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* | Nos.
VOLUME 1 - Tabs 1-2
COMMISSION ORDER AND NOTICE OF INQUIRY
Dec. 4, ) . .
1 1-160 2019 FCC Resolution of Notice of Inquiry Order
161- Mar.
2 363 29, FCC Notice of Inquiry
2013
VOLUME 2 -Tabs 3 -7 Part 1
COMMENTS AND OTHER FILINGS
364- | Sep. 3 CTIA-The FCC; Comments of the CTIA - The
3 P- 2> | Wireless Wireless Association, ET Docket No.
428 12013 .
Association 13-84
429- | Nov 13 CTIA-The FCC; Reply Comments of the CTIA -
4 4 67- ) 8) lv 3 > | Wireless The Wireless Association, ET Docket
Association No. 13-84
5 468- |Sep. 3, ﬁgﬁ:llfac turers FCC; Mobile Manufacturers Forum
572 12013 Comments, ET Docket No. 13-84
Forum
573- | Nov. 18 Mobile FCC; Mobile Manufacturers Forum
6 | Manufacturers | Reply Comments, ET Docket No. 13-
588 12013
Forum 84
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Toel M Research Compilation; Abstracts of
7 Part | 589- |Sep. 16, Mosko;zvi tz over 2,100 studies published between
1 764 2019 1990 - 2017; Prof. Henry Lai. (Tab 7
PhD
Part 1)
VOLUME 3 —Tab 7 Part 2
Joel M Research Compilation; Abstracts of
7 Part | 765- |Sep. 16, Mosko;zvi tz over 2,100 studies published between
2 1164 |2019 1990 - 2017; Prof. Henry Lai.(Tab 7
PhD
Part 2)
VOLUME 4 —Tab 7 Part 3
Joel M Research Compilation; Abstracts of
7 Part | 1165- | Sep. 16, Mosko;zvi tz over 2,100 studies published between
3 1564 |2019 1990 - 2017; Prof. Henry Lai.(Tab 7
PhD
Part 3)
VOLUME 5 — Tabs 7 Part 4 — 8 Part 1
Joel M Research Compilation; Abstracts of
7 Part | 1565- | Sep. 16, Mosko;zvi tz over 2,100 studies published between
4 1602 |2019 1990 - 2017; Prof. Henry Lai.(Tab 7
PhD
Part 4)
Joel M Research Compilation; Abstracts of
8 Part | 1603- | Sep. 13, Mosko;zvi tz Over 600 Studies Published Between
1 1964 12019 PhD August 2016- August 2019, Dr. Joel
Moskowitz; 2019 (Tab 8 Part 1)
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VOLUME 6 — Tabs 8 Part2 - 10

Research Compilation; Abstracts of

Technology

8 Part | 1965- | Sep. 13, ﬁi}(\g ;Ni tz Over 600 Studies Published Between
2 2130 2019 PhD August 2016- August 2019, Dr. Joel
Moskowitz; 2019 (Tab 8 Part 2)
2131- | Sep. 28, | Gary C. Research Compllatlon; Abstracts qf
9 2142 | 2016 Vesperman 15 New Studies, Dr. Joel Moskowitz
P PhD, 2016
10 2143- | Jul. 7, Environmental | Research Compilation; Studies and
2378 (2016 Health Trust Documents; City of Pinole, CA
VOLUME 7 — Tabs 11 — 13 Part 1
2379- [Jul. 7, Environmental Us I.Exposur'es Limits - A History of
11 2389 |2016 Health Trust Their Creation, Comments and
Explanations; Eng. Lloyd Morgan
Biosystem & Ecosystem; Birds, Bees
2390- | Aug. 26, | Heidi M. 'fmd Mankmd:, Destroying Natqre by
12 2439 12016 I umpkin Electrosmog’: Effects of Mobile
ump Radio and Wireless Communication.
Dr. Ulrich Warnke, Ph.D., 2007
13 | 2440- |7ul 13, Parents for Cagc§r; IARC Monograph: Non-
part 11 2778 12016 Safe Ionizing Radiation Part 2: RF EMFs,
Technology 2013 (Tab 13 Part 1)
VOLUME 8 — Tabs 13 Part 2 - 23
13| 2779- |Jul. 13, gazms for Icar?c.e“ IQIEC ?/Ionlfgrtaghg‘g;ﬂ:
part 2 | 2920 12016 a onizing Radiation Part 2: s,

2013 (Tab 13 Part 2)
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2921-
2927

Nov. 18,
2013

Kevin Mottus

Cancer; IARC Press Release: IARC
Classifies RF EMFs As Possibly
Carcinogenic to Humans, 2011

15

2928-
3002

Jul. 11,
2016

Environmental
Health Trust

NTP; Report of Partial Findings from
the National Toxicology Program
Carcinogenesis Studies of Cell Phone
Radiofrequency Radiation in Hsd:
Sprague Dawley® SD rats (Whole
Body Exposures); Draft 5-19-2016

16

3003-
3009

Oct. 1,
2018

Environmental
Health Trust

NTP; Commentary on the utility of
the National Toxicology Program
study on cell phone radiofrequency
radiation data for assessing human
health risks despite unfounded
criticisms aimed at minimizing the
findings of adverse health effects.
Environmental Research. Dr. Ron
Melnick; 2019

17

3010-
3036

Apr. 16,
2018

Theodora
Scarato

NTP; Dr. Hardell and Dr. Carlsberg
letter to the NTP, NIH, DHHS, NTP
Technical Report On The Toxicology

And Carcinogenesis Studies; Mar. 12,
2018

18

3037-
3048

Oct. 1,
2018

Environmental
Health Trust

Cancer-NTP; Cancer epidemiology
update, following the 2011 IARC
evaluation of radiofrequency
electromagnetic fields; (Miller et al);
2018

19

3049-
3055

Oct. 18,
2018

Joel M.
Moskowitz,
Ph.D.

Cancer-NTP; The Significance of
Primary Tumors in the NTP Study of
Chronic Rat Exposure to Cell Phone
Radiation. IEEE Microwave
Magazine. Prof. James C. Lin; 2019
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20 3056- 1 Aug. 27, and David O. | Biolnitiative Comments
3065 [2013
Carpenter
3066- | Nov. 18, : e e :
21 3080 2013 Kevin Mottus | Biolnitiative; 2012 Conclusions
Biolnitiative; Section 24: Key
22 33018216_ 12\1(;) 1V 3 18, Kevin Mottus | Scientific Evidence and Public Health
Policy Recommendations; 2012
73 3127- [Jul. 11, [ Cecelia Biolnitiative; Section 1: Summary for
3146 |2016 Doucette the Public (2014 Supplement)
VOLUME 9 - Tabs 24-27
Biolnitiative-Modulation; Section 15:
Evidence for Disruption by
3147- | Sep. 30, | Catherine | Modulation Role of Physical and
24 . Biological Variables in Bioeffects of
3218 2016 Kleiber :
Non-Thermal Microwaves for
Reproducibility, Cancer Risk and
Safety Standards, (2012 Supplement)
Biolnitiative; Section 20, Findings in
3219- | Sen. 3 Autism, Consistent with
25 3319 |2 011) 3 > | Kevin Mottus | Electromagnetic Fields (EMF) and
Radiofrequency Radiation (RFR);
2012
3320- |Sep. 16 Joel ' Blolmtla}tlve—Neurologlcal; Percept
26 3321 12019 Moskowitz Comparison, Effect vs No Effect in
PhD. Neurological Effect Studies; 2019
3322 | Sep. 16, Joel ' B1OInlthtlve-Neurologlcal; .Research
27 3559 12019 Moskowitz Summaries, RFR Neurological
PhD. Effects (Section §), 2007-2017; 2017
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VOLUME 10 — Tabs 28-41

Biolnitiative-Mechanisms of Harm;

3560- | Sen. 16 Joel M. Percent Comparison Showing Effect
28 3561 |2 OII) 9 > | Moskowitz vs No Effect, DNA (Comet Assay),
PhD. 2017 and Free Radical (Oxidative
Stress), 2019
3562- | Sen. 16 Joel M. Biolnitiative-Mechanisms of Harm;
29 3602 |2 Oli)9 > | Moskowitz Research Summaries, DNA (Comet
PhD. Assay) Studies; 76 Studies, 2017
Joel M Biolnitiative-Mechanisms of Harm;
30 3603- | Sep. 16, Mosko;zvi tz Research Summaries, Free Radicals
3721 |2019 PhD (Oxidative Stress Effects), 225
' studies, 2019
Biolnitiative Working Group;
3799- | Aor. 11. | Cindv Sace Preliminary Opinion on Potential
31 pr. 4, Y Sags, Health Effects of Exposure to
3749 2014 MA -
Electromagnetic Fields
(EMF); 2014
Bioinitiative Biolnitiative Working Group;
37 3750- | Sep. 16, Workin Consistent Failure to Identify the
3755 2019 G & Potential for Health Effects (Exhibit
foup A); 2014
Biointiative Biolnitiative Working Group;
33 3756- | Sep. 14, Workin Reference List for Important Fertility
3766 |2019 & and Reproduction Papers (Exhibit C);
Group
2014
Biolnitiative Working Group;
3767- |Apr. 14, | .. Mitochondrial Dysfunction and
34 3771 2019 Cindy Sage Disruption of Electrophysiology

(Exhibit G); 2014
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Biolnitiative Working Group;
Epidemiological Studies, RF fields
epidemiology, Comments by Drs.

35 33’,777729- 2Aé) lr 9 14, g/[lgdy Sage, Lennart Hardell, Fredrik Soderqvist
PhD. and Michael Carlberg, MSc.
Section 3.5.1.1 Epidemiological
Studies (Exhibit B); 2014
Biolnitiative Working Group; An
3780- | Apr 11, | Cindy Sage, Updgte on the Genetic Effe(;ts qf
36 3874 12014 MA Nonionizing Electromagnetic Fields
by Prof. Henry Lai PhD; (Exhibit E);
2014
Biolnitiative Working Group; An
3875- | Apr. 11, | Cindy Sage, Updgte on Physical and Biological
37 3396 12014 MA Variables, Cancer and Safety
Standards by Prof. Igor Belyaev Dr.
Sc., (Exhibit F); 2014
Biolnitiative Co-Editor; Human
33 3897- | Sep. 30, Maria Powell Health Effects of EMFs: The Cost of
3904 2016 Doing Nothing. IOPScience. (Prof.
David Carpenter MD.); 2010
3905- | Sep. 28, . Biolnitiative Author; Statement of
391 3919 [2016 | MeVinMOUUS b Martin Blank PhD., PhD.; 2016
Biolnitiative Authors; Prof. Lennart
40 3920- | Aug 27, | Sage Hardell | Hardell MD. PhD., Prof. Martha
3945 12013 Herbert Herbert MD. PhD. and Cindy Sage
Comments
41 3946- | Aug. 26, Ee Biiﬂz Biolnitiatiive Author; Prof. Henry Lai
3984 {2013 Vi PhD, and Blake Levitt Comments

Henry Lai

-Viii-

Page 8 of 427




USCA Case #20-1025

Document #1869759

Filed: 11/04/2020  Page 9 of 427

INDEX TO DEFERRED APPENDIX

VOLUME 11 - Tabs 42-59
3985- | Sep. 3, Dr. Paul Dart MD. (Petitioner)
42 4072 12013 Paul Dart MD Comments
The Biological Effects of Weak
43 4073- |Feb. 4, | Dr. Andrew Electromagnetic Fields, Problems and
4102 (2013 Goldsworthy | Solutions, Prof. Andrew Goldsworthy;
2012
4 | 4103- [Sep.4. |Richard Erfl%hfd le“eltz(igoénmemsé R
4106 12013 Meltzer adio rrequency XPOSULE:
Cautionary Tale
45 4107- | Feb. 6, | Donald R. Dr. Donald R. Maisch PhD.
4112 (2013 Maisch Comments
Biological Effects from RF Radiation
at Low-Intensity Exposure, based on
46 4113- | Nov. 18, | Catherine the Biolnitiative 2012 Report, and the
4129 (2013 Kleiber Implications for Smart Meters and
Smart Appliances; Dr. Ron M.
Powell, PhD.; 2013
47 4130- | Aug. 20, | Lawrence Eng. Lawrence James Gust
4137 12013 James Gust Comments
4138- | Feb. 25, | Michael .
48 4146 12013 Schwaehe Eng. Michael Schwaebe Comments
49 4147- | Mar. 18, E;lgrlg;lmemal Organizations; Environmental
4178 12015 & Working Group Reply Comments
Group
4179- | Nov. 18, | +- )
50 4195 [2013 Nina Beety Nina Beety Comments

-1X-
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51

4196-
4206

Sep. 16,
2019

Joel
Moskowitz
PhD.

