasted for 45
days and was divided in three periods: baseline (BLP, 2 days), exposure (EP, 27 days),
and recovery (RP, 13 days). Subjects were exposed during EP and sham exposed during
RP for 2 h/day, 5 days/week. The neuropsychological test battery composed of 22 tasks
screened four neuropsychological categories: information processing, attention capacity,
memory function, and executive function. This neuropsychological battery was performed
four times on day 2 (BLP), day 15 (EP), day 29 (EP), and day 43 (RP). Our results
indicate that daily MP use has no effect on cognitive function after a 13-h rest period.
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Betts TR, Simpson IA, Inhibition of temporary pacing by a mobile phone. Heart
87:130, 2002.

A patient with no underlying rhythm was receiving transvenoustemporary pacing from
an external pulse generator and bipolartemporary pacing wire on a coronary care
unit. While examiningthe patient, the consultant cardiologist was telephoned on
hismobile phone, carried in his jacket pocket. The electromagnetic interference
generated by the ringing mobile phone caused inappropriatesensing by the pulse
generator and inhibition of ventricularpacing. The image shows the resultant 2.5
second pause. Pacing recommenced when the mobile phone was moved away from
the bedside.This case is a reminder that mobile phones may adversely affect
electronic hospital equipment.

Bhatt CR, Redmayne M, Billah B, Abramson MJ, Benke G. Radiofrequency-
electromagnetic field exposures in kindergarten children. J Expo Sci Environ
Epidemiol. 2016 Oct 19. doi: 10.1038/jes.2016.55. [Epub ahead of print]

The aim of this study was to assess environmental and personal radiofrequency-
electromagnetic field (RF-EMF) exposures in kindergarten children. Ten children and 20
kindergartens in Melbourne, Australia participated in personal and environmental
exposure measurements, respectively. Order statistics of RF-EMF exposures were
computed for 16 frequency bands between 88 MHz and 5.8 GHz. Of the 16 bands, the
three highest sources of environmental RF-EMF exposures were: Global System for
Mobile Communications (GSM) 900 MHz downlink (82 mV/m); Universal Mobile
Telecommunications System (UMTS) 2100MHz downlink (51 mV/m); and GSM 900 MHz
uplink (45 mV/m). Similarly, the three highest personal exposure sources were: GSM

900 MHz downlink (50 mV/m); UMTS 2100 MHz downlink, GSM 900 MHz uplink and
GSM 1800 MHz downlink (20 mV/m); and Frequency Modulation radio, Wi-Fi 2.4 GHz
and Digital Video Broadcasting-Terrestrial (10 mV/m). The median environmental
exposures were: 179 mV/m (total all bands), 123 mV/m (total mobile phone base station
downlinks), 46 mV/m (total mobile phone base station uplinks), and 16 mV/m (Wi-Fi

2.4 GHz). Similarly, the median personal exposures were: 81 mV/m (total all bands),

62 mV/m (total mobile phone base station downlinks), 21 mV/m (total mobile phone base
station uplinks), and 9 mV/m (Wi-Fi 2.4 GHz). The measurements showed that
environmental RF-EMF exposure levels exceeded the personal RF-EMF exposure levels
at kindergartens.

Bhatt CR, Benke G, Smith CL, Redmayne M, Dimitriadis C, Dalecki A, Macleod S,
Sim MR, Croft RJ, Wolfe R, Kaufman J, Abramson MJ. Use of mobile and cordless
phones and change in cognitive function: a prospective cohort analysis of
Australian primary school children. Environ Health. 16(1):62, 2017.

BACKGROUND: Some previous studies have suggested an association between
children's use of mobile phones (MPs)/cordless phones (CPs) and development of
cognitive function. We evaluated possible longitudinal associations between the use of
MPs and CPs in a cohort of primary school children and effects on their cognitive
function. METHODS: Data on children's socio-demographics, use of MPs and CPs, and

86


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhatt%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=27759027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redmayne%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27759027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Billah%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27759027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abramson%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=27759027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benke%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27759027
https://www.ncbi.nlm.nih.gov/pubmed/27759027
https://www.ncbi.nlm.nih.gov/pubmed/27759027
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhatt%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benke%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Redmayne%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dimitriadis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dalecki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macleod%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sim%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Croft%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfe%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaufman%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abramson%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=28629417
https://www.ncbi.nlm.nih.gov/pubmed/28629417

cognitive function were collected at baseline (2010-2012) and follow-up (2012-2013).
Cognitive outcomes were evaluated with the CogHealth™ test battery and Stroop Color-
Word test. The change in the number of MP/CP voice calls weekly from baseline to
follow-up was dichotomized: "an increase in calls" or a "decrease/no change in calls".
Multiple linear regression analyses, adjusting for confounders and clustering by school,
were performed to evaluate the associations between the change in cognitive outcomes
and change in MP and CP exposures. RESULTS: Of 412 children, a larger proportion of
them used a CP (76% at baseline and follow-up), compared to a MP (31% at baseline
and 43% at follow-up). Of 26 comparisons of changes in cognitive outcomes, four
demonstrated significant associations. The increase in MP usage was associated with
larger reduction in response time for response inhibition, smaller reduction in the number
of total errors for spatial problem solving and larger increase in response time for a Stroop
interference task. Except for the smaller reduction in detection task accuracy, the
increase in CP usage had no effect on the changes in cognitive outcomes.
CONCLUSION: Our study shows that a larger proportion of children used CPs compared
to MPs. We found limited evidence that change in the use of MPs or CPs in primary
school children was associated with change in cognitive function.

Bianchi A, Phillips JG. Psychological predictors of problem mobile phone use.
Cyberpsychol Behav. 8(1):39-51, 2005.

Mobile phone use is banned or illegal under certain circumstances and in some
jurisdictions. Nevertheless, some people still use their mobile phones despite recognized
safety concerns, legislation, and informal bans. Drawing potential predictors from the
addiction literature, this study sought to predict usage and, specifically, problematic
mobile phone use from extraversion, self-esteem, neuroticism, gender, and age. To
measure problem use, the Mobile Phone Problem Use Scale was devised and validated
as a reliable self-report instrument, against the Addiction Potential Scale and overall
mobile phone usage levels. Problem use was a function of age, extraversion, and low
self-esteem, but not neuroticism. As extraverts are more likely to take risks, and young
drivers feature prominently in automobile accidents, this study supports community
concerns about mobile phone use, and identifies groups that should be targeted in any
intervention campaigns.

Bielski J, Sikorski M, [Disturbances of glucose tolerance in workers exposed to
electromagnetic radiation]. Med Pr 47(3):227-231, 1996. [Article in Polish]

The study group was composed of 50 workers exposed to electromagnetic radiation
(radiowaves). Out of them 31 persons (62%), employed mostly in the risk zone, showed
irregular glycaemia after oral administration of 75 g of glucose. At normal blood sugar
before breakfast, the glycaemia level was high following administration of glucose and it
did not return to starting values after 2 hours. After 30 min from glucose administration the
level accounted for 155 mg%, after 60 min-180 mg%, after 90 min-153 mg% and after
120 min-124 mg%, on average. In 10 persons (32%) with glucose tolerance disturbances,
disorders in bioelectric activity of the brain (abnormal EEG record) were observed.

Bilgici B, Akar A, Avci B, Tuncel OK. Effect of 900 MHz radiofrequency radiation on
oxidative stress In rat brain and serum. Electromagn Biol Med. 32(1):20-29, 2013.
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The increasing use of mobile telephones raises the question of possible adverse effects
of the electromagnetic fields (EMF) that these phones produce. In this study, we
examined the oxidative stress in the brain tissue and serum of rats that resulted from
exposure to a 900-MHz EMF at a whole body average specific absorption rate (SAR) of
1.08 W/kg for 1 h/day for 3 weeks. We also examined the antioxidant effect of garlic
powder (500 mg/kg/day) given orally to EMF-exposed rats. We found that
malondialdehyde (MDA) (p < 0.001) and advanced oxidation protein product (AOPP) (p <
0.05) increased in rat brain tissue exposed to the EMF and that garlic reduced these
effects (p < 0.05). There was no significant difference in the nitric oxide (NO) levels in the
brain. Paraoxonase (PON) was not detected in the brain. There was a significant increase
in the levels of NO (p < 0.001) detected in the serum after EMF exposure, and garlic
intake did not affect this increase in NO. Our results suggest that there is a significant
increase in brain lipid and protein oxidation after electromagnetic radiation (EMR)
exposure and that garlic has a protective effect against this oxidative stress.

Billaudel B, Taxile M, Poulletier de Gannes F, Ruffie G, Lagroye I, Veyret B. Effects
of exposure to DAMPS and GSM signals on Ornithine Decarboxylase (ODC)
activity: Il. SH-SY5Y human neuroblastoma cells. Int J Radiat Biol. 85(6):519-522,
2009.

Purpose: An increase in Ornithine Decarboxylase (ODC) activity was reported in L929
murine fibroblast cells after exposure to a digital cellular telephone signal. This result was
not confirmed by several other studies, including the one reported in a companion paper.
As a partner in the Perform-B programme, we extended this study to human
neuroblastoma cells (SH-SY5Y), using well-defined waveguide systems to imitate
exposure to radiofrequency radiation (RFR): Digital Advanced Mobile Phone System
(DAMPS) or Global System for Mobile communications (GSM) signals emitted by mobile
phones. Materials and methods: Human neuroblastoma cells (SH-SY5Y) were exposed
at various Specific Absorption Rates (SAR) to DAMPS or GSM signals using different set-
ups. Cell ODC activities were assayed using (14)CO(2) generation from (14)C-labeled L-
ornithine. Results: SH-SY5Y cells were incubated for 20 hours, and were blindly exposed
to 50 Hz-modulated DAMPS-835 or 217 Hz-modulated GSM-1800 for 8 or 24 h using
Information Technologies in Society (IT'IS) waveguides equipped with fans. After cell
lysis, ODC activity was determined using (14)C-labeled L-ornithine. ODC activity was
estimated by the (14)CO(2) generated from (14)C-labeled L-ornithine, as generated
d.p.m. (14)CO(2)/h/mg protein. The results showed that, irrespective of the signal used
(835 MHz/DAMPS, or 1800 MHz/GSM) and exposure conditions (duration and SAR),
human SH-SY5Y neuroblastoma cells did not exhibit any alteration in ODC enzyme
activity. Conclusion: This work did not show a significant effect of mobile phone RFR
exposure on ODC activity in neuroblastoma cells (SH-SY5Y).

Billaudel B, Taxile M, Ruffie G, Veyret B, Lagroye |. Effects of exposure to DAMPS
and GSM signals on ornithine decarboxylase (ODC) activity: I. L-929 mouse
fibroblasts. Int J Radiat Biol. 85(6):510-518, 2009.

Purpose: A temporary increase in ornithine decarboxylase (ODC) activity was reported in
lysed L-929 fibroblasts after exposure to the microwaves emitted by Digital Advanced
Mobile Phone System (DAMPS-835 MHz, 2.5 W/Kkg, 8 hours). Confirmation of these data
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was undertaken, given the suggested potential physiopathological consequences, i.e.,
tumour promotion. Materials and methods: Murine L-929 fibroblasts were exposed at
various Specific Absorption rates (SAR) to (DAMPS) or Global System for Mobile
communications (GSM) signals using different set-ups. Cell ODC activities were assayed
using (14)CO(2) generation from (14)C-labeled L-ornithine. Results: ODC activity in live
L-929 cells showed no significant alteration after exposure at an SAR of 2.5 W/kg, for one
hour at the end of exposure to 50 Hz-modulated DAMPS-835 using Transverse Electro-
Magnetic (TEM) cells. No significant alteration in ODC activity was observed at 6 W/kg,
with active fans to regulate temperature (37 degrees C). Tests using cell lysed after
exposure in another temperature-controlled set-up (waveguides) did not confirm the
published studies reporting increased ODC activity in Radio-Frequency radiation (RFR)-
exposed L-929 cells. In the second part of the study, no alteration of ODC activity was
detected when L-929 cells were exposed to different RFR signals: 217 Hz modulated
GSM-900 (wire-patch antenna) or GSM-1800 (waveguides), and lysed before ODC
measurement. Conclusion: We conclude that under our exposure conditions, DAMPS-
835 and GSM signals have no influence on ODC activity in L-929 cells.

Bin-Meferij MM, El-Kott AF. The radioprotective effects of Moringa oleifera against
mobile phone electromagnetic radiation-induced infertility in rats.Int J Clin Exp
Med. 2015 Aug 15;8(8):12487-97. eCollection 2015.

The present study has investigated the effects of mobile phone electromagnetic radiation
(EMR) on fertility in rats. The purpose of this study was to explore the capability of
polyphenolic-rich Moringa oleifera leaf extract in protecting rat testis against EMR-induced
impairments based on evaluation of sperm count, viability, motility, sperm cell
morphology, anti-oxidants (SOD & CAT), oxidative stress marker, testis tissue
histopathology and PCNA immunohistochemistry. The sample consisted of sixty male
Wistar rats which were divided into four equal groups. The first group (the control)
received only standard diet while the second group was supplemented daily and for eight
weeks with 200 mg/kg aqueous extract of Moringa leaves. The third group was exposed
to 900 MHz fields for one hour a day and for (7) days a week. As for the fourth group, it
was exposed to mobile phone radiation and received the Moringa extract. The results
showed that the EMR treated group exhibited a significantly decrease sperm parameters.
Furthermore, concurrent exposure to EMR and treated with MOE significantly enhanced
the sperm parameters. However, histological results in EMR group showed irregular
seminiferous tubules, few spermatogonia, giant multinucleated cells, degenerated
spermatozoa and the number of Leydig cells was significantly reduced. PCNA labeling
indices were significant in EMR group versus the control group. Also, EMR affects
spermatogenesis and causes to apoptosis due to the heat and other stress-related EMR
in testis tissue. This study concludes that chronic exposure to EMR marked testicular
injury which can be prevented by Moringa oleifera leaf extract.

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
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during pregnancy and child behavioral problems in five birth cohorts. Environ Int.
104:122-131, 2017.

INTRODUCTION: Previous studies have reported associations between prenatal cell
phone use and child behavioral problems, but findings have been inconsistent and based
on retrospective assessment of cell phone use. This study aimed to assess this
association in a multi-national analysis, using data from three cohorts with prospective
data on prenatal cell phone use, together with previously published data from two
cohorts with retrospectively collected cell phone use data. METHODS: We used
individual participant data from 83,884 mother-child pairs in the five cohorts from
Denmark (1996-2002), Korea (2006-2011), the Netherlands (2003-2004), Norway (2004-
2008), and Spain (2003-2008). We categorized cell phone use into none, low, medium,
and high, based on frequency of calls during pregnancy reported by the mothers. Child
behavioral problems (reported by mothers using the Strengths and Difficulties
Questionnaire or Child Behavior Checklist) were classified in the borderline/clinical and
clinical ranges using validated cut-offs in children aged 5-7years. Cohort specific risk
estimates were meta-analyzed. RESULTS: Overall, 38.8% of mothers, mostly from the
Danish cohort, reported no cell phone use during pregnancy and these mothers were
less likely to have a child with overall behavioral, hyperactivity/inattention or emotional
problems. Evidence for a trend of increasing risk of child behavioral problems through the
maternal cell phone use categories was observed for hyperactivity/inattention problems
(OR for problems in the clinical range: 1.11, 95%CI 1.01, 1.22; 1.28, 95%CI 1.12, 1.48,
among children of medium and high users, respectively). This association was fairly
consistent across cohorts and between cohorts with retrospectively and prospectively
collected cell phone use data. CONCLUSIONS: Maternal cell phone use during
pregnancy may be associated with an increased risk for behavioral problems, particularly
hyperactivity/inattention problems, in the offspring. The interpretation of these results is
unclear as uncontrolled confounding may influence both maternal cell phone use and
child behavioral problems..

Bisht KS, Moros EG, Straube WL, Baty JD, Roti Roti JL, The Effect of
835.62 MHz FDMA or 847.74 MHz CDMA Modulated Radiofrequency
Radiation on the Induction of Micronuclei in C3H 10T%: Cells. Radiat.
Res. 157, 506-515, 2002.

To determine if radiofrequency (RF) radiation induces the formation of
micronuclei, C3H 10T cells were exposed to 835.62 MHz frequency division
multiple access (FDMA) or 847.74 MHz code division multiple access (CDMA)
modulated RF radiation. After the exposure to RF radiation, the micronucleus
assay was performed by the cytokinesis block method using cytochalasin B
treatment. The micronuclei appearing after mitosis were scored in binucleated
cells using acridine orange staining. The frequency of micronuclei was scored
both as the percentage of binucleated cells with micronuclei and as the
number of micronuclei per 100 binucleated cells. Treatment of cells with
cytochalasin B at a concentration of 2~ g/ml for 22 h was found to yield the
maximum number of binucleated cells in C3H 10T%% cells. The method used
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for the micronucleus assay in the present study detected a highly significant
dose response for both indices of micronucleus production in the dose range
of 0.1-1.2 Gy and it was sensitive enough to detect a significant (P > 0.05)
increase in micronuclei after doses of 0.3 Gy in exponentially growing cells
and after 0.9 Gy in plateau-phase cells. Exponentially growing cells or plateau-
phase cells were exposed to CDMA (3.2 or 4.8 W/kg) or FDMA (3.2 or 5.1
W/kg) RF radiation for 3, 8, 16 or 24 h. In three repeat experiments, no
exposure condition was found by analysis of variance to result in a significant
increase relative to sham-exposed cells either in the percentage of binucleated
cells with micronuclei or in the number of micronuclei per 100 binucleated
cells. In this study, data from cells exposed to different RF signals at two SARs
were compared to a common sham-exposed sample. We used the Dunnett's
test, which is specifically designed for this purpose, and found no significant
exposure-related differences for either plateau-phase cells or exponentially
growing cells. Thus the results of this study are not consistent with the
possibility that these RF radiations induce micronuclei.

Bit-Babik G, Chou CK, Faraone A, Gessner A, Kanda M, Balzano Q. Estimation of
the SAR in the human head and body due to radiofrequency radiation exposure
from handheld mobile phones with hands-free accessories. Radiat Res 159(4):550-
557, 2003.

It was reported by others that hands-free accessories increase the absorption of RF
energy in a human head compared to a handset alone. The results of this study show
that the opposite is observed when proper dosimetric methods are employed. It is pointed
out that for correct estimation of the exposure level it is necessary to use appropriate
physical and experimental models and measurement instrumentation, following
internationally recommended standards. The human phantoms used for measurements
involving the hands-free accessories should include the torso; i.e., measurements should
not be performed on the head phantom alone. This has a significant impact on the results
because the RF energy coupled into the leads of hands-free accessories is strongly
attenuated by the body. Numerical simulations using the Finite-Difference Time-Domain
(FDTD) method and experimental measurements with a miniature electric-field probe are
in good agreement and show a decrease, not an increase, in RF energy exposure in the
human head from hands-free accessories.

Bit-Babik, G., Guy, A. W., Chou, C-K., Faraone, A., Kanda, M., Gessner, A., Wang, J.
and Fujiwara, O. Simulation of exposure and SAR estimation for adult and child
heads exposed to radiofrequency energy from portable communication devices.
Radiat. Res. 163: 580-590, 2005.

The level and distribution of radiofrequency energy absorbed in a child's head during the
use of a mobile phone compared to those in an adult head has been a controversial issue
in recent years. It has been suggested that existing methods that are used to determine
specific absorption rate (SAR) and assess compliance with exposure standards using an
adult head model may not adequately account for potentially higher levels of exposure in
children due to their smaller head size. The present study incorporates FDTD
computations of locally averaged SAR in two different anatomically correct adult and child
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head models using the IEEE standard (Std. C95.3-2002) SAR averaging algorithm. The
child head models were obtained by linear scaling of the adult head model to replicate the
conditions of previous studies reported in the literature and also by transforming the
different adult head models based on data on the external shapes of children's heads.
The tissue properties of the adult and corresponding child head models were kept the
same. In addition, modeling and experimental measurements were made using three
spheres filled with a tissue-equivalent mixture to approximate heads of increasing size.
Results show that the peak local average SAR over 1 g and 10 g of tissue and the
electromagnetic energy penetration depths are about the same in all of the head models
under the same exposure conditions. When making interlaboratory comparisons, the
model and the SAR averaging algorithm used must be standardized to minimize
controversy.

Blettner M, Schlehofer B, Breckenkamp J, Kowall B, Schmiedel S, Reis U, Potthoff
P, Schuez J, Berg-Beckhoff G. Mobile phone base stations and adverse health
effects: Phase 1: A population-based cross-sectional study in Germany. Occup
Environ Med. 66(2):118-123. 2009.

Abstract OBJECTIVE: The aim of this first phase of a cross-sectional study from
Germany was to investigate whether proximity of residence to mobile phone base
stations as well as risk perception is associated with health complaints. METHODS:
We conducted a population-based multi-phase cross-sectional study within the
context of a large panel survey regularly carried out by a private research institute in
Germany. In the initial phase, which we will report on in this paper, 30,047 persons
from a total of 51,444 who took part in the nationwide survey also answered
guestions on how mobile phone base stations affect their health. A list of 38 health
complaints was used. A multiple linear regression model was used to identify
predictors of health complaints including proximity of residence to mobile phone base
stations and risk perception. RESULTS: Of the 30,047 participants (response rate
58.6%), 18.7% of participants were concerned about adverse health effects of mobile
phone base stations, while an additional 10.3% attributed their personal adverse
health effects to the exposure from them. Participants who are concerned about or
attribute adverse health effects to mobile phone base stations and those living in the
vicinity of a mobile phone base station (500 m) reported slightly more health
complaints than others. CONCLUSIONS: A substantial proportion of the German
population is concerned about adverse health effects caused by exposure from
mobile phone base stations. The observed slightly higher prevalence of health
complaints near base stations can however not be fully explained by attributions or
concerns.

Blick DW, Adair ER, Hurt WD, Sherry CJ, Walters TJ, Merritt JH, Thresholds of
microwave-evoked warmth sensations in human skin. Bioelectromagnetics
18(6):403-409, 1997.

We measured thresholds for microwave-evoked skin sensations of warmth at frequencies
of 2.45, 7.5, 10, 35, and 94 GHz. In the same subjects, thresholds of warmth evoked by
infrared radiation (IR) were also measured for comparison. Detection thresholds were
measured on the skin in the middle of the back in 15 adult male human subjects at alll

92


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blettner%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schlehofer%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Breckenkamp%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kowall%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schmiedel%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Reis%20U%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Potthoff%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Potthoff%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schuez%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berg-Beckhoff%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Occup%20Environ%20Med.');
javascript:AL_get(this,%20'jour',%20'Occup%20Environ%20Med.');

microwave (MW) frequencies and with IR. Long duration (10-s), large area (327-cm2)
stimuli were used to minimize any differential effects of temporal or spatial summation.
Sensitivity increased monotonically with frequency throughout the range of microwave
frequencies tested. The threshold at 94 GHz (4.5 +/- 0.6 mW/cm2) was more than an
order of magnitude less than at 2.45 GHz (63.1 +/- 6.7 mW/cm2), and it was comparable
to the threshold for IR (5.34 +/- 1.07 mW/cm2).

Bodera P, Stankiewicz W, Antkowiak B, Paluch M, Kieliszek J, Sobiech J,
Zdanowski R, Wojdas A, Siwicki AK, Skopinska-R6zewska E. Suppressive effect of
electromagnetic field on analgesic activity of tramadol in rats. Pol J Vet Sci.
15(1):95-100, 2012.

The electromagnetic fields (EMFs) have been shown to alter animal and human behavior,
such as directional orientation, learning, pain perception (nociception or analgesia) and
anxiety-related behaviors. The aim of this study was to evaluate the influence of
electromagnetic fields of high-frequency microwaves on pain perception and anti-
nociceptive activity of tramadol (TRAM) - analgetic effective in the treatment of moderate
to severe acute and chronic pain states. Electromagnetic fields exposures of a)1500 MHz
frequency and b) modulated, 1800 MHz (which is identical to that generated by mobile
phones) were applied. Paw withdrawal latency (PWL) to thermal stimulus was measured
in vehicle or tramadol (TRAM) treated animals before and after 30, 60 and 90 minutes
from injections. The differences in the level of pain (PWL) between control group and rats
exposed to EMF alone in three measurements, were not observed. Tramadol alone
significantly increased PWLs to thermal stimulus in comparison to vehicle results at 30 (p
< 0.001) and 60 minutes (p < 0.05) after drug injection. EMF exposure of both
frequencies transiently suppressed analgesic effect of tramadol, significantly reducing
paw withdrawal latency in animals treated with this drug at 30 minutes from the drug
injection.

Bodera P, Stankiewicz W, Zawada K, Antkowiak B, Paluch M, Kieliszek J, Kalicki B,
Bartosinski A, Wawer l. Changes in antioxidant capacity of blood due to mutual
action of electromagnetic field (1800 MHz) and opioid drug (tramadol) in animal
model of persistent inflammatory state. Pharmacol Rep. 65(2):421-428, 2013.

Background: The biological effects and health implications of electromagnetic field (EMF)
associated with cellular mobile telephones and related wireless systems and devices
have become a focus of international scientific interest and world-wide public concern. It
has also been proved that EMF influences the production of reactive oxygen species
(ROS) in different tissues. Methods: Experiments were performed in healthy rats and in
rats with persistent inflammatory state induced by Complete Freund's Adjuvant (CFA)
injection, which was given 24 h before EMF exposure and drug application. Rats were
injected with CFA or the same volume of paraffin oil into the plantar surface of the left
hind paw. Animals were exposed to the far-field range of an antenna at 1800 MHz with
the additional modulation which was identical to that generated by mobile phone GSM
1800. Rats were given 15 min exposure, or were sham-exposed with no voltage applied
to the field generator in control groups. Immediately before EMF exposure, rats were
injected intraperitoneally with tramadol in the 20 mg/kg dose or vehicle in the 1 ml/kg

93


http://www.ncbi.nlm.nih.gov/pubmed?term=Bodera%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Stankiewicz%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Antkowiak%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Paluch%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Kieliszek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Sobiech%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Zdanowski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Wojdas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Siwicki%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed?term=Skopi%C5%84ska-R%C3%B3zewska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22708363
http://www.ncbi.nlm.nih.gov/pubmed/22708363

volume. Results: Our study revealed that single EMF exposure in 1800 MHz frequency
significantly reduced antioxidant capacity both in healthy animals and those with paw
inflammation. A certain synergic mode of action between applied electromagnetic fields
and administered tramadol in rats treated with CFA was observed. Conclusions: The aim
of the study was to examine the possible, parallel/combined effects of electromagnetic
radiation, artificially induced inflammation and a centrally-acting synthetic opioid analgesic
drug, tramadol, (used in the treatment of severe pain) on the antioxidant capacity of blood
of rats. The antioxidant capacity of blood of healthy rats was higher than that of rats which
received only tramadol and were exposed to electromagnetic fields.