Organizations; EMF Scientist Appeal,
International Scientists’ Appeal to the
United Nations; 2015

52

4207-
4217

Apr. 5,
2018

NancyD

Organizations; 5G Appeal, Scientist
Appeal to the EU, Scientists Warn of
Potential Serious Health Effects of
5G; 2017

53

4218-
4240

Jun. 7,
2017

Environmental

Health Trust

Organizations; Medical Doctors and
Public Health Organizations:
Consensus Statements and Doctors’

Recommendations on Cell
Phones/Wireless; 2017

54

4241-
4244

Sep. 27,
2016

Kevin Mottus

Organizations; Council of Europe,
Résolution 1815, The Potential
Dangers of Electromagnetic Fields
and Their Effect on the Environment;
2011

55

4245-
4257

Feb. 5,
2013

Gilda Oman

Organizations; Council of Europe,
Parliamentary Assembly Report: The
potential dangers of electromagnetic
fields and their effect on the
environment; 2011

56

4258-
4293

Jul. 11,
2016

Environmental

Health Trust

Organizations - Radiation Sickness;
European Academy for
Environmental Medicine,
EUROPAEM EMF Guideline 2015
for the prevention, diagnosis and
treatment of EMF-related health
problems and illnesses; 2015
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57

4294-
4305

Feb. 5,
2013

David Mark
Morrison

Organizations; Scientific Panel on
Electromagnetic Field Health Risks:
Consensus Points, Recommendations,
and Rationales, Scientific Meeting:
Seletun, Norway. Reviews on
Environmental Health; (Fragopoulou,
Grigoriev et al); 2010

58

4306-
4361

Aug. 30,
2013

EMF Safety
Network

Organizations; EMF Safety Network
Comments

59

4362-
4374

Jul 7.
2016

Environmental
Health Trust

Organizations - Russian Government;
Electromagnetic Fields From Mobile
Phones: Health Effect On Children
And Teenagers | Resolution Of
Russian National Committee On
Nonionizing Radiation Protection |
April 2011, Moscow

VOLUME 12 — Tabs 60 — 68 Part 1

60

4375-
4482

Jul 7,
2016

Environmental
Health Trust

Organizations - Cyprus Government;
Neurological and behavior effects of
Non-lonizing Radiation emitted from
mobile devices on children: Steps to
be taken ASAP for the protection of
children and future generations.
Presentation Slides; 2016

61

4483-
4531

Nov. 18,
2013

Kevin Mottus

Organizations; Austrian Medical
Association, Environmental Medicine
Evaluation of Electromagnetic Fields;
Dr. Jerd Oberfeld MD.; 2007

62

4532-
4534

Jul. 11,
2016

Environmental
Health Trust

Organizations; The American
Academy of Pediatrics, Letter to the
FCC; 2013

-X1-
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Organizations; California Medical
4535- | Sep. 29, . Association, House of Delegates
63 4540 [2016 Kevin Mottus Resolution Wireless Standards
(Resolution 107 - 14); 2014
Grassroots
Egzlcr;:il(r)?lental Organizations; American Academy of
64 4541- | Sep. 3, Inc. o/b/o ’ Environmental Medicine, Letter to
4543 (2013 s the Federal Communications
American ..
Commission; 2013
Academy of
Environmental
Organizations - Radiation Sickness;
Austrian Medical Association,
4544- | Sep. 29, . Guidelines for the Diagnosis and
65 4561 |[2016 Kevin Mottus Treatment of EMF Related Health
Problems and Illnesses (EMF
Syndrome); 2011
Organizations; International
Association of Fire Fighters, Position
on the Health Effects from Radio
4562- | Sep. 28, : : o
66 4590 |2016 Kevin Mottus | Frequency/Microwave Radiation in
Fire Department Facilities from Base
Stations for Antennas and Towers;
2004
4591- | Sep. 28, . Organizations; Cities of Boston and
67 4599 |[2016 Kevin Mottus Philadelphia Reply Comments
Environmental Organizations; Appeal to the FCC
68 | 4600- | Sep. 3, Workin Signed by 26,000 People and
Part 1| 4800 |2013 Grou & Organized by the Environmental
P Working Group, 2013 (Tab 68 Part 1)

-X11-

Page 12 of 427




USCA Case #20-1025

Document #1869759
INDEX TO DEFERRED APPENDIX

Filed: 11/04/2020

Page 13 of 427

VOLUME 13 — Tabs 68 Part 2 - 76
Environmental Organizations; Appeal to the FCC
68 | 4801- | Sep. 3, Workin Signed by 26,000 People and
Part2 | 5171 2013 Grou & Organized by the Environmental
P Working Group, 2013 (Tab 68 Part 2)
5172- | Aug. 25, . Organizations; Freiburger Appeal -
69 5186 2016 Kevin Mottus Doctors Appeal; 2002
Grassroots Organizations; Benevento Resolution,
70 5187- | Sep. 3, | Environmental | The International Commission for
5191 |2013 Education, Electromagnetic Safety (ICEMS),
Inc. 2006
71 5192- [Jul. 18, [ Environmental | Organizations; The Porto Alegre
5197 2016 Health Trust | Resolution; 2009
5198- | Feb. 6 Organizations; Kaiser Permanente,
72 ~ | Kevin Mottus | Letter from Dr. De-Kun Li, Division
5204 (2013
of Research
73 5205- | Sep. 3, ﬁgslzrcﬁi?on Organizations; American Association
5210 [2013 : for Justice, Comments
For Justice
5211- |Feb. 6, | Jonathan Organizations; Maryland Smart Meter
74 5719 [2013 Libber Awareness, Comments (filed by
Jonathan Libber)
75 5220- |Feb. 6, |Electromagnetic| Organizations; Electromagnetic
5228 2013 Safety Alliance | Safety Alliance, Comments

-X111-
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76

5229-
5241

Sep. 29,
2016

Ed Friedman

Organizations; Wildlife and Habitat
Conservation Solutions; What We
Know, Can Infer, and Don’t Yet
Know about Impacts from Thermal
and Non-thermal Non-ionizing
Radiation to Birds and Other
Wildlife. Dr. Albert M. Manville,
PhD.; 2016

VOLUME 14 — Tabs 77-96

77

5242-
5258

Sep. 30,
2016

Catherine
Kleiber

Mechanisms of Harm; Meta-Analysis,
Oxidative mechanisms of biological
activity of low-intensity
radiofrequency radiation.
Electromagn Biol Med (Yakymenko
et al).; 2016

78

5259-
5269

Sep 3,
2013

Monnie
Ramsell

Mechanisms of Harm; Blood Brain
Barrier; Increased Blood—Brain
Barrier Permeability in Mammalian
Brain 7 Days after Exposure to the
Radiation from a GSM-900 Mobile
Phone. Pathophysiology (Nittby,
Salford et al); 2009

79

5270-
5286

Sep. 3,
2013

Paul Dart MD.

Mechanisms of Harm; DNA Damage;
Microwave RF Interacts with
Molecular Structures; Dr. Paul Dart
MD.; 2013

80

5287-
5303

Sep. 3,
2013

The EMR
Policy
Institute

Medical Treatments & Modulation;
Treatment of advanced hepatocellular
carcinoma with very low levels of
amplitude-modulated electromagnetic

fields. British Journal of Cancer.
(Costa et al); 2011
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81

5304-
5306

Sep. 3,
2013

The EMR
Policy
Institute

Medical Treatments & Modulation;
Treating cancer with amplitude-
modulated electromagnetic fields: a
potential paradigm shift, again?
British Journal of Cancer. (Dr. Carl
Blackman); 2012

82

5307-
5309

Feb. 8,
2013

Alan Frey

Modulation; Dr. Alan Frey PhD.,
Comments, Feb. 7, 2013

83

5310-
5319

Jul. 11,
2016

Environmental
Health Trust

Modulation; Real Versus Simulated
Mobile Phone Exposures in
Experimental Studies. Biomed Res
Int. (Prof. Panagopoulos et al); 2015

84

5320-
5368

Sep. 16,
2019

Joel M.
Moskowitz,
PhD

Neurological; Book Chapter, A
Summary of Recent Literature (2007-
2017) on Neurological Effects of
Radiofrequency Radiation, Prof. Lai;
2018 Referenced 122 Studies.

85

5369-
5412

Sep. 28,
2016

Kevin Mottus

Neurological - Report; Evidence of
Neurological effects of
Electromagnetic Radiation:
Implications for degenerative disease
and brain tumour from residential,
occupational, cell site and cell phone
exposures. Prof. Neil Cherry; 225
scientific references. 2002

86

5413-
5415

Sep 3,
2013

Kevin Mottus

Neurological; The effects of mobile-
phone electromagnetic fields on brain
electrical activity: a critical analysis
of the literature. Electromagn Biol
Med. (Marino et al) (Abstract); 2009
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Autism and EMF? Plausibility of a
5416- | Nov. 18, : pathophysiological link.
87 5435 12013 Kevin Mottus Pathophysiology, Part I. (Herbert et
al); 2013
Autism and EMF? Plausibility of a
5436- | Nov. 18, . pathophysiological link.
88 5460 |2013 Kevin Mottus Pathophysiology, Part II. (Herbert et
al); 2013
Fertility; Research Abstracts, List of
References Reporting Fertility and/or
5461- | Sep. 3, : Reproduction Effects from
89 5486 2013 Kevin Mottus Electromagnetic Fields and/or
Radiofrequency Radiation (66
references)
5437- | Sen. 3 Fertility; Effects of Microwave RF
90 5499 2011) 3 > | Paul Dart MD | Exposure on Fertility, Dr. Paul Dart
MD. (Petitioner); 2013
Hormonal; RF and Hormones,
5500- | Sep. 3, : : :
91 5506 |2013 Paul Dart MD | Alterations in Hormone Physiology;
Dr. Paul Dart MD. (Petitioner); 2013
Prenatal & Children; Fetal
Radiofrequency Radiation Exposure
5507- | Feb. 7, o From 800-1900 Mhz-Rated Cellular
92 5514 12013 Toni Stein Telephones Affects
Neurodevelopment and Behavior in
Mice. Scientific Reports. (Aldad,
Taylor et al); 2012
5515- | Jul. 7, Environmental Prenatal & Children; Eetal Exposures
93 5518 2016 Health Trust and Cell Phones. Studies List. Prof.
Hugh Taylor MD.; 2015

-XVI-
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Prenatal and Children; Fetal Cell
Phone Exposure: How Experimental
5519- | Jul. 13 Parents for Studies Guide Clinical Practice, Hugh
94 5553 20i6 > | Safe S. Taylor MD. PhD., Chair of
Technology Obstetrics, Gynecology and
Reproductive Sciences, Yale School
of Medicine
95 5554- | Sep. 3, |Dr. Suleyman | Prenatal & Children; Dr. Suleyman
5559 12013 Kaplan Kaplan Comments
Prenatal & Children; Amended
Declaration of Dr. David O.
5560- | Nov. 18, . Carpenter MD. (Dec. 20, 2011);
96 5614 2013 Kevin Mottus Morrison et al v. Portland Schools,
No. 3:11-cv-00739-MO (U.S.D.C.
Oregon, Portland Div.)
VOLUME 15 - Tabs 97-101
5615- | Sep. 28, . Prenatal & Children; Doctors and
7 5712 2016 Kevin Mottus Scientists Letters on Wi-Fi in Schools
5713- |Jul. 11, | Environmental Dr. Devra Davis PhD., President of
98 Environmental Health Trust
5895 12017 Health Trust ...
(Petitioner) Comments
: Children; Letter to Montgomery
99 55899963- ;%?'77’ gnviiﬁr}rmenttal County Schools, Prof. Martha Herbert
catt MUt I MD., PhD; 2015
Neurological - Children; A
Prospective Cohort Study of
5994- [ Apr. 29, | Environmental Adolesgepts Memp ry Performance
100 6007 |2019 Health Trust and Individual Brain Dose of
Microwave Radiation from Wireless
Communication. Environ Health
Perspect. (Foerster et al); 2018
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Prenatal & Children; Cell phone use
6008- | Sep. 28, . and behavioral problems in young
011 6014 [2016 | KevInMottus | 44 dren. J Epidemiol Community
Health. (Divan et al); 2012
VOLUME 16 - Tabs 102-126
6015- [Jul. 7, Environmental Pre.:n.atal & Chl!dren; Cell Phones &
102 6026 12016 Health Trust WiFi — Are Children, Fetuses and
Fertility at Risk?”’; 2013
6027- | ul. 7, Environmental Prenatal &.Chﬂdren; Safe. Schools
103 6060 |2016 Health Trust 2012, Medical and Scientific Experts
Call for Safe Technologies in Schools
Prenatal & Children - Stem Cells;
Microwaves from Mobile Phones
Inhibit 53BP1 Focus Formation in
6061- | Sep. 3, . Human Stem Cells More Strongly
1041 6067 |2013 | Kevin MOUUS | 1o in Differentiated Cells: Possible
Mechanistic Link to Cancer Risk.
Environmental Health Perspectives
(Markova, Belyaev et al); 2010
6068- | Sep. 26, . Radiation Sickness - Children,;
105 6069 [2016 Angela Tsaing Angela Tsiang Comments
106 6070- |Mar. 5, | Abigail Radiation Sickness - Children;
6071 2013 DeSesa Abigail DeSesa Comments
Cell Towers - Research Abstract
6072- | Sep. 28, : Compilation; 78 Studies Showing
107 6111 |2016 Kevin Mottus Health Effects from Cell Tower
Radio Frequency Radiation; 2016
6112- | Sen. 3 Cell Towers; Consequences of
108 6122 |2 0133 > | Paul Dart MD | Chronic Microwave RF Exposure, Dr.
Paul Dart MD. (Petitioner)

-XVlii-
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Cell Towers - Cancer; Meta-Analysis,
Long-Term Exposure To Microwave
6123- |Jul. 11, | Environmental | Radiation Provokes Cancer Growth:
6132 |2016 Health Trust | Evidences From Radars And Mobile
Communication Systems.
(Yakymenko et al); 2011

109

Cell Towers - Neurological; Changes
of Clinically Important
Neurotransmitters under the Influence
of Modulated RF Fields, A Long-term
Study under Real-life Conditions;
Umwelt-Medizin-Gesellschaft;
(Buchner & Eger); 2011

6133- | Sep. 3, | Monnie

110 6148 2013 Ramsell

Cell Towers - DNA; Impact of
radiofrequency radiation on DNA
damage and antioxidants in peripheral
6148- | Dec. 10, | Environmental | blood lymphocytes of humans

6160 |2018 Health Trust | residing in the vicinity of mobile
phone base stations. Electromagnetic
Biology and Medicine. (Zothansiama
et al); 2017

111

Cell Towers - Cancer; Environmental
radiofrequency radiation at the
Jarntorget Square in Stockholm Old
Town, Sweden in May, 2018
compared with results on brain and
heart tumour risks in rats exposed to
1.8 GHz base station environmental
emissions, World Academy of
Sciences Journal. (Hardell et al); 2018

6161- | Dec. 10, | Environmental

12 6169 |2018 Health Trust
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6170-
6258

Sep. 30,
2016

Catherine
Kleiber

Cell Towers; Indian Government,
Ministry of Environment and Forest,
Report on Possible Impacts of
Communication Towers on Wildlife
Including Birds and Bees. 919 studies
reviewed; 2011

114

6259-
6260

Sep. 3,
2013

Kevin Mottus

Cell Towers; Epidemiological
evidence for a health risk from mobile
phone base stations, Int J Occup
Environ Health. (Hardell et al); 2010

115

6261-
6289

Sep. 16,
2019

Joel
Moskowitz,
PhD

Cell Towers; Biological Effects From
Exposure to Electromagnetic
Radiation Emitted By Cell Tower
Base Stations and Other Antenna
Arrays. Environ. Rev. (Lai & Levitt);
2010

116

6290-
6301

Jul. 11,
2016

Environmental
Health Trust

Cell Towers; Research Summaries of
Cell Tower Radiation Studies

117

6302-
6311

Sep. 30,
2016

Catherine
Kleiber

Cell Towers-Wildlife;
Electromagnetic Pollution From
Phone Masts. Effects on Wildlife;
Pathophysiology. (Dr. Alfonso
Balmori); 2009

118

6312-
6324

Jul. 18,
2106

Environmental
Health Trust

Cell Towers - Wildlife; Testimony of
Dr. Albert M. Manville, II, PhD.,
C.W.B, Before the City of Eugene
City Planning Department in
Opposition to AT&T/Crossfire’s
Application for a “Stealth” Cellular
Communications Tower; May 6, 2015

-XX-




USCA Case #20-1025

Document #1869759

Filed: 11/04/2020

INDEX TO DEFERRED APPENDIX

119

6325-
6341

Sep. 30,
2016

Catherine
Kleiber

Cell Towers - Plants; Radiofrequency
Radiation Injures Trees Around
Mobile Phone Base Stations. Science
of the Total Environment.

(Waldmann-Selsam et al); 2016

120

6342-
6349

Apr. 8,
2014

M.K. Hickcox

Biosystem & Ecosystem; The
Dangers of Electromagnetic Smog,
Prof. Andrew Goldsworthy, PhD.;
2007

121

6350-
6366

Sep. 3,
2013

The EMR
Policy
Institute

Biosystem and Ecosystem; Impacts of
radio-frequency electromagnetic field
(RF-EMF) from cell phone towers
and wireless devices on biosystem
and ecosystem — a review. Biology
and Medicine (Sivani et al.); 2012

122

6367-
6379

Oct. 1,
2018

Environmental
Health Trust

5@G; 5G wireless telecommunications
expansion: Public health and
environmental implications,
Environmental Research. (Dr. Cindy
Russell MD.); 2018

123

6380-
6383

Oct. 18,
2019

Joel M.
Moskowitz
PhD

5G; We Have No Reason to Believe
5@G is Safe, Dr. Joel Moskowitz PhD.,
Scientific American; 2019

124

6384-
6392

Jul. 11,
2017

Environmental
Health Trust

5G - Millimeter Waves; Nonthermal
Effects of Extremely High-Frequency
Microwaves on Chromatin
Conformation in Cells in vitro—
Dependence on Physical,

Physiological, and Genetic Factors.
IEEExPIore. (Belyaev et al); 2000
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5G; What You Need To Know About
125 6393- [Oct. 1, | Environmental | 5G Wireless And “Small” Cells Top
6408 2018 Health Trust | 20 Facts About 5G; Environmental
Health Trust
5G; Millimeter-Wave Cellular
126 662%%_ ;%?’513’ NYU Wireless | Wireless Networks: Potentials and
Challenges, IEEE; (2014)
VOLUME 17 — Tabs 127 — 142 Part 1
6430- | Jul. 13 5G; FCC Chairman Tom Wheeler
127 6436 21(1)1 6 > | Priscilla King | ‘The Future of Wireless: A Vision for
U.S. Leadership in a 5G World’; 2016
5G; Letter to House Subcommittee on
6437- | Jul. 14, : ..
128 Angela Tsaing | Communications and Technology;
6447 2016 :
Angela Tsiang; 2016
129 6448- | Jan. 8, LeRoy 5G; Ask Congress to Vote No, We
6453 2019 Swicegood Are The Evidence Fact Sheet; 2016
Parents For 5G; 5G Spectrum Frontiers -The Next
130 6454- (Jul. 13, Safe Great Unknown Experiment On Our
6510 |2016 Tzchnolo Children, Compilation of Letters to
&Y Congress; 2016
131 6511- | Apr. 16, | Theodora 5G;What You Need To Know About
6513 2018 Scarato 5G Wireless and “Small” Cells
6514- | Sep. 28. . Wi-Fi; 136 Smc}leg ShoWlng Health
132 Kevin Mottus | Effects from Wi-Fi Radio Frequency
6587 2016 .
Radiation
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6588-
6603

Jul. 13,
2016

Parents For
Safe
Technology

Wi-Fi; 2.45-GHz Microwave
Irradiation Adversely Affects
Reproductive Function in Male
Mouse, Mus Musculus by Inducing
Oxidative and Nitrosative Stress. Free
Radical Research (Shahin et al); 2014

134

6604-
6611

Jul. 7,
2016

Environmental
Health Trust

Wi-Fi - Fertility;
Immunohistopathologic
demonstration of deleterious effects
on growing rat testes of
radiofrequency waves emitted from
conventional Wi-Fi devices. Journal
of Pediatric Neurology. (Atasoy et
al); 2013

135

6612-
6620

Apr. 8,
2014

MK Hickox

Smart Meters: Correcting the Gross
Misinformation, Letter by 54
Scientists and MDs; 2012

136

6621-
6622

Nov. 18,
2013

Catherine
Kleiber

Smart Meters - Radiation Sickness;
American Academy of Environmental
Medicine, Smart Meter Case Series;
2013

137

6623-
6692

Sep. 3,
2013

Rachel Cooper

Smart Meters; Assessment of
Radiofrequency Microwave Radiation
Emissions from Smart Meters; Sage
Associates, Environmental
Consultants; 2011

138

6693-
6699

Jul. 7,
2016

Environmental
Health Trust

Smart Meters; FCC Maximum
Permissible Exposure Limits for
Electromagnetic Radiation, as
Applicable to Smart Meters. Dr. Ron
Powell PhD.; 2013
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Smart Meters - Radiation Sickness;
139 6700- |Jul. 7, Environmental | Symptoms after Exposure to Smart
6705 2016 Health Trust | Meter Radiation. Dr. Ron Powell
PhD.; 2015
6706- | Sep. 3, : .
140 6735 |2013 Kit Weaver Kit Weaver, Comments
6736- | Feb. 6, Organizations - Radiation Sickness;
P 6740|2013 |JoshuaHart o o g martMeters, Comments
Cell Phones; Research Abstracts of
142 | 6741- | Sep. 28, . Over 700 Studies Showing Health
Part 1| 6350 12016 Kevin Mottus | Effects from Cell Phone Radio
Frequency Radiation; Prof. Henri Lai
(Tab 142 Part 1)
VOLUME 18 — Tabs 142 Part 2 - 153
Cell Phones; Research Abstracts of
142 | 6851- | Sep. 28, ' Over 700 Studies Showing Health
part 2 | 7088 |2016 Kevin Mottus | Effects from Cell Phone Radio
Frequency Radiation; Prof. Henri Lai
(Tab 142 Part 2)
Cancer - Brain Tumors; Using the
Hill viewpoints from 1965 for
evaluating strengths of evidence of
143 77%%99- 5811) '628’ Kevin Mottus | the risk for brain tumors associated
with the use of mobile and cordless
phones. Rev Environ Health. (Hardell
and Caarlsberg); 2013
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144

7100-
7121

Nov. 18,
2013

Kevin Mottus

Cancer-Brain Tumors; Mobile phone
use and brain tumour risk: early
warnings, early actions? (Gee,
Hardell Carlsberg) (Chapter 21 of
Report: “Late lessons from early
warnings: science, precaution”); 2013

145

7122-
7134

Sep. 12,
2019

Environmental
Health Trust

Cell Phones; Real-world cell phone
radiofrequency electromagnetic field
exposures. Environmental Research.
(Wall et al); 2019

146

7135-
7142

Nov. 18,
2013

Kevin Mottus

Cancer -Brain Tumors; Meta-analysis
of long-term mobile phone use and
the association with brain tumours,
Prof. Lennart Hardell MD. PhD. 2008

147

7143-
7156

Jul. 11,
2016

Environmental
Health Trust

Cancer - Brain Tumors; Case-control
study of the association between
malignant brain tumours diagnosed
between 2007 and 2009 and mobile
and cordless phone use. International
Journal of Oncology.(Hardell et al);
2013

148

7157-
7183

Nov. 18,
2013

Kevin Mottus

Cancer - Brain Tumors; Use of
mobile phones and cordless phones is
associated with increased

risk for glioma and acoustic neuroma.
Pathophysiology. (Hardell et al);
2012
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Cancer - Brain Tumors; Pooled
Analysis of Two Swedish Case-
Control Studies on the Use of Mobile
7184- | Sep. 28, Kevin Mottus and Cordless Telephones and the Risk
7193 2016 of Brain Tumours Diagnosed During
1997-2003.International Journal of
Occupational Safety and Ergonomics
(Mild, Hardell, Carlsberg); 2007

149

Thermal and non-thermal health
effects of low intensity non-ionizing
radiation: An international
perspective. Environmental Pollution.
(Belpomme et al); 2018

7194- | Dec. 10, | Environmental

150 7210 (2018 Health Trust

Cancer - Brain Tumors; Mobile
phones, cordless phones and the risk
Kevin Mottus | for brain tumours. International
Journal of Oncology (Prof. Lennart
Hardell MD., PhD.); 2009

7211- | Sep. 28,

151 7224 12016

Cancer - Cell Phones; Cell Phones
Paul Dart MD | and Risk of Brain Tumor, Dr. Paul
Dart MD. (Petitioner); 2013

7225- | Sep. 3,

152 7251 12013

7252- |Jan 31, | Julian

1331 7255 {2019 | Gehman

Jullian Gehman Esq. Comments

VOLUME 19 — Tabs 154-168

Joel M Dr. Joel Moskowitz PhD. Reply
7256- [Nov. 5, Mosko;zvi tz Comments, Why the FCC Must
7371 2013 Strengthen Radiofrequency Radiation
Ph.D. ..o
Limits in the U.S.