Bodera P, Stankiewicz W, Antkowiak B, Paluch M, Kieliszek J, Sobiech J,
Niemcewicz M. Influence of electromagnetic field (1800 MHz) on lipid peroxidation
in brain, blood, liver and kidney in rats. Int J Occup Med Environ Health.
2015;28(4):751-9. doi: 10.13075/ijomeh.1896.00255

OBJECTIVES: The aim of this study is the evaluation of the influence of repeated (5
times for 15 min) exposure to electromagnetic field (EMF) of 1800 MHz frequency on
tissue lipid peroxidation (LPO) both in normal and inflammatory state, combined with
analgesic treatment. MATERIAL AND METHODS: The concentration of malondialdehyde
(MDA) as the end-product of the lipid peroxidation (LPO) was estimated in blood, liver,
kidneys, and brain of Wistar rats, both healthy and those with complete Freund's adjuvant
(CFA)-induced persistent paw inflammation. RESULTS: The slightly elevated levels of the
MDA in blood, kidney, and brain were observed among healthy rats in electromagnetic
field (EMF)-exposed groups, treated with tramadol (TRAM/EMF and exposed to the
EMF). The malondialdehyde remained at the same level in the liver in all investigated
groups: the control group (CON), the exposed group (EMF), treated with tramadol
(TRAM) as well as exposed to and treated with tramadol (TRAM/EMF). In the group of
animals treated with the complete Freund's adjuvant (CFA) we also observed slightly
increased values of the MDA in the case of the control group (CON) and the exposed
groups (EMF and TRAM/EMF). The MDA values concerning kidneys remained at the
same levels in the control, exposed, and not-exposed group treated with tramadol.
Results for healthy rats and animals with inflammation did not differ significantly.
CONCLUSIONS: The electromagnetic field exposure (EMF), applied in the repeated
manner together with opioid drug tramadol (TRAM), slightly enhanced lipid peroxidation
level in brain, blood, and kidneys.

Boehmert C, Wiedemann P, Pye J, Croft R. The Effects of Precautionary Messages
about Electromagnetic Fields from Mobile Phones and Base Stations Revisited:
The Role of Recipient Characteristics. Risk Anal. 2016 May 10. doi:
10.1111/risa.12634. [Epub ahead of print]

Precautionary messages have been shown to increase recipients' threat perceptions

about radio-frequency electromagnetic fields (RF-EMFs) emitted by mobile phones and
mobile phone base stations. The current study explored the interplay of variables on the
side of message recipients with this effect. The individual difference variables of interest
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were gender, trait anxiety, personal need for structure, and personal fear of invalidity.
Furthermore, the study determined whether the increased threat perception is
accompanied by emotional distress. A total of 298 university students answered a survey
after reading either a basic text about RF-EMFs or a text including precautionary
information. Linear multiple regression with interactions analyses showed that the effect
of precautionary messages differed for people with different levels of trait anxiety. How
trait anxiety was related to the effect of precautionary messages in turn depended on
participants' gender. Personal need for structure and personal fear of invalidity were
mostly unrelated to the effect of precautionary messages. Regarding participants'
emotional distress, we found no difference in state anxiety scores between those
participants who received precautionary information and those who did not. The findings
show that the effects of precautionary messages on threat perception depend on
individual difference variables such as recipients' trait anxiety and gender. Also, the fact
that precautionary communication did not result in heightened state anxiety challenges
the assumption that precautionary messages induce fear or anxiety.

Boga A, Emre M, Sertdemir Y, Akillioglu K, Binokay S, Demirhan O. The effect of
900 and 1800MHz GSM-like radiofrequency irradiation and nicotine sulfate
administration on the embryonic development of Xenopus laevis. Ecotoxicol
Environ Saf. 2014 Dec 19;113C:378-390. doi: 10.1016/j.ecoenv.2014.12.020. [Epub
ahead of print]

The aim of this study was to investigate the effects of GSM-like radiofrequency
electromagnetic radiation (RF EMR) and nicotine sulfate (NS) exposure on Xenopus
embryonic development.The developmental effects of GSM-like RF-EMR (900-1800MHz,
at a SAR value of 1W/kg and NS on Xenopus laevis embryos were investigated).
Following the application of radiofrequency radiation and/or NS administration, the
embryos were closely examined in order to determine their possible teratogenic effects.
Xenopus frogs obtained from the Department of Physiology of the Cukurova University, in
accordance described by the Standard Guide of the American Society for Testing and
Materials (ASTM). Following the exposure of Xenopus embryos to RF-EMR at 900 and
1800MHz (1.0W/kg) for 4, 6 and 8h; the whole body specific energy absorption rate
(SAR) of the embryos was calculated. With the exception of irradiation at 1800MHz no
dramatic developmental anomalies were observed in the Xenopus embryos in
association with RF-EMR applications. Combined RF-EMR and NS applications resulted
in dramatic abnormalities and death among the Xenopus embryos.The study results
indicated that GSM-like RF-EMR (e.qg. radiation from cell phones) was not as harmful to
Xenopus embryos as might have been expected. However, the combined effects of
GSM-like RF-EMR and NS on Xenopus embryos were more severe than the effect of
RF-EMR or NS alone. In conclusion, the study results appear to suggest that the
combined use of nicotine and cell phones might result in more pronounced detrimental
effects on the health of smokers.

Boga A, Emre M, Sertdemir Y, Uncu i, Binokay S, Demirhan O. Effects of GSM-like

radiofrequency irradiation during the oogenesis and spermiogenesis of Xenopus
laevis. Ecotoxicol Environ Saf. 129:137-144, 2016.
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We aimed to evaluate the effect of GSM-like radiofrequency electromagnetic radiation
(RF-EMR) on the oogenesis, and spermiogenesis of Xenopus laevis, and so the
development of the embryos obtained from Normal Females+Normal Males (i.e.
"N(F)+N(M)"); Normal Females+RF-exposed Males (i.e. "N(F)+RF(M)"); RF-exposed
Female+Normal Male (i.e. "RF(F)+N(M)"); and RF-exposed Female+RF-exposed Male
(i.e. "RF(F)+RF(M)". Various, assessments were performed to determine potential
teratogenic effects and mortality, body growth and behavior on first generation embryos.
After exposing adults frogs of both sexes to 900MHz RF-EMR (at 1.0W/kg) for 8h a day
over a 5-week period, the embryos' specific energy absorption rate (SAR) was calculated.
In our present study (control group; 2.2% abnormal, 0.0% dead); with the N(F)+RF(M)
combination, the long-term exposure of adult males to GSM-like radiation at 900MHz (RF:
2W) for 5 week/8h/day resulted in normal, abnormal and dead embryo ratios of 88.3%,
3.3% and 8.3%, respectively (p<0.001). In the RF(F)+N(M) combination, long-term
exposure (5 week/8h/day) of adult females led to normal, abnormal and dead embryo
ratios of 76.7%, 11.7%, and 11.7%, respectively (p<0.001). And in the RF(F)+RF(M)
combination, long-term exposure (5 week/8h/day) of both adult males and females led to
normal, abnormal and dead embryo ratios of 73.3%, 11.7%, and 15%, respectively
(p<0.001). With the exception RF(F)+RF(M) group (p<0.001), no significant changes
were observed on body growth (lengths) in comparison to the control group. It was also
observed that the offspring of female adult Xenopus exposed to RF-EMR during
oogenesis exhibited a more aggressive behavior compared to the control group. Cell
phones radiation can thus lead to detrimental effects in humans' male and female
reproductive cells.

Bogomazova AN, Vassina EM, Goryachkovskaya TN, Popik VM, Sokolov AS,
Kolchanov NA, Lagarkova MA, Kiselev SL, Peltek SE. No DNA damage response
and negligible genome-wide transcriptional changes in human embryonic stem
cells exposed to terahertz radiation. Sci Rep. 2015 Jan 13;5:7749. doi:
10.1038/srep07749.

Terahertz (THz) radiation was proposed recently for use in various applications, including
medical imaging and security scanners. However, there are concerns regarding the
possible biological effects of non-ionising electromagnetic radiation in the THz range on
cells. Human embryonic stem cells (hESCs) are extremely sensitive to environmental
stimuli, and we therefore utilised this cell model to investigate the non-thermal effects of
THz irradiation. We studied DNA damage and transcriptome responses in hESCs
exposed to narrow-band THz radiation (2.3 THz) under strict temperature control. The
transcription of approximately 1% of genes was subtly increased following THz irradiation.
Functional annotation enrichment analysis of differentially expressed genes revealed 15
functional classes, which were mostly related to mitochondria. Terahertz irradiation did
not induce the formation of yH2AX foci or structural chromosomal aberrations in hESCs.
We did not observe any effect on the mitotic index or morphology of the hESCs following
THz exposure.

Bohr, H, Bohr, J, Microwave enhanced kinetics observed in ORD studies of a
protein. Bioelectromagnetics 21(1):68-72, 2000.
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Microwaves are shown to affect the kinetics of conformational changes of the protein
beta-lactoglobulin. Microwaves can accelerate conformational changes in the direction
towards the equilibrium state. This applies both for the folding and the unfolding
processes. Cold denaturing thermal unfolding of the proteins is accelerated by negative
temperature gradients. Microwave irradiation of the protein solution heated it by about 0.3
degree, and hence the observed acceleration of denaturing is therefore non-thermal.

Bolshakov MA, Alekseev SI, Bursting responses of Lymnea neurons to
microwave radiation. Bioelectromagnetics 13(2):119-129, 1992.

Microelectrode and voltage-clamp techniques were modified to record spontaneous
electrical activity and ionic currents of Lymnea stagnalis neurons during exposure to
a 900-MHz field in a waveguide-based apparatus. The field was pulse-modulated at
repetition rates ranging from 0.5 to 110 pps, or it was applied as a continuous wave
(CW). When subjected to pulsed waves (PW), rapid, burst-like changes in the firing
rate of neurons occurred at SARs of a few W/kg. If the burst-like irregularity was
present in the firing rate under control conditions, irradiation enhanced its probability
of occurrence. The effect was dependent on modulation, but not on modulation
frequency, and it had a threshold SAR near 0.5 W/kg. CW radiation had no effect on
the firing rate pattern at the same SAR. Mediator-induced, current activation of
acetylcholine, dopamine, serotonin, or gamma-aminobutyric-acid receptors of the
neuronal soma was not altered during CW or PW exposures and, hence, could not
have been responsible for the bursting effect.

Bolte JF, Eikelboom T. Personal radiofrequency electromagnetic field
measurements in the Netherlands: Exposure level and variability for everyday
activities, times of day and types of area. Environ Int. 48C:133-142, 2012.

Knowledge of the exposure to radiofrequency electromagnetic fields is necessary for
epidemiological studies on possible health effects. The main goal of this study is to
determine the exposure level and spatial and temporal variances during 39 everyday
activities in 12 frequency bands used in mobile telecommunication and broadcasting.
Therefore, 24h measurements were gathered from 98 volunteers living in or near
Amsterdam and Purmerend, The Netherlands. They carried an activity diary to be
kept to the minute, a GPS logger sampling at an interval of 1s, and an EME Spy
exposimeter with a detection limit of 0.0066mW/m(2) sampling at an interval of 10s in
12 frequency bands. The mean exposure over 24h, excluding own mobile phone use,
was 0.180mW/m(2). During daytime exposure was about the same, but during night it
was about half, and in the evening it was about twice as high. The main contribution
to environmental exposure (calling by participant not included) is from calling with
mobile phones (37.5%), from cordless DECT phones and their docking stations
(31.7%), and from the base stations (12.7%). The exposure to mobile phone base
stations increases with the percentage of urban ground use, which is an indication for
high people density. In agreement, the highest mean exposure relates to the activities
with high people density, such as travelling by public transport, visiting social events,
pubs or shopping malls. Exposure at home depends mainly on exposure from people
calling in the neighbourhood of the participant and thus on the number of persons in a
household. In addition just the possession of DECT docking stations leads to
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exposure as most models transmit continuously in stand-by. Also wireless internet
routers continuously transmit in the WiFi band. Though the highest exposure peaks in
the WiFi band, up to 0.265W/m(2), come from stray radiation of microwave ovens.
The mean total exposure largely depends on phone calls of a high exposure level
and short duration. These calls lead to potentially high contrasts as well in exposure
levels between sessions of the same activity as between persons, thus posing a
challenge for personal exposure prediction.

Borbely, AA, Huber, R, Graf, T, Fuchs, B, Gallmann, E, Achermann, P, Pulsed high-
frequency electromagnetic field affects human sleep and sleep
electroencephalogram. Neurosci Lett 275(3):207-210, 1999.

To investigate whether the electromagnetic field (EMF) emitted by digital radiotelephone
handsets affects the brain, healthy, young subjects were exposed during an entire night-
time sleep episode to an intermittent radiation schedule (900 MHz; maximum specific
absorption rate 1 W/kg) consisting of alternating 15-min on-15-min off intervals.
Compared with a control night with sham exposure, the amount of waking after sleep
onset was reduced from 18 to 12 min. Spectral power of the electroencephalogram in
non-rapid eye movement sleep was increased. The maximum rise occurred in the 10-11
Hz and 13.5-14 Hz bands during the initial part of sleep and then subsided. The results
demonstrate that pulsed high-frequency EMF in the range of radiotelephones may
promote sleep and modify the sleep EEG.

Bornhausen M, Scheingraber H, Prenatal exposure to 900 MHz, cell-phone
electromagnetic fields had no effect on operant-behavior performances of adult
rats. Bioelectromagnetics 21(8):566-574, 2000.

To clarify potential health risks of radio-frequency electromagnetic fields (EMFs) used in
cellular telephone technology to the developing brain, Wistar rats were continuously
exposed during pregnancy to a low-level (0.1 mW/cm(2)) 900 MHz, 217 Hz pulse
modulated EMF that approximated the highest legal exposure of normal populations to
the radiation of base antennas of the GSM digital cell-phone technology. Whole body
average specific absorption rate (SAR) values for the freely roaming, pregnant animals
were measured in models; they ranged between 17.5 and 75 mW/kg. The offspring of
exposed and of sham-exposed dams were coded and tested later as adults in a battery of
ten simultaneously operated test chambers (Skinner boxes) during night time. Eight
groups of ten coded animals in each group were tested for learning deficits in a sequence
of nine, computer-controlled, 15 h sessions of the food-reinforced contingency Differential
Reinforcement of Rate with increasing performance requirements. Two different sets of
events were recorded: The food-reinforced lever-pressing activity of the animals and the
inter-response intervals (IRIs) between consecutive lever presses. IRI-occurence patterns
discriminated consistently between "learners” and "non-learners”. Analyses of
performance scores and of IRI-patterns both showed that exposure in-utero to the GSM
field did not induce any measurable cognitive deficits.

Bornkessel C, Schubert M, Wuschek M, Schmidt P. Determination of the general
public exposure around GSM and UMTS base stations. Radiat Prot Dosimetry.
124(1):40-47, 2007.
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This paper summarises two studies, in which measurement and calculation methods to
determine the exposure of the general public around GSM and UMTS base stations have
been developed and applied to different scenarios. The electromagnetic field variations
around the stations in space and time are accounted for by appropriate maximisation
techniques. Measurements show a bandwidth of exposures from 0.01% to more than
10% of field strength exposure limits. The distance to the station is not a main influencing
factor, whereas the orientation to the main lobe and the sight conditions greatly influence
exposure. Several commercially available numerical simulation tools were tested for their
applicability on exposure forecast. In line-of-sight scenarios, all programs are able to
predict the exposure accurately, whereas in non-line-of-sight situations, free space
models overestimate the real exposure by some orders of magnitude.

Bortkiewicz A, Zmyslony M, Gadzicka E, Szymczak W, [Evaluation of selected
parameters of circulatory system function in various occupational groups exposed
to high frequency electromagnetic fields. Il. Electrocardiographic changes]. Med Pr
47(3):241-252, 1996. [Article in Polish]

The effect of electromagnetic fields (EMF) on the circulatory and nervous systems has
been the subject of great interest for many years, since electric impulses generated in
these systems by outer electric and magnetic fields can theoretically disturb their
functions. The only data on chronic effect of weak EMFs on the human body come from
the studies carried out in the Soviet Union between the fifties and the seventies. In view of
a growing number of persons exposed to EMF, there is an urgent need for verifying those
data by means of modern diagnostic methods. That is the reason why our study of the
EMF effect on the circulatory system has been initiated. It covered 71 workers at four AM
broadcast stations, 40 workers at ten radio link stations and 42 workers at three
radioservices. Workers' exposure to EMF was evaluated (see part I). Subjective and
objective medical examinations were performed in all workers in order to assess their
state of health, then resting electrocardiogram, Holter measurements, and high intensity
ECG were taken, and variation in cardiac rhythm was analysed by a long-term recording
of blood pressure. The results of the analysis of the questionnaire survey as well as the
Holter and resting ECG examinations are presented. The study indicated that exposure to
EMF in parameters found in AM broadcast station increased risk for electrographic
disturbances (detected by means of resting ECG and a 24-hour Holter recording) by six
times in comparison with that in radio link station workers not exposed to medium wave
EMF. In radioservice workers this risk was twice as high as that in link station workers. It
seems that in AM broadcast station workers, resting ECG should be complemented by a
24-hour Holter measurements, particularly, if workers complain of the circulatory system
disturbances.

Bortkiewicz A, Gadzicka E, Zmyslony M, Heart rate variability in workers exposed
to medium-frequency electromagnetic fields. J Auton Nerv Syst 59(3):91-97, 1996

This study was undertaken to evaluate the neurovegetative regulation of the heart in
workers occupationally exposed to medium frequency (MF) electromagnetic (EM) fields.
The subjects were 71 workers of MF broadcast stations, aged 20-68 (mean 47.1) with the
duration of work under exposure ranging from 2-40 years and 22 workers of radio link
stations, aged 21-65 (mean 46.9) who were not exposed to MF EM fields. The distribution
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of age and work tenure in both groups did not differ significantly. Heart rate variability
(HRV) was analysed basing on 512 normal heart evolutions registered in resting, from the
body surface, using the Medea-HRV system. The analysis concerned time-domain and
frequency-domain parameters of HRV using fast fourier transformation. Power spectrum
in the low (0.05-0.15 Hz) and high (0.15-0.35 Hz) frequency bands (LF and HF,
respectively) was determined. Statistically insignificant differences found between
exposed and non-exposed groups were found either in time- or in frequency-domain
parameters of HRV. No correlation between the power spectrum and the subjects age
was noted. Such a relationship, however, could be observed in the control group. In the
study group a statistically significant negative correlation was found between the
maximum intensity of EM fields and HF power spectrum. Thus it was concluded that
occupational exposure to EM fields brings about impairments in the neurovegetative
regulation of the cardiovascular function.

Bortkiewicz, A, Zmyslony, M, Gadzicka, E, Palczynski, C, Szmigielski, S,
Ambulatory ECG monitoring in workers exposed to electromagnetic fields. J Med
Eng Technol 21(2):41-46, 1997.

The aim of this study was to evaluate the function of the circulatory system in workers
occupationally exposed to medium frequency electromagnetic fields. The subjects were
71 workers at four AM broadcast stations [0.738-1.503 MHz] aged 20-68 (mean 46.9 +/-
13.1) years and 22 workers at radio link stations aged 23-67 (mean 48.2 +/- 17.4) years.
Workers at AM broadcast stations experienced 2-40 (mean 18.6 +/- 12.1) years'
exposure to electromagnetic fields (average daily exposure dose about 115 Vh m-1,
maximum exposure levels during shift about 165 V m-1), workers at radio link stations
had no history of regular exposure to electromagnetic fields. In all the subjects a general
medical examination, resting ECG and 24 h Holter monitoring were performed. The work
organization, work period structure, age, lifestyle, nutritional habits and health status in
both groups remained fairly similar. The electrocardiographic abnormalities detected in
the resting and/ or 24 h ECG were significantly more frequent (p = 0.006) in workers
exposed to electromagnetic fields than in non-exposed subjects (75% versus 25%). A
clear tendency for a higher number of rhythm disturbances (mostly ExV) was observed in
AM broadcast station workers.

Bortkiewicz A, Pilacik B, Gadzicka E, Szymczak W. The excretion of 6-
hydroxymelatonin sulfate in healthy young men exposed to electromagnetic fields
emitted by cellular phone -- an experimental study. Neuroendocrinol Lett 23 Suppl
1:88-91, 2002.

OBJECTIVES: It is quite likely that non-visible electromagnetic fields (EMF) may affect
melatonin production. Some studies confirmed this hypothesis and showed that
extremely low EMF altered pineal function in animals and humans. Thus, it is reasonable
to suppose that EMF emitted by cellular phones may also influence secretion of
melatonin. The present study sought to evaluate possible effect of the exposure to EMF
emitted by cellular phone on 6-hydroxymelatonin sulfate (6-OHMS) excretion, which
reflects melatonin levels in blood. MATERIAL AND METHODS: The examined group
consisted of 9 healthy males aged 19-29 years. The experiment was performed under
controlled conditions (the light intensity-50 Ix till midnight and O Ix during night). Each
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person was examined twice: on a day without exposure (control day, C-day) and on a day
with continuous exposure (60 min. exposure from cellular phone, frequency 900 MHz,
pulsed with 217 Hz, pulse with 576 micros, SAR 1.23 W/kg, E-day). From 7 p.m. to 8 p.m.
they used a cellular phone. The subjects did not know which day was E-day, and which
was C-day. From 8 p.m. till midnight the subjects listened to music and than they slept till
7 a.m. next day. Urine samples were collected at 7 p.m., at midnight, and at 7 a.m. in the
same way in C-day as in E-day. Sample were frozen for later ELISA analysis of 6-OHMS.
The 6-OHMS ELISA kit from Immuno-Biological Laboratories (Hamburg) was used for
measurement of 6-OHMS. The data were analysed using Wilcoxon matched-pairs
signed-ranks test for each subject and for the whole group. We compared 6-OHMS level
on the E-day and on the C-day separately for 3 time-points - 7 p.m., midnight, 7 a.m.
RESULTS: Mean 6-OHMS level in both experiments did not differ significantly for any of
the respective time points. Circadian variations of 6-OHMS level were detected in all
subjects. CONCLUSIONS: The results of our investigation has demonstrated that EMF
emitted by cellular phones has no distinct influence on the melatonin level.

Bortkiewicz A, Zmyslony M, Szyjkowska A, Gadzicka E. [Subjective symptoms
reported by people living in the vicinity of cellular phone base stations: a review of
the studies] Med Pr. 55(4):345-351, 2004. [Article in Polish]

The problem of health effects of electromagnetic fields (EMF) emitted by cellular phone
base stations evokes much interest in view of the fact that people living in their vicinity are
fated to continuous exposure to EMF. None of the studies carried out throughout the
world have revealed excessive values of standards adopted by the International
Commission on Non-lonizing Radiation Protection (ICNIRP). A questionnaire was used
as a study tool. The results of the questionnaire survey reveal that people living in the
vicinity of base stations report various complaints mostly of the circulatory system, but
also of sleep disturbances, irritability, depression, blurred vision, concentration difficulties,
nausea, lack of appetite, headache and vertigo. The performed studies showed the
relationship between the incidence of individual symptoms, the level of exposure, and the
distance between a residential area and a base station. This association was observed in
both groups of persons, those who linked their complaints with the presence of the base
station and those who did not notice such a relation. Further studies, clinical and those
based on questionnaires, are needed to explain the background of reported complaints.

Bortkiewicz A, Gadzicka E, Szyjkowska A, Politanski P, Mamrot P, Szymczak W,
Zmyslony M. Subjective complaints of people living near mobile phone base
stations in Poland. Int J Occup Med Environ Health. 25(1):31-40, 2012.

OBJECTIVES: The aim of our study was to assess the health conditions and subjective
symptoms of the inhabitants living in the base stations vicinity and to analyse the
relationship between the complaints and level of exposure to electromagnetic fields
(EMF).MATERIALS AND METHODS: Our study was performed in housing estates
located in five regions of £6dz. The electric field measurements were performed in the
buildings located closest to the azimuth of the antennas. Respondents were selected by
trained interviewers using an uniform procedure. The number of the households to be
examined was set at a minimum of 420. The questionnaire contained: demographic data,
occupational and environmental exposure to EMF, health condition, subjective
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complaints. Results were adjusted for confounders (age, gender, EMF at the workplace
and EMF emitted by household equipment) using multiple regression model. RESULTS:
181 men and 319 women from 500 households were examined. Electric field above 0.8
V/m was recorded in 12% of flats. There was no significant correlation between electric
field strength and the distance of examined flats from the base stations. To make possible
comparison with relevant literature, we analysed also the frequency of the reported
symptoms vs. the distance. Headache was declared by 57% people, most frequently
(36.4%) living 100-150 m away from the base station compared to people living at longer
distances (p = 0.013). 24.4% subjects, mostly living at a distance above 150 m, declared
impaired memory. Difference was statistically significant in comparison with people living
at other distances (p = 0.004).CONCLUSIONS: The explanation why we did not find any
correlation between the electric field strength and frequency of subjective symptoms but
found a correlation between subjective symptoms and distance from base station needs
further studies. Maybe new metrics of exposure assessment should be adopted for this
purpose.

Bortkiewicz A, Gadzicka E, Szymczak W, Zmyslony M. Changes in tympanic
temperature during the exposure to electromagnetic fields emitted by mobile
phone. Int J Occup Med Environ Health. 25(2): 145-150, 2012.

OBJECTIVE: Mobile phones generate microwave radiation which is absorbed by
exposed tissue and converted into heat. It may cause detrimental health effects. The aim
of the experiment was to check if exposure to EMF emitted by mobile phone influenced
the tympanic temperature. MATERIAL AND METHODS: Human volunteer study was
performed on ten healthy young men, aged 22.1+4.7 years, examined three times: 1. on
a day with 2x60 min of no exposure (sham day), 2. on a day with continuous, 60 min
exposure and 60 min of no exposure, 3. on a day with intermittent exposure (4x15 min
"on" and 4x15 min "off"). Exposure was generated by mobile phone (frequency 900 MHz,
SAR 1.23 W/kg). The study was double-blind, performed under controlled conditions (at
24°C and 70% humidity). The tympanic temperature (T(ty)) was monitored every 10 sec
by a thermistor probe placed close to the aural canal membrane in the ear opposite the
one in contact with mobile phone (contralateral position). Multivariate repeated-measures
analysis of variance was used to calculate the results. RESULTS: The mean T(ty) in the
whole group during continuous exposure was significantly higher than during sham
exposure (p = 0.0001). During intermittent exposure the temperature was lower than
during sham day (difference was up to 0.11°C). Within an hour after continuous exposure,
T(ty) was higher by 0.03°C and after intermittent exposure T(ty) was lower by 0.18°C in
comparison with sham day. Two hours after exposure T(ty) was significantly lower (p =
0.0001) than after sham exposure (0.06°C and 0.26°C respectively). The trends in T(ty)
during experiment differed significantly in relation to exposure conditions (p <
0.05).CONCLUSIONS: The results of this analysis indicate that the physiological
response to EMF exposure from mobile phone was mostly related to type of exposure
(continuous or intermittent).
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Bortkiewicz A, Gadzicka E, Szymczak W, Zmyslony M. Heart rate variability (HRV)
analysis in radio and TV broadcasting stations workers. Int J Occup Med Environ
Health. 25(4):446-455, 2012.