154
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155

7372-
7414

Jun. 17,
2014

Environmental
Working
Group

Cancer - Children; Cell Phone
Radiation: Science Review on Cancer
Risks and Children’s Health;
Environmental Working Group, 2009

156

7415-
7417

Sep. 30,
2016

Kevin Mottus

Cell Phones - Plants; Review: Weak
Radiofrequency Radiation Exposure
From Mobile Phone

Radiation on Plants. Electromagnetic
Biology and Medicine (Malka N.
Halgamuge); 2016

157

7418-
7421

Apr. 29,
2019

Environmental
Health Trust

Testing; Microwave Emissions From
Cell Phones Exceed Safety Limits in
Europe and the US When Touching
the Body. IEEE Access. Prof. Om P.
Gandhi PhD.; 2019

158

7422-
7426

Sep. 12,
2019

Environmental
Health Trust

Testing - Children; Absorption of
wireless radiation in the child versus
adult brain and eye from cell phone
conversation or virtual reality.
Environmental Research. (C.
Fernandez et al); 2018

159

7427-
7431

Jul. 11,
2016

Environmental
Health Trust

Yes the Children Are More Exposed
to Radiofrequency Energy From
Mobile Telephones Than Adults.
IEEE Access (Prof. Om Ghandi
PhD); 2015

160

7432-
7441

Jul. 7,
2016

Environmental
Health Trust

Testing - Children; Children Absorb
Higher Doses of Radio Frequency
Electromagnetic Radiation From
Mobile Phones Than Adults. IEEE
Access (Robert D. Morris et al); 2015
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Testing — Children; Exposure Limits:
161 7442- | Apr. 29, | Environmental Tl}lle indzr'e st‘Flmateloneojf ??S(.)rbed cell
7445 |2019 | Health Trust [P onc raciation, especiaty m
children. Electromagnetic Biology
and Medicine (Gandhi et al); 2011
162 7446- | Nov. 17, | Pong Research | Testing; Pong Research Corporation
7504 (2013 Corporation Reply Comments
163 7505- | Aug. 19, | Pong Research | Testing; Pong Research Corporation,
7514 2012 Corporation Letter to the FCC
Environmental Health Trust, Reply
Comments (Erroneous Comments
164 7515- [Nov. 17, | L. Lloyd Submitted to the FCC on Proposed
7602 [2013 Morgan Cellphone Radiation Standards and
Testing by CTIA — September 3,
2013)
“Comments on Notice of Inquiry, ET
Docked No. 13-84” GAO Report |
Dr. Joel M. “ ) h
165 7603- | Sep. 3, Moskowitz Exposure and Testing Requirements
7614 (2013 PhD for Mobile Phones Should Be
Reassessed.” Dr. Joel Moskowitz
PhD.; 2012
166 7615- | Sep. 2, (Sje(l)t% Slérélgrs for Organizations; Consumers for Safe
7628 2013 Cell Phones Comments (Petitioner)
Phones
Consumers for | Consumers for Safe Cell Phone
167 7766%‘%- 12\18) 1V 3 17, Safe Cell Comments (Reply to CTIA
Phones Comments from Sep. 13, 2013)
168 7641- | Nov. 17, E;lxlz?;lmental Organizations; Environmental
7672 12013 Group & Working Group, Reply Comments
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VOLUME 20 - Tabs 169 — 172 Part 1
Industry Influence; World Health
Organization, Radiofrequency
169 7673- | Dec. 10, | Environmental | Radiation and Health - a Hard Nut to
7682 2018 Health Trust | Crack (Review). International Journal
of Oncology. Prof. Lennart Hardell
MD. PhD.; 2017
Industry Influence; Business Bias As
170 7683- [Nov. 18, | Richard H. Usual: The Case Of Electromagnetic
7716 (2013 Conrad PhD Pollution. Prof. Levis, Prof. Gennaro,
Prof. Garbisa
Industry Influence; Prof. Martha
171 | 7717~ [Sep.3, EEEEMR Herbert MD PhD., Harvard Pediatric
7719 12013 Insti tz to Neurologist Letter to Los Angeles
Unified School District; 2013
Industry Influence; The Procrustean
172 | 7720- et | Dr. Donala . | Aot Seting Exposs Sndrs
Part 1] 8073 (2013 Maisch PhD Electromagnetic Radiation, Dr. Donald
Maisch PhD.; 2009 (Tab 172 Part 1)
VOLUME 21 — Tabs 172 Part 2 - 185
Industry Influence; The Procrustean
172 | 8074- | Feb. 6, | Dr. Donald R._| g0l e o ey
Part2] 8158 (2013 Maisch PhD Electromagnetic Radiation, Dr. Donald
Maisch PhD.; 2009 (Tab 172 Part 2)
Industry Influence; Illusion and
8159- | Sep. 29, . Escape: The Cell Phone Disease
173 8167 12016 Kevin Mottus Quagmire. Dr. George L. Carlo PhD.,
JD.; 2008
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Industry Influence; Quote of Prof.
8168- | Nov. 18, . Henry Lai PhD from NY Times
174 8169 2013 Kevin Mottus Article about Percent of Negative
Studies Funded By Industry; 2013
Industry Influence; Warning: Your
8170- | Nov 18, : Cell Phone May Be Hazardous to
175 8177 12013 Kevin Mottus Your Health. Christopher Ketcham,
GQ; 2010
8178- |Sep. 3, | Monnie Industry In'ﬂuence;.Radle.ltlon .
176 2132 |2013 Ramsell Protection in Conflict With Science;
ams Dr. Franz Adlkofer PhD.; 2011
Office of
177 8183- | Mar. 21, | Engineering US Agencies; Letter from the FCC’s
8184 12019 and OET Dept. to Dr. Shuren of the FDA
Technology
Center for
178 8185- | Apr. 30, | Devices and US Agencies; Letter from Dr. Shuren
8188 12019 Radiological | of the FDA to the FCC’s OET Dept.
Health
Grassroots US Agencies - Radiation Sickness;
179 8189- | Sep. 24, | Environmental | US Access Board Acknowledgement
8279 (2013 Education, of Radiation Sickness
Inc. (Electromagnetic Sensitivities); 2002
US Agencies - Radiation Sickness;
Grassroots National Institute of Building
180 8280- | Sep. 24, | Environmental E;lei?gism(gllglsgj Ith I.ndoor
8377 |2013 | Education, v - Quality;
Inc Recommendations for
' Accommodation for Electromagnetic
Sensitivity; 2005
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US Agencies; US Department of
8378- [ Sep. 29, : Interior, Letter of the Director of
181 8386 12016 Kevin Mottus Office of Environmental Policy and
Compliance; 2014
8387- | Mar. 4, Sugan US Agencies; Department of the
182 2407 |2013 Brinchman, Army, Confidential Legal
CEP Correspondence, Dec. 13, 2006
240%- | Sep. 2 US Agencies; US Environmental
183 411 |2 OP1)3 > | Kevin Mottus | Protection Agency (EPA) Letter to
EMR Network; Jul. 6, 2002
8412 | Tul. 7, Environmental US Agencies; EPA Letter to the FCC,
184 2424 12016 Health Trust Comments on FCC 93-142
Environmental Effects of RF; 1993
US Agencies; US Naval Medical
Research Institute. Bibliography of
185 | 8425- |Jul. 7, Environmental ?%)f(f)‘?cet(si”]? ;(Ll((i)%(lzianliillllenomena
Part 118505 {2016 Health Trust Manifestations Attributed to
Microwave and Radio-frequency
Radiation; 1971 (Tab 185 Part 1)
VOLUME 22 — Tabs 185 Part 2 - 238
US Agencies; US Naval Medical
Research Institute. Bibliography of
185 | 8506- |Jul. 7, Environmental E‘{%)f?iicsl,,])g ;(;lg%(l:iaﬂifienomena
Part2 | 8531 12016 Health Trust Manifestations Attributed to
Microwave and Radio-frequency
Radiation; 1971 (Tab 185 Part 2)
U.S. :
186 8532- | Jul. 12, Department of US Agencies; US Department of
8636 12015 La‘sor Labor Comment
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Radiation Sickness; Exemption for
8537- | Sep. 29, . Fire stations, California Assembly
871 §539 |2016 | KevinMottus | i No. 57 (2015), codified at Cal.
Gov. Code 65964.1
138 8540- |Sep. 3, | SusanD. Radiation Sickness - Firefighters;
8546 (2013 Foster, MSW | Susan Foster Comments
sy | 350 |12, ovironmenar | Fadaion Sk ot
8626 12016 Health Trust Blythe: 2014
Radiation Sickness; Reliable disease
biomarkers characterizing and
Joel M identifying electrohypersensitivity
8627- | Sep. 16, s and multiple chemical sensitivity as
190 Moskowitz . :
8628 12019 two etiopathogenic aspects of a
PhD. ) ) :
unique pathological disorder. Rev
Environ Health. (Prof. Belpomme et
al); 2015
Radiation Sickness; Electromagnetic
8629- | Sep.3, : hypersensitivity: evidence for a novel
191 8637 12013 Kevin Mottus neurological syndrome. Int J
Neurosci. (McCarty et al); 2011
192 8638- | Nov. 18, | Toril H. Jelter I;gﬁll?t}(;ﬁesrlﬁgeS(sl)-eg[}ilélfégn; Dr.
8641 |[2013 MD '
Comments
193 8642- |Jul. 13, | Deborah Radiation Sickness, Deborah Kopald
8659 12016 Kopald Comments
8660- | Sep. 30, Radiation Sickness - Children; Dr.
194 8662 |2016 Ann Lee MD Ann Lee MD. (Petitioner) Comments
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2663- | Sen. 3 Radiation Sickness; Health Effects of
195 2681 20?5 " | Paul Dart MD. | Microwave Radio Exposures. Dr.
Paul Dart MD.(Petitioner) Comments
196 8682- | Sep. 4, | Erica M. Radiation Sickness; Dr. Erica Elliott
8683 [2013 Elliott MD. Comments
Dr. Joel M. Radiation Sickness;
197 %67%;_ 5811)'916’ Moskowitz Electrohypersensitivity Abstracts;
PhD. 2017
Radiation Sickness; Could Myelin
Damage from Radiofrequency
Electromagnetic Field Exposure Help
198 8735- |Jul. 11, | Environmental | Explain the Functional Impairment
8747 2016 Health Trust | Electrohypersensitivity? A Review of
the Evidence. Journal of Toxicology
and Environmental Health.
(Redmayne and Johansson); 2014
Radiation Sickness; No Safe Place -
shattered lives, healthcare set to crash
199 %77‘;83_ ;1(1)11 61 L Kate Kheel — you can’t fix this fast enough;
Letter to a Mayor, Olga Sheean, Jun.
15,2016
200 8774- | Aug. 26, | Sarah Jane Radiation Sickness; Sarah Jane Berd
8778 (2013 Berd Comments
201 8779- |Feb. 4, | Cynthia S Radiation Sickness; Cynthia S.
8782 12013 Larson Larson Comments
8783- | Oct. 3, . Radiation Sickness; Josh Fisher
2021 9784 [2016  [TOSHFIShEr o ments
8785- [ Oct. 3, Radiation Sickness; Paul Stanley
203 8787 2016 Paul Stanley (Petitioner) Comments
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204 8788- | Nov. 25, | Lynnell Radiation Sickness; Lynnell Rosser
8789 (2013 Rosser Letter
8790- | Sep.12, Radiation Sickness; Charyl Zehfus
205 8796 12013 Charyl Zehtus Reply Comments
8797- | Sep. 4, ) Radiation Sickness; Annie Starr
2061 gg00 [2013 | AMMIES@T ) o niments
8801- | Sep. 3, Radiation Sickness; Rob Bland
2071 8802 |2013  |RebBland 1 0 ments
208 8803- | Sep. 3, | Nancy Rose Radiation Sickness; Nancy Rose
8805 [2013 Gerler Gerler Comments
209 8806- |Feb. 5, | Monnie Radiation Sickness; Monnie Ramsell
8811 12013 Ramsell Comments
210 8812- | Sep. 3 Miriam D. Radiation Sickness; Miriam D. Weber
8815 12013 Weber Comments
8816- | Sep. 3 : Radiation Sickness; Junghie Elky
2111 gg18 |2013  [TumeMe ERY 1 oo mments
212 8819- | Aug. 30, | Catherine Radiation Sickness; ADA/FHA
8832 [2013 Kleiber Catherine Kleiber Comments
213 8833- |Sep.3, | Amanda & Radiation Sickness; Amanda & Ryan
8837 12013 Ryan Rose Rose Comments
214 8838- | Sep. 3, |Cindy Radiation Sickness; Cindy Bowman
8842 12013 Bowman Comments
8843- | Sep. 3, ) Radiation Sickness; Sue Martin
2151 ggaq [2013 | SueMartin o iments
8845- | Sep. 3, . Radiation Sickness; Richard Gaul
216 1 "gg46 |2013 | Richard Gaul 0 ents
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8847- [Sep. 4 Radiation Sickness; Karen Strode
2171 ggag 2013 | KarenStrode | -0 ments
218 8849- [Sep. 3, |Jaime Radiation Sickness; Jaime

8850 [2013 Schunkewitz | Schunkewitz Comments

8851- |Aug. 13, ], . Radiation Sickness; Linda Bruce
219 1 ggsa 2013 | LindaBruce | ments
290 8855- | Feb. 19, | Louise Kiehl | Radiation Sickness; Louise Kiehl

8858 2013 Stanphill Stanphill Reply Comments

8859- [ Feb. 7, : Radiation Sickness; Diana LeRoss
221 | 862 |2013 | PranaleRoss | o ents, Feb. 7, 2013

8863- [Jun. 17, Radiation Sickness; Marc Sanzotta
222 | 8866 |2013 | MareSanzota | oo ents
273 8867- | Aug.11, | Barbara A. Radiation Sickness; Barbara A.

8868 2016 Savoie Savoie Comments

8869- |Jul. 13, Radiation Sickness; R. Kay Clark
224 | gggs |2016 | R-KayClak e ments
295 8886- |Sep. 3, | Steve & Radiation Sickness; Steve & Juleen

8887 (2013 Juleen Ross Ross Comments

8888- | Sep. 3, : Radiation Sickness; Kathy Ging
226 | g9y |2013 |KathyGing o ments
297 8893- | Sep. 3, |Jeraldine Radiation Sickness; Jeraldine

8895 (2013 Peterson-Mark | Peterson-Mark Comments

8896- | Sep. 3, Radiation Sickness; Edward G.
228 | 8900 |2013  |[FIward G oo mments

8901- | Sep. 4, .| Radiation Sickness; D. Yourovski
229 | 8903 |2013 | P-Yourovski | ¢ iments
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730 8904- |Sep. 3, |EllenK. Radiation Sickness; Ellen K. Marks
8907 (2013 Marks Comments
731 8908- [Sep. 3, |Melolldy Radiation Sickness; Melody Graves
8911 [2013 Graves Comments
232 8912- |Sep. 3, | Bernadette Radiation Sickness; Bernadette
8913 12013 Johnston Johnston Comments
233 8914- | Sep. 3, | Shane Radiation Sickness; Shane Gregory
8916 12013 Gregory Comments
8917- | Sep. 3, Radiation Sickness; Layna Berman
234 | go18 |2013 |LAymaBermani e o ents
35 8919- |Sep. 3, |Linda Radiation Sickness; Linda Giannoni
8922 (2013 Giannoni Comments
8923- | Sep. 3, : Radiation Sickness; Jennifer Page
236 | gops 2013 | JemmiferPage | ents
8926- | Sep. 3, . Radiation Sickness; Jackie Seward
237 | gong |2013 | JackieSeward | ents
738 8929- |Sep. 3, | Elizabeth Radiation Sickness; Elizabeth
8931 |[2013 Feudale Feudale Comments
VOLUME 23 — Tabs 239-315
8932- | Sep. 3, Radiation Sickness;
239 8933 [2013 Brent Dalton Brent Dalton Comments
240 8934- |Sep. 3, | Elizabeth Radiation Sickness; Elizabeth Barris
8937 12013 Barris (Petitioner) Comments
8938- | Sep. 3, Radiation Sickness;
241 8940 12013 Olemara Olemara Comments
8941- | Aug. 14, . . Radiation Sickness;
292 | go43 2013 | Melissa White | 'y 1 sa White Comments
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8944- | Jun. 4, Radiation Sickness;
243 1 goa6 |2013 | CarolMoore | ool Moore Comments

8947- | Mar. 7, . Radiation Sickness; Michele Hertz
244 8952 (2013 Michele Hertz (Petitioner) Comments

8953- | Mar. 4, : Radiation Sickness; B.J. Arvin Reply
245 | 955 |2013 | BJ-Arvin Comments
246 8956- | Feb. 12, | Suzanne D. Radiation Sickness; Suzanne D.

8959 (2013 Morris Morris Comments

8960- [ Feb. 7, Radiation Sickness;
247 8962 12013 Tom Creed Tom Creed Comments

8963- | Feb. 6, : ) Radiation Sickness;
243 8967 12013 Julie Ostoich Julie Ostoich Comments
249 8968- | Feb. 6, | Kathleen M. Radiation Sickness;

8981 12013 Sanchez Kathleen M. Sanchez Comments
250 8982- |Feb. 6, |John Edward | Radiation Sickness;

8985 (2013 Davie John Edward Davie Comments
751 8986- |Feb. 6, | AlisonL. Radiation Sickness;

8989 12013 Denning Alison L. Denning Comments
55y | 8990- [Feb. 6, E‘rlisr‘;‘?hman Radiation Sickness;

9012 (2013 CEP ’ Susan Brinchman Comments
253 9013- [Feb. 6, | Terilynn Radiation Sickness;

9016 |2013 Langsev Terilynn Langsev Comments
254 9017- | Feb. 6, |Beth Ann Radiation Sickness;

9020 (2013 Tomek Beth Ann Tomek Comments
755 9021- [Feb. 5, | Sandra Radiation Sickness;

9025 12013 Storwick Sandra Storwick Comments
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9026- | Feb. 5, Radiation Sickness;
256 9029 12013 Odessa Rae Odessa Rae Comments
257 9030- | Feb. 5, |Kenneth Radiation Sickness;
9033 2013 Linoski Kenneth Linoski Comments
258 9034- |Feb. 6, |Elissa Radiation Sickness;
9039 12013 Michaud Elissa Michaud Comments
9040- | Feb. 5, Radiation Sickness;
259 9043 |[2013 Ella Elman Ella Elman Comments
260 9044- | Feb. 5, | Andrew Radiation Sickness;
9047 2013 Swerling Andrew Swerling Comments
9048- | Feb. 5, ) ) Radiation Sickness;
261 9051 2013 Natalie Smith Natalie Smith Comments
9052- | Feb. 4, Radiation Sickness;
262 9055 |[2013 Mana Iluna Mana Iluna Comments
263 9056- | Feb. 4, |Jayne G. Radiation Sickness;
9059 2013 Cagle Jayne G. Cagle Comments
264 9060- |Feb. 4, | Mark Radiation Sickness;
9063 12013 Summerlin Mark Summerlin Comments
265 9064- |Feb. 4, |Lashanda Radiation Sickness;
9067 |2013 Summerlin Lashanda Summerlin Comments
9068- | Feb. 4, Radiation Sickness;
266 9071 |2013 Kath Mason Kath Mason Comments
9072- [Nov. 1, : . Radiation Sickness; Daniel Kleiber
267 | 9084 |2013 | Paniel Kleiber | p oty Comments
263 9085- | Sep.3, Susan Radiation Sickness;
9086 |2013 MacKay Susan MacKay Comments
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269 9087- | Mar. 4, | Theresa Radiation Sickness; Theresa
9091 |2013 McCarthy McCarthy Reply Comments
9092- |Jul. 11, Radiation Sickness;

270 9093 |2016  |FSMUPhY |1 'S Murphy Comments

271 9094- | Aug. 30, | Patricia B. Radiation Sickness;
9096 12013 Fisken Patricia B. Fisken Comments
9097- | Sep. 3, ) Radiation Sickness;

272 9098 12013 Linda Hart Linda Hart Comments
9099- | Aug. 19, Radiation Sickness;

273 | 9101 |2013  [ERemaud g Renaud Comments
9102- [Aug. 13, | ... : Radiation Sickness;

274 | 9108 |2013 | NicoleNevin |50 e Nevin Comments

275 9109- | Sep. 30, | Robert Radiation Sickness; Robert
9110 2016 VanEchaute VanEchaute Comments

276 9111- [Sep. 6, | Daniel Radiation Sickness;
9112 [2016 Berman Daniel Berman Comments

277 9113- | Sep.3, |Edna Radiation Sickness;
9116 2013 Willadsen Edna Willadsen Comments
9117- | Aug. 30, Radiation Sickness;

278 9118 2013 | SusanMolloy g n Molloy Comments

279 9119- |Sep. 3, | Kathleen Radiation Sickness; Kathleen
9120 12013 Christofferson | Christofferson Comments
9121- | Sep. 3, : Radiation Sickness;

280 | 910p [2013 | TuliJohnson  p 1y hnson Comments
9123- | Sep. 3, Radiation Sickness;

281 9124 12013 Annalee Lake Annalee Lake Comments
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9125- | Aug. 22, Radiation Sickness;
282 9126 12013 Alan Marks Alan Marks Comments
233 9127- |Jun. 10, | Peggy Radiation Sickness;
9128 2013 McDonald Peggy McDonald Comments
9129- | Feb. 26, Radiation Sickness; Mark Zehfus
284 9131 |2013 Mark Zehfus Reply Comments
735 9132- |Feb. 6, [ Jennifer Radiation Sickness; Jennifer Zmarzlik
9137 12013 Zmarzlik Comments
136 9138- |Feb. 6, | Catherine E. Radiation Sickness;
9142 2013 Ryan Catherine E. Ryan Comments
9143- | Feb. 6, Radiation Sickness;
287 1 9148 [2013  [M-Meade 11 Meade Comments
738 9149- [Sep. 3, | Arthur Radiation Sickness;
9150 |2013 Firstenberg Arthur Firstenberg Comments
739 9151- |Mar. 5, |Jeromy Radiation Sickness; Jeromy Johnson
9152 12013 Johnson Reply Comments
290 9153- [ Sep. 26, | Jeanne Radiation Sickness;
9154 (2016 Insenstein Jeanne Insenstein Comments
9155- | Nov. 18, Radiation Sickness; Angela Flynn
291 9159 2013 Angela Flynn Reply Comments
292 9160- |Sep. 4, | Kathryn K. Radiation Sickness;
9162 |2013 Wesson Kathryn K. Wesson Comments
293 9163- [Sep. 3, [ Diane St. Radiation Sickness;
9165 12013 James Diane St. James Comments
294 9166- | Sep. 3, | Christine Radiation Sickness;
9168 12013 Hoch Christine Hoch Comments
9169- | Sep. 3, : Radiation Sickness;
295 9180 |2013 Arlene Ring Arlene Ring Comments
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296 9181- [Sep. 3, | Victoria Radiation Sickness;
9182 12013 Jewett Victoria Jewett Comments
297 9183- | Sep. 3, | Michael J. Radiation Sickness;
9185 |2013 Hazard Michael J. Hazard Comments
298 9186- | Aug. 30, | Melinda Radiation Sickness;
9187 12013 Wilson Melinda Wilson Comments
9188- | Aug. 30, . Radiation Sickness;
299 9191 (2013 Maggi Garloff Maggi Garloff Comments
9192- | Sep. 3, : Radiation Sickness & ADA/FHA;
300 9199 2013 Holly Manion Holly Manion Comments
9200- |Aug. 22, Radiation Sickness;
301 9203 12013 James Baker James Baker Comments
Radiation Sickness; Deborah Cooney,
Verified Complaint, Cooney v.
300 9204- | Jul. 19, | Deborah California Public Utilities
9254 12013 Cooney Commission et al, No. 12-cv-06466-
CW, U.S.D.C. N.D. Cal. (Dec 17,
2012)
303 9255- [Jun. 13, | Mardel Radiation Sickness;
9258 12013 DeBuhr Mardel DeBuhr Comments
304 9259- |Jun. 10, | Richard Radiation Sickness;
9260 |[2013 Wolfson Richard Wolfson Comments
305 9261- |Mar. 7, |JamesE. Radiation Sickness; James E. Peden
9264 2013 Peden Reply Comments
9265- |Mar. 5, . Radiation Sickness;
306 9266 |2013 Carl Hilliard Carl Hilliard Comments
9267- | Mar. 4, . Radiation Sickness;
307 9268 12013 Lisa Horn Lisa Horn Comments
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308 9269- | Feb. 27, | Alexandra Radiation Sickness; Alexandra Ansell
9274 12013 Ansell Reply Comments
309 9275- | Feb. 25, | Patricia A. Radiation Sickness; Patricia A.
9278 2013 Ormsby Ormsby Reply Comments
310 9279- | Feb. 14, | Annette Radiation Sickness; Annette Jewell-
9282 2013 Jewell-Ceder | Ceder Reply Comments
9283- | Feb. 6, ) Radiation Sickness;
311 9286 2013 Max Feingold Max Feingold Comments
Annallys _ :
312 9287- | Feb. 6, Goodwin Radiation Sickness; Annallys
9300 |[2013 00CwIn- Goodwin-Landher Comments
Landher
9301- |Feb. 4, Radiation Sickness;
313 9316 12013 Rebecca Morr Rebecca Morr Comments
314 9317- |Feb. 5, Josh Finle Radiation Sickness; Alexandra Ansell
9320 [2013 Y | Reply Comments
315 9321- |Feb. 5, |DonnalL. Radiation Sickness;
9331 (2013 Bervinchak Donna L. Bervinchak Comments
VOLUME 24 — Tabs 316-377
316 9332- | Feb. 5, | Catherine Radiation Sickness;
9334 2013 Morgan Catherine Morgan Comments
9335- | Feb. 5, ) Radiation Sickness;
317 9338 2013 Angelica Rose Angelica Rose Comments
318 9339- |Feb. 5, |Brianl. Radiation Sickness;
9341 12013 Bender Brian J. Bender Comments
319 9342- (Jul. 11, | Maggie Radiation Sickness;
9343 12016 Connolly Maggie Connolly Comments
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320 9344- [Sep. 3, | Gregory Radiation Sickness;
9345 2013 Temmer Gregory Temmer Comments
391 9346- |Sep. 3, | Bernice Radiation Sickness;
9347 12013 Nathanson Bernice Nathanson Comments
379 9348- | Sep. 3, | Terry Radiation Sickness;
9350 12013 Losansky Terry Losansky Comments
9351- | Sep. 3, Radiation Sickness;
323 9352 12013 Ronald Jorstad Ronald Jorstad Comments
9353- | Jul. 8, ) Radiation Sickness;
324 9354 12013 Liz Menkes Liz Menkes Comments
9355- | Sep. 3, R Radiation Sickness;
325 9356 (2013 Katie Mickey Katie Mickey Comments
9357- | Sep. 3, Radiation Sickness;
326 9360 2013 Karen Nold Karen Nold Comments
377 9361- | Jul. 8, David DeBus, | Radiation Sickness;
9362 (2013 PhD. David DeBus, Ph.D. Comments
9363- | Jun. 20, . Radiation Sickness;
328 | 9365 |2013 [ famie Lehman | b e T ehman Comments
329 9366- |Jun. 12, | Jane van Radiation Sickness;
9367 2013 Tamelen Jane van Tamelen Comments
330 9368- [Jun. 10, | Sebastian Radiation Sickness;
9379 (2013 Sanzotta Sebastian Sanzotta Comments
331 9380- |Mar. 7, | Taale Laafi Radiation Sickness; Taale Laafi
9383 2013 Rosellini Rosellini Reply Comments
332 9384- |Mar. 7, | RobertE. Radiation Sickness; Robert E. Peden
9387 (2013 Peden Reply Comments
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333 9388- [Mar. 7, | Marilyn L. Radiation Sickness; Marilyn L. Peden
9391 |2013 Peden Reply Comments