OBJECTIVES: The aim of the study was to assess the mechanism of cardiovascular
impairments in workers exposed to UHF-VHF radio frequency electromagnetic fields
(EMF). MATERIALS AND METHODS: Heart rate variability (HRV) was analysed using
512 normal heart beats registered at rest. The analysis concerned time-domain (STD R-
R) and frequency-domain (VLF, LF, HF) parameters of HRV. Fifty nine workers (group 1)
with low-level and 12 workers (group Il) with high-level exposure were examined. The
mean age of the subjects was 47 £+ 9 years and 41 + 14 years, and mean exposure
duration 19.1 + 8.8 years and 13 + 4 years, in groups | and Il, respectively. The groups
were divided according to: E(max), E(dose), E(mean) for frequencies UHF, VHF and
UHF+VHF: The control group consisted of 42 non-exposed subjects, aged 49 + 8 years.
Statistical analysis comprised one-way analysis of variance, covariance analysis and
logistic regression models. RESULTS: In the exposed groups, the heart rate was higher
than in the control one. Standard deviation of R-R intervals (STD R-R) was found to be
significantly (p = 0.0285) lower in group | (42.5 £ 24.7 ms) compared to the control group
(62.9 £ 53.5 ms). The risk of lowered STD R-R was significantly increased (OR =2.37, p
=0.023) in group II. Both exposed groups presented significantly higher VLF and LF
values than the control group (p = 0.005 and p = 0.0025, respectively). The EMF-exposed
groups were characterised by the dominance of the sympathetic system (LF/HF 1.3 +
0.35). CONCLUSIONS: The results indicate that exposure to radiofrequency EMF may
affect the neurovegetative regulation.

Boscol P, Di Sciascio MB, D'Ostilio S, Del Signore A, Reale M, Conti P, Bavazzano
P, Paganelli R, Di Gioacchino M. Effects of electromagnetic fields produced by
radiotelevision broadcasting stations on the immune system of women. Sci Total
Environ 273(1-3):1-10, 2001.

The object of this study was to investigate the immune system of 19 women with a mean
age of 35 years, for at least 2 years (mean = 13 years) exposed to electromagnetic fields
(ELMFs) induced by radiotelevision broadcasting stations in their residential area. In
September 1999, the ELMFs (with range 500 KHz-3 GHz) in the balconies of the homes
of the women were (mean +/- S.D.) 4.3 +/- 1.4 V/m. Forty-seven women of similar age,
smoking habits and atopy composed the control group, with a nearby resident ELMF
exposure of < 1.8 V/m. Blood lead and urinary trans-trans muconic acid (a metabolite of
benzene), markers of exposure to urban traffic, were higher in the control women. The
ELMF exposed group showed a statistically significant reduction of blood NK CD16+-
CD56+, cytotoxic CD3(-)-CD8+, B and NK activated CD3(-)-HLA-DR+ and CD3(-)-CD25+
lymphocytes. 'In vitro' production of IL-2 and interferon-gamma (INF-gamma) by
peripheral blood mononuclear cells (PBMC) of the ELMF exposed group, incubated either
with or without phytohaemoagglutinin (PHA), was significantly lower; the 'in vitro'
production of IL-2 was significantly correlated with blood CD16+-CD56+ lymphocytes.
The stimulation index (S.1.) of blastogenesis (ratio between cell proliferation with and
without PHA) of PBMC of ELMF exposed women was lower than that of the control
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subjects. The S.I. of blastogenesis of the ELMF exposed group (but not blood NK
lymphocytes and the 'in vitro' production of IL-2 and INF-gamma by PBMC) was
significantly correlated with the ELMF levels. Blood lead and urinary trans-trans muconic
acid were barely correlated with immune parameters: the urinary metabolite of benzene
of the control group was only correlated with CD16+-CD56+ cells indicating a slight effect
of traffic on the immune system. In conclusion, this study demonstrates that high
frequency ELMFs reduce cytotoxic activity in the peripheral blood of women without a
dose-response effect.

Bouji M, Lecomte A, Hode Y, de Seze R, Villégier AS. Effects of 900MHz
radiofrequency on corticosterone, emotional memory and neuroinflammation in
middle-aged rats. Exp Gerontol.47(6): 444-451, 2012.

The widespread use of mobile phones raises the question of the effects of
electromagnetic fields (EMF, 900MHz) on the brain. Previous studies reported
increased levels of the glial fibrillary acidic protein (GFAP) in the rat's brain after a
single exposure to 900MHz global system for mobile (GSM) signal, suggesting a
potential inflammatory process. While this result was obtained in adult rats, no data is
currently available in older animals. Since the transition from middle-age to
senescence is highly dependent on environment and lifestyle, we studied the
reactivity of middle-aged brains to EMF exposure. We assessed the effects of a
single 15min GSM exposure (900MHz; specific absorption rate (SAR)=6W/kg) on
GFAP expression in young adults (6week-old) and middle-aged rats (12month-old).
Brain interleukin (IL)-1B and IL-6, plasmatic levels of corticosterone (CORT), and
emotional memory were also assessed. Our data indicated that, in contrast to
previously published work, acute GSM exposure did not induce astrocyte activation.
Our results showed an IL-1[ increase in the olfactory bulb and enhanced contextual
emotional memory in GSM-exposed middle-aged rats, and increased plasmatic levels
of CORT in GSM-exposed young adults. Altogether, our data showed an age
dependency of reactivity to GSM exposure in neuro-immunity, stress and behavioral
parameters. Reproducing these effects and studying their mechanisms may allow a
better understanding of mobile phone EMF effects on neurobiological parameters.

Bouji M, Lecomte A, Gamez C, Blazy K, Villégier AS. Neurobiological effects of
repeated radiofrequency exposures in male senescent rats. Biogerontology. 17(5-
6):841-857, 2016.

The increasing use of mobile phones by aging people raises issues about the effects of
radiofrequency electromagnetic fields (RF-EMF) on the aging central nervous system.
Here, we tested if mobile phone RF-EMF exposures could exacerbate senescence-
typical neurobiological deficits. Thus, aged (22-24 months) and young (4-6 months) adult
male rats were subjected to head RF-EMF exposures (900 MHz, specific absorption rate
(SAR) of 6 W/kg, 45 min/day for 1 month in restraint rockets). To assess senescence-
typical neurobiological deficits, spatial memory, emotional memory, anxiety-related
behavior, locomotor activity, interleukins (IL)-18 and 6, glial fibrillary acidic protein and
corticosterone were measured. Aged rats presented deficits in spatial learning,
exploration, anxiety-related behaviors, and increased hippocampal ILs and cortical IL-1(.
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Results showed that senescence-typical neurobiological deficits were not modified by RF-
EMF exposures. RF-EMF-exposed rats (young and aged adults pooled) had decreased
anxiety-related behaviors in the elevated plus maze. This study which is the first to
assess RF-EMF exposures during late aging did not support the hypothesis of a specific
cerebral vulnerability to RF-EMF during senescence. More investigations using longer
RF-EMF exposures should be performed to conclude regarding the inoffensiveness of
RF-EMF exposures.

Bourdineaud JP, Srut M, Stambuk A, Tkalec M, Bréthes D, Malarié¢ K, Klobuéar GIV.
Electromagnetic fields at a mobile phone frequency (900 MHz) trigger the onset of
general stress response along with DNA modifications in Eisenia fetida
earthworms. Arh Hig Rada Toksikol. 68(2):142-152, 2017.

Eisenia fetida earthworms were exposed to electromagnetic field (EMF) at a mobile
phone frequency (900 MHz) and at field levels ranging from 10 to 120 V m-1 for a period
of two hours (corresponding to specific absorption rates ranging from 0.13 to 9.33 mW
kg-1). Potential effects of longer exposure (four hours), field modulation, and a recovery
period of 24 h after two hours of exposure were addressed at the field level of 23 V m-1.
All exposure treatments induced significant DNA modifications as assessed by a
guantitative random amplified polymorphic DNA-PCR. Even after 24 h of recovery
following a two hour-exposure, the number of probe hybridisation sites displayed a
significant two-fold decrease as compared to untreated control earthworms, implying a
loss of hybridisation sites and a persistent genotoxic effect of EMF. Expression of genes
involved in the response to general stress (HSP70 encoding the 70 kDa heat shock
protein, and MEKK1 involved in signal transduction), oxidative stress (CAT, encoding
catalase), and chemical and immune defence (LYS, encoding lysenin, and MYD,
encoding a myeloid differentiation factor) were up-regulated after exposure to 10 and
modulated 23 V m-1 field levels. Western blots showing an increased quantity of HSP70
and MTCOL1 proteins confirmed this stress response. HSP70 and LYS genes were up-
regulated after 24 h of recovery following a two hour-exposure, meaning that the effect of
EMF exposure lasted for hours.

Bourthoumieu S, Joubert V, Marin B, Collin A, Leveque P, Terro F, Yardin C.
Cytogenetic studies in human cells exposed in vitro to GSM-900 MHz
radiofrequency radiation using R-banded karyotyping. Radiat Res 174:712-718,
2010.

It is important to determine the possible effects of exposure to radiofrequency (RF)
radiation on the genetic material of cells since damage to the DNA of somatic cells may
be linked to cancer development or cell death and damage to germ cells may lead to
genetic damage in next and subsequent generations. The objective of this study was to
investigate whether exposure to radiofrequency radiation similar to that emitted by mobile
phones of second-generation standard Global System for Mobile Communication (GSM)
induces genotoxic effects in cultured human cells. The cytogenetic effects of GSM-900
MHz (GSM-900) RF radiation were investigated using R-banded karyotyping after in vitro
exposure of human cells (amniotic cells) for 24 h. The average specific absorption rate
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(SAR) was 0.25 W/kg. The exposures were carried out in wire-patch cells (WPCs) under
strictly controlled conditions of temperature. The genotoxic effect was assessed
immediately or 24 h after exposure using four different samples. One hundred metaphase
cells were analyzed per assay. Positive controls were provided by using bleomycin. We
found no direct cytogenetic effects of GSM-900 either O h or 24 h after exposure. To the
best of our knowledge, our work is the first to study genotoxicity using complete R-banded
karyotyping, which allows visualizing all the chromosomal rearrangements, either
numerical or structural.

Bourthoumieu S, Terro F, Leveque P, Collin A, Joubert V, Yardin C. Aneuploidy
studies in human cells exposed in vitro to GSM-900 MHz radiofrequency radiation
using FISH. Int J Radiat Biol 87:400-408, 2011.

PURPOSE: Since previous research found an increase in the rate of aneuploidies in
human lymphocytes exposed to radiofrequencies, it seems important to perform further
studies. The objective of this study was then to investigate whether the exposure to RF
(radiofrequency) radiation similar to that emitted by mobile phones of a second generation
standard, i.e., Global System for Mobile communication (GSM) may induce aneuploidy in
cultured human cells. MATERIALS AND METHODS: The potential induction of genomic
instability by GSM-900 MHz radiofrequency (GSM-900) was investigated after in vitro
exposure of human amniotic cells for 24 h to average-specific absorption rates (SAR) of
0.25, 1, 2 and 4 W/kg in the temperature range of 36.3-39.7°C. The exposures were
carried out in a wire-patch cell (WPC). The rate of aneuploidy of chromosomes 11 and 17
was determined by interphase FISH (Fluorescence In Situ Hybridisation) immediately
after independent exposure of three different donors for 24 h. At least 100 interphase
cells were analysed per assay. RESULTS: No significant change in the rate of aneuploidy
of chromosomes 11 and 17 was found following exposure to GSM-900 for 24 h at
average SAR up to 4 W/kg. CONCLUSION: Our study did not show any in vitro
aneuploidogenic effect of GSM using FISH and is not in agreement with the results of
previous research.

Bourthoumieu S, Magnaudeix A, Terro F, Leveque P, Collin A, Yardin C. Study of
p53 expression and post-transcriptional modifications after GSM-900
radiofrequency exposure of human amniotic cells.Bioelectromagnetics. 2012 Jul 5.
doi: 10.1002/bem.21744. [Epub ahead of print]

The potential effects of radiofrequency (RF) exposure on the genetic material of cells are
very important to determine since genome instability of somatic cells may be linked to
cancer development. In response to genetic damage, the p53 protein is activated and can
induce cell cycle arrest allowing more time for DNA repair or elimination of damaged cells
through apoptosis. The objective of this study was to investigate whether the exposure to
RF electromagnetic fields, similar to those emitted by mobile phones of the second
generation standard, Global System for Mobile Communications (GSM), may induce
expression of the p53 protein and its activation by post-translational modifications in
cultured human cells. The potential induction of p53 expression and activation by GSM-
900 was investigated after in vitro exposure of human amniotic cells for 24 h to average
specific absorption rates (SARs) of 0.25, 1, 2, and 4 W/kg in the temperature range of
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36.3-39.7 °C. The exposures were carried out using a wire-patch cell (WPC) under strictly
controlled conditions of temperature. Expression and activation of p53 by phosphorylation
at serine 15 and 37 were studied using Western blot assay immediately after three
independent exposures of cell cultures provided from three different donors. Bleomycin-
exposed cells were used as a positive control. According to our results, no significant
changes in the expression and activation of the p53 protein by phosphorylation at serine
15 and 37 were found following exposure to GSM-900 for 24 h at average SARs up to

4 W/kg in human embryonic cells.

Brande FV, Martens P. A false positive arrhythmia on electrocardiogram induced
by a cell phone. Eur J Emerg Med. 10(4):357-360, 2003.

A case report.

Braune, S, Wrocklage, C, Raczek, J, Gailus, T, Lucking, CH, Resting blood pressure
increase during exposure to a radio-frequency electromagnetic field. Lancet
351(9119):1857-1858, 1998.

Exposure of the right hemisphere to a radiofrequency EMF for 35 min causes in human
subjects an increase in sympathetic efferent activity with increases the resting blood
pressure between 5-10 mm Hg. The effect is likely caused by vasoconstriction.

Braune S, Riedel A, Schulte-Monting J, Raczek J. Influence of a radiofrequency
electromagnetic field on cardiovascular and hormonal parameters of the
autonomic nervous system in healthy individuals. Radiat Res 158(3):352-356, 2002.

The potential health risks of radiofrequency electromagnetic fields (EMFs) emitted by
mobile phones are of considerable public interest. The present study investigated the
hypothesis, based on the results of our previous study, that exposure to EMFs can
increase sympathetic vasoconstrictor activity. Forty healthy young males and females
underwent a single-blind, placebo-controlled protocol once on each of two different days.
Each investigation included successive periods of placebo and EMF exposure, given in a
randomized order. The exposure was implemented by a GSM-like signal (900 MHz,
pulsed with 217 Hz, 2 W) using a mobile phone mounted on the right-hand side of the
head in a typical telephoning position. Each period of placebo exposure and of EMF
exposure consisted of 20 min of supine rest, 10 min of 70 degrees upright tilt on a tilt
table, and another 20 min of supine rest. Blood pressure, heart rate and cutaneous
capillary perfusion were measured continuously. In addition, serum levels of
norepinephrine, epinephrine, cortisol and endothelin were analyzed in venous blood
samples taken every 10 min. Similar to the previous study, systolic and diastolic blood
pressure each showed slow, continuous, statistically significant increases of about 5
mmHg during the course of the protocol. All other parameters either decreased in parallel
or remained constant. However, analysis of variance showed that the changes in blood
pressure and in all other parameters were independent of the EMF exposure. These
findings do not support the assumption of a nonthermal influence of EMFs emitted by
mobile phones on the cardiovascular autonomic nervous system in healthy humans.

Brautbar N. Rapid development of brain tumors in 2 cellular phone testers. Arch
Environ Health. 58(9):606, 2003.
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Two case reports. Comment on [Richter ED, Berman T, Levy O. Brain cancer with
induction periods of less than 10 years in young military radar workers. Arch Environ
Health. 2002 Jul-Aug;57(4):270-272.]

Breckenkamp J, Blettner M, Schiiz J, Bornkessel C, Schmiedel S, Schlehofer B,
Berg-Beckhoff G. Residential characteristics and radiofrequency electromagnetic
field exposures from bedroom measurements in Germany. Radiat Environ
Biophys. 51(1):85-92, 2012.

The objectives of this study were to assess total exposure to radiofrequency
electromagnetic fields (RF-EMF) in bedrooms and the contribution of different
radioservices (FM radio, analogue TV and DVB-T, TETRA, GSM900 downlink,
GSM1800 downlink, UMTS downlink, DECT, and wireless LAN and blue tooth) to the
total exposure. Additional aims were to describe the proportion of measuring values
above the detection limit of the dosimeters and to characterize the differences in
exposure patterns associated with self-reported residential characteristics. Exposure
to RF sources in bedrooms was measured using Antennessa(®) EME Spy 120
dosimeters in 1,348 households in Germany; 280 measures were available for each
frequency band per household. Mean electrical field strengths and power flux
densities were calculated. Power flux densities allow the calculation of proportions of
different radioservices on total exposure. Exposure was often below the detection
limit (electrical field strength: 0.05 V/m) of the dosimeter. Total exposure varied,
depending on residential characteristics (urban vs. rural areas and floor of a building
the measurement took place). Major sources of exposure were cordless phones
(DECT standard) and wireless LAN/blue tooth contributing about 82% of total
exposure (20.5 yW/m(2)). Exposure to RF-EMF is ubiquitous, but exposure levels
are-if at all measurable-very low and far below the ICNIRP's exposure reference
levels.

Brescia F, Sarti M, Massa R, Calabrese ML, Sannino A, Scarfi MR. Reactive
oxygen species formation is not enhanced by exposure to UMTS 1950 MHz
radiation and co-exposure to ferrous ions in Jurkat cells.
Bioelectromagnetics.30(7):525-535, 2009.

This study was designed to assess if radiofrequency (RF) radiation induces oxidative
stress in cultured mammalian cells when given alone or in combination with ferrous
ions (FeSO(4)). For this purpose the production of reactive oxygen species (ROS)
was measured by flow cytometry in human lymphoblastoid cells exposed to 1950
MHz signal used by the third generation wireless technology of the Universal Mobile
Telecommunication System (UMTS) at Specific Absorption Rate of 0.5 and 2.0 W/kg.
Short (5-60 min) or long (24 h) duration exposures were carried out in a waveguide
system under strictly controlled conditions of both dosimetry and environment. Cell
viability was also measured after 24 h RF exposure using the Resazurin and Neutral
Red assays. Several co-exposure protocols were applied to test if RF radiation is
able to alter ROS formation induced by FeSO(4) (RF given before or concurrently to
FeSO(4)). The results obtained indicate that non-thermal RF exposures do not
increase spontaneous ROS formation in any of the experimental conditions
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investigated. Consistent with the lack of ROS production, no change in cell viability
was observed in Jurkat cells exposed to RF radiation for 24 h. Similar results were
obtained when co-exposures were considered: combined exposures to RF radiation
and FeSO(4) did not increase ROS formation induced by the chemical treatment
alone. In contrast, in cultures treated with FeSO(4) as positive control, a dose-
dependent increase in ROS formation was recorded, validating the sensitivity of the
method employed.

Brezitskaia HV, Timchenko OI, [On the mechanism of cytogenetic effect of
electromagnetic radiation: a role of oxidation homeostasis]. Radiats Biol
Radioecol 40(2):149-153, 2000. [Article in Russian]

It was established in the experiments on rats that the changes in free radical
oxidation under the influence of non-ionizing radiation had a wavy character. It was
revealed that the changes in oxidation homeostasis preceded development of
cytogenetic effects and could be their reason.

Briggs D, Beale L, Bennett J, Toledano MB, de Hoogh K. A geographical model of
radio-frequency power density around mobile phone masts. Sci Total
Environ.426:233-243, 2012.

Public concern about possible health effects of EMF radiation from mobile phone
masts has led to an increase of epidemiological studies and health risk assessments
which, in turn, require adequate methods of exposure estimation. Difficulties in
exposure modelling are exacerbated both by the complexity of the propagation
processes, and the need to obtain estimates for large study populations in order to
provide sufficient statistical power to detect or exclude the small relative risks that
might exist. Use of geographical information system (GIS) techniques offers the
means to make such computations efficiently. This paper describes the development
and field validation of a GIS-based exposure model (Geomorf). The model uses a
modified Gaussian formulation to represent spatial variations in power densities
around mobile phone masts, on the basis of power output, antenna height, tilt and the
surrounding propagation environment. Obstruction by topography is allowed for,
through use of a visibility function. Model calibration was done using field data from
151 measurement sites (1510 antenna-specific measurements) around a group of
masts in a rural location, and 50 measurement sites (658 antenna-specific
measurements) in an urban area. Different parameter settings were found to be
necessary in urban and rural areas to obtain optimum results. The calibrated models
were then validated against independent sets of data gathered from measurement
surveys in rural and urban areas, and model performance was compared with that of
two commonly used path-loss models (the COST-231 adaptations of the Hata and
Walfisch-lkegami models). Model performance was found to vary somewhat between
the rural and urban areas, and at different measurement levels (antenna-specific
power density, total power density), but overall gave good estimates (R(2)=0.641 and
0.615, RMSE=10.7 and 6.7dBm at the antenna and site-level respectively).
Performance was considerably better than that of both path loss models.
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Brillaud E, Piotrowski A, de Seze R. Effect of an acute 900MHz GSM exposure on
gliain the rat brain: A time-dependent study. Toxicology.238(1):23-33,2007.

Because of the increasing use of mobile phones, the possible risks of radio frequency
electromagnetic fields adverse effects on the human brain has to be evaluated. In this
work we measured GFAP expression, to evaluate glial evolution 2, 3, 6 and 10 days
after a single GSM exposure (15min, brain averaged SAR=6W/kg, 900MHz signal) in
the rat brain. A statistically significant increase of GFAP stained surface area was
observed 2 days after exposure in the frontal cortex and the caudate putamen. A
smaller statistically significant increase was noted 3 days after exposure in the same
areas and in the cerebellum cortex. Our results confirm the Mausset-Bonnefont et al.
study [Mausset-Bonnefont, A.L., Hirbec, H., Bonnefont, X., Privat, A., Vignon, J., de
Seze, R., 2004. Acute exposure to GSM 900MHz electromagnetic fields induces glial
reactivity and biochemical modifications in the rat brain. Neurobiol. Dis. 17, 445-454],
showing the existence of glial reactivity after a 15min GSM acute exposure at a brain
averaged SAR of 6W/kg. We conclude to a temporary effect, probably due to a
hypertrophy of glial cells, with a temporal and a spatial modulation of the effect.
Whether this effect could be harmful remains to be studied.

Brown HD, Chattopadhyay SK, Ouabain inhibition of kidney ATPase is altered by
9.14 GHz radiation. Bioelectromagnetics 12(3):137-143, 1991.

At each of several stabilized temperatures between 7.0 and 43.8 degrees C, increases in
dog-kidney, Na(+)-, K(+)-ATPase catalytic activity were usually observed in association
with exposure for 5 min to 9.14 GHz CW microwave radiation in a thin tubular reactor.
However, at 24.9 degrees C, a 23% decrease occurred. Comparisons of activity of
ouabain-inhibited reactions revealed that the efficacy of the cardiac glycoside as an
inhibitor of ATPase activity was severely diminished by the microwave field. The ouabain-
site control mechanism may be a specific microwave target at this exposure frequency.
Experimental results can be interpreted in terms of molecular structural changes or direct
energy input. The estimated SAR of energy that was incident on preparations is 20 W/kg.

Brown DO, Lu ST, Elson EC, Characteristics of microwave evoked body
movements in mice. Bioelectromagnetics 15(2):143-161, 1994.

Microwave evoked body movements were studied in mice. A resonant cavity was used to
provide head and neck exposure of the mouse to pulsed and gated continuous wave
(CW) 1.25 GHz microwaves. No difference in response to pulsed and gated CW stimuli of
equal average power was found. The incidence of the microwave evoked body
movements increased proportionally with specific absorption (dose) when the whole-body
average specific absorption rate was at a constant level (7300 W/kg). Under a constant
average specific absorption rate, the response incidence reached a plateau at 0.9 kJ/kg.
For doses higher than 0.9 kJ/kg, response incidence was proportional to the specific
absorption rate and reached a plateau at 900 W/kg. Body movements could be evoked
by a single microwave pulse. The lowest whole-body specific absorption (SA) tested was
0.18 kJ/kg, and the corresponding brain SA was 0.29 kJ/kg. Bulk heating potentials of
these SAs were less than 0.1 degree C. For doses higher than 0.9 kJ/kg, the response
incidence was also proportional to subcutaneous temperature increment and
subcutaneous heating rate. The extrapolated absolute thresholds (0% incidence) were
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1.21 degrees C temperature increment and 0.24 degree C/s heating rate. Due to high
subcutaneous heating rates, these microwaves must be perceived by the mouse as an
intense thermal sensation but not a pain sensation because the temperature increment
was well below the threshold for thermal pain. Results of the present study should be
considered in promulgation of personnel protection guideline against high peak power but
low average power microwaves.

Buckner CA, Buckner AL, Koren SA, Persinger MA, Lafrenie RM. Exposure to a
specific time-varying electromagnetic field inhibits cell proliferation via cAMP and
ERK signaling in cancer cells. Bioelectromagnetics. 2017 Nov 10. doi:
10.1002/bem.22096.

Exposure to specific electromagnetic field (EMF) patterns can affect a variety of biological
systems. We have shown that exposure to Thomas-EMF, a low-intensity, frequency-
modulated (25-6 Hz) EMF pattern, inhibited growth and altered cell signaling in malignant
cells. Exposure to Thomas-EMF for 1 h/day inhibited the growth of malignant cells
including B16-BL6 mouse melanoma cells, MDA-MB-231, MDA-MB-468, BT-20, and
MCF-7 human breast cancer and HelLa cervical cancer cells but did not affect non-
malignant cells. The Thomas-EMF-dependent changes in cell proliferation were mediated
by adenosine 3',5'-cyclic monophosphate (CAMP) and extracellular-signal-regulated
kinase (ERK) signaling pathways. Exposure of malignant cells to Thomas-EMF
transiently changed the level of cellular cAMP and promoted ERK phosphorylation.
Pharmacologic inhibitors (SQ22536) and activators (forskolin) of cCAMP production both
blocked the ability of Thomas-EMF to inhibit cell proliferation, and an inhibitor of the MAP
kinase pathway (PD98059) was able to partially block Thomas-EMF-dependent inhibition
of cell proliferation. Genetic modulation of protein kinase A (PKA) in B16-BL6 cells also
altered the effect of Thomas-EMF on cell proliferation. Cells transfected with the
constitutively active form of PKA (PKA-CA), which interfered with ERK phosphorylation,
also interfered with the Thomas-EMF effect on cell proliferation. The non-malignant cells
did not show any EMF-dependent changes in CAMP levels, ERK phosphorylation, or cell
growth. These data indicate that exposure to the specific Thomas-EMF pattern can inhibit
the growth of malignant cells in a manner dependent on contributions from the cAMP and
MAP kinase pathways.

Buckus R, Strukcinskiene B, Raistenskis J, Stukas R. Modelling and assessment
of the electric field strength caused by mobile phone to the human head.
Vojnosanit Pregl. 73(6):538-543, 2016.

BACKGROUND/AIM: Electromagnetic field exposure is the one of the most important
physical agents that actively affects live organisms and environment. Active use of mobile
phones influences the increase of electromagnetic field radiation. The aim of the study
was to measure and assess the electric field strength caused by mobile phones to the
human head. METHODS: In this paper the software "COMSOL Multiphysics" was used
to establish the electric field strength created by mobile phones around the head.
RESULTS: The second generation (2G) Global System for Mobile (GSM) phones that
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operate in the frequency band of 900 MHz and reach the power of 2 W have a stronger
electric field than (2G) GSM mobile phones that operate in the higher frequency band of
1,800 MHz and reach the power up to 1 W during conversation. The third generation of
(3G) UMTS smart phones that effectively use high (2,100 MHz) radio frequency band
emit the smallest electric field strength values during conversation. The highest electric
field strength created by mobile phones is around the ear, i.e. the mobile phone location.
The strength of mobile phone electric field on the phantom head decreases exponentially
while moving sidewards from the center of the effect zone (the ear), and constitutes 1-
12% of the artificial head's surface. CONCLUSION: The highest electric field strength
values of mobile phones are associated with their higher power, bigger specific energy
absorption rate (SAR) and lower frequency of mobile phone. The stronger electric field
emitted by the more powerful mobile phones takes a higher percentage of the head
surface. The highest electric field strength created by mobile phones is distributed over
the user's ear.

Budak GG, Muluk NB, Budak B, Oztirk GG, Apan A, Seyhan N. Effects of GSM-like
radiofrequency on distortion product otoacoustic emissions of rabbits:
comparison of infants versus adults. Int J Pediatr Otorhinolaryngol. 73(8):1143-
1147, 20009.

OBJECTIVES: The aim of this study is to investigate the potential hazardous effects of
1800 MHz Global System for Mobile Communications-like (GSM-like) Radiofrequency
(RF) exposure on the cochlear functions of female infant and adult rabbits by measuring
Distortion Product Otoacoustic Emission (DPOAE) response amplitudes. METHODS:
Eighteen each one-month-old New Zealand White female rabbits and eighteen each 13-
month-old adult rabbits were included into the study. They were randomly divided into
four groups. Nine infant rabbits (Group 1) were not exposed to 1800 MHz GSM-like RF
(Infant Control, C-In). Nine infant rabbits (Group 2) were exposed to 1800 MHz GSM-like
RF, 15 min daily for 7 days after they reached one-month of age (Infant RF, RF-In). Nine
adult rabbits were not exposed to 1800 MHz GSM-like RF, 15 min daily for 7 (Adult
Control, C-Ad). Nine adult rabbits were exposed to 1800 MHz GSM-like RF, 15 min daily
for 7 days (Adult RF, RF-Ad). Cochlear functions were assessed by DPOAEs at 1.0-8.0
kHz. RESULTS: At 1.0-2.0 and 6.0 kHz, the mean DPOAE values of Group 2 were
significantly higher than that of Group 1. At 3.0-8.0 kHz, the mean DPOAE values of
Group 4 were significantly lower than that of Group 1. At 6.0-8.0 kHz, the mean DPOAE
values of Group 2 were significantly higher than that of Group 3. At 1.0-8.0 kHz, the mean
DPOAE values of Group 4 were significantly lower than that of Group 2. At 1.0-8.0 kHz,
the mean DPOAE values of Group 4 were significantly lower than that of Group 3.
CONCLUSION: Harmful effects of GSM-like 1800 MHz RF exposure was detected more
in the adult female rabbits than infant female rabbits by DPOAE measurement. Prolonged
exposure and hyperthermia related to the power density of applied RFR, increasing the
temperature in the ear canal, may decrease the DPOAE amplitudes. Water containing
medium in the middle ear of infant rabbits may play the protective role from the RF
damage.

Budak GG, Muluk NB, Oztirk GG, Budak B, Apan A, Seyhan N, Sanli C. Effects of
GSM-like radiofrequency on distortion product otoacoustic emissions in pregnant
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adult rabbits. Clin Invest Med. 32(2):E112-116, 2009.

OBJECTIVES: To determine the effects of 1800 MHz GSM-like Radiofrequency (RFR)
on the cochlear functions of pregnant adult rabbits by Distortion Product Otoacoustic
Emissions (DPOAEs). METHODS: Eighteen 13-month-old pregnant and eighteen 13-
month-old non-pregnant New Zealand White rabbits were studied. They were randomly
divided into four groups. Nine pregnant rabbits (Group 2) and nine non-pregnant rabbits
(Group 4) were exposed to 1800 MHz GSM-like RFR 15 min daily for 7 days. Nine
pregnant (Group 1) and nine non-pregnant rabbits (Group 3) were not exposed to GSM
like RFR. Cochlear functions were assessed by DPOAEs at 1.0-8.0 kHz. RESULTS: In all
pregnant groups except 2.0 kHz, DPOAE amplitudes were not different in Group 2 and
Groupl. In Group 4, DPOAE amplitudes at 1.0-4.0 kHz (-1.68 dB SPL at 1.0 kHz, 3.05 dB
SPL at 1.5 kHz, 2.96 dB SPL at 2.0 kHz, 1.30 dB SPL at 3.0 kHz and 12.22 dB SPL at
4.0 kHz) were lower than Group 3 (8.67 dB SPL at 1.0 kHz, 17.67 dB SPL at 1.5 kHz,
26.10 dB SPL at 2.0 kHz, 18.10 dB SPL at 3.0 kHz and 35.13 dB SPL at 4.0 kHz) (P <
0.0125). In the pregnant group, harmful effects of GSM-like RFR were less than in the
non-pregnant group. CONCLUSION: GSM-like RFR caused decreases in DPOAE
amplitudes mainly in non-pregnant adult rabbits. Prolonged exposure may affect the
DPOAE amplitude. Recommendations are given to prevent the potential hazardous
effects of RF in humans.

Budak GG, Muluk NB, Budak B, Oztirk GG, Apan A, Seyhan N. Effects of
intrauterine and extrauterine exposure to GSM-like radiofrequency on distortion
product otoacoustic emissions in infant male rabbits. Int J Pediatr
Otorhinolaryngol. 73(3):391-399, 2009.

OBJECTIVES: The aim of this study was to investigate the potential hazardous effects of
intrauterine (IU) and/or extrauterine (EU) exposure to 1800 MHz Global System for
Mobile Communications-like (GSM-like) radiofrequency (RF) on the cochlear functions of
infant rabbits by measuring distortion product otoacoustic emission (DPOAE) response
amplitudes. METHODS: Thirty-six white infant male New Zealand rabbits each 1-month-
old were included in the study. The animals were randomly divided into four groups. Nine
infant rabbits (Group 1) were not exposed to 1800 MHz GSM-like RF (Control-C). Nine
infant rabbits (Group 2) were exposed to 1800 MHz GSM-like RF, 15 min daily for 14
days after they reached 1-month of age (extrauterine-EU). Nine infant rabbits (Group 3)
were exposed to 1800 MHz GSM-like RF, 15 min daily for 7 days in the intrauterine
period (between 15th and 22nd days of the gestational period) (intrauterine-IU). Nine
infant rabbits (Group 4) were exposed to 1800 MHz GSM-like RF, 15 min daily for 7 days
in the intrauterine period (between 15th and 22nd days of the gestational period) and 15
min daily for 14 days after they reached to 1-month of age (IU+EU). The cochlear
functions were assessed by DPOAEs at 1.0-8.0 kHz. RESULTS: At 1.5 kHz, the mean
DPOAE amplitude of Group 3 was higher than that of the controls and Group 2; and the
mean DPOAE value of Group 4 was higher than that of the controls and Group 2. At 2.0
kHz, the mean DPOAE amplitude of Group 4 was higher than that of Group 2. At 3.0 kHz,
the mean DPOAE amplitude of Group 4 was higher than that of the controls and Group 2.
At 4.0 kHz, the mean DPOAE amplitude of Group 2 was lower than that of the controls,
while the mean value of Group 4 was higher than the mean value of the controls and
Group 2. At 6.0 kHz, the mean DPOAE amplitude of Group 2 was lower than that of the
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control group; however, the mean value of Group 4 was higher than that of Group 2. At
1.0 and 8.0 kHz, no significant differences were found among the four groups.
CONCLUSION: Prolonged exposure and hyperthermia related to the power density of
applied RF, increasing the temperature in the ear canal, may affect DPOAE amplitudes.
Harmful effects of RF are mainly observed as a decrease in DPOAE amplitudes at 4.0-
6.0 kHz during extrauterine exposure in infancy. During the intrauterine period, the water
content of the middle and inner ear and amnion fluid may play a protective role.
Therefore, children must be protected from RF exposure. The use of mobile phones at
short distances from the ear of the infants should be avoided because of the lower
thickness of the anatomical structure in infancy.

Budinscak V, Goldoni J, Saric M, [Hematologic changes in workers exposed to
radio wave radiation]. Arh Hig Rada Toksikol 42(4):367-373, 1991. [Article in Serbo-
Croatian (Roman)]

Haematological parameters were measured in 43 radar operators employed in air traffic
control occupationally exposed to microwave radiation of low intensity over a period of
four years. Exposure to heat, soft X-ray radiation and noise were within maximally
allowed limits. The haematological changes included a decreased number of
erythrocytes, reticulocytes, platelets, segmented granulocytes and monocytes, and an
increased number of leucocytes and lymphocytes. The changes were not pathologically
significant and most of them were reversible.

Burch JB, Reif JS, Noonan CW, Ichinose T, Bachand AM, Koleber TL, Yost MG.
Melatonin metabolite excretion among cellular telephone users. Int J Rad Biol 78:
1029-1036, 2002.

Abstract: Purpose: The relationship between cellular telephone use and excretion of the
melatonin metabolite 6-hydroxymelatonin sulfate (6-OHMS) was evaluated in two
populations of male electric utility workers (Study 1, n=149; Study 2, n=77). Materials and
methods: Participants collected urine samples and recorded cellular telephone use over 3
consecutive workdays. Personal 60-Hz magnetic field (MF) and ambient light exposures
were characterized on the same days using EMDEX Il meters. A repeated measures
analysis was used to assess the effects of cellular telephone use, alone and combined
with MF exposures, after adjustment for age, participation month and light exposure.
Results: No change in 6-OHMS excretion was observed among those with daily cellular
telephone use >25 min in Study 1 (5 worker-days). Study 2 workers with >25 min cellular
telephone use per day (13 worker-days) had lower creatinine-adjusted mean nocturnal 6-
OHMS concentrations (p=0.05) and overnight 6-OHMS excretion (p=0.03) compared with
those without cellular telephone use. There was also a linear trend of decreasing mean
nocturnal 6-OHMS/creatinine concentrations (p=0.02) and overnight 6-OHMS excretion
(p=0.08) across categories of increasing cellular telephone use. A combined effect of
cellular telephone use and occupational 60-Hz MF exposure in reducing 6-OHMS
excretion was also observed in Study 2. Conclusions: Exposure-related reductions in 6-
OHMS excretion were observed in Study 2, where daily cellular telephone use of >25min
was more prevalent. Prolonged use of cellular telephones may lead to reduced melatonin
production, and elevated 60-Hz MF exposures may potentiate the effect.

Burch JB, Clark M, Yost MG, Fitzpatrick CT, Bachand AM, Ramaprasad J, Reif JS.
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Radio frequency nonionizing radiation in a community exposed to radio and
television broadcasting. Environ Health Perspect. 114(2):248-253, 2006.

Exposure to radio frequency (RF) nonionizing radiation from telecommunications is
pervasive in modern society. Elevated disease risks have been observed in some
populations exposed to radio and television transmissions, although findings are
inconsistent. This study quantified RF exposures among 280 residents living near the
broadcasting transmitters for Denver, Colorado. RF power densities outside and inside
each residence were obtained, and a global positioning system (GPS) identified
geographic coordinates and elevations. A viewshed model within a geographic
information system (GIS) characterized the average distance and percentage of
transmitters visible from each residence. Data were collected at the beginning and end of
a 2.5-day period, and some measurements were repeated 8-29 months later. RF levels
logged at 1-min intervals for 2.5 days varied considerably among some homes and were
quite similar among others. The greatest differences appeared among homes within 1 km
of the transmitters. Overall, there were no differences in mean residential RF levels
compared over 2.5 days. However, after a 1- to 2-year follow-up, only 25% of exterior and
38% of interior RF measurements were unchanged. Increasing proximity, elevation, and
line-of-sight visibility were each associated with elevated RF exposures. At average
distances from > 1-3 km, exterior RF measurements were 13-30 times greater among
homes that had > 50% of the transmitters visible compared with homes with </= 50%
visibility at those distances. This study demonstrated that both spatial and temporal
factors contribute to residential RF exposure and that GPS/GIS technologies can improve
RF exposure assessment and reduce exposure misclassification. Key words:
broadcasting, electromagnetic fields, exposure assessment, GIS, nonionizing radiation,
radio, television.

Blrgi A, Scanferla D, Lehmann H. Time Averaged Transmitter Power and
Exposure to Electromagnetic Fields from Mobile Phone Base Stations. Int. J.
Environ. Res. Public Health 11(8), 8025-8037, 2014.

Models for exposure assessment of high frequency electromagnetic fields from mobile
phone base stations need the technical data of the base stations as input. One of these
parameters, the Equivalent Radiated Power (ERP), is a time-varying quantity, depending
on communication traffic. In order to determine temporal averages of the exposure,
corresponding averages of the ERP have to be available. These can be determined as
duty factors, the ratios of the time-averaged power to the maximum output power
according to the transmitter setting. We determine duty factors for UMTS from the data of
37 base stations in the Swisscom network. The UMTS base stations sample contains
sites from different regions of Switzerland and also different site types
(rural/suburban/urban/hotspot). Averaged over all regions and site types, a UMTS duty
factor for the 24 h-average is obtained, i.e., the average output power corresponds to
about a third of the maximum power. We also give duty factors for GSM based on simple
approximations and a lower limit for LTE estimated from the base load on the signalling
channels.

Burlaka A, Tsybulin O, Sidorik E, Lukin S, Polishuk V, Tsehmistrenko S,
Yakymenko I. Overproduction of free radical species in embryonal cells exposed to
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low intensity radiofrequency radiation. Exp Oncol. 2013 Sep;35(3):219-225.

Aim: Long-term exposure of humans to low intensity radiofrequency electromagnetic
radiation (RF-EMR) leads to a statistically significant increase in tumor incidence.
Mechanisms of such the effects are unclear, but features of oxidative stress in living cells
under RF-EMR exposure were previously reported. Our study aims to assess a
production of initial free radical species, which lead to oxidative stress in the cell.
Materials and Methods: Embryos of Japanese quails were exposed in ovo to extremely
low intensity RF-EMR of GSM 900 MHz (0.25 pW/cm2) during 158-360 h discontinuously
(48 c - ON, 12 c - OFF) before and in the initial stages of development. The levels of
superoxide (O2--), nitrogen oxide (NO-), thiobarbituric acid reactive substances (TBARS),
8-0x0-2'-deoxyguanosine (8-oxo-dG) and antioxidant enzymes' activities were assessed
in cells/tissues of 38-h, 5- and 10-day RF-EMR exposed and unexposed embryos.
Results: The exposure resulted in a significant persistent overproduction of superoxide
and nitrogen oxide in embryo cells during all period of analyses. As a result, significantly
increased levels of TBARS and 8-ox0-dG followed by significantly decreased levels of
superoxide dismutase and catalase activities were developed in the exposed embryo
cells. Conclusion: Exposure of developing quail embryos to extremely low intensity RF-
EMR of GSM 900 MHz during at least one hundred and fifty-eight hours leads to a
significant overproduction of free radicals/reactive oxygen species and oxidative damage
of DNA in embryo cells. These oxidative changes may lead to pathologies up to
oncogenic transformation of cells.

Burlaka A, Selyuk M, Gafurov M, Lukin S, Potaskalova V, Sidorik E. Changes in
mitochondrial functioning with electromagnetic radiation of ultra high frequency as
revealed by electron paramagnetic resonance methods. Int J Radiat Biol. 2014 Mar
6. [Epub ahead of print]

Purpose: To study the effects of electromagnetic radiation (EMR) of ultra high
frequency (UHF) in the doses equivalent to the maximal permitted energy load for the
staffs of the radar stations on the biochemical processes that occur in the cell
organelles. Materials and Methods: Liver, cardiac and aorta tissues from the male
rats exposed to non-thermal UHF EMR in pulsed and continuous modes were studied
during 28 days after the irradiation by the electron paramagnetic resonance (EPR)
methods including a spin trapping of superoxide radicals. Results: The qualitative and
guantitative disturbances in electron transport chain (ETC) of mitochondria are
registered. A formation of the iron-nitrosyl complexes of nitric oxide (NO) radicals with
the iron-sulphide (FeS) proteins, the decreased activity of FeS-protein N2 of NADH-
ubiguinone oxidoreductase complex and flavo ubisemiquinone growth combined with
the increased rates of superoxide production are obtained. Conclusions: (1)
Abnormalities in the mitochondrial ETC of liver and aorta cells are more pronounced
for animals radiated in a pulsed mode. (2) The alterations in the functioning of the
mitochondrial ETC cause increase of superoxide radicals generation rate in all
samples, formation of cellular hypoxia, and intensification of the oxide-initiated
metabolic changes. (3) Electron paramagnetic resonance methods could be used to
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track the qualitative and quantitative changes in the mitochondrial ETC caused by the
UHF EMR.

Busljeta |, Trosic I, Milkovic-Kraus S. Erythropoietic changes in rats after 2.45 GJz
nonthermal irradiation. Int J Hyg Environ Health.207(6):549-554, 2004.

The purpose of this study was to observe the erythropoietic changes in rats
subchronically exposed to radiofrequency microwave (RF/MW) irradiation at nonthermal
level. Adult male Wistar rats (N=40) were exposed to 2.45 GHz continuous RF/MW fields
for 2 hours daily, 7 days a week, at 5-10 mW/cm2. Exposed animals were divided into
four subgroups (n=10 animals in each subgroup) in order to be irradiated for 2, 8, 15 and
30 days. Animals were sacrified on the final irradiation day of each treated subgroup.
Unexposed rats were used as control (N=24). Six animals were included into the each
control subgroup. Bone marrow smears were examined to determine absolute counts of
anuclear cells and erythropoietic precursor cells. The absolute erythrocyte count,
haemoglobin and haematocrit values were observed in the peripheral blood by an
automatic cell counter. The bone marrow cytogenetic analysis was accomplished by
micronucleus (MN) tests. In the exposed animals erythrocyte count, haemoglobin and
haematocrit were increased in peripheral blood on irradiation days 8 and 15.
Concurrently, anuclear cells and erythropoietic precursor cells were significantly
decreased (p < 0.05) in the bone marrow on day 15, but micronucleated cells' frequency
was increased. In the applied experimental condition, RF/MW radiation might cause
disturbance in red cell maturation and proliferation, and induce micronucleus formation in
erythropoietic cells.

Buttiglione M, Roca L, Montemurno E, Vitiello F, Capozzi V, Cibelli G.
Radiofrequency radiation (900 MHz) induces Egr-1 gene expression and affects
cell-cycle control in human neuroblastoma cells. J Cell Physiol. 213(3):759-767,
2007.

Many environmental signals, including ionizing radiation and UV rays, induce
activation of Egr-1 gene, thus affecting cell growth and apoptosis. The paucity and
the controversial knowledge about the effect of electromagnetic fields (EMF)
exposure of nerve cells prompted us to investigate the bioeffects of radiofrequency
(RF) radiation on SH-SY5Y neuroblastoma cells. The effect of a modulated RF field
of 900 MHz, generated by a wire patch cell (WPC) antenna exposure system on Egr-
1 gene expression, was studied as a function of time. Short-term exposures induced
a transient increase in Egr-1 mRNA level paralleled with activation of the MAPK
subtypes ERK1/2 and SAPK/JNK. The effects of RF radiations on cell growth rate
and apoptosis were also studied. Exposure to RF radiation had an anti-proliferative
activity in SH-SY5Y cells with a significant effect observed at 24 h. RF radiation
impaired cell cycle progression, reaching a significant G2-M arrest. In addition, the
appearance of the sub-G1 peak, a hallmark of apoptosis, was highlighted after a 24-h
exposure, together with a significant decrease in mMRNA levels of Bcl-2 and survivin
genes, both interfering with signaling between G2-M arrest and apoptosis. Our results
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provide evidence that exposure to a 900 MHz-modulated RF radiation affect both
Egr-1 gene expression and cell regulatory functions, involving apoptosis inhibitors like
Bcl-2 and survivin, thus providing important insights into a potentially broad
mechanism for controlling in vitro cell viability.

Byun YH, Ha M, Kwon HJ, Hong YC, Leem JH, Sakong J, Kim SY, Lee CG, Kang D,
Choi HD, Kim N.Mobile phone use, blood lead levels, and attention deficit
hyperactivity symptoms in children: a longitudinal study. PLoS One.
2013;8(3):e59742.

BACKGROUND: Concerns have developed for the possible negative health effects of
radiofrequency electromagnetic field (RF-EMF) exposure to children’s brains. The
purpose of this longitudinal study was to investigate the association between mobile
phone use and symptoms of Attention Deficit Hyperactivity Disorder (ADHD) considering
the modifying effect of lead exposure. METHODS: A total of 2,422 children at 27
elementary schools in 10 Korean cities were examined and followed up 2 years later.
Parents or guardians were administered a questionnaire including the Korean version of
the ADHD rating scale and questions about mobile phone use, as well as socio-
demographic factors. The ADHD symptom risk for mobile phone use was estimated at
two time points using logistic regression and combined over 2 years using the
generalized estimating equation model with repeatedly measured variables of mobile
phone use, blood lead, and ADHD symptoms, adjusted for covariates. RESULTS: The
ADHD symptom risk associated with mobile phone use for voice calls but the association
was limited to children exposed to relatively high lead. CONCLUSIONS:The results
suggest that simultaneous exposure to lead and RF from mobile phone use was
associated with increased ADHD symptom risk, although possible reverse causality could
not be ruled out.

Cabot E, Christ A, Buhimann B, Zefferer M, Chavannes N, Bakker JF, van Rhoon
GC, Kuster N. Quantification Of RF-exposure of the Fetus Using Anatomical CAD-
Models in Three Different Gestational Stages. Health Phys. 107(5):369-381, 2014.

This study analyzes the exposure of pregnant women and their fetuses in three different
gestational stages to electromagnetic radiation in the radio frequency range in the near-
and the far-field using numerical modeling. For far-field exposure, the power density at
which the basic restriction for the whole body SAR is reached is calculated for both the
mother and the fetus at whole body resonance and at frequencies between 450 MHz and
2,450 MHz. The near-field exposure is assessed at 450 MHz, 900 MHz, and 2,450 MHz
using half wavelength dipoles as generic sources located at different locations around the
abdomen of the mother. For the investigated cases, the exposure of the mother is always
below or on the order of magnitude of the basic restriction for exposure at the reference
level. When applying the reference levels for the general public, the fetus is sufficiently
shielded by the mother. However, the basic restrictions for general public exposure can
be exceeded in the fetus when the mother is exposed at reference levels for occupational
conditions. For plane wave exposure at occupational levels, the whole body SAR in the
fetus can exceed the basic restrictions for the general population by at least 1.8 dB, and
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in the near-field of professional devices, the 10 g SAR can be non-compliant with the
product standard for the general public by > 3.5 dB.

Cain CD, Thomas DL, Adey WR, Focus formation of C3H/10T1/2 cells and exposure
to a 836.55 MHz modulated radiofrequency field. Bioelectromagnetics 18(3):237-
243, 1997.

Disruption of communication between transformed cells and normal cells is involved in
tumor promotion. We have tested the hypothesis that exposures to radiofrequency (RF)
fields using a form of digital modulation (TDMA) and a chemical tumor promoter, 12-O-
tetradecanoylphorbol-13-acetate (TPA), are copromoters that enhance focus formation of
transformed cells in coculture with parental C3H/10T1/2 murine fibroblasts. RF field
exposures did not influence TPA's dose-dependent promotion of focus formation in
coculture. Cell cultures were exposed to an 836.55 MHz TDMA-modulated field in TEM
transmission line chambers, with incident energies that simulated field intensities at a
user's head. Specific absorption rates (SARs) of 0.15, 1.5, and 15 muW/g were used
during each digital packet, and the packet frequency was 50/s. The TEM chambers were
placed in a commercial incubator at 37 degrees C and 95% humidity/5% CO2. The RF
field exposures were in a repeating cycle, 20 min on, 20 min off, 24 h/day for 28 days. At
1.5 muw/g, TPA-induced focus formation (at 10, 30, and 50 ng/ml) was not significantly
different in RF-exposed cultures compared to parallel sham-exposed cultures in ten
independent experiments in terms of the number, density, and area of foci. Similarly, at
0.15 and 15.0 muW/g, in two and four experiments, respectively, RF exposure did not
alter TPA-induced focus formation. The findings support a conclusion that repeated
exposures to this RF field do not influence tumor promotion in vitro, based on the RF
field's inability to enhance TPA-induced focus formation.

Calabro E, Condello S, Curro M, Ferlazzo N, Caccamo D, Magazu S, lentile R.
Modulation of heat shock protein response in SH-SY5Y by mobile phone
microwaves. World J Biol Chem. 3(2):34-40, 2012.

AIM: To investigate putative biological damage caused by GSM mobile phone
frequencies by assessing electromagnetic fields during mobile phone working.
METHODS: Neuron-like cells, obtained by retinoic-acid-induced differentiation of
human neuroblastoma SH-SY5Y cells, were exposed for 2 h and 4 h to microwaves
at 1800 MHz frequency bands. RESULTS: Cell stress response was evaluated by
MTT assay as well as changes in the heat shock protein expression (Hsp20, Hsp27
and Hsp70) and caspase-3 activity levels, as biomarkers of apoptotic pathway. Under
our experimental conditions, neither cell viability nor Hsp27 expression nor caspase-3
activity was significantly changed. Interestingly, a significant decrease in Hsp20
expression was observed at both times of exposure, whereas Hsp70 levels were
significantly increased only after 4 h exposure. CONCLUSION: The modulation of the
expression of Hsps in neuronal cells can be an early response to radiofrequency
microwaves.