334 9392- | Mar. 5, | Doreen Radiation Sickness; Doreen Almeida
9393 12013 Almeida Reply Comments
9394- |Mar. 5, . Radiation Sickness;

333 9395 12013 Oriannah Paul Oriannah Paul Comments
9396- | Sep. 3, Radiation Sickness;

336 9397 12013 Heather Lane Heather Lane Comments
0398- | Aug. 15, : Radiation Sickness;

337 9399 2013 John Grieco John Grieco Comments
9400- |Sep. 29, |, . Radiation Sickness & ADA/FHA;

338 9401 2016 Linda Kurtz Linda Kurtz Comments

339 9402- |Feb. 5, | Lisa Drodt- Radiation Sickness & ADA/FHA;
9406 |2013 Hemmele Lisa Drodt-Hemmele Comments

340 9407- | Aug. 26, | Robert S Radiation Sickness & ADA/FHA;
9409 12013 Weinhold Robert S Weinhold Comments
9410- |Jul. 12, : Radiation Sickness & ADA/FHA;

341 9411 (2016 Dianne Black Dianne Black Comments

349 9412- [Jul. 13, | Derek C. Radiation Sickness & ADA/FHA;
9415 12016 Bishop Derek C. Bishop Comments
9416- | Aug. 21, Radiation Sickness & ADA/FHA;

33 | 9435 |2013 | Dteven Magee | g ven Magee Comments

344 9436- | Sep. 3, | Melissa Radiation Sickness & ADA/FHA;
9437 2013 Chalmers Melissa Chalmers Comments
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345 9438- | Aug. 30, Garril Pace Radiation Sickness & ADA/FHA;
9440 |[2013 & Garril Page Comments

346 9441- |Sep. 5, |Laddie W. Radiation Sickness & ADA/FHA;
9444 12013 Lawings Laddie W. Lawings Comments

347 9445- | Sep. 4, Fern Damour Radiation Sickness & ADA/FHA;
9446 |2018 b Fern Damour Comments

348 9447- | Aug. 28, | Rebecca Radiation Sickness & ADA/FHA;
9449 12013 Rundquist Rebecca Rundquist Comments

349 9450- |Sep. 3, |JoAnn Radiation Sickness & ADA/FHA;
9451 12013 Gladson JoAnn Gladson Comments

350 9452- |Jul. 13, | Jonathan Radiation Sickness & ADA/FHA;
9453 12016 Mirin Jonathan Mirin Comments
9454- |Jul. 12, ) Radiation Sickness & ADA/FHA;

351 9455 12016 Mary Adkins Mary Adkins Comments

352 9456- | Sep. 3, Ian Greenber Radiation Sickness & ADA/FHA; Ian
9458 12013 & Greenberg Comments

353 9459- | Sep. 3, Helen Sears Radiation Sickness & ADA/FHA;
9462 2013 Helen Sears Comments

354 9463- |Mar. 4, Janet Johnson Radiation Sickness & ADA/FHA;
9464 |2013 Janet Johnson Comments

355 9465- | Aug. 20, | Mr. and Mrs. | Radiation Sickness & ADA/FHA;
9467 |2013 Gammone Mr. and Mrs. Gammone Comments

356 9468- | Sep. 10, | Shelley Radiation Sickness - Disability;
9475 12013 Masters Shelley Masters Comments

-x1v-
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9476- | Sen. 12 Tara Schell & | Radiation Sickness; Disability; Tara
357 P- 1% | Kathleen Schell & Kathleen Bowman
9479 (2016
Bowman Comments
9480- | Feb. 6, .. Radiation Sickness; Disability;
358 9481 |[2013 Patricia Burke Patricia Burke Comments
359 9482- | Aug. 19, | Deirdre Radiation Sickness; Disability;
9484 (2013 Mazzetto Deirdre Mazzetto Comments
360 9485- |Mar. 5, |Jim and Jana | Radiation Sickness; Disability; Jim
9486 |2013 May and Jana May Comments
9487- |Jun. 10, . Radiation Sickness; Disability; Lisa
361 | 9498 2013 | Lisa M. Stakes |y o kes Comments
362 9489- | Sep. 3, | Veronica Radiation Sickness; Disability;
9490 12013 Zrnchik Veronica Zrnchik Comments
9491- | Sep. 12, Radiation Sickness; Disability; J.A.
363 | 9403 |2013 | TA-Wood | \yi0d Comments
9494- | Jul. 3, Radiation Sickness; Disability; Sherry
364 9495 12016 Sherry Lamb Lamb Comments
365 9496- | Aug. 28, | April Radiation Sickness; Disability; April
9500 |2013 Rundquist Rundquist Comments
366 9501- [Jul. 21, | Charlene Radiation Sickness; Disability;
9502 |2016 Bontrager Charlene Bontrager Comments
367 9503- [Jun. 19, | Michelle Radiation Sickness; Disability;
9506 |2013 Miller Michelle Miller Comments
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368 9507- |Sep. 3, |[JamesC. Radiation Sickness; Disability; James
9514 12013 Barton C. Barton Comments
9515- | Sep. 3, : Radiation Sickness; Disability; Diane
369 | 9506 |2013 | PianeSchou fq i Comments
9527- |Jun. 24, ) : Radiation Sickness; Disability; Alison
370 9532 12013 Alison Price Price Comments
9533- | Sep. 10, : Radiation Sickness; Disability; Shari
371 9535 |2013 | ShariAnker | ker Comments
379 9536- | Aug. 30, | Paul Radiation Sickness; Disability; Paul
9538 |[2013 Vonharnish Vonharnish Comments
373 9539- | Aug. 26, | Heidi Radiation Sickness; Disability; Heidi
9548 12013 Lumpkin F. Lumpkin, Comments
374 9549- | Sep. 3, | Kaitlin Radiation Sickness; Disability;
9550 2013 Losansky Kaitlin Losansky Comments
376 9551- | Nov. 12, | Monise Radiation Sickness; Disability;
9556 |2012 Sheehan Monise Sheehan Testimonial
376 9557- |Mar. 1, | Ruthie Radiation Sickness; Disability; Ruthie
9558 |[2013 Glavinich Glavinich Comments
9559- | Sep. 3, . Radiation Sickness; Testimonials of
37T | o682 |2013 | BdFriedman g people; 2013
VOLUME 25 — Tabs 378-404
9683- | Sep. 3, : Radiation Sickness; Testimonials of
378 | 9771 |2013 | BdFriedman |poove People: 2013
9772- | Sep. 3, . Radiation Sickness; Testimonials of
379 | 9gs4 |2013 | BdFriedman o people: 2013

-xlvii-
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9355- | Sep. 28 Radiation Sickness; Testimonials of
380 9936 |2 01136 ” | Kevin Mottus | Twenty People, Collected by
StopSmartMeters; 2013
381 9937- | Sep. 3, | Amanda & Radiation Sickness: Doctor’s
9938 2013 Ryan Rose Diagnosis Letter for Peter Rose; 2010
380 9939- | Jun. 10, Steven Magee Radiation Sickness; Doctor’s
9940 |2013 & Diagnosis Letter for Steven Magee
9941- | Sep. 30, . European Manifesto in support of a
383 | 9064 [2016 | PatriciaBurke | b pean Citizens® Initiative (ECI)
9965- | Jul. 7. Environmental ADA/FHA; Verified Complaint, G v.
384 10012 | 2016 Health Trust Fay Sch., Inc., No. 15-CV-40116-
TSH (U.S.D.C. Mass. Aug. 12, 2015)
10013- | Aug. 13, . ADA/FHA; Orggmzatlons; American
385 10015 | 2013 John Puccetti | Academy of Environmental
Medicine, Letter to the FCC
386 10016- | Feb. 5, | Rachel ADA/FHA; Rachel Nummer
10018 12013 Nummer Comments
oy [10015 (1.5, [ Batar | ABAEIL Sty Collrmans o
10023 {2013 | Schnier a WITeE SOIHON 1o Shart MCters
Comments
ADA/FHA; Opening Brief of
10024- | Feb. 5. | Barbara Southem Californians for Wired
388 10057- 12013 Schnier Solutions to Smart Meters,
Application 11-03-014 (July 19,
2012)
339 10058- | Sep. 2, | Barbara Li ADA/FHA; Barbara Li Santi
10066 [2013 Santi Comments
10067- | Oct. 22, : ADA/FHA; Kit T. Weaver, Reply
399 110077 |2013 [ Kt T Weaver | ments
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391 10078- | Mar. 3, | Sandra ADA/FHA; Sandra Schmidt Reply
10086 2013 Schmidt Comments
392 10087- | Feb. 11, | Antoinette ADA/FHA; Antoinette Stein
10099 12013 Stein Comments
393 10100- | Feb. 5, | David ADA/FHA; David Morrison
10103 |2013 Morrison Comments
10104- | Apr. 16, ) )
394 10107 2014 MK Hickox MK Hickox Reply Comments
395 10108- | Sep. 3, | Annemarie ADA/FHA; Annemarie Weibel
10009 {2013 Weibel Comments
396 10110 -| Sep. 3, | Omer Abid, Individual Rights; Dr. Omer Abid
10117 12013 MD, MPH MD. MPH Comments
397 10118-|Sep. 2, |John A. Individual Rights; John & Pauline
10120 {2013 Holeton Holeton Comments
QGrassroots
10121- | Sep. 2, Env1ropmental Individual Rights; Nancy Naylor
398 Education,
10129 12013 Comments
Inc. o/b/o
Nancy Naylor
399 10130- | Sep. 2, | Deborah M. Individual Rights; Deborah M. Rubin
10143 12013 Rubin Comments
10,144-] Sep. 2, : Individual Rights; Kevin Mottus
400110149 |2013 | KevinMottus | - o ments
401 10150 -| Aug. 30, | Alexandra Individual Rights; Alexandra Ansell
10157 12013 Ansell Comments
10158- | Aug. 25, . Individual Rights; Steen Hviid
402 110161 |2013 | SteenHvild |- ents
10162- | Aug. 21, Individual Rights; Molly Hauck
403 10165 |2013 | Molly Hauek o ents

-xlix-
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404 10166- [ Feb. 5, | Olle Individual Rights; Prof. Olle
10171 12013 Johansson Johansson PhD., Comments
VOLUME 26 — Tabs 405-443
405 10172- | Mar. 4, E’;ﬁﬂ;ﬂd Individual Rights; R. Paul and
10174 12013 Kathleen Sundmark Reply Comments
Sundmark
406 10175- [ Feb. 5, [ Cynthia Individual Rights & ADA;
10180 [2013 Edwards Cynthia Edwards Comments
407 10181-|Feb. 4, |Diana Individual Rights; Diana Ostermann
10185 {2013 Ostermann Comments
10186- | Jul. 13, . Individual Rights; Chris Nubbe
408 110193 2016 | SIS NUObE ) o ments
10194- | Nov. 17, . Individual Rights & ADA; Katie
409 110201 [2013 [ RaueSImger o er Comments
10202- | Aug. 21, ' Ind1v1dual Rights; BC Human Rights
410 10203 (2013 John Puccetti | Tribunal approves smart meter class
action, Citizens for Safe Technology
10204- | Sep. 30, | Catherine Individual nghts; Wireless '
411 ) Technology Violates Human Rights,
10207 2016 Kleiber : )
Catherine Kleiber
412 10208- | Oct. 28, | Kate Reese Individual Rights; Kate Reese Hurd
10212 {2013 Hurd Comments
Individual Rights; Wireless
““Revolution” Must Be Supported by
413 11%221134- gglf'go’ Patricia Burke | Scientific Proof of Safety for Human
Health and the Environment,
Patricia Burke
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414

10215-
10216

Sep. 3,
2013

Ed Friedman

Individual Rights; Transcript of
Hearing, Vol. 10, Application 11-03-
014, Application of Pacific Gas and
Electric Company for Approval of
Modifications to its SmartMeter™
Program and Increased Revenue
Requirements to Recover the Costs of
the Modifications, California Public
Utilities Commission; Dec. 20, 2012