Calabro E, Magazu S.The a-helix alignment of proteins in water solution toward a
high-frequency electromagnetic field: A FTIR spectroscopy study. Electromagn
Biol Med. 36(3):279-288, 2017.
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The aim of this article was to study the effects of mobile phone electromagnetic waves at
1750 MHz on the Amide | and Amide Il vibration bands of some proteins in bidistilled
water solution by means of Fourier transform infrared (FTIR) spectroscopy and Fourier
self-deconvolution (FSD) analysis. The proteins that were used for the experiment were
hemoglobin, myoglobin, bovine serum albumin and lysozyme. The exposure system
consisted of microwaves emitted by an operational mobile phone at the frequency at
1750 MHz at the average power density of 1 W/m?2. Exposed and control samples were
analyzed using FTIR spectroscopy and FSD analysis. The main result was that Amide |
band of the proteins that were used increased significantly (p < 0.05) after 4 h of exposure
to MWs, whereas Amide Il band did not change significantly. This result can be explained
assuming that the a-helix structure of the proteins aligned itself with the direction of the
electromagnetic field due to the alignment of C = O stretching and N - H bending ligands
that are oriented along with the a-helix axis that give rise to the Amide | mode.

Calcagnini G, Floris M, Censi F, Cianfanelli P, Scavino G, Bartolini P.
Electromagnetic interference with infusion pumps from GSM mobile phones.
Health Phys. 90(4):357-360, 2006.

Electromagnetic interference with critical medical care devices has been reported by
various groups. Previous studies have demonstrated that volumetric and syringe pumps
are susceptible to false alarm buzzing and blocking when exposed to various
electromagnetic sources. The risk of electromagnetic interference depends on several
factors such as the phone-emitted power, distance, and carrier frequency. The aim of this
study was to assess the risk of GSM phone-induced electromagnetic interference with
volumetric and syringe pumps, at various distances and emitted powers. Malfunctions
were observed in 6 out of 8 volumetric pumps and in 1 out of 4 syringe pumps exposed to
mobile phones at their maximum output, at distances up to 30 cm. The maximum power
that did not induce any malfunction at zero distance was 50 mW at 900 MHz and 2.5 mW
at 1,800 MHz. In state-of-the-art pumps, the presence of moderate-good base station
coverage would significantly reduce the risk of electromagnetic interference.

Calderdn C, Addison D, Mee T, Findlay R, Maslanyj M, Conil E, Kromhout H, Lee
AK, Sim MR, Taki M, Varsier N, Wiart J, Cardis E. Assessment of extremely low
frequency magnetic field exposure from GSM mobile phones.
Bioelectromagnetics. 2013 Nov 6. doi: 10.1002/bem.21827. [Epub ahead of print]

Although radio frequency (RF) electromagnetic fields emitted by mobile phones have
received much attention, relatively little is known about the extremely low frequency
(ELF) magnetic fields emitted by phones. This paper summarises ELF magnetic flux
density measurements on global system for mobile communications (GSM) mobile
phones, conducted as part of the MOBI-KIDS epidemiological study. The main
challenge is to identify a small number of generic phone models that can be used to
classify the ELF exposure for the different phones reported in the study. Two-
dimensional magnetic flux density measurements were performed on 47 GSM mobile
phones at a distance of 25 mm. Maximum resultant magnetic flux density values at
217 Hz had a geometric mean of 221 (+198/-104) nT. Taking into account harmonic
data, measurements suggest that mobile phones could make a substantial
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contribution to ELF exposure in the general population. The maximum values and
easily available variables were poorly correlated. However, three groups could be
defined on the basis of field pattern indicating that manufacturers and shapes of
mobile phones may be the important parameters linked to the spatial characteristics
of the magnetic field, and the categorization of ELF magnetic field exposure for GSM
phones in the MOBI-KIDS study may be achievable on the basis of a small number of
representative phones. Such categorization would result in a twofold exposure
gradient between high and low exposure based on type of phone used, although
there was overlap in the grouping.

Calvente |, Fernandez MF, Pérez-Lobato R, Davila-Arias C, Ocon O, Ramos R, Rios-
Arrabal S, Villalba-Moreno J, Olea N, Nufiez MI. Outdoor characterization of radio
frequency electromagnetic fields in a Spanish birth cohort. Environ Res. 2015 Feb
20;138C:136-143. doi: 10.1016/j.envres.2014.12.013. [Epub ahead of print]

There is considerable public concern in many countries about the possible adverse
effects of exposure to non-ionizing radiation electromagnetic fields, especially in
vulnerable populations such as children. The aim of this study was to characterize
environmental exposure profiles within the frequency range 100kHz-6GHz in the
immediate surrounds of the dwellings of 123 families from the INMA-Granada birth cohort
in Southern Spain, using spot measurements. The arithmetic mean root mean-square
electric field (Ervs) and power density (Srms) values were, respectively, 195.79mV/m
(42.3% of data were above this mean) and 799.01pW/m? (30% of values were above this
mean); median values were 148.80mV/m and 285.94uW/m?, respectively. Exposure
levels below the quantification limit were assigned a value of 0.01V/m. Incident field
strength levels varied widely among different areas or towns/villages, demonstrating
spatial variability in the distribution of exposure values related to the surface area
population size and also among seasons. Although recorded values were well below
International Commission for Non-lonizing Radiation Protection reference levels, there is
a particular need to characterize incident field strength levels in vulnerable populations
(e.g., children) because of their chronic and ever-increasing exposure. The effects of
incident field strength have not been fully elucidated; however, it may be appropriate to
apply the precautionary principle in order to reduce exposure in susceptible groups.

Calvente |, Pérez-Lobato R, Nufiez MI, Ramos R, Guxens M, Villalba J, Olea N,
Fernandez MF. Does exposure to environmental radiofrequency electromagnetic
fields cause cognitive and behavioral effects in 10-year-old boys?
Bioelectromagnetics. 37(1):25-36, 2016.

The relationship between exposure to electromagnetic fields from non-ionizing radiation
and adverse human health effects remains controversial. We aimed to explore the
association of environmental radiofrequency-electromagnetic fields (RF-EMFs) exposure
with neurobehavioral function of children. A subsample of 123 boys belonging to the
Environment and Childhood cohort from Granada (Spain), recruited at birth from 2000
through 2002, were evaluated at the age of 9-11 years. Spot electric field measurements
within the 100 kHz to 6 GHz frequency range, expressed as both root mean-square
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(SRMS ) and maximum power density (SMAX ) magnitudes, were performed in the
immediate surrounds of childrens dwellings. Neurocognitive and behavioral functions
were assessed with a comprehensive battery of tests. Multivariate linear and logistic
regression models were used, adjusting for potential confounders. All measurements
were lower than reference guideline limits, with median SRMS and SMAX values of
285.94 and 2759.68 yW/m(2) , respectively. Most of the cognitive and behavioral
parameters did not show any effect, but children living in higher RF exposure areas
(above median SRMS levels) had lower scores for verbal expression/comprehension and
higher scores for internalizing and total problems, and obsessive-compulsive and post-
traumatic stress disorders, in comparison to those living in areas with lower exposure.
These associations were stronger when SMAX values were considered. Although some
of our results may suggest that low-level environmental RF-EMF exposure has a negative
impact on cognitive and/or behavior development in children; given limitations in the study
design and that the majority of neurobehavioral functioning tasks were not affected,
definitive conclusions cannot be drawn.

Cam ST, Seyhan N. Single-strand DNA breaks in human hair root cells exposed to
mobile phone radiation. Int J Radiat Biol.88(5):420-424, 2012.

Abstract. Purpose: To analyze the short term effects of radiofrequency radiation (RFR)
exposure on genomic deoxyribonucleic acid (DNA) of human hair root cells. Subjects and
methods: Hair samples were collected from 8 healthy human subjects immediately before
and after using a 900-MHz GSM (Global System for Mobile Communications) mobile
phone for 15 and 30 minutes. Single-strand DNA breaks of hair root cells from the
samples were determined using the ‘comet assay'. Results: The data showed that talking
on a mobile phone for 15 or 30 minutes significantly increased (p< .05) single-strand DNA
breaks in cells of hair roots close to the phone. Comparing the 15-min and 30-min data
using the paired t-test also showed that significantly more damages resulted after 30
minutes than after 15 minutes of phone use. Conclusions: A short-term exposure (15 and
30 minutes) to RFR (900-MHz) from a mobile phone caused a significant increase in DNA
single-strand breaks in human hair root cells located around the ear which is used for the
phone calls.

Cam ST, Seyhan N, Kavaklh C, Celikbigak O. Effects of 900 MHz Radiofrequency
Radiation on Skin Hydroxyproline Contents. Cell Biochem Biophys. 2014 Apr 24.
[Epub ahead of print]

The present study aimed to investigate the possible effect of pulse-modulated
radiofrequency radiation (RFR) on rat skin hydroxyproline content, since skin is the first
target of external electromagnetic fields. Skin hydroxyproline content was measured
using liquid chromatography mass spectrometer method. Two months old male wistar
rats were exposed to a 900 MHz pulse-modulated RFR at an average whole body
specific absorption rate (SAR) of 1.35 W/kg for 20 min/day for 3 weeks. The
radiofrequency (RF) signals were pulse modulated by rectangular pulses with a repetition
frequency of 217 Hz and a duty cycle of 1:8 (pulse width 0.576 ms). A skin biopsy was
taken at the upper part of the abdominal costa after the exposure. The data indicated that
whole body exposure to a pulse-modulated RF radiation that is similar to that emitted by
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the global system for mobile communications (GSM) mobile phones caused a statistically
significant increase in the skin hydroxyproline level (p = 0.049, Mann-Whitney U test).
Under our experimental conditions, at a SAR less than the International Commission on
Non-lonizing Radiation Protection safety limit recommendation, there was evidence that
GSM signals could alter hydroxyproline concentration in the rat skin.

Cammaerts MC, De Doncker P, Patris X, Bellens F, Rachidi Z, Cammaerts D. GSM
900 MHz radiation inhibits ants' association between food sites and encountered
cues. Electromagn Biol Med. 31(2):151-165, 2012.

The kinetics of the acquisition and loss of the use of olfactory and visual cues were
previously obtained in six experimental colonies of the ant Myrmica sabuleti meinert
1861, under normal conditions. In the present work, the same experiments were
conducted on six other naive identical colonies of M. sabuleti, under electromagnetic
radiation similar to those surrounding GSM and communication masts. In this
situation, no association between food and either olfactory or visual cues occurred.
After a recovery period, the ants were able to make such an association but never
reached the expected score. Such ants having acquired a weaker olfactory or visual
score and still undergoing olfactory or visual training were again submitted to
electromagnetic waves. Not only did they lose all that they had memorized, but also
they lost it in a few hours instead of in a few days (as under normal conditions when
no longer trained). They kept no visual memory at all (instead of keeping 10% of it as
they normally do). The impact of GSM 900 MHz radiation was greater on the visual
memory than on the olfactory one. These communication waves may have such a
disastrous impact on a wide range of insects using olfactory and/or visual memory,
i.e., on bees.

Cammaerts MC, Debeir O, Cammaerts R. Changes in Paramecium caudatum
(protozoa) near a switched-on GSM telephone. Electromagn Biol Med. 30(1):57-66,
2011.

The protozoan Paramecium caudatum was examined under normal conditions versus
aside a switched-on GSM telephone (900 MHz; 2 Watts). Exposed individuals moved
more slowly and more sinuously than usual. Their physiology was affected: they
became broader, their cytopharynx appeared broader, their pulse vesicles had
difficult in expelling their content outside the cell, their cilia less efficiently moved, and
trichocysts became more visible. All these effects might result from some bad
functioning or damage of the cellular membrane. The first target of communication
electromagnetic waves might thus be the cellular membrane.

Cammaerts MC, Rachidi Z, Bellens F, De Doncker P. Food collection and response
to pheromones in an ant species exposed to electromagnetic radiation.
Electromagn Biol Med. 2013 Jan 15. [Epub ahead of print]

We used the ant species Myrmica sabuleti as a model to study the impact of
electromagnetic waves on social insects' response to their pheromones and their food
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collection. We quantified M. sabuleti workers' response to their trail, area marking and
alarm pheromone under normal conditions. Then, we quantified the same responses
while under the influence of electromagnetic waves. Under such an influence, ants
followed trails for only short distances, no longer arrived at marked areas and no longer
orientated themselves to a source of alarm pheromone. Also when exposed to
electromagnetic waves, ants became unable to return to their nest and recruit congeners;
therefore, the number of ants collecting food increases only slightly and slowly. After 180
h of exposure, their colonies deteriorated. Electromagnetic radiation obviously affects
social insects' behavior and physiology.

Cammaerts M-C, Vandenbosch GAE, Volski V. Effect of short-term GSM radiation
at representative levels in society on a biological model: the ant Myrmica sabuleti.
J Insect Beh. 27(4):514-526. 2014.

Well-controlled electromagnetic exposure conditions were set up at a representative
societal GSM radiation intensity level, 1.5 V/m, which is the legally allowed level in
Brussels. Two nests of the ant species Myrmica sabuleti were repeatedly irradiated
during 10 min. before their behavior was observed, based on the analysis of the ant
trajectories. Under these exposure conditions, behavioral effects were detected. The ants'
locomotion slightly changed. The ants' orientation towards their attractive alarm
pheromone statistically became of lower quality. The ants still presented their trail
following behavior but less efficiently. In this controversial issue, ants could be considered
as possible bioindicators.

Campisi A, Gulino M, Acquaviva R, Bellia P, Raciti G, Grasso R, Musumeci F,
Vanella A, Triglia A. Reactive oxygen species levels and DNA fragmentation on
astrocytes in primary culture after acute exposure to low intensity microwave
electromagnetic field. Neurosci Lett.31 473(1):52-55, 2010.

The exposure of primary rat neocortical astroglial cell cultures to acute
electromagnetic fields (EMF) in the microwave range was studied. Differentiated
astroglial cell cultures at 14 days in vitro were exposed for 5, 10, or 20min to either
900MHz continuous waves or 900MHz waves modulated in amplitude at 50Hz using
a sinusoidal waveform and 100% modulation index. The strength of the electric field
(rms value) at the sample position was 10V/m. No change in cellular viability
evaluated by MTT test and lactate dehydrogenase release was observed. A
significant increase in ROS levels and DNA fragmentation was found only after
exposure of the astrocytes to modulated EMF for 20min. No evident effects were
detected when shorter time intervals or continuous waves were used. The irradiation
conditions allowed the exclusion of any possible thermal effect. Our data
demonstrate, for the first time, that even acute exposure to low intensity EMF induces
ROS production and DNA fragmentation in astrocytes in primary cultures, which also
represent the principal target of modulated EMF. Our findings also suggest the
hypothesis that the effects could be due to hyperstimulation of the glutamate
receptors, which play a crucial role in acute and chronic brain damage. Furthermore,
the results show the importance of the amplitude modulation in the interaction
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between EMF and neocortical astrocytes.

Canseven AG, Esmekaya MA, Kayhan H, Tuysuz MZ, Seyhan N. Effects of
microwave exposure and Gemcitabine treatment on apoptotic activity in Burkitt's
lymphoma (Raji) cells. Electromagn Biol Med. 2014 Jun 5:1-5. [Epub ahead of print]

We investigated the effects of 1.8 MHz Global System for Mobile Communications
(GSM)-modulated microwave (MW) radiation on apoptotic level and cell viability of
Burkitt's lymphoma (Raji) cells with or without Gemcitabine, which exhibits cell phase
specificity, primarily killing cells undergoing DNA synthesis (S-phase). Raji cells were
exposed to 1.8 GHz GSM-modulated MW radiation at a specific absorption rate (SAR) of
0.350 W/kg in a COz2 incubator. The duration of the exposure was 24 h. The amount of
apoptotic cells was analyzed using Annexin V-FITC and propidium iodide (PI) staining
with flow cytometer. The apoptotic activity of MW exposed Raji cells was increased
significantly. In addition, cell viability of exposed samples was significantly decreased.
Combined exposure of MW and Gemcitabine increased the amount of apoptotic cells
than MW radiation alone. Moreover, viability of MW + Gemcitabine exposed cells was
lower than that of cells exposed only to MW. These results demonstrated that MW
radiation exposure and Gemcitabine treatment have a synergistic effect on apoptotic
activity of Raji cells.

Cao G, Liu LM, Cleary SF, Cell cycle alterations induced by isothermal 27 MHz
radio-frequency radiation exposure. Bioelectrochem Bioenerg 37(2):131-140,
1995.

The purpose of this study was to test the hypothesis that 27 MHz continuous-wave
radio-frequency radiation can alter the mammalian cell cycle in the absence of
radiation-induced heating. Relative effects of r.f. radiation on specific phases of the
cell cycle were determined by exposing synchronized Chinese hamster ovary (CHO)
cells in Go/G1 - S- orGe/Gi -phase. The dose-rate dependence of r.f. radiation-
induced direct cell-cycle alterations was investigated by exposing CHO cells for 2 h to
5 or 25 W kg under isothermal conditions in vitro. Cell cycle alterations were
determined by flow cytofluorometric DNA determinations conducted over a period of
4 days after exposure. The DNA distributions of r.f.- or sham-exposed CHO cell
samples were compared qualitatively by direct comparison of overlaid and difference
distribution. A guantitative measure of the magnitude of the r.f.-induced CHO cell-
cycle alterations was obtained by summation of the absolute value of the difference in
the number of cells in all regions of the DNA distribution. The precision of the
cytoflorometric assay was determined by comparison of DNA distributions of replicate
CHO cell samples. The r.f. exposure induced time- and dose-rate-dependent cell
cycle alterations. Maximum responses occurred 3 days after exposure at a specific
absorption rate (SAR) of 25 W kgt. Comparison of temporal responses of cells
exposed to 5 W kgt vs. 25 W kg indicated an interaction of r.f. exposure intensity
with cell cycle phase. In contrast to r.f.-radiation-induced alterations in the cycles of
CHO cells exposed during Go/G1 - or S-phase, there were minimal effects on G2/M
-phase CHO cells at either SAR, indicating lessened sensitivity of this cell cycle
phase. Whereas Go/G1 - or S-phase cells exposed to either SAR approached

125


http://www.ncbi.nlm.nih.gov/pubmed?term=Canseven%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=24901461
http://www.ncbi.nlm.nih.gov/pubmed?term=Esmekaya%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24901461
http://www.ncbi.nlm.nih.gov/pubmed?term=Kayhan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24901461
http://www.ncbi.nlm.nih.gov/pubmed?term=Tuysuz%20MZ%5BAuthor%5D&cauthor=true&cauthor_uid=24901461
http://www.ncbi.nlm.nih.gov/pubmed?term=Seyhan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24901461
http://www.ncbi.nlm.nih.gov/pubmed/24901461

baseline levels of alteration by 4 days after exposure, there was a statistically
significant increased alteration in cells exposed at 25 W kg relative to cells exposed
at 5 W kg. This indicated an r.f.-dose-rate-dependent effect on the duration of cell
cycle alterations.

Cao H, Qin F, Liu X, Wang J, Cao Y, Tong J, Zhao H. Circadian Rhythmicity of
Antioxidant Markers in Rats Exposed to 1.8 GHz Radiofrequency Fields. Int J
Environ Res Public Health. 12(2):2071-2087, 2015.

BACKGROUND: The potential health risks of exposure to Radiofrequency Fields (RF)
emitted by mobile phones are currently of considerable public interest, such as the
adverse effects on the circadian rhythmicities of biological systems. To determine whether
circadian rhythms of the plasma antioxidants (Mel, GSH-Px and SOD) are affected by
RF, we performed a study on male Sprague Dawley rats exposed to the 1.8 GHz RF.
METHODS: All animals were divided into seven groups. The animals in six groups were
exposed to 1.8 GHz RF (201.7 yW/cm2 power density, 0.05653 W/kg specific absorption
rate) at a specific period of the day (3, 7, 11, 15, 19 and 23 h GMT, respectively), for 2
h/day for 32 consecutive days. The rats in the seventh group were used as sham-
exposed controls. At the end of last RF exposure, blood samples were collected from
each rat every 4 h (total period of 24 h) and also at similar times from sham-exposed
animals. The concentrations of three antioxidants (Mel, GSH-Px and SOD) were
determined. The data in RF-exposed rats were compared with those in sham-exposed
animals. RESULTS: circadian rhythms in the synthesis of Mel and antioxidant enzymes,
GSH-Px and SOD, were shifted in RF-exposed rats compared to sham-exposed animals:
the Mel, GSH-Px and SOD levels were significantly decreased when RF exposure was
given at 23 and 3 h GMT. CONCLUSION: The overall results indicate that there may be
adverse effects of RF exposure on antioxidant function, in terms of both the daily
antioxidative levels, as well as the circadian rhythmicity.

Cao XZ, Zzhao ML, Wang DW, Dong B. [Apoptosis of human lung carcinoma cell
line GLC-82 induced by high power electromagnetic pulse] Ai Zheng 21(9):929-933,
2002. [Article in Chinese]

BACKGROUND & OBJECTIVE: Electromagnetic pulse (EMP) could be used for
sterilization of food and the efficiency is higher than 2450 MHz continuous microwave
done. This study was designed to evaluate the effect of electromagnetic pulse (EMP) on
apoptosis of human lung carcinoma cell line GLC-82, so that to explore and develop
therapeutic means for cancer. METHODS: The injury changes in GLC-82 cells after
irradiated with EMP (electric field intensity was 60 kV/m, 5 pulses/2 min) were analyzed
by cytometry, MTT chronometry, and flow cytometry. The immunohistochemical SP
staining was used to determine the expressions of bcl-2 protein and p53 protein. The
stained positive cells were analyzed by CMIAS-II image analysis system at a
magnification 400. All data were analyzed by SPSS8.0 software. RESULTS: EMP could
obviously inhibited proliferation and activity of lung carcinoma cell line GLC-82. The
absorbance value (A570) of MTT decreased immediately, at O h, 1 h, and 6 h after the
GLC-82 cells irradiated by EMP as compared with control group. The highest apoptosis
rate was found to reach 13.38% by flow cytometry at 6 h after EMP irradiation. Down-
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regulation of bcl-2 expression and up-regulation of p53 expression were induced by EMP.
CONCLUSION: EMP promotes apoptosis of GLC-82 cells. At same time, EMP can
down-regulate bcl-2 expression and up-regulate p53 expression in GLC-82 cells. The bcl-
2 and the p53 protein may involve the apoptotic process.

Cao Y, Xu Q, Lu MX, Jin ZD, DU HB, Li JX, Nie JH, Tong J. [Antagonistic effect
of microwave on hematopoietic damage of mice induced by gamma-ray
irradiation.] Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 27(9):525-529,
2009. [Article in Chinese]

OBJECTIVE: To investigate antagonistic effect of microwave on hematopoietic
damage of mice induced by gamma-ray irradiation. METHODS: Male healthy
Kunning mice were treated with low dose microwave radiation before exposure to
(60)Co gamma-ray irradiation of 8.0 Gy. The 30-day survival rate and average
survival time of the mice after the treatment were examined. Peripheral blood
parameters and the organ indexes of thymus and spleen were also observed in the
irradiated mice. After exposure to 5.0 Gy gamma irradiation, indexes of hematopoietic
foci formation of bone marrow cells (CFU-GM) and the proliferation activity of BMNCs
were examined. The serum concentration of hemopoietic factors (GM-CSF and IL-3)
were detected by ELISA kits. RESULTS: Pre-exposure with 120 microw/cm(2) 900
MHz microwave increased the 30-day survival rate (P < 0.05) and the number of
white blood cells of gamma-ray treated mice. The increases of the organ indexes of
thymus and spleen, proliferation activity of BMNCs and CFU-GM hematopoietic foci
numbers, as well as the higher serum concentration of GM-CSF and IL-3 were
observed in the microwave pre-exposure group. CONCLUSION: Low dose
microwave radiation may exert potential antagonistic effects on hematopoietic injuries
induced by ionizing radiation. The underlying mechanisms might be related with
stimulation of hematopoietic growth factors expression, promotion of HSCs/HPCs
proliferation, suppression on the reduction of HSCs/HPCs caused by (60)Co gamma-
ray, and enhanced construction of the hematopoietic system.

Cao Y, Zhang W, Lu MX, Xu Q, Meng QQ, Nie JH, Tong J. 900-MHz microwave
radiation enhances gamma-ray adverse effects on SHG44 cells. J Toxicol Environ
Health A. 72(11):727-732, 2009.

Mobile phones are widely used globally. However, the biological effects due to exposure
to electromagnetic fields (EMF) produced by mobile phones are largely unknown.
Environmental and occupational exposure of humans to gamma-rays is a biologically
relevant phenomenon. Consequently studies were undertaken to examine the
interactions between gamma-rays and EMF on human health. In this study, exposure to
900-MHz EMF expanded gamma-ray damage to SHG44 cells. Preexposure EMF
enhanced the decrease in cell proliferation induced by gamma-ray irradiation and the rate
of apoptosis. The combination of EMF and gamma-ray exposure resulted in a synergistic
effect by triggering stress response, which increased reactive oxygen species, but the
expression of hsp70 at both mRNA and protein levels remained unaltered. Data indicate
that the adverse effects of gamma-rays on cellular functions are strengthened by EMF.

Cao Y, Xu Q, Lu MX, Jin ZD, DU HB, Li JX, Nie JH, Tong J. [Antagonistic effect
of microwave on hematopoietic damage of mice induced by gamma-ray
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irradiation.] Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 27(9):525-529,
2009. [Article in Chinese]

OBJECTIVE: To investigate antagonistic effect of microwave on hematopoietic
damage of mice induced by gamma-ray irradiation. METHODS: Male healthy
Kunning mice were treated with low dose microwave radiation before exposure to
(60)Co gamma-ray irradiation of 8.0 Gy. The 30-day survival rate and average
survival time of the mice after the treatment were examined. Peripheral blood
parameters and the organ indexes of thymus and spleen were also observed in the
irradiated mice. After exposure to 5.0 Gy gamma irradiation, indexes of hematopoietic
foci formation of bone marrow cells (CFU-GM) and the proliferation activity of BMNCs
were examined. The serum concentration of hemopoietic factors (GM-CSF and IL-3)
were detected by ELISA kits. RESULTS: Pre-exposure with 120 microw/cm(2) 900
MHz microwave increased the 30-day survival rate (P < 0.05) and the number of
white blood cells of gamma-ray treated mice. The increases of the organ indexes of
thymus and spleen, proliferation activity of BMNCs and CFU-GM hematopoietic foci
numbers, as well as the higher serum concentration of GM-CSF and IL-3 were
observed in the microwave pre-exposure group. CONCLUSION: Low dose
microwave radiation may exert potential antagonistic effects on hematopoietic injuries
induced by ionizing radiation. The underlying mechanisms might be related with
stimulation of hematopoietic growth factors expression, promotion of HSCs/HPCs
proliferation, suppression on the reduction of HSCs/HPCs caused by (60)Co gamma-
ray, and enhanced construction of the hematopoietic system.

Cao Y, Xu Q, Jin ZD, Zhang J, Lu MX, Nie JH, Tong J. Effects of 900-MHz
microwave radiation on gamma-ray-induced damage to mouse hematopoietic
system. J Toxicol Environ Health A. 73(7):507-513, 2010.

Exposure of humans simultaneously to microwave and gamma-ray irradiation may be
a commonly encountered phenomenon. In a previous study data showed that low-
dose microwave radiation increased the survival rate of mice irradiated with 8Gy
gamma-ray; however, the mechanisms underlying these findings remain unclear.
Consequently, studies were undertaken to examine the effects of microwave
exposure on hematopoietic system adversely altered by gamma-ray irradiation in
mice. Preexposure to low-dose microwaves attenuated the damage produced by
gamma-ray irradiation as evidenced by less severe pathological alterations in bone
marrow and spleen. The protective effects of microwaves were postulated to be due
to up-expression of some hematopoietic growth factors, stimulation of proliferation of
the granulocyte-macrophages in bone marrow, and inhibition of the gamma-ray
induced suppression of hematopoietic stem cells/hematopoietic progenitor cells. Data
thus indicate that prior exposure to microwaves may be beneficial in providing
protection against injuries produced by gamma-ray on the hematopoietic system in
mice.

Cao Y, Xu Q, Jin ZD, Zhou Z, Nie JH, Tong J. Induction of adaptive response: pre-
exposure of mice to 900 MHz radiofrequency fields reduces hematopoietic damage

128


javascript:AL_get(this,%20'jour',%20'Zhonghua%20Lao%20Dong%20Wei%20Sheng%20Zhi%20Ye%20Bing%20Za%20Zhi.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Jin%20ZD%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20MX%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Nie%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Tong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20391130
http://www.ncbi.nlm.nih.gov/pubmed/20391130
http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21294690
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21294690
http://www.ncbi.nlm.nih.gov/pubmed?term=Jin%20ZD%5BAuthor%5D&cauthor=true&cauthor_uid=21294690
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21294690
http://www.ncbi.nlm.nih.gov/pubmed?term=Nie%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21294690
http://www.ncbi.nlm.nih.gov/pubmed?term=Tong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21294690

caused by subsequent exposure to ionising radiation. Int J Radiat Biol. 87(7):720-
728, 2011.

PURPOSE: To investigate whether an adaptive response can be induced in mice which
were pre-exposed to 900 MHz radiofrequency fields. MATERIALS AND METHODS:
Adult male Kunming mice were exposed to 900 MHz radiofrequency fields (RF) at power
intensities of 12, 120 and 1200 yW/cm(2) for 1 h/day for 14 days and then subjected to
whole body gamma-irradiation. The results were compared with those in unexposed
control animals and those exposed to gamma-irradiation alone (without pre-exposure to
RF). The extent of survival and hematopoietic tissue damage (assessed in the form of
nucleated colony forming cells in the bone marrow and colony forming cells in the spleen
of lethally irradiated 'recipient’ mice) as well as the expression of cell cycle-related genes
were investigated. RESULTS: The results indicated a significant increase in survival time,
reduction in the hematopoietic tissue damage in RF pre-exposed mice which were
gamma-irradiated (as compared with those exposed to gamma-radiation alone). This was
accompanied by significantly increased expression of cell cycle-related genes, namely,
cyclin-D1, cyclin-E, cyclin-DK4 and cyclin-DK2 in hematopoietic cells. CONCLUSIONS:
Pre-exposure of mice to 900 MHz radiofrequency fields has resulted in a significant
reduction in hematopoietic damage caused by subsequent exposure to ionising radiation.
This phenomenon appears to be similar to that of the ‘adaptive response’ which is well
documented in scientific literature.

Cao Z, Liu J, Li S, Zhao X. [Effects of electromagnetic radiation from handsets of
cellular telephone on neurobehavioral function] Wei Sheng Yan Jiu 29(2):102-103,
2000. [Article in Chinese]

In order to study the effects of electromagnetic radiation from handsets of cellular
telephone on neurobehavioral function, 81 staff with handsets of cellular telephone and
63 staff without handsets of cellular telephone from corporations were selected as the
subjects. The subjects were investigated by questionnaire on their general health, lifestyle
habit, suppress of spirit, handset using of cellular telephone, environmental exposure,
morbidity, and the neurobehavioral core test battery(NCTB). The data was analyzed by
chi-square, stepwise regression analysis and covariance statistics. The results showed
that the average reaction time in user's group was longer than that in control group (P <
0.01). The time of using handset was negatively associated with corrected reaction
number (P < 0.01). The fast reaction time and the slowest reaction time were positively
associated with the length of handset using (P < 0.01, P < 0.05). The results suggested
that the handset using could cause adverse health effects in neurobehavioral function.

Capri M, Scarcella E, Bianchi E, Fumelli C, Mesirca P, Agostini C, Remondini D,
Schuderer J, Kuster N, Franceschi C, Bersani F.1800 MHz radiofrequency (mobile
phones, different global system for mobile communication modulations) does not
affect apoptosis and heat shock protein 70 level in peripheral blood mononuclear
cells from young and old donors. Int J Radiat Biol. 80(6):389-397, 2004.

PURPOSE: To study if prolonged in vitro exposure to 1800MHz radiofrequency (RF)
could exert an effect on human peripheral blood mononuclear cells (PBMC) from young
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and elderly donors by affecting apoptosis, mitochondrial membrane potential and heat
shock protein (HSP) 70 levels. MATERIALS AND METHODS: Endpoints were analysed
in the presence or absence of the apoptosis-inducing agent 2-deoxy-D-ribose. Three
different signal modulations typical of the Global System for Mobile communication
(GSM) system were applied. The modulations are widely used in mobile telephony (GSM
Basic, discontinuous transmission [DTX] and Talk) at specific absorption rates of 1.4 and
2.0 W kg(-1). RESULTS: In all conditions and for all endpoints tested, there was no
significant difference between RF- and sham-exposed cells. CONCLUSION: 1800MHz
RF could not induce apoptosis by itself or affect the apoptotic phenomenon when induced
by an apoptotic agent. Moreover, RF did not modify the mitochondrial functionality and
the expression of HSP 70.

Capri M, Scarcella E, Fumelli C, Bianchi E, Salvioli S, Mesirca P, Agostini C,
Antolini A, Schiavoni A, Castellani G, Bersani F, Franceschi C. In vitro exposure of
human lymphocytes to 900 MHz CW and GSM modulated radiofrequency: studies
of proliferation, apoptosis and mitochondrial membrane potential. Radiat Res.
162(2):211-218, 2004.

The aim of this study was to investigate the nonthermal effects of radiofrequency (RF)
fields on human immune cells exposed to a Global System for Mobile Communication
(GSM) signal generated by a commercial cellular phone and by a sinusoidal non-
modulated signal. To assess whether mobile phone RF-field exposure affects human
immune cell functions, peripheral blood mononuclear cells (PBMCs) from healthy donors
were exposed in vitro to a 900 MHz GSM or continuous-wave (CW) RF field 1 h/day for 3
days in a transverse electromagnetic mode (TEM) cell system (70-76 mW/kg average
specific absorption rate, SAR). The cells were cultured for 48 or 72 h, and the following
end points were studied: (1) mitogen-induced proliferation; (2) cell cycle progression; (3)
spontaneous and 2-deoxy-D-ribose (dRib)-induced apoptosis; (4) mitochondrial
membrane potential modifications during spontaneous and dRib-induced-apoptosis. Data
obtained from cells exposed to a GSM-modulated RF field showed a slight decrease in
cell proliferation when PBMCs were stimulated with the lowest mitogen concentration and
a slight increase in the number of cells with altered distribution of phosphatidylserine
across the membrane. On the other hand, cell cycle phases, mitochondrial membrane
potential and susceptibility to apoptosis were found to be unaffected by the RF field.
When cells were exposed to a CW RF field, no significant modifications were observed in
comparison with sham-exposed cells for all the end points investigated.

Capri M, Salvioli S, Altilia S, Sevini F, Remondini D, Mesirca P, Bersani F, Monti D,
Franceschi CAge-Dependent Effects of in Vitro Radiofrequency Exposure (Mobile
Phone) on CD95+ T Helper Human Lymphocytes. Ann NY Acad Sci. 1067:493-499,
2006.

.Recent studies on "nonthermal” effects of mobile phone radiofrequency (RF) suggest
that RF can interact with cellular functions and molecular pathways. To study the possible
RF effects on human lymphocyte activation, we analyzed CD25, CD95, CD28 molecules
in unstimulated and stimulated CD4+ e CD8+ T cells in vitro. Peripheral blood
mononuclear cells (PBMCs) from young and elderly donors were exposed or sham-
exposed to RF (1,800 MHz, Specific Absorption Rate 2 W/kg) with or without mitogenic
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stimulation. No significant changes in the percentage of these cell subsets were found
between exposed and sham-exposed lymphocytes in both young and elderly donors.
Nevertheless, after RF exposure we observed a slight, but significant, downregulation of
CD95 expression in stimulated CD4+ T lymphocytes from elderly, but not from young
donors. This age-related result is noteworthy given the importance of such a molecule in
regulation of the immune response.

Caraglia M, Marra M, Mancinelli F, D'’Ambrosio G, Massa R, Giordano A, Budillon A,
Abbruzzese A, Bismuto E. Electromagnetic fields at mobile phone frequency
induce apoptosis and inactivation of the multi-chaperone complex in human
epidermoid cancer cells. J Cell Physiol. 204(2):539-548, 2005.

The exposure to non-thermal microwave electromagnetic field (MW-EMF) at 1.95 MHz, a
frequency used in mobile communication, affects the refolding kinetics of eukaryotic
proteins (Mancinelli et al., 2004). On these basis we have evaluated the in vivo effect of
MW-EMF in human epidermoid cancer KB cells. We have found that MW-EMF induces
time-dependent apoptosis (45% after 3 h) that is paralleled by an about 2.5-fold decrease
of the expression of ras and Raf-1 and of the activity of ras and Erk-1/2. Although also the
expression of Akt was reduced its activity was unchanged likely as a consequence of the
increased expression of its upstream activator PI3K. In the same experimental conditions
an about 2.5-fold increase of the ubiquitination of ras and Raf-1 was also found and the
addition for 12 h of proteasome inhibitor lactacystin at 10 microM caused an accumulation
of the ubiquitinated isoforms of ras and Raf-1 and counteracted the effects of MW-EMF
on ras and Raf-1 expression suggesting an increased proteasome-dependent
degradation induced by MW-EMF. The exposure of KB cells to MW-EMF induced a
differential activation of stress-dependent pathway with an increase of JNK-1 activity and
HSP70 and 27 expression and with a reduction of p38 kinase activity and HSP90
expression. The overexpression of HSP90 induced by transfection of KB cells with a
plasmid encoding for the factor completely antagonized the apoptosis and the inactivation
of the ras --> Erk-dependent survival signal induced by MW-EMF. Conversely, the
inhibition of Erk activity induced by 12 h exposure to 10 mM Mek-1 inhibitor U0126
antagonized the effects induced by HSP9O0 transfection on apoptosis caused by MW-
EMF. In conclusion, these results demonstrate for the first time that MW-EMF induces
apoptosis through the inactivation of the ras --> Erk survival signaling due to enhanced
degradation of ras and Raf-1 determined by decreased expression of HSP90 and the
consequent increase of proteasome dependent degradation.

Carballo-Quintas M, Martinez-Silva |, Cadarso-Suarez C, Alvarez-Figueiras M, Ares-
Pena FJ, Lopez-Martin E. A study of neurotoxic biomarkers, c-fos and GFAP after
acute exposure to GSM radiation at 900 MHz in the picrotoxin model of rat brains.
Neurotoxicology. 32(4):478-494, 2011.

The acute effects of microwave exposure from the Global System for Mobile
Communication (GSM) were studied in rats, using 900MHz radiation at an intensity
similar to mobile phone emissions. Acute subconvulsive doses of picrotoxin were
then administered to the rats and an experimental model of seizure-proneness was
created from the data. Seventy-two adult male Sprague-Dawley rats underwent
immunochemical testing of relevant anatomical areas to measure induction of the c-
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fos neuronal marker after 90min and 24h, and of the glial fibrillary acidic protein
(GFAP) 72h after acute exposure to a 900MHz electromagnetic field (EMF). The
experimental set-up facilitated measurement of absorbed power, from which the
average specific absorption rate was calculated using the finite-difference time-
domain (FDTD) 2h after exposure to EMF radiation at 1.45W/kg in picrotoxin-treated
rats and 1.38W/kg in untreated rats. Ninety minutes after radiation high levels of c-fos
expression were recorded in the neocortex and paleocortex along with low
hippocampus activation in picrotoxin treated animals. Most brain areas, except the
limbic cortical region, showed important increases in neuronal activation 24h after
picrotoxin and radiation. Three days after picrotoxin treatment, radiation effects were
still apparent in the neocortex, dentate gyrus and CA3, but a significant decrease in
activity was noted in the piriform and entorhinal cortex. During this time, glial
reactivity increased with every seizure in irradiated, picrotoxin-treated brain regions.
Our results reveal that c-fos and glial markers were triggered by the combined stress
of non-thermal irradiation and the toxic effect of picrotoxin on cerebral tissues.

Carlberg M, Hardell L. Decreased Survival of Glioma Patients with Astrocytoma
Grade IV (Glioblastoma Multiforme) Associated with Long-Term Use of Mobile and
Cordless Phones. Int J Environ Res Public Health. 11(10):10790-10805, 2014.

On 31 May 2011 the WHO International Agency for Research on Cancer (IARC)
categorised radiofrequency electromagnetic fields (RF-EMFs) from mobile phones, and
from other devices that emit similar non-ionising electromagnetic fields, as a Group 2B,
i.e., a "possible”, human carcinogen. A causal association would be strengthened if it
could be shown that the use of wireless phones has an impact on the survival of glioma
patients. We analysed survival of 1678 glioma patients in our 1997-2003 and 2007-2009
case-control studies. Use of wireless phones in the >20 years latency group (time since
first use) yielded an increased hazard ratio (HR) = 1.7, 95% confidence interval (Cl) = 1.2-
2.3 for glioma. For astrocytoma grade IV (glioblastoma multiforme; n = 926) mobile phone
use yielded HR = 2.0, 95% CI = 1.4-2.9 and cordless phone use HR = 3.4, 95% CI =
1.04-11 in the same latency category. The hazard ratio for astrocytoma grade IV
increased statistically significant per year of latency for wireless phones, HR = 1.020, 95%
Cl = 1.007-1.033, but not per 100 h cumulative use, HR = 1.002, 95% CI = 0.999-1.005.
HR was not statistically significant increased for other types of glioma. Due to the
relationship with survival the classification of IARC is strengthened and RF-EMF should
be regarded as human carcinogen requiring urgent revision of current exposure
guidelines.

Carlberg M, Hardell L. Evaluation of Mobile Phone and Cordless Phone Use and
Glioma Risk Using the Bradford Hill Viewpoints from 1965 on Association or
Causation. Biomed Res Int. 2017:9218486, 2017.

Objective. Bradford Hill's viewpoints from 1965 on association or causation were used on
glioma risk and use of mobile or cordless phones. Methods. All nine viewpoints were
evaluated based on epidemiology and laboratory studies. Results. Strength: meta-
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analysis of case-control studies gave odds ratio (OR) = 1.90, 95% confidence interval (CI)
= 1.31-2.76 with highest cumulative exposure. Consistency: the risk increased with
latency, meta-analysis gave in the 10+ years' latency group OR = 1.62, 95% CI = 1.20-
2.19. Specificity: increased risk for glioma was in the temporal lobe. Using meningioma
cases as comparison group still increased the risk. Temporality: highest risk was in the
20+ years' latency group, OR = 2.01, 95% CI =1.41-2.88, for wireless phones. Biological
gradient: cumulative use of wireless phones increased the risk. Plausibility: animal studies
showed an increased incidence of glioma and malignant schwannoma in rats exposed to
radiofrequency (RF) radiation. There is increased production of reactive oxygen species
(ROS) from RF radiation. Coherence: there is a change in the natural history of glioma
and increasing incidence. Experiment: antioxidants reduced ROS production from RF
radiation. Analogy: there is an increased risk in subjects exposed to extremely low-
frequency electromagnetic fields. Conclusion. RF radiation should be regarded as a
human carcinogen causing glioma.

Cardis E, Deltour I, Mann S, Moissonnier M, Taki M, Varsier N, Wake K, Wiart J.
Distribution of RF energy emitted by mobile phones in anatomical structures of
the brain. Phys Med Biol. 53(11):2771-2783, 2008.

The rapid worldwide increase in mobile phone use in the last decade has generated
considerable interest in possible carcinogenic effects of radio frequency (RF).
Because exposure to RF from phones is localized, if a risk exists it is likely to be
greatest for tumours in regions with greatest energy absorption. The objective of the
current paper was to characterize the spatial distribution of RF energy in the brain,
using results of measurements made in two laboratories on 110 phones used in
Europe or Japan. Most (97-99% depending on frequency) appears to be absorbed in
the brain hemisphere on the side where the phone is used, mainly (50-60%) in the
temporal lobe. The average relative SAR is highest in the temporal lobe (6-15%,
depending on frequency, of the spatial peak SAR in the most exposed region of the
brain) and the cerebellum (2-10%) and decreases very rapidly with increasing depth,
particularly at higher frequencies. The SAR distribution appears to be fairly similar
across phone models, between older and newer phones and between phones with
different antenna types and positions. Analyses of risk by location of tumour are
therefore important for the interpretation of results of studies of brain tumours in
relation to mobile phone use.

Carlberg M, Hardell L. On the association between glioma, wireless phones,
heredity and ionising radiation. Pathophysiology. 19(4):243-252, 2012.

We performed two case-control studies on brain tumours diagnosed during 1 January
1997 to 30 June 2000 and 1 July 2000 to 31 December 2003, respectively. Living cases
and controls aged 20-80 years were included. An additional study was performed on
deceased cases with a malignant brain tumour using deceased controls. Pooled results
for glioma yielded for ipsilateral use of mobile phone odds ratio (OR)=2.9, 95%
confidence interval (Cl)=1.8-4.7 in the >10 years latency group. The corresponding result
for cordless phone was OR=3.8, 95% CI=1.8-8.1. OR increased statistically significant for
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cumulative use of wireless phones per 100h and per year of latency. For high-grade
glioma ipsilateral use of mobile phone gave OR=3.9, 95% CI=2.3-6.6 and cordless phone
OR=5.5, 95% CI=2.3-13 in the >10 years latency group. Heredity for brain tumour gave
OR=3.4, 95% CI=2.1-5.5 for glioma. There was no interaction with use of wireless
phones. X-ray investigation of the head gave overall OR=1.3, 95% CI=1.1-1.7 for glioma
without interaction with use of wireless phones or heredity. In conclusion use of mobile
and cordless phone increased the risk for glioma with highest OR for ipsilateral use,
latency >10 years and third tertile of cumulative use in hours. In total, the risk was highest
in the age group <20 years for first use of a wireless phone.

Carlberg M, Hardell L. Pooled analysis of Swedish case-control studies during
1997-2003 and 2007-2009 on meningioma risk associated with the use of mobile
and cordless phones. Oncol Rep. 33(6):3093-3098, 2015.

A pooled analysis of two case-control studies on meningioma with patients diagnosed
during 1997-2003 and 2007-2009 was conducted. Both genders were included, aged 20-
80 and 18-75 years, respectively, at the time of diagnosis. Population-based controls,
matched according to age and gender, were enrolled. Exposure was assessed by
questionnaire. In the entire study, cases with all brain tumor types were included. The
whole reference group was used in the unconditional logistic regression analysis on
meningioma, with adjustments for gender, age, year of diagnosis and socio-economic
index (SEI). In total, 1,625 meningioma cases and 3,530 controls were analyzed. Overall
no association with use of mobile or cordless phones was found. In the fourth quartile of
use (>1,436 h) somewhat increased risk was found for mobile phones yielding an odds
ratio (OR)=1.2, 95% confidence intervals (Cl)=0.9-1.6 and cordless phones OR=1.7, 95%
ClI=1.3-2.2. Higher risk was calculated in the highest decile (>3,358 h), OR=1.5, 95%
CI=0.99-2.1 and OR=2.0, 95% CI=1.4-2.8, respectively. In addition, the longest latency
time gave somewhat increased risk for both phone types although the result was not
statistically significant. There was no association for ipsilateral use or anatomical tumor
location. The present study showed a somewhat increased risk among heavy users of
mobile and cordless phones. Since meningioma is generally a slow-growing tumor,
longer latency period is necessary for definitive conclusions.

Carlberg M, Soédergvist F, Hansson Mild K, Hardell L. Meningioma patients
diagnosed 2007--2009 and the association with use of mobile and cordless
phones: a case--control study. Environ Health. 2013 Jul 19;12(1):60. [Epub ahead
of print]

BACKGROUND: To study the association between use of wireless phones and
meningioma. METHODS: We performed a case--control study on brain tumour cases of
both genders aged 18--75 years and diagnosed during 2007--2009. One population-
based control matched on gender and age was used to each case. Here we report on
meningioma cases including all available controls. Exposures were assessed by a
guestionnaire. Unconditional logistic regression analysis was performed. RESULTS: In
total 709 meningioma cases and 1,368 control subjects answered the questionnaire.
Mobile phone use in total produced odds ratio (OR) = 1.0, 95% confidence interval (Cl) =
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0.7-1.4 and cordless phone use gave OR = 1.1, 95% CI = 0.8-1.5. The risk increased
statistically significant per 100 h of cumulative use and highest OR was found in the fourth
quartile (>2,376 hours) of cumulative use for all studied phone types. There was no
statistically significant increased risk for ipsilateral mobile or cordless phone use, for
meningioma in the temporal lobe or per year of latency. Tumour volume was not related
to latency or cumulative use in hours of wireless phones. CONCLUSIONS: No
conclusive evidence of an association between use of mobile and cordless phones and
meningioma was found. An indication of increased risk was seen in the group with
highest cumulative use but was not supported by statistically significant increasing risk
with latency. Results for even longer latency periods of wireless phone use than in this
study are desirable.

Carrubba S, Frilot C 2nd, Chesson AL Jr, Marino AA. Mobile-phone pulse
triggers evoked potentials. Neurosci Lett. 469(1):164-168, 2010.

If mobile-phone electromagnetic fields (EMFs) are hazardous, as suggested in the
literature, processes or mechanisms must exist that allow the body to detect the
fields. We hypothesized that the low-frequency pulses produced by mobile phones
(217Hz) were detected by sensory transduction, as evidenced by the ability of the
pulses to trigger evoked potentials (EPs). Electroencephalograms (EEGSs) were
recorded from six standard locations in 20 volunteers and analyzed to detect brain
potentials triggered by a pulse of the type produced by mobile phones. Evoked
potentials having the expected latency were found in 90% of the volunteers, as
assessed using a nonlinear method of EEG analysis. Evoked potentials were not
detected when the EEG was analyzed using time averaging. The possibility of
systematic error was excluded by sham-exposure analyses. The results implied that
mobile-phones trigger EP at the rate of 217Hz during ordinary phone use. Chronic
production of the changes in brain activity might be pertinent

Cassel JC, Cosquer B, Galani R, Kuster N. Whole-body exposure to 2.45 GHz
electromagnetic fields does not alter radial-maze performance in rats. Behav Brain
Res. 155(1):37-43, 2004.

Mobile communication is based on utilization of electromagnetic fields (EMFs) in the
frequency range of 0.3-300GHz. Human and animal studies suggest that EMFs, which
are in the 0.1MHz-300GHz range, might interfere with cognitive processes. In 1994, a
report by Lai et al. [Bioelectromagnetics 15 (1994) 95-104] showed that whole-body
exposure of rats to pulsed 2.45GHz microwaves (2micros pulse width, 500pps, and
specific absorption rate [SAR] 0.6W/kg) for 45min resulted in altered spatial working
memory assessed in a 12-arm radial-maze task. Surprisingly, there has been only one
attempt to replicate this experiment so far [Bioelectromagnetics 25 (2004) 49-57];
confirmation of the Lai et al. experiment failed. In the present study, rats were tested in a
12-arm radial-maze subsequently to a daily exposure to 2.45GHz microwaves (2micros
pulse width, 500pps, and SAR 0.6W/kg) for 45min. The performance of exposed rats was
comparable to that found in sham-exposed or in naive rats (no contact with the exposure
system). Regarding the methodological details provided by Lai et al. on their testing
protocol, our results might suggest that the microwave-induced behavioral alterations
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measured by these authors might have had more to do with factors liable to performance
bias than with spatial working memory per se.

Cassel JC, Cosquer B, Galani R, Kuster N. Whole-body exposure to 2.45 GHz
electromagnetic fields does not alter radial-maze performance in rats. Behav Brain
Res. 155(1):37-43, 2004.

Mobile communication is based on utilization of electromagnetic fields (EMFs) in the
frequency range of 0.3-300 GHz. Human and animal studies suggest that EMFs, which
are in the 0.1 MHz-300 GHz range, might interfere with cognitive processes. In 1994, a
report by Lai et al. [Bioelectromagnetics 15 (1994) 95-104] showed that whole-body
exposure of rats to pulsed 2.45 GHz microwaves (2 micros pulse width, 500 pps, and
specific absorption rate [SAR] 0.6 W/kg) for 45 min resulted in altered spatial working
memory assessed in a 12-arm radial-maze task. Surprisingly, there has been only one
attempt to replicate this experiment so far [Bioelectromagnetics 25 (2004) 49-57];
confirmation of the Lai et al. experiment failed. In the present study, rats were tested in a
12-arm radial-maze subsequently to a daily exposure to 2.45 GHz microwaves (2 micros
pulse width, 500 pps, and SAR 0.6 W/kg) for 45 min. The performance of exposed rats
was comparable to that found in sham-exposed or in naive rats (no contact with the
exposure system). Regarding the methodological details provided by Lai et al. on their
testing protocol, our results might suggest that the microwave-induced behavioral
alterations measured by these authors might have had more to do with factors liable to
performance bias than with spatial working memaory per se.