415

10235-
10248

Dec. 1,
2013

Julienne
Battalia

Individual Rights; Letter of
Complaint and Appeal, and Notice of
Liability Regarding ‘Smart Meter’
and Wireless Networks, Julienne
Battalia, Washington State

416

10249-
10270

Jul. 7,
2016

Environmental
Health Trust

Precautionary Principle; Mobile
Phone Infrastructure Regulation in
Europe: Scientific Challenges and
Human Rights Protection, Professor
Susan Perry, (international human
rights law) Professor Claudia Roda
(Impacts of digital technology on
human behavior and social structure)

417

10271-
10275

Jul. 11,
2016

Environmental
Health Trust

Precautionary Principle; Wi-Fi -
Children; Saying Good-Bye to WiFi
A Waldorf School Takes a
Precautionary Step, Dr. Ronald E.
Koetzsch PhD.
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Precautionary Principle; Wireless
Devices, Standards, and Microwave
418 10276~ | Jul. 7, Environmental | Radiation in the Education
10290 [2016 Health Trust | Environment, Dr. Gary Brown, Ed.D.
(Instructional Technologies and
Distance Education)
419 10291- [ Nov. 18, | Richard H. Precautionary Principle; Dr. Richard
10294 12013 Conrad, Ph.D. | H. Conrad Reply Comments
Precautionary Principle; Smart
Meters-Firefighters; Letter from
420 11%23%1- 5811)53, Holly Manion | Susan Foster to San Diego Gas &
Electric, California Public Utilities
Commission; Nov. 8, 2011
Precautionary Principle; Letter to the
11 10305- | Jul. 7, Environmental | Montgomery County Board of
10348 |2016 Health Trust Education Members, Theodora
Scarato
10349- | Oct. 30, . : Precautionary Principle; Diane
422 110352 |2013 | Plane Hickey | pi ey Comments
423 10353- [ Sep. 3, | Monnie Precautionary Principle; Monnie
10356 2013 Ramsell Ramsell Comments
10357- | Aug. 29, . Precautionary Principle; Kevin Kunze
424 1 10400 |2013 [ RevinKunze | oo ments
475 10410- | Feb. 6, | Clara De La Precautionary Principle; Clara de La
10429 {2013 Torre Torre Comments
426 10430- | Sep. 30, | Center for Precautionary Principle; Center for
10431 2016 Safer Wireless | Safer Wireless Comments
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Precautionary Principle; Possible
Hazards of Cell Phones and Towers,
427 10432- | Sep. 27, | Gary C. Wi-Fi, Smart Meters, and Wireless
10440 |2016 Vesperman Computers, Printers, Laptops, Mice,
Keyboards, and Routers Book Three,
Gary Vesperman Comments
498 10441- | Jul. 11, | Cecelia Precautionary Principle; Cecelia
10443 (2016 Doucette Doucette Comments
479 10444- | Aug. 31, | Chuck Precautionary Principle; Chuck
10446 [2016 Matzker Matzker Comments
Precautionary Principle; Dr. Diane
430 11%14670- 5811)53, Diane Schou | Schou PhD, Dr. Bert Schou, PhD.,
Comments (letter sent to FCC’s OET)
431 10461- | Sep. 3, | Evelyn Precautionary Principle; Evelyn
10465 {2013 Savarin Savarin Comments
10466- | Jun. 19, : Precautionary Principle; Jamie
432 10468 |2013 Jamie Lehman Lehman, Comments
433 10469- |Mar. 7, | Marlene Precautionary Principle; Marlene
10470 12013 Brenhouse Brenhouse, Comments
10471- [ Jul. 11, : Precautionary Principle; Lynn Beiber
434 1 10474 | 2016 [Ty Beber 1 o ments
10475- | Sep. 2, . Precautionary Principle; Kevin
435110480 [2013 | KRevinMottus |y s Comments
10490- | Jul.13, Precautionary Principle;
436 10491 [2016 Mary Paul Mary Paul, Comments
437 10492- [ Jul. 11, | Stephanie Precautionary Principle; Stephanie
10493 2016 McCarter McCarter Comments

-liii-
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10494- | Feb. 4, Precautionary Principle; Rebecca
438 | 10496 |2013 | RebeccaMoIT |y Comments

10497- | Feb. 3, Precautionary Principle; Nancy Baer
439 110505 |2013 [ Namey Baer 1 oo mments

10506- | Sep. 2, Precautionary Principle; Holly
440 10507 12013 Holly LeGros LeGros Comments

10508- | Aug. 18, . Precautionary Principle; Loe Griffith
41110500 2013 | Bee Gt o ments
440 10510- | Nov. 18, | EMR Policy | EMR Policy Institute Reply

10555 12013 Institute Comments

10566- | Sep. 3,
443 10572 2013 Leslee Cooper | Leslee Cooper Comments
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activity of low-intensity radiofrequency radiation. Electromagn Biol Med
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Abstract Keywords

This review aims to cover experimental data on oxidative effects of low-intensity radio-  Cellular signaling, cancer, free radicals,
frequency radiation (RFR) in living cells. Analysis of the currently available peer-reviewed oxidative stress, radiofrequency radiation,
scientific literature reveals molecular effects induced by low-intensity RFR in living cells; this reactive oxygen species

includes significant activation of key pathways generating reactive oxygen species (ROS),
activation of peroxidation, oxidative damage of DNA and changes in the activity of antioxidant
enzymes. It indicates that among 100 currently available peer-reviewed studies dealing with
oxidative effects of low-intensity RFR, in general, 93 confirmed that RFR induces oxidative
effects in biological systems. A wide pathogenic potential of the induced ROS and their
involvement in cell signaling pathways explains a range of biological/health effects of low-
intensity RFR, which include both cancer and non-cancer pathologies. In conclusion, our
analysis demonstrates that low-intensity RFR is an expressive oxidative agent for living cells
with a high pathogenic potential and that the oxidative stress induced by RFR exposure should
be recognized as one of the primary mechanisms of the biological activity of this kind of
radiation.
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Introduction All abovementioned studies dealt with the effects of low-
intensity RFR. This means that the intensity of radiation was
far below observable thermal effects in biological tissues, and
far below safety limits of the International Commissions on
Non-Ionizing Radiation Protection (ICNIRP) (ICNIRP,
1998). To date, molecular mechanisms of non-thermal effects
of RFR are still a bottleneck in the research on the biological/
health effects of low-intensity RFR, although recently many
studies have been carried out on metabolic changes in living
cells under low-intensity RFR, and comprehensive reviews
were published (Belyaev, 2010; Consales et al., 2012; Desai
et al., 2009; Yakymenko et al., 2011). In the present work, we
analyze the results of molecular effects of low-intensity RFR
in living cells and model systems, with a special emphasis on
oxidative effects and free radical mechanisms. It might seem
paradoxical that, despite being non-ionizing, RFR can induce
significant activation of free radical processes and overpro-
duction of reactive oxygen species (ROS) in living cells. We
believe that the analysis of recent findings will allow
recognition of a general picture of the potential health effects
of already ubiquitous and ever-increasing RFR.

Intensive development of wireless technologies during the last
decades led to a dramatic increase of background radio-
frequency radiation (RFR) in the human environment. Thus,
the level of indoor background RFR in industrialized
countries increased 5,000-fold from 1985 to 2005 (Maes,
2005). Such significant environmental changes may have a
serious impact on human biology and health. As a proof of
such impact, a series of epidemiological studies on the
increased risk of tumorigenesis in ‘‘heavy’’ users of wireless
telephony exists (Hardell et al., 2007, 2011; Sadetzki et al.,
2008; Sato et al., 2011). Some studies indicate that long-term
RFR exposure in humans can cause various non-cancer
disorders, e.g., headache, fatigue, depression, tinnitus, skin
irritation, hormonal disorders and other conditions (Abdel-
Rassoul et al., 2007; Buchner & Eger, 2011; Chu et al., 2011;
Johansson, 2006; Santini et al., 2002; Yakymenko et al.,
2011). In addition, convincing studies on hazardous effects of
RFR in human germ cells have been published (Agarwal
et al., 2009; De Iuliis et al., 2009).
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which means that it does not carry sufficient energy for
ionization of atoms and molecules. A part of RFR with the
highest frequencies (300 MHz to 300 GHz) is referred to as
microwaves (MWs). MW is RFR with the highest energy,
which can potentially generate the highest thermal effects in
the absorbing matter.

The main indexes of RFR are (i) frequency (Hz); (ii) inten-
sity or power density (PD) of radiation (W/m? or pW/cm?); (iii)
its modulated or non-modulated nature; and (iv) continuous or
discontinuous pattern of radiation. For the absorbed RFR
energy, a parameter of specific absorption rate (SAR) is used
(W/kg). The most common digital standard of RFR for mobile
communication is still GSM (Global System for Mobile
communication), which utilizes frequencies at about 850, 900,
1800 and 1900 MHz. This radiation is frequency modulated,
with channel rotation frequency of 217 Hz, and belongs to the
radiation of the pulsed mode (Hyland, 2000).

As to the international safety limits, the ICNIRP recom-
mendations restrict intensity of RFR to 450-1000 uW/cm*
(depending on the frequency of radiation) and the SAR value
to 2 W/kg, as calculated for human heads and torsos (ICNIRP,
1998). These indexes were adopted by ICNIRP based on the
behavioral response of laboratory rats, which were exposed to
gradually increased intensities of RFR to determine the point
at which the animals became thermally distressed
(Gandhi et al., 2012).

Low-intensity RFR is referred to as radiation with
intensities which do not induce significant thermal effects in
biological tissues. Accordingly, any intensity of RFR under
the ICNIRP limits can be referred to as low-intensity. In this
paper we will analyze only the effects of low-intensity RFR.

Physical/biophysical effects of low-intensity RFR
in living cells

RFR, especially MW, can produce thermal effects in matter
due to interaction with charged particles, including free
electrons, ions or polar molecules, inducing their oscillations
in electromagnetic field. The thermal effect of MW can be seen
when warming food in the microwave. The effect strongly
depends on the intensity of radiation and is mostly negligible
under low-intensity RFR conditions. On the other hand, energy
of RFR/MW is insufficient not only for the ionization
of molecules, but even for activation of orbital electrons.
Hence, RFR was often assessed as a factor producing only
thermal effects. Nevertheless, evident biological effects of
low-intensity RFR promoted research on physical mechanisms
of non-thermal biological effects of this kind of radiation.

A biophysical model of a forced-vibration of free ions on
the surface of a cell membrane due to external oscillating
electromagnetic field (EMF) was proposed (Panagopoulos
et al., 2000, 2002). According to the authors, this vibration of
electric charges can cause disruption of the cellular electro-
chemical balance and functions.

A ‘“‘moving charge interaction’” model was proposed for
low-frequency EMF (Blank and Soo, 2001). The authors
explained activation of genes and synthesis of stress proteins
under EMF exposure due to interaction of the field with
moving electrons in DNA (Blank and Soo, 2001; Goodman
and Blank, 2002). They also demonstrated that EMF
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increased electron transfer rates in cytochrome oxidase and
accelerated charges in the Na,K-ATPase reaction. Moreover,
they demonstrated acceleration of the oscillating Belousov—
Zhabotinski reaction in homogeneous solutions due to the
application of low-frequency EMF (Blank and Soo, 2003).

An ability of low-strength magnetic fields to trigger onset-
and offset-evoked potentials was demonstrated (Marino et al.,
2009). Effectiveness of a rapid magnetic stimulus (0.2 ms) has
led the authors to a conclusion on direct interaction between
the field and ion channels in plasma membrane. A plausible
mechanism of overproduction of free radicals in living cell
due to electron spin flipping in confined free radical pairs in
magnetic field of RFR was proposed (Georgiou, 2010).

A significant effect of low-intensity RFR on ferritin, an
iron cage protein present in most living organisms from
bacteria to humans, was revealed (Céspedes and Ueno, 2009).
Exposure of ferritin solution to low-intensity RFR signifi-
cantly, up to threefold, reduced iron chelation with ferrozine.
The authors explained that magnetic field of RFR plays a
principle role in the observed effect, and that this effect is
strongly non-thermal. The non-thermal mechanism of the
interaction of RFR magnetic fields with ferritin is supposedly
mediated by an inner super-paramagnetic nanoparticle
(9H,0 x 5Fe,05 with up to 4500 iron ions), which is a
natural phenomenon intrinsic to the cells. It results in
reduction of input of iron chelates into the ferritin cage.
The authors underlined the potential role of ferritin malfunc-
tion for oxidative processes in living cell due to the
participation of Fe’* ions in the Fenton reaction, which
produces hydroxyl radicals. In this respect, it is interesting to
point to the results of an in vitro study with RFR exposure of
rat lymphocytes treated by iron ions (Zmyslony et al., 2004).
Although RFR exposure (930 MHz) did not induce detectable
intracellular ROS overproduction, the same exposure in the
presence of FeCl, in the lymphocyte suspensions induced a
significant overproduction of ROS.