Cecil S, Neubauer G, RauschaF, Stix G, Muller W, Breithuber C, Glanzer M.
Possible risks due to exposure of workers and patients with implants by TETRA
transmitters. Bioelectromagnetics. 2014 Jan 16. doi: 10.1002/bem.21839. [Epub
ahead of print]

Several studies have demonstrated that mobile telephones that use different
technologies, such as Global System for Mobile Communication (GSM) or Universal
Mobile Telecommunication System (UMTS), have the potential to influence the
functionality of active electronic implants, including cardiac pacemakers. According to
these studies, a few safety measures, such as maintaining minimum distances of

25 cm between implants and transmitters, are sufficient to avoid such effects.
Terrestrial Trunked Radio (TETRA) has become a well-established communication
standard in many countries, including Germany and Austria. TETRA transmitters are
typically used by police forces and emergency services. Employees and volunteers
working for such institutions are often in close contact with patients, causing TETRA
transmitters to potentially have an impact on the functionality of the implants of
patients. Therefore, the main focus of our study was to investigate the functionality of
several types of implants when exposed to TETRA transmitters. Moreover, we
investigated the difference in the degree of exposure of users of TETRA transmitters
when they carry the devices in different locations near the body, and when they use
them in different positions near the head. Our results show that a compliance
distance of 30 cm between implant and transmitter is sufficient to exclude any
influence on the examined implants. All examined exposure conditions demonstrated
that the levels were well below recommended limits. If a user wants to minimize their
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exposure, use of transmitters in front of the mouth leads to somewhat lower exposure
when compared to typical mobile phone like use.

Celik O, Hascalik S. Effect of electromagnetic field emitted by cellular phones on
fetal heart rate patterns. Eur J Obstet Gynecol Reprod Biol. 112(1):55-56, 2004.

The study was planned to determine the effects of electromagnetic fields produced by
cellular phones on baseline fetal heart rate, acceleration and deceleration. Forty pregnant
women undergoing non-stress test were admitted to the study. Non-stress test was
obtained while the subjects were holding the CP on stand by mode and on dialing mode,
each for 5 min. Similar recordings were taken while there were no phones around for 10
min. Electromagnetic fields produced by cellular phones do not cause any demonstrable
affect in fetal heart rate, acceleration and deceleration.

Celik S, Aridogan IA, I1zol V, Erdogan S, Polat S, Doran S. An Evaluation of the
effects of long-term cell phone use on the testes via light and electron microscope
analysis. Urology. 79(2):346-350, 2012

Abstract. OBJECTIVE: To investigate whether the low-intensity electromagnetic
waves transmitted by cell phones cause histopathological or ultrastructural changes
in the testes of rats. MATERIALS AND METHODS: Wistar-Kyoto male rats were
placed into either a control group or a group that was exposed to an electromagnetic
field (EMF). Two cell phones with Specific Absorbation Rate values of 1.58 were
placed and left off in cages that housed 15 rats included in the control group, and four
cell phones were placed and left on in cages that housed 30 rats included in the
experimental group. After 3 months, weights, seminiferous tubule diameters, and
spermatogenic cell conditions of all testes of the rats were evaluated. One half of
each testis was examined also under an electron microscope. RESULTS: No
significant differences were observed between the testis weights, seminiferous tubule
diameters, and histopathological evaluations between rats that had and had not been
exposed to EMF. Electron microscope analysis revealed that the membrana propria
thickness and the collagen fiber contents were increased and the capillary veins
extended in the experimental group. Common vacuolization in the cytoplasm of the
Sertoli cells, growth of electron-dense structures, and existence of large lipid droplets
were noted as the remarkable findings of this study.

Celiker M, Ozgur A, Tumkaya L, Terzi S, Yilmaz M, Kalkan Y, Erdogan E. Effects of
exposure to 2100MHz GSM-like radiofrequency electromagnetic field on auditory
system of rats. Braz J Otorhinolaryngol. 2016 Nov 5. pii: S1808-8694(16)30222-1.
doi: 10.1016/j.bjorl.2016.10.004. [Epub ahead of print]

INTRODUCTION: The use of mobile phones has become widespread in recent years.
Although beneficial from the communication viewpoint, the electromagnetic fields (EMF)
generated by mobile phones may cause unwanted biological changes in the human
body. OBJECTIVE: In this study, we aimed to evaluate the effects of 2200MHz Global
System for Mobile communication (GSM-like) electromagnetic field (EMF), generated by
an EMF generator, on the auditory system of rats by using electrophysiological,
histopathologic and immunohistochemical methods. METHODS: Fourteen adult Wistar
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albino rats were included in the study. The rats were divided randomly into two groups of
seven rats each. The study group was exposed continuously for 30days to a 2100MHz
EMF with a signal level (power) of 5.4dBm (3.47mW) to simulate the talk mode on a
mobile phone. The control group was not exposed to the aforementioned EMF. After
30days, the Auditory Brainstem Responses (ABRSs) of both groups were recorded and
the rats were sacrificed. The cochlear nuclei were evaluated by histopathologic and
immunohistochemical methods. RESULTS: The ABR records of the two groups did not
differ significantly. The histopathologic analysis showed increased degeneration signs in
the study group (p=0.007). In addition, immunohistochemical analysis revealed increased
apoptotic index in the study group compared to that in the control group (p=0.002).
CONCLUSION: The results support that long-term exposure to a GSM-like 2100MHz
EMF causes an increase in neuronal degeneration and apoptosis in the auditory system.

Celikozlu SD, Ozyurt MS, Cimbiz A, Yardimoglu MY, Cayci MK, Ozay Y. The effects
of long-term exposure of magnetic field via 900-MHz GSM radiation on some
biochemical parameters and brain histology in rats. Electromagn Biol Med.
31(4):344-355, 2012.

The aim of this study is to determine the effects of magnetic field via cell phones on some
blood parameters and neurons in the brain of rats. Animals have been classified into
three groups: control, Magnetic Field (MF), and F2 groups. Throughout this study, cell
phones were placed on the wall of the cages. Rats were exposed to the effects of cell
phones during prenatal and postnatal periods until they were 80 days old. During the
study, the exposure procedure of rats was that the phone was in standby mode for a
whole day and in talking mode for 30 min per day. The waves of cell phones caused an
increased blood glucose level from 96.52 + 5.64 mg/dl to 132.14 + 5.93 mg/dl and an
increased serum protein level from 131.14 + 6.19 mg/dl to 319.29 + 6.73 mg/dl compared
to control. Statistically, significant differences wasn't observed in the blood cholesterol
concentration between the groups compared to the control. Weekly weight gain
decreased in all groups compared to the control. MF exposure decreased pyramidal
neuron numbers 51.15% and increased ischemic neuron numbers 73% at cortex region
of brain. In addition, vascular dilatations have increased clearly in group F2.Whereas the
procedure of MF did not have any effects on hippocampal pyramidal cell numbers,
magnetic fields increased the amount of ischemic neurons three-fold compared to the
control. In conclusion, MF affected some biochemical parameters, especially the cortex
region of the brain.

Cervellati F, Valacchi G, Lunghi L, Fabbri E, Valbonesi P, Marci R, Biondi C, Vesce
F. 17-B-estradiol counteracts the effects of high frequency electromagnetic fields
on trophoblastic connexins and integrins. Oxid Med Cell Longev.
2013;2013:280850. doi: 10.1155/2013/280850.

We investigated the effect of high-frequency electromagnetic fields (HF-EMFs) and
17-B-estradiol on connexins (Cxs), integrins (Ints), and estrogen receptor (ER)
expression, as well as on ultrastructure of trophoblast-derived HTR-8/SVneo cells.
HF-EMF, 17-B-estradiol, and their combination induced an increase of Cx40 and
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Cx43 mRNA expression. HF-EMF decreased Int alpha1 and B 1 mRNA levels but
enhanced Int alpha5 mRNA expression. All the Ints mRNA expressions were
increased by 17-B-estradiol and exposure to both stimuli. ER-B mRNA was reduced
by HF-EMF but augmented by 17-B-estradiol alone or with HF-EMF. ER-3
immunofluorescence showed a cytoplasmic localization in sham and HF-EMF
exposed cells which became nuclear after treatment with hormone or both stimuli.
Electron microscopy evidenced a loss of cellular contact in exposed cells which
appeared counteracted by 17-B-estradiol. We demonstrate that 17-B-estradiol
modulates Cxs and Ints as well as ER- expression induced by HF-EMF, suggesting
an influence of both stimuli on trophoblast differentiation and migration.

Cetin H, Naziroglu M, Celik O, Yiiksel M, Pastaci N, Ozkaya MO. Liver antioxidant
stores protect the brain from electromagnetic radiation (900 and 1800 MHz)-
induced oxidative stress in rats during pregnancy and the development of
offspring. J Matern Fetal Neonatal Med. 2014 Mar 3. [Epub ahead of print]

Objectives: The present study determined the effects of mobile phone (900 and 1800
MHz)-induced electromagnetic radiation (EMR) exposure on oxidative stress in the brain
and liver as well as the element levels in growing rats from pregnancy to 6 weeks of age.
Methods: Thirty-two rats and their offspring were equally divided into 3 different groups:
the control, 900 MHz, and 1800 MHz groups. The 900 MHz and 1800 MHz groups were
exposed to EMR for 60 min/day during pregnancy and neonatal development. At the 4th,
5th, and 6th weeks of the experiment, brain samples were obtained. Results: Brain and
liver glutathione peroxidase (GSH-Px) activities, as well as liver vitamin A and 3-carotene
concentrations decreased in the EMR groups, although brain iron, vitamin A, and B-
carotene concentrations increased in the EMR groups. In the 6th week, selenium
concentrations in the brain decreased in the EMR groups. There were no statistically
significant differences in glutathione, vitamin E, chromium, copper, magnesium,
manganese, and zinc concentrations between the 3 groups. Conclusion: EMR-induced
oxidative stress in the brain and liver was reduced during the development of offspring.
Mobile phone-induced EMR could be considered as a cause of oxidative brain and liver
injury in growing rats.

Cetkin M, Demirel C, Kizilkan N, Aksoy N, Erbagci H. Evaluation of the mobile phone
electromagnetic radiation on serum iron parameters in rats. Afr Health Sci.
17(1):186-190, 2017.

BACKGROUND: Electromagnetic fields (EMF) created by mobile phones during
communication have harmful effects on different organs. OBJECTIVES: It was aimed to
investigate the effects of an EMF created by a mobile phone on serum iron level, ferritin,
unsaturated iron binding capacity and total iron binding capacity within a rat experiment
model. METHODS: A total of 32 male Wistar albino rats were randomly divided into the
control, sham, mobile phone speech (2h/day) and stand by (12 h/day) groups. The
speech and stand by groups were subjected to the EMF for a total of 10 weeks.
RESULTS: No statistically significant difference was observed between the serum iron
and ferritin values of the rats in the speech and stand by groups than the control and
sham groups (p>0.05). The unsaturated iron binding capacity and total iron capacity
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values of the rats in the speech and stand by groups were significantly lower in
comparison to the control group (p<0.01). CONCLUSION: It was found that exposure to
EMF created by mobile phones affected unsaturated iron binding capacity and total iron
binding capacity negatively.

Ceyhan AM, Akkaya VB, Giilegol $C, Ceyhan BM, Ozgiiner F, Chen W. Protective
effects of B-glucan against oxidative injury induced by 2.45-GHz electromagnetic
radiation in the skin tissue of rats. Arch Dermatol Res. 304(7):521-527, 2012.

In recent times, there is widespread use of 2.45-GHz irradiation-emitting devices in
industrial, medical, military and domestic application. The aim of the present study
was to investigate the effect of 2.45-GHz electromagnetic radiation (EMR) on the
oxidant and antioxidant status of skin and to examine the possible protective effects
of B-glucans against the oxidative injury. Thirty-two male Wistar albino rats were
randomly divided into four equal groups: control; sham exposed; EMR; and EMR + 3-
glucan. A 2.45-GHz EMR emitted device from the experimental exposure was applied
to the EMR group and EMR + B-glucan group for 60 min daily, respectively, for 4
weeks. B-glucan was administered via gavage at a dose of 50 mg/kg/day before each
exposure to radiation in the treatment group. The activities of antioxidant enzymes,
superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT),
as well as the concentration of malondialdehyde (MDA) were measured in tissue
homogenates of the skin. Exposure to 2.45-GHz EMR caused a significant increase
in MDA levels and CAT activity, while the activities of SOD and GSH-Px decreased in
skin tissues. Systemic B-glucan significantly reversed the elevation of MDA levels and
the reduction of SOD activities. B-glucan treatment also slightly enhanced the activity
of CAT and prevented the depletion of GSH-Px activity caused by EMR, but not
statistically significantly. The present study demonstrated the role of oxidative
mechanisms in EMR-induced skin tissue damages and that B-glucan could
ameliorate oxidative skin injury via its antioxidant properties.

Chandel S, Kaur S, Singh HP, Batish DR, Kohli RK. Exposure to 2100 MHz
electromagnetic field radiations induces reactive oxygen species generation in
Allium cepa roots. Journal of Microscopy and Ultrastructure, 5(4):225-229, 2017.

During the last few decades there has been an enormous increase in the usage of cell
phones as these are one of the most convenient gadgets and provide excellent mode of
communication without evoking any hindrance to movement. However, these are
significantly adding to the electromagnetic field radiations (EMF-r) in the environment and
thus, are required to be analysed for their impacts on living beings. The present study
investigated the role of cell phone EMF-r in inciting oxidative damage in onion (Allium
cepa) roots at a frequency of 2100 MHz. Onion roots were exposed to continuous wave
homogenous EMF-r for 1, 2 and 4 h for single day and generation of reactive oxygen
species (ROS) in terms of malondialdehyde (MDA), hydrogen peroxide (H202) and
superoxide anion (O2-) content and changes in the activities of antioxidant enzymes-
superoxide dismutases (SOD) and catalases (CAT) were measured. The results showed
that EMF-r exposure enhanced the content of MDA, H202 and O2-. Also, there was an
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upregulation in the activity of antioxidant enzymes— SOD and CAT- in onion roots. The
study concluded that 2100 MHz cell phone EMF-r incite oxidative damage in onion roots
by altering the oxidative metabolism.

Chagnaud JL, Veyret B In vivo exposure of rats to GSM-modulated microwaves:
flow cytometry analysis of lymphocyte subpopulations and of mitogen stimulation.
Int J Radiat Biol 75(1):111-113, 1999.

The effects of GSM-modulated microwaves on lymphocyte sub-populations of Sprague-
Dawley rats and their normal mitogenic responses were investigated using flow cytometry
analysis and a colorimetric method. No alterations were found in the surface phenotype of
splenic lymphocytes or in their mitogenic activity, indicating that low-level pulsed
microwaves do not seem to affect the integrity of the immune system.

Chagnaud, JL, Moreau, JM, Veyret, B, No effect of short-term exposure to GSM-
modulated low-power microwaves on benzo(a)pyrene-induced tumours in rat. Int J
Radiat Biol 75(10):1251-1256, 1999.

PURPOSE: In view of current interest in the biological effects of amplitude-modulated
microwaves arising from the rapid development of mobile communications, the effects of
low-level microwaves on cancer development were investigated using a rat sarcoma
model. MATERIALS AND METHODS: Two-month-old female Sprague-Dawley rats were
treated by injection of benzo(a)pyrene and irradiated with GSM (Global System for
Mobile)-modulated 900-MHz microwaves in an anechoic chamber at 55 or 200 microw
cm(-2) (75 and 270 mW kg(-1) average whole-body SAR, 2h daily for 2 weeks). Rats
were exposed from day 20, 40 or 75 after carcinogen injection. Additional groups of rats
were sham-exposed in a second anechoic chamber. Anti-phosphatidylinositol
autoantibody levels were evaluated in sera to monitor malignant transformation.
RESULTS: Microwave exposure had no effect on the development of tumours. No
acceleration or delays in tumour onset were observed. Animal survival was not modified
and serum autoantibody levels were similar in exposed and sham-exposed groups.
CONCLUSION: Low-level GSM microwave exposure of rat bearing benzo(a)pyrene-
induced tumours had no effect on auto-antibody levels, tumour appearance and survival.
The low exposure levels used here correspond to exposure limits for whole-body
exposure of humans.

Chang SK, Choi JS, Gil HW, Yang JO, Lee EY, Jeon YS, Lee ZW, Lee M, Hong MY,
Ho Son T, Hong SY. Genotoxicity evaluation of electromagnetic fields generated by
835-MHz mobile phone frequency band. Eur J Cancer Prev. 14(2):175-179, 2005.

It is still unclear whether the exposure to electromagnetic fields (EMFs) generated by
mobile phone radiation is directly linked to cancer. We examined the biological effects of
an EMF at 835 MHz, the most widely used communication frequency band in Korean
CDMA mobile phone networks, on bacterial reverse mutation (Ames assay) and DNA
stability (in vitro DNA degradation). In the Ames assay, tester strains alone or combined
with positive mutagen were applied in an artificial mobile phone frequency EMF generator
with continuous waveform at a specific absorption rate (SAR) of 4 W/kg for 48 h. In the
presence of the 835-MHz EMF radiation, incubation with positive mutagen 4-
nitroquinoline-1-oxide and cumene hydroxide further increased the mutation rate in
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Escherichia coli WP2 and TA102, respectively, while the contrary results in Salmonella
typhimurium TA98 and TA1535 treated with 4-nitroquinoline-1-oxide and sodium azide,
respectively, were shown as antimutagenic. However, these mutagenic or co-mutagenic
effects of 835-MHz radiation were not significantly repeated in other relevant strains with
same mutation type. In the DNA degradation test, the exposure to 835-MHz EMF did not
change the rate of degradation observed using plasmid pBluescript SK(+) as an indicator.
Thus, we suggest that 835-MHz EMF under the conditions of our study neither affected
the reverse mutation frequency nor accelerated DNA degradation in vitro.

Chapman S, Azizi L, Luo Q, Sitas F. Has the incidence of brain cancer risen in
Australia since the introduction of mobile phones 29 years ago? Cancer
Epidemiology. Available online May 5, 2016. doi:10.1016/j.canep.2016.04.010

Background. Mobile phone use in Australia has increased rapidly since its introduction in
1987 with whole population usage being 94% by 2014. We explored the popularly
hypothesised association between brain cancer incidence and mobile phone use.

Study methods. Using national cancer registration data, we examined age and gender
specific incidence rates of 19,858 male and 14,222 females diagnosed with brain cancer
in Australia between 1982 and 2012, and mobile phone usage data from 1987 to 2012.
We modelled expected age specific rates (20—39, 40-59, 60—69, 70-84 years), based on
published reports of relative risks (RR) of 1.5 in ever-users of mobile phones, and RR of
2.5 in a proportion of ‘heavy users’ (19% of all users), assuming a 10-year lag period
between use and incidence. Summary answers. Age adjusted brain cancer incidence
rates (20-84 years, per 100,000) have risen slightly in males (p < 0.05) but were stable
over 30 years in females (p > 0.05) and are higher in males 8.7 (Cl = 8.1-9.3) than in
females, 5.8 (Cl = 5.3-6.3). Assuming a causal RR of 1.5 and 10-year lag period, the
expected incidence rate in males in 2012 would be 11.7 (11-12.4) and in females 7.7 (Cl
=7.2-8.3), both p < 0.01; 1434 cases observed in 2012, vs. 1867 expected. Significant
increases in brain cancer incidence were observed (in keeping with modelled rates) only
in those aged =70 years (both sexes), but the increase in incidence in this age group
began from 1982, before the introduction of mobile phones. Modelled expected incidence
rates were higher in all age groups in comparison to what was observed. Assuming a
causal RR of 2.5 among ‘heavy users’ gave 2038 expected cases in all age groups.
Limitations. This is an ecological trends analysis, with no data on individual mobile phone
use and outcome. What this study adds. The observed stability of brain cancer incidence
in Australia between 1982 and 2012 in all age groups except in those over 70 years
compared to increasing modelled expected estimates, suggests that the observed
increases in brain cancer incidence in the older age group are unlikely to be related to
mobile phone use. Rather, we hypothesize that the observed increases in brain cancer
incidence in Australia are related to the advent of improved diagnostic procedures when
computed tomography and related imaging technologies were introduced in the early
1980s.

Charlton SG. Perceptual and attentional effects on drivers' speed selection at
curves. Accid Anal Prev. 36(5):877-884, 2004.

This paper describes an experiment comparing the relative effectiveness of various types
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of warnings on drivers' speed selection at curves. The experiment compared three types
of curve warnings across three different curve types in a driving simulator. All of the
warnings worked reasonably well for severe curves (45 km/h), regardless of demands
from a secondary (cell phone) task. For less demanding curves, only those warnings with
a strong perceptual component (i.e., implicit cues) were effective in reducing drivers'
curve speeds in the presence of the cell phone task. The design implications of these
data appear straightforward; curve warnings that contain perceptual components or
emphasise the physical features of the curve work best, particularly in cognitively
demanding situations. The cell phone task added to driver workload and drivers became
less responsive to primary task demands (i.e., speeds were elevated and reaction times
were longer).

Chattopadhyay SK, Toews KA, Butt S, Barlett R, Brown HD, Reverse-micelle
model: pH, electromagnetic field and inhibitor enzyme interaction. Cancer
Biochem Biophys 15:245-255, 1997.

The reverse micelle is one of many models thought to have properties more nearly
resembling the biological cellular environment, than does the traditional dilute-solution
biochemical reaction system. In order to evaluate the results of EMF perturbation of
enzyme-catalyzed reactions, the description of the AOT reverse-micelle model, with
respect to its internal pH, effect of chemical inhibitors, temperature, and electromagnetic-
field perturbation has herein been extended. Acetylcholinesterase and NADPH
cytochrome-P450 reductase, reacting within the AOT reverse-micelle, exhibit a
temperature vs. activity profile equivalent to the same reaction in a buffered dilute-solution
environment. In reverse micelles, some inhibitors of AChE (propidium, and d-
tubocurarine) have much less effect upon indophenol-acetate hydrolysis than they do in a
dilute solution environment. Other inhibitors act in the same manner within the structured
environment of the reverse micelle as in the conventional dilute solution reaction model.
These differences are explicable in terms of mechanism of action of the individual
inhibitors. Perturbation by low-intensity microwave fields has a similar inhibitory effect
upon dilute-solution reactions, as those in the 'low-water-activity' environment of the
reverse micelle. However, the interactions between physical and chemical perturbants
are differently limited by the structure of the aqueous phase of the reverse micelle. pH of
the 'internal’ reverse-micelle environment is a function of the availability of H-ions supplied
by system components. Use of indicator dyes show that the low-molarity buffers which
are compatible with reverse-micelle stability, are often insufficient to maintain a constant
pH. Too, in the reverse micelle, reaction rate, for proton yielding reactions, is dramatically
greater than the rate of the same reaction in dilute solution at the same acidic pH.

Chaturvedi CM, Singh VP, Singh P, Basu P, Singaravel M, Shukla RK, Dhawan A,
Pati AK, Gangwar RK, and Singh SP, "," Progress In Electromagnetics Research B,
Vol. 29, 23-42, 2011.

Present study examines biological effects of 2.45 GHz microwave radiation in Parkes
strain mice. Forty-day-old mice were exposed to CW (continuous wave) microwave
radiation (2 h/day for 30 days). Locomotor activity was recorded on running wheel for

12 days prior to microwave exposure (pre-exposure), 7 days during the first week of
exposure (short-term exposure) and another 7-day spell during the last week of the 30-
day exposure period (long-term exposure). Morris water maze test was performed from
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17th to 22nd day of exposure. At the termination of the exposure, blood was processed
for hematological parameters, brain for comet assay, epididymis for sperm count and
motility and serum for SGOT (serum glutamate oxaloacetate transaminase) and SGPT
(serum glutamate pyruvate transaminase). The results show that long-term radiation-
exposed group exhibited a positive w(phase angle difference) for the onset of activity
with reference to lights-off timing and most of the activity occurred within the light fraction
of the LD (light: dark) cycle. Microwave radiation caused an increase in erythrocyte and
leukocyte counts, a significant DNA strand break in brain cells and the loss of spatial
memory in mice. This report for the first time provides experimental evidence that
continuous exposure to low intensity microwave radiation may have an adverse effect on
the brain function by altering circadian system and rate of DNA damage.

Chauhan V, Mariampillai A, Bellier PV, Qutob SS, Gajda GB, Lemay E, Thansandote
A, McNamee JP. Gene expression analysis of a human lymphoblastoma cell line
exposed in vitro to an intermittent 1.9 GHz pulse-modulated radiofrequency field.
Radiat Res. 165(4):424-429, 2006.

This study was designed to determine whether radiofrequency (RF) fields of the type
used for wireless communications could elicit a cellular stress response. As general
indicators of a cellular stress response, we monitored changes in proto-oncogene and
heat-shock protein expression. Exponentially growing human lymphoblastoma cells (TK6)
were exposed to 1.9 GHz pulse-modulated RF fields at average specific absorption rates
(SARs) of 1 and 10 W/kg. Perturbations in the expression levels of the proto-oncogenes
FOS, JUN and MYC after exposure to sham and RF fields were assessed by real-time
RT-PCR. In addition, the transcript levels of the cellular stress proteins HSP27 and
inducible HSP70 were also monitored. We demonstrated that transcript levels of these
genes in RF-field-exposed cells showed no significant difference in relation to the sham
treatment group. However, concurrent positive (heat-shock) control samples displayed a
significant elevation in the expression of HSP27, HSP70, FOS and JUN. Conversely, the
levels of MYC mRNA were found to decline in the positive (heat-shock) control. In
conclusion, our study found no evidence that the 1.9 GHz RF-field exposure caused a
general stress response in TK6 cells under our experimental conditions.

Chauhan V, Mariampillai A, Gajda GB, Thansandote A, McNamee JP. Analysis of
proto-oncogene and heat-shock protein gene expression in human derived cell-
lines exposed in vitro to an intermittent 1.9 GHz pulse-modulated radiofrequency
field. Int J Radiat Biol. 82(5):347-354, 2006.

Purpose: Several studies have reported that radiofrequency (RF) fields, as emitted by
mobile phones, may cause changes in gene expression in cultured human cell-lines. The
current study was undertaken to evaluate this possibility in two human-derived immune
cell-lines.Materials and methods: HL-60 and Mono-Mac-6 (MM6) cells were individually
exposed to intermittent (5 min on, 10 min off) 1.9 GHz pulse-modulated RF fields at a
average specific absorption rate (SAR) of 1 and 10 W/kg at 37 +/- 0.5 degrees C for 6 h.
Concurrent negative and positive (heat-shock for 1 h at 43 degrees C) controls were
conducted with each experiment. Immediately following RF field exposure (T =6 h) and
18 h post-exposure (T = 24 h), cell pellets were collected from each of the culture dishes
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and analyzed for transcript levels of proto-oncogenes (c-jun, c-myc and c-fos) and the
stress-related genes (heat shock proteins (HSP) HSP27 and HSP70B) by quantitative
reverse transcriptase polymerase chain reaction (RT-PCR).Results: No significant effects
were observed in mMRNA expression of HSP27, HSP70, c-jun, c-myc or c-fos between the
sham and RF-exposed groups, in either of the two cell-lines. However, the positive (heat-
shock) control group displayed a significant elevation in the expression of HSP27,
HSP70, c-fos and c-jun in both cell-lines at T = 6 and 24 h, relative to the sham and
negative control groups.Conclusion: This study found no evidence that exposure of cells
to non-thermalizing levels of 1.9 GHz pulse-modulated RF fields can cause any
detectable change in stress-related gene expression.

Chauhan V, Qutob SS, Lui S, Mariampillai A, Bellier PV, Yauk CL, Douglas GR,
Williams A, McNamee JP. Analysis of gene expression in two human-derived cell
lines exposed in vitro to a 1.9 GHz pulse-modulated radiofrequency field.
Proteomics. 7(21):3896-3905, 2007.

There is considerable controversy surrounding the biological effects of
radiofrequency (RF) fields, as emitted by mobile phones. Previous work from our
laboratory has shown no effect related to the exposure of 1.9 GHz pulse-modulated
RF fields on the expression of 22,000 genes in a human glioblastoma-derived cell-
line (U8B7MG) at 6 h following a 4 h RF field exposure period. As a follow-up to this
study, we have now examined the effect of RF field exposure on the possible
expression of late onset genes in U87MG cells after a 24 h RF exposure period. In
addition, a human monocyte-derived cell-line (Mono-Mac-6, MM6) was exposed to
intermittent (5 min ON, 10 min OFF) RF fields for 6 h and then gene expression was
assessed immediately after exposure and at 18 h postexposure. Both cell lines were
exposed to 1.9 GHz pulse-modulated RF fields for 6 or 24 h at specific absorption
rates (SARs) of 0.1-10.0 W/kg. In support of our previous results, we found no
evidence that nonthermal RF field exposure could alter gene expression in either
cultured U87MG or MM6 cells, relative to nonirradiated control groups. However,
exposure of both cell-lines to heat-shock conditions (43 degrees C for 1 h) caused an
alteration in the expression of a number of well-characterized heat-shock proteins.

Chauhan V, Mariampillai A, Kutzner BC, Wilkins RC, Ferrarotto C, Bellier PV, Marro
L, Gajda GB, Lemay E, Thansandote A, McNamee JP. Evaluating the biological
effects of intermittent 1.9 GHz pulse-modulated radiofrequency fields in a series of
human-derived cell lines. Radiat Res. 167(1):87-93, 2007.

Several recent studies have suggested that radiofrequency (RF) fields may cause
changes in a variety of cellular functions that may eventually lead to potential long-
term health effects. In the present study, we have assessed the ability of non-thermal
RF-field exposure to affect a variety of biological processes (including apoptosis, cell
cycle progression, viability and cytokine production) in a series of human-derived cell
lines (TK6, HL60 and Mono-Mac-6). Exponentially growing cells were exposed to
intermittent (5 min on, 10 min off) 1.9 GHz pulse-modulated RF fields for 6 h at mean
specific absorption rates (SARs) of 0, 1 and 10 W/kg. Concurrent negative (incubator)
and positive (heat shock for 1 h at 43 degrees C) controls were included in each
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experiment. Immediately after the 6-h exposure period and 18 h after exposure, cell
pellets were collected and analyzed for cell viability, the incidence of apoptosis, and
alterations in cell cycle kinetics. The cell culture supernatants were assessed for the
presence of a series of human inflammatory cytokines (TNFA, IL1B, IL6, IL8, IL10,
IL12) using a cytometric bead array assay. No detectable changes in cell viability, cell
cycle kinetics, incidence of apoptosis, or cytokine expression were observed in any of
RF-field-exposed groups in any of the cell lines tested, relative to the sham controls.
However, the positive (heat-shock) control samples displayed a significant decrease
in cell viability, increase in apoptosis, and alteration in cell cycle kinetics (G(2)/M
block). Overall, we found no evidence that non-thermal RF-field exposure could elicit
any detectable biological effect in three human-derived cell lines.

Chauvin S, Gibergues ML, Withrich G, Picard D, Desreumaux JP, Bouillet JC.
Occupational exposure to ambient electromagnetic fields of technical operational
personnel working for a mobile telephone operator.Radiat Prot
Dosimetry.136(3):185-195, 2009.

In order to investigate the exposure of operational personnel to radiofrequency
electromagnetic fields when working for a mobile telephone operator, exposimeters were
used to make individual records on 23 Technical Operations personnel (mobile telephone
maintenance staff) and also on 22 Other Workers. The exposure densities, to which each
of the 45 subjects was subjected, were quantified using 229 exposure indicators. Cluster
analysis techniques were applied to the data, in an attempt to show that they would re-
emerge as belonging to one of the two groups, i.e. the Technical Operational Personnel
group or the Other Workers group. This exploratory investigation has shown that the
cluster analysis does not reveal a sufficiently reliable emergence of the two groups, even
though certain exposure indicators were significantly different for the two groups. In
addition, the use of a Learning Group method does not lead to the discovery of a
predictive law that could identify the Technical Operational Personnel as a sub-group
within the overall group.

Chavdoula ED, Panagopoulos DJ, Margaritis LH. Comparison of biological effects
between continuous and intermittent exposure to GSM-900-MHz mobile phone
radiation: detection of apoptotic cell-death features. Mutat Res. 700(1-2):51-61,
2010.

In the present study we used a 6-min daily exposure of dipteran flies, Drosophila
melanogaster, to GSM-900MHz (Global System for Mobile Telecommunications) mobile
phone electromagnetic radiation (EMR), to compare the effects between the continuous
and four different intermittent exposures of 6min total duration, and also to test whether
intermittent exposure provides any cumulative effects on the insect's reproductive
capacity as well as on the induction of apoptotic cell death. According to our previous
experiments, a 6-min continuous exposure per day for five days to GSM-900MHz and
DCS-1800MHz (Digital Cellular System) mobile phone radiation, brought about a large
decrease in the insect's reproductive capacity, as defined by the number of F(1) pupae.
This decrease was found to be non thermal and correlated with an increased percentage
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of induced fragmented DNA in the egg chambers' cells at early- and mid-oogenesis. In
the present experiments we show that intermittent exposure also decreases the
reproductive capacity and alters the actin cytoskeleton network of the egg chambers,
another known aspect of cell death that was not investigated in previous experiments,
and that the effect is also due to DNA fragmentation. Intermittent exposures with 10-min
intervals between exposure sessions proved to be almost equally effective as continuous
exposure of the same total duration, whereas longer intervals between the exposures
seemed to allow the organism the time required to recover and partly overcome the
above-mentioned effects of the GSM exposure.

Cheever KL, Swearengin TF, Edwards RM, Nelson BK, Werren DW, Conover DL,
DeBord DG. 2-Methoxyethanol metabolism, embryonic distribution, and
macromolecular adduct formation in the rat: the effect of radiofrequency radiation-
induced hyperthermia. Toxicol Lett 122(1):53-67, 2001.

Exposure of pregnant rats to the solvent 2-methoxyethanol (2ME) and radiofrequency
(RF) radiation results in greater than additive fetal malformations (Nelson, B.K., Conover,
D.L., Brightwell, W.S., Shaw, P.B., Werren, D.W., Edwards, R.M., Lary, J.M., 1991.
Marked increase in the teratogenicity of the combined administration of the industrial
solvent 2-methoxyethanol and radiofrequency radiation in rats. Teratology 43, 621-34;
Nelson, B.K., Conover, D.L., Shaw, P.B., Werren, D.W., Edwards, R.M., Hoberman, A.M.,
1994. Interactive developmental toxicity of radiofrequency radiation and 2-
methoxyethanol in rats. Teratology 50, 275-93). The current study evaluated the
metabolism of 14C-labeled 2ME and the distribution of methoxyacetic acid (MAA) in
maternal and embryonic tissues of pregnant Sprague-Dawley rats either exposed to 10
MHz RF radiation or sham conditions. Additionally, adduct formation for both plasma and
embryonic protein was tested as a possible biomarker for the observed 2ME/RF
teratogenicity. Rats were administered [ethanol-1,2-(14)C]-2ME (150 mg/kg, 161
&mgr;Cilrat average) by gavage on gestation day 13 immediately before RF radiation
sufficient to elevate body temperature to 42 degrees C for 30 min. Concurrent sham- and
RF-exposed rats were sacrificed at 3, 6, 24 or 48 h for harvest of maternal blood, urine,
embryos and extra-embryonic fluid. Tissues were either digested for determination of
radioactivity or deproteinized with TCA and analyzed by HPLC for quantification of 2ME
metabolites. Results show the presence of 2ME and seven metabolites, with the major
metabolite, MAA, peaking at 6 h in the tissues tested. MAA, the proximal teratogen, was
detectable in maternal serum, urine, embryo and extraembryonic fluid 48 h after dosing.
Clearance of total body 14C was significantly reduced for the RF-exposed animals
(P<0.05) for the 24-48 h period, but MAA values for serum, embryos and extraembryonic
fluid were similar for both sham- and RF-exposed rats. Additionally, no difference was
noted for 2ME metabolite profiles in urine or tissue for sham- or RF-exposed rats, thus
eliminating an effect of RF radiation on MAA production as a possible explanation for the
reported RF-2ME synergism. Subsequently, serum and embryo protein-bound adducts
were evaluated by analysis of covalently bound radioactivity. Serum protein binding was
significantly higher for sham than RF rats at 3- and 6-h - highest for sham rats at 6 h
(519+/-95 &mgr;g as parent 2ME/g of protein) whereas RF serum values were highest at
24 h (266+/-79 &mgr;g/g protein). Embryonic protein binding was significantly higher for
sham rats at 6 h, but binding was highest for both groups at 24 h (sham=229+/-71
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&mgr;g/g, RF=185+/-48 &mgr;g/g). Formation of protein adducts after 2ME is thought to
be related to levels of methoxyacetaldehyde, a reactive intermediate in the formation of
MAA. These results suggest that no direct relationship exists for covalent binding in the
embryo which would explain RF-2ME synergistic malformations. In comparison with
urinary metabolites, the relatively slow elimination of adducted serum 2ME indicates that
analysis of protein-bound concentrations could be a potential tool for long- term
biomonitoring of worker exposure.

Chemeris NK, Gapeyev AB, Sirota NP, Gudkova OY, Kornienko NV, Tankanag AV,
Konovalov IV, Buzoverya ME, Suvorov VG, Logunov VA. DNA damage in frog
erythrocytes after in vitro exposure to a high peak-power pulsed electromagnetic
field. Mutat Res. 558(1-2):27-34, 2004.

Till the present time, the genotoxic effects of high peak-power pulsed electromagnetic
fields (HPPP EMF) on cultured cells have not been studied. We investigated possible
genotoxic effects of HPPP EMF (8.8GHz, 180ns pulse width, peak power 65kW,
repetition rate 50Hz) on erythrocytes of the frog Xenopus laevis. We used the alkaline
comet assay, which is a highly sensitive method to assess DNA single-strand breaks and
alkali-labile lesions. Blood samples were exposed to HPPP EMF for 40min in rectangular
wave guide. The specific absorption rate (SAR) calculated from temperature kinetics was
about 1.6kW/kg (peak SAR was about 300MW/Kkg). The temperature rise in the blood
samples at steady state was [Formula: see text] degrees C. The data show that the
increase in DNA damage after exposure of erythrocytes to HPPP EMF was induced by
the rise in temperature in the exposed cell suspension. This was confirmed in
experiments in which cells were incubated for 40min under the corresponding
temperature conditions. The results allow us to conclude that HPPP EMF-exposure at the
given modality did not cause any a-thermal genotoxic effect on frog erythrocytes in vitro.

Chen C, Ma Q, Liu C, Deng P, Zhu G, Zhang L, He M, Lu Y, Duan W, Pei L, Li M, Yu
Z, Zhou Z. Exposure to 1800 MHz radiofrequency radiation impairs neurite
outgrowth of embryonic neural stem cells. Sci Rep. 2014 May 29;4:5103. doi:
10.1038/srep05103.

A radiofrequency electromagnetic field (RF-EMF) of 1800 MHz is widely used in mobile
communications. However, the effects of RF-EMFs on cell biology are unclear.
Embryonic neural stem cells (eNSCs) play a critical role in brain development. Thus,
detecting the effects of RF-EMF on eNSCs is important for exploring the effects of RF-
EMF on brain development. Here, we exposed eNSCs to 1800 MHz RF-EMF at specific
absorption rate (SAR) values of 1, 2, and 4 W/kg for 1, 2, and 3 days. We found that 1800
MHz RF-EMF exposure did not influence eNSC apoptosis, proliferation, cell cycle or the
MRNA expressions of related genes. RF-EMF exposure also did not alter the ratio of
eNSC differentiated neurons and astrocytes. However, neurite outgrowth of eNSC
differentiated neurons was inhibited after 4 W/kg RF-EMF exposure for 3 days.
Additionally, the mRNA and protein expression of the proneural genes Ngnl1 and NeuroD,
which are crucial for neurite outgrowth, were decreased after RF-EMF exposure. The
expression of their inhibitor Hes1 was upregulated by RF-EMF exposure. These results
together suggested that 1800 MHz RF-EMF exposure impairs neurite outgrowth of
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eNSCs. More attention should be given to the potential adverse effects of RF-EMF
exposure on brain development.

Chen G, Lu D, Chiang H, Leszczynski D, Xu Z. Using model organism
Saccharomyces cerevisiae to evaluate the effects of ELF-MF and RF-EMF
exposure on global gene expression. Bioelectromagnetics. 33(7):550-560, 2012.

The potential health hazard of exposure to electromagnetic fields (EMF) continues to
cause public concern. However, the possibility of biological and health effects of exposure
to EMF remains controversial and their biophysical mechanisms are unknown. In the
present study, we used Saccharomyces cerevisiae to identify genes responding to
extremely low frequency magnetic fields (ELF-MF) and to radiofrequency EMF (RF-EMF)
exposures. The yeast cells were exposed for 6 h to either 0.4 mT 50 Hz ELF-MF or

1800 MHz RF-EMF at a specific absorption rate of 4.7 W/kg. Gene expression was
analyzed by microarray screening and confirmed using real-time reverse transcription-
polymerase chain reaction (RT-PCR). We were unable to confirm microarray-detected
changes in three of the ELF-MF responsive candidate genes using RT-PCR (P > 0.05).
On the other hand, out of the 40 potential RF-EMF responsive genes, only the
expressions of structural maintenance of chromosomes 3 (SMC3) and aquaporin 2
(AQY2 (m)) were confirmed, while three other genes, that is, halotolerance protein 9
(HAL9), yet another kinase 1 (YAK1) and one function-unknown gene (open reading
frame: YJL171C), showed opposite changes in expression compared to the microarray
data (P <0.05). In conclusion, the results of this study suggest that the yeast cells did not
alter gene expression in response to 50 Hz ELF-MF and that the response to RF-EMF is
limited to only a very small number of genes. The possible biological consequences of the
gene expression changes induced by RF-EMF await further investigation.

Chen L, Qin F, Chen Y, Sun J, Tong J.[Chronotoxicity of 1800 MHz microwave
radiation on sex hormones and spermatogenesis in male mice]. Wei Sheng Yan
Jiu. 43(1):110-115, 2014.[Article in Chinese]

OBJECTIVE: To study the chronotoxicity of 1800 MHz micrwave radiation on the male
reproductive system. METHODS: Sixty healthy male C57 mice with circadian rhythm in a
12:12 h light-dark photoperiod were divided into false radiation group (Sham) and
microwave radiation (MR) group exposed to 1800 MHz RF at 208 microwW/cm2 power
(SAR: 0.2221 W/kg) density at different zeitgeber times of a day (ZT01:00, ZT05:00,
ZT09: 00, ZT13: 00, ZT17 : 00, ZT21 : 00) for continuous 32 days with 2 h/d. The
testicular sperm head was counted with a microscope, and serum testosterone (T) and
estradiol (E2) levels were measured by ELISA method. RESULTS: Compared with the
sham group,microwave radiation induced reduced level in testicular sperm head count
and serum testosterone, while the level of serum estradiol increased. Also, the circadian
rhythms of testicular sperm head count and estradiol disappeared after the microwave
radiation. CONCLUSION: 1800 MH2 microwave radiation may disturb the level as well as
circadian rhythmicity of the reproductive functions in male mice.
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Chen Q, Xu G, Lang L, Yang A, Li S, Yang L, Li C, Huang H, Li T. ECG changes in
factory workers exposed to 27.2 MHz radiofrequency radiation.
Bioelectromagnetics. 2012 Dec 31. doi: 10.1002/bem.21771. [Epub ahead of print]

To research the effect of 27.2 MHz radiofrequency radiation on electrocardiograms
(ECG), 225 female workers operating radiofrequency machines at a shoe factory were
chosen as the exposure group and 100 female workers without exposure from the same
factory were selected as the control group. The 6 min electric field strength that the
female workers were exposed to was 64.0 £25.2 V/m (mean + SD), which exceeded

61 V/m, the International Commission on Non-lonizing Radiation Protection reference root
mean square levels for occupational exposure. A statistical difference was observed
between the exposed group and the control group in terms of the rate of sinus
bradycardia (x(2) =11.48, P =0.003). When several known risk factors for cardiovascular
disease were considered, including smoking, age, alcohol ingestion habit, and so on, the
exposure duration was not an effective factor for ECG changes, sinus arrhythmia, or
sinus bradycardia according to a =0.05, while P =0.052 for sinus arrhythmia was very
close to 0.05. We did not find any statistical difference in heart rate, duration of the QRS
wave (ventricular depolarization), or corrected QT intervals (between the start of the Q
wave and end of the T wave) between the exposed and control groups. Occupational
exposure to radiofrequency radiation was not found to be a cause of ECG changes after
consideration of the confounding factors.

Chen WH, Lau CP, Leung SK, Ho DS, Lee IS, Interference of cellular phones with
implanted permanent pacemakers. Clin Cardiol 19(11):881-886, 1996.

BACKGROUND AND HYPOTHESIS: Occasional reports have suggested that cellular
phones may interfere with permanent pacemakers. Our investigation sought to determine
systematically the effects of commercially available cellular phones on the performances
of different pacing modes and sensing lead configurations of permanent implanted
pacemakers. METHODS: We conducted the study in 29 patients implanted with single- or
dual-chamber bipolar rate-adaptive permanent pacemakers (a total of nine different
models and six different sensors: minute ventilation, activity sensing using either
accelerometer or piezoelectric crystal, QT and oxygen saturation sensing) from four
different manufacturers. Three different cellular phones with analog or digital coding with
maximum power from 0.6 to 2 W were used to assess the effect of pacemaker
interference. Each cellular phone was positioned at (1) above the pacemaker pocket, (2)
the ear level ipsilateral to the pacemaker pocket, and (3) the contralateral ear level.
Surface electrocardiograms, intracardiac electrograms, and marker channels were
recorded where possible during the following maneuvers at each position: (1) calls made
by a stationary phone to cellular phone, and (2) calls made from the cellular phone to a
stationary phone. A total of eight different pacing modes [DDD(R), VDD(R), AAI(R) and
VVI(R)] in both unipolar and bipolar sensing configurations was tested. RESULTS:
Interference was demonstrated during cellular phone operation in 74 of 2,418 (3.1%)
episodes in eight patients. Three types of interference were observed: inhibition of pacing
output, rapid ventricular tracking in DDD(R) or VDD(R) mode, and asynchronous pacing.
All were observed only with the cellular phone positioned above the pacemaker pocket.
Interference occurred prior to and after the termination of the ringing tone of the cellular
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phone in 57% of cases. Cellular phones with either digital or analog technology could
cause interference. Unipolar atrial lead was most susceptible to interference (relative
frequency of interference: unipolar 1.8%, bipolar 0.4%, p < 0.05; atrial 2.9%, ventricular
1%, p < 0.05). There was no sensor-driven rate acceleration during all tests. In all
patients, reprogramming of the sensitivity level successfully prevented cellular phone
interference. CONCLUSIONS: Commercially available cellular phones can cause
reversible interference to implanted single- or dual-chamber permanent pacemakers. The
effect is maximal with high atrial unipolar sensitivity, especially in single pass VDD(R)
systems. Both digital and analog cellular phones can lead to interference. Pacemaker
interference can occur prior to a warning sign (ringing tone) of the phone and may have
significant implications in patient safety.

Chen YB, Li J, Qi Y, Miao X, Zhou Y, Ren D, Guo GZ. The effects of electromagnetic
pulses (EMP) on the bioactivity of insulin and a preliminary study of mechanism.
Int J Radiat Biol. 86(1):22-26, 2010.

PURPOSE: To investigate the effects of electromagneticpulse (EMP) exposure on the
bioactivity of insulin and a preliminary mechanism for these effects.MATERIALS AND
METHODS: A tapered parallel plate Gigahertz Transverse Electromagnetic (GTEM) cell
with a flared rectangular coaxial transmission line was used to expose the insulin solution
to EMP. Concurrent sham-exposed insulin solutions were used as a control. The effect of
EMP-exposed insulin on fasting blood glucose levels of type | diabetes model mice, the
effect of EMP on binding affinity between insulin and its receptor and the effect of EMP on
insulin's fluorescence intensity were detected, respectively.RESULTS: (i) After EMP
exposure, compared with sham-exposed insulin, the bioactivity of insulin in decreasing
fasting blood glucose levels in type | diabetes model mice was reduced significantly (p =
0.023). (ii) Compared with sham-exposed insulin group, the percentage fluorescein
isothiocyannate (FITC) labelling of HL-7702 cells was significantly reduced in the EMP-
exposed insulin group (22.7-13.8%, respectively). (i) Compared with sham-exposed
insulin, the fluorescence intensity was significantly reduced in EMP-exposed insulin (p <
0.001).CONCLUSIONS: EMP exposure significantly decreased the bioactivity of insulin to
reduce the blood glucose levels in type | diabetic mice. This could be due to a decreased
binding affinity between insulin and its receptor. This mechanism could involve an
alteration of insulin's' conformation caused by EMP exposure.

Chen YB, Li J, Liu JY, Zeng LH, Wan Y, Li YR, Ren D, Guo GZ.Effect of
Electromagnetic Pulses (EMP) on associative learning in mice and a preliminary
study of mechanism. Int J Radiat Biol. 87(12):1147-1154, 2011.

PURPOSE: To investigate the effects of electromagnetic pulses (EMP) on associative
learning in mice and test a preliminary mechanism for these effects. MATERIALS AND
METHODS: A tapered parallel plate gigahertz transverse electromagnetic (GTEM) cell
with a flared rectangular coaxial transmission line was used to expose male BALB/c mice
to EMP (peak-intensity 400 kV/m, rise-time 10 ns, pulse-width 350 ns, 0.5 Hz and total
200 pulses). Concurrent sham-exposed mice were used as a control. Associative
learning, oxidative stress in the brain, serum chemistry and the protective action of
tocopherol monoglucoside (TMG) in mice were measured, respectively. RESULTS: (1)
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Twelve hour and 1 day post EMP exposure associative learning was reduced significantly
compared with sham control (p<0.05) but recovered at 2 d post EMP exposure. (2)
Compared with the sham control, lipid peroxidation of brain tissue and
chemiluminescence (CL) intensity increased significantly (p<0.05), while the activity of the
antioxidant enzymes Superoxide Dismutase [SOD], Glutathione [GSH], Glutathione
Peroxidase [GSH-Px], Catalase [CAT]) decreased significantly (p<0.05) at 3 h, 6 h, 12 h
and 1 d post EMP exposure. All these parameters recovered at 2 d post EMP exposure.
(3) No significant differences between the sham control group and EMP exposed group
were observed in serum cholesterol and triglycerides. (4) Pretreatment of mice with TMG
showed protective effects to EMP exposure. CONCLUSIONS: EMP exposure
significantly decreased associative learning in mice and TMG acted as an effective
protective agent from EMP exposure. This mechanism could involve an increase of
oxidative stress in brain by EMP exposure.

Chen ZJ, He JL. [Mutagenic, carcinogenic and teratogenic effects induced by
radiofrequency electromagnetic field of mobile phone.] Zhejiang Da Xue Xue
Bao Yi Xue Ban. 37(1):97-102, 2008. [Article in Chinese].

OBJECTIVE: The extensive use of mobile phones causes increasing public concern
on health effects of exposure to radiofrequency (RF) electromagnetic fields.
Conflicting results are found in publications on the mutagenic, carcinogenic and
teratogenic effects of RF electromagnetic fields. The overwhelming findings do not
support the assumption that RF exposure may induce mutagenic, carcinogenic or
teratogenic effects. However, health effects from low level RF exposure need to be
further studied.

Chia SE, Chia HP, Tan JS, Prevalence of headache among handheld cellular
telephone users in singapore: A community study. Environ Health Perspect
108(11):1059-1062, 2000.

We carried out a cross-sectional community study in Singapore to determine the
prevalence of specific central nervous system (CNS) symptoms among hand-held cellular
telephone (HP) users compared to nonusers and to study the association of risk factors
and CNS symptoms among HP users. A total of 808 men and women between 12 and
70 years of age, who lived in one community, were selected using one-stage cluster
random sampling and responses to a structured questionnaire. The prevalence of HP
users was 44.8%. Headache was the most prevalent symptom among HP users
compared to non-HP users, with an adjusted prevalence rate ratio of 1.31 [95%
confidence interval, 1.00-1.70]. There is a significant increase in the prevalence of
headache with increasing duration of usage (in minutes per day). Prevalence of
headache was reduced by more than 20% among those who used hand-free equipment
for their cellular telephones as compared to those who never use the equipment. The use
of HPs is not associated with a significant increase of CNS symptoms other than
headache.

Chiabrera A, Bianco B, Moggia E, Kaufman JJ, Zeeman-Stark modeling of the RF
EMF interaction with ligand binding. Bioelectromagnetics 21(4):312-324, 2000.
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The influence of radiofrequency electromagnetic exposure on ligand binding to
hydrophobic receptor proteins is a plausible early event of the interaction mechanism. A
comprehensive quantum Zeeman-Stark model has been developed which takes into
account the energy losses of the ligand ion due to its collisions inside the receptor
crevice, the attracting nonlinear endogenous force due to the potential energy of the ion in
the binding site, the out of equilibrium state of the ligand-receptor system due to the basal
cell metabolism, and the thermal noise. The biophysical "output” is the change of the
ligand binding probability that, in some instances, may be affected by a suitable low
intensity exogenous electromagnetic "input" exposure, e.g., if the depth of the potential
energy well of a putative receptor protein matches the energy of the radiofrequency
photon. These results point toward both the possibility of the electromagnetic control of
biochemical processes and the need for a new database of safety standards.

Chiang H, Microwave and ELF electromagnetic field effects on intercellular
communication, Proceedings of the 20th Annual International Conference of the
IEEE Engineering in Medicine and Biology Society 20:2798-2801, 1998.

Gap junctional intercellular communication (GJIC) plays an essential role in regulation of
cell growth, differentiation and wound healing. Microwave irradiation may down-regulate
GJIC and the effect is strongly influenced by modulation frequency. Many studies