Another set of studies indicates on a possibility of changes
in protein conformation under RFR exposure. Thus, low-
intensity 2.45 MHz RFR accelerated conformational changes
in B-lactoglobulin through excitation of so-called collective
intrinsic modes in the protein (Bohr and Bohr, 2000a, 2000b),
which suggests a principal ability of RFR to modulate the
non-random collective movements of entire protein domains.
Similarly, a frequency-dependent effect on intrinsic flexibility
in insulin structure due to applied oscillating electric field was
demonstrated (Budi et al., 2007). Moreover, macromolecular
structure of cytoskeleton was significantly altered in fibro-
blasts of Chinese hamster after the exposure to modulated
RFR of the GSM standard (Pavicic and Trosic, 2010). Thus, a
3 h exposure of fibroblasts to modulated RFR (975 MHz) led
to significant changes in the structure of microtubules and
actin microfilaments, which have polar cytoskeleton struc-
tures, while non-polar vimentin filaments reportedly stayed
unchanged. Taking into account an extensive regulatory
potential of cytoskeleton on cell homeostasis, these data could
obviously add to the nature of the biological effects of RFR.

It was shown that ornithine decarboxylase (ODC) can
significantly change its activity under low-intensity RFR
exposure (Byus et al., 1988; Hoyto et al., 2007; Litovitz et al.,
1993, 1997; Paulraj et al., 1999).
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In addition, so-called ‘‘calcium effects’> under RFR
exposure in living cells have been demonstrated (Dutta
et al., 1989; Paulraj et al., 1999; Rao et al., 2008), which
include a significant increase in intracellular Ca®" spiking.
Taking into account that calcium is a ubiquitous regulator of
cellular metabolism, these data point to a possibility that non-
thermal RFR can activate multiple Ca**-dependent signaling
cascades.

Finally, an ability of low-intensity MW to dissociate water
molecules was demonstrated in model experiments years ago
(Vaks et al., 1994). In these experiments, MW of 10 GHz with
radiated power 30 mW produced a significant level of H,O, in
deionized water (and also in MgSQO, solution) under stable
temperature conditions. According to the authors, a kinetic
excitation of liquid water associates C(H,O) upon the
absorption of MW leads to subsequent viscous losses due to
friction between moving clusters of water molecules. It results
in partial irreversible decomposition of water, including
breaks of intramolecular bonds (H-OH) due to a mechan-
ochemical reaction, and generation of H*; OH®; H* and OH™
groups. Among these, the hydroxyl radical (OH®) is the most
aggressive form of ROS, which can break any chemical bond
in surrounding molecules (Halliwell, 2007). The authors
assessed that this type of mechanochemical transformation in
water could be responsible for 10#~10® relative parts of the
total MW energy absorbed. Given the fact that the water
molecules are ubiquitous in living cells, even a subtle chance
for dissociation of water molecules under low-intensity
RFR exposure could have a profound effect on tissue
homeostasis. It is of note here that one OH® radical can
initiate irreversible peroxidation of many hundreds of macro-
molecules, e.g. lipid molecules (Halliwell, 1991). Taken
together, these data show that non-thermal RFR can be
absorbed by particular charges, molecules and cellular
structures, and in this way can potentially induce substantial
modulatory effects in living cell.

Generation of reactive oxygen species under RFR
exposure in living cells

NADH oxidase of cellular membrane was suggested as a
primary mediator of RFR interaction with living cells
(Friedman et al., 2007). Using purified membranes from
HeLa cells, the authors experimentally proved that the
exposure to RFR of 875MHz, 200 uW/cm? for 5 or 10 min
significantly, almost threefold, increased the activity of
NADH oxidase. NADH oxidases are membrane-associated
enzymes that catalyze one-electron reduction of oxygen into
superoxide radical using NADH as a donor of electron, thus
producing powerful ROS. This enzyme has been tradition-
ally known due to its role in induction of oxidative burst in
phagocytes as a part of immune response. Yet, later the
existence of non-phagocytic NAD(P)H oxidases was
revealed in various types of cells, including fibroblasts,
vascular and cardiac cells (Griendling et al.,, 2000).
Obviously, the presence of superoxide-generating enzyme
in many types of non-phagocytic cells points to the
considerable regulatory roles of ROS in living cells. On
the other hand, an ability of low-intensity RFR to modulate
the activity of the NADH oxidase automatically makes this
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factor a notable and potentially dangerous effector of cell
metabolism. Notably, the authors pointed out that the
acceptor of RFR is different from the peroxide-generating
NADPH oxidases, which are also found in plasma mem-
branes (Low et al., 2012).

The other powerful source of ROS in cells is mitochondrial
electron transport chain (ETC), which can generate super-
oxide due to breakdowns in electron transport (Inoue et al.,
2003). It was demonstrated that generation of ROS by
mitochondrial pathway can be activated under RFR exposure
in human spermatozoa (De Iuliis et al., 2009). The authors
revealed a dose-dependent effect of 1.8 GHz RFR exposure on
ROS production in spermatozoa, particularly in their
mitochondria. The significantly increased level of total ROS
in spermatozoa was detected under RFR with SAR =1 W/kg,
which is below the safety limits accepted in many countries. It
was demonstrated recently in our laboratory that the exposure
of quail embryos in ovo to extremely low-intensity RFR
(GSM 900 MHz, 0.25uW/cm®) during the initial days of
embryogenesis resulted in a robust overproduction of super-
oxide and nitrogen oxide radicals in mitochondria of embry-
onic cells (Burlaka et al., 2013). It is not clear yet which
particular part of ETC is responsible for the interaction with
RFR. To date, three possible sites of generation of superoxide
in ETC have been shown: the ETC complex I (Inoue et al.,
2003), complex II (Liu et al., 2002), and complex III (Guzy
and Schumacker, 2006). A significant inverse correlation
between mitochondrial membrane potential and ROS levels in
living cell was found (Wang et al., 2003). As the authors
underlined, such a relationship could be due to two mutually
interconnected phenomena: ROS causing damage to the
mitochondrial membrane, and the damaged mitochondrial
membrane causing increased ROS production.

In addition to the well-established role of the mitochondria
in energy metabolism, regulation of cell death is a second
major function of these organelles. This, in turn, is linked to
their role as the powerful intracellular source of ROS.
Mitochondria-generated ROS play an important role in the
release of cytochrome c¢ and other pro-apoptotic proteins,
which can trigger caspase activation and apoptosis (Ott et al.,
2007). A few reports indicate on activation of apoptosis due to
low-intensity RFR exposure. In human epidermoid cancer KB
cells, 1950 MHz RFR induced time-dependent apoptosis (45%
after 3h) that is paralleled by 2.5-fold decrease of the
expression of ras and Raf-1 and of the activity of ras and Erk-
1/2 (Caraglia et al., 2005). Primary cultured neurons and
astrocytes exposed to GSM 1900 MHz RFR for 2h demon-
strated up-regulation of caspase-2, caspase-6 and Asc (apop-
tosis associated speck-like protein containing a card) (Zhao
et al., 2007). Up-regulation in neurons occurred in both "on"
and "stand-by" modes, but in astrocytes only in the "on"
mode. We should underline that, in that study an extremely
high biological sensitivity to RFR was demonstrated, as a cell
phone in the ‘‘stand-by’’ position emits negligibly low-
intensity of radiation (up to hundredths pW/cm?).

Based on the analysis of available literature data, we
identified altogether 100 experimental studies in biological
models which investigated oxidative stress due to low-
intensity RFR exposures. From these 100 articles, 93 studies
(93%) demonstrated significant oxidative effects induced by
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low-intensity RFR exposure (Table 1-3), while 7 studies (7%)
demonstrated the absence of significant changes (Table 4).
The total number includes 18 in vitro studies, 73 studies in
animals, 3 studies in plants and 6 studies in humans. Majority
of the research was done on laboratory rats (58 studies, with
54 positive results), while 4 studies out of 6 in humans were
positive. From the in vitro studies, 17 were positive (94.4%),
including 2 studies on human spermatozoa and 2 studies on
human blood cells.

Most of the studies utilized RFR exposure in MW range,
including a use of commercial or trial cell phones as sources
of radiation. The power densities of RFR applied in positive
studies varied from 0.1 uW/crn2 (Oksay et al.,, 2014) to
680 uW/crn2 (Jelodar et al., 2013) and SAR values varied
from 3 uW/kg (Burlaka et al., 2013) to the ICNIRP recom-
mended limit of 2 W/kg (Naziroglu et al., 2012a; Xu et al.,
2010). Exposure times in positive studies varied from 5 min
(Friedman et al., 2007) to 12.5 years, 29.6 h/month (Hamzany
et al., 2013).

The most often used indexes of oxidative stress analyzed in
the studies were ROS production, levels of lipid peroxidation
(LPO)/malondialdehyde (MDA), protein oxidation (PO),
nitric oxides (NO,), glutathione (GSH), activity of antioxidant
enzymes (superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GSH-Px)). It is important that some
studies directly pointed to induction of free radicals (super-
oxide radical, NO) as a primary reaction of living cells to
RFR exposure (Burlaka et al., 2013; Friedman et al., 2007).
As we pointed out earlier, direct activation of NADH oxidase
(Friedman et al., 2007) and the mitochondrial pathway of
superoxide overproduction (Burlaka et al., 2013; De luliis
et al., 2009) have been experimentally proven. Besides, a
significant overproduction of nitrogen oxide was revealed in
some studies (Avci et al., 2012; Bilgici et al., 2013; Burlaka
et al., 2013), although it is unclear whether an induction of
expression of NO-synthases or direct activation of the enzyme
took place. It is however clear that significantly increased
levels of these free radical species (superoxide and nitrogen
oxide) in cells due to RFR exposure result in an activation of
peroxidation and repression of activities of key antioxidant
enzymes. It is indicative that many studies demonstrated
effectiveness of different antioxidants to override oxidative
stress caused by RFR exposure. Such effects have been
reported for melatonin (Ayata et al., 2004; Lai and Singh,
1997; Oktem et al., 2005; Ozguner et al., 2006; Sokolovic
et al., 2008), vitamin E and C (Jelodar et al., 2013; Oral et al.,
2006), caffeic acid phenethyl ester (Ozguner et al., 2006),
selenium, L-carnitine (Turker et al., 2011) and garlic (Avci
et al., 2012; Bilgici et al., 2013).

It is worthwhile to emphasize a strict non-thermal
character of ROS overproduction under RFR exposure
described in the cited reports. As low as 0.1 yW/cm? intensity
of RFR and absorbed energy (specific absorption rate, SAR)
of 0.3 uW/kg were demonstrated to be effective in inducing
significant oxidative stress in living cells (Burlaka et al.,
2013; Oksay et al., 2014). This observation is particularly
important as the modern international safety limits on RFR
exposure are based solely on the thermal effects of radiation
and only restrict RFR intensity to 450-1000 uW/cm? and
SAR to 2W/kg (ICNIRP, 1998). Moreover, studies where
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high (thermal) intensities of RFR have been used could not
reveal oxidative effects (Hong et al., 2012; Kang et al., 2013;
Luukkonen et al., 2009), which might point to the variety of
molecular mechanisms for different radiation intensities.

Taken together, the analysis of the contemporary scientific
literature on the biological effects of RFR persuasively proves
that the exposure to low-intensity RFR in living cells leads to
generation of significant levels of ROS and results in a
significant oxidative stress.

Oxidative damage of DNA under RFR exposure

To date more than hundred papers have been published on
mutagenic effects of RFR and most of them revealed signifi-
cant effects (Ruediger, 2009). There is a substantial number of
studies which demonstrated the formation of micronuclei
(Garaj-Vrhovac et al., 1992; Tice et al., 2002; Zotti-Martelli
et al., 2005) or structural anomalies of metaphase chromo-
somes (Garson et al., 1991; Kerbacher et al., 1990; Maes et al.,
2000) in living cells due to low-intensity RFR exposure.
However, majority of the studies on the mutagenic effects of
RFR successfully used a comet assay approach (Baohong et al.,
2005; Belyaev et al., 2006; Diem et al., 2005; Kim et al., 2008;
Lai and Singh, 1996; Liu et al., 2013a). Particular studies
identified specific marker of oxidative damage of DNA, 8-
hydroxy-2’-deoxyguanosine (8-OH-dG) (Burlaka et al., 2013;
De Iuliis et al., 2009; Guler et al., 2012; Khalil et al., 2012; Xu
et al., 2010). Thus, the level of 8-OH-dG in human
spermatozoa was shown to be significantly increased after
in vitro exposure to low-intensity RFR (De Iuliis et al., 2009).
Likewise, we demonstrated that the exposure of quail embryos
in ovo to GSM 900 MHz of 0.25 pW/cm? during a few days was
sufficient for a significant, two-threefold, increase of 8-OH-dG
level in embryonic cells (Burlaka et al., 2013).

It would be logical to assume that most mutagenic effects
due to the RFR exposure are caused by oxidative damage to
DNA, as the overproduction of ROS in living cells due to
RFR exposure was reliably documented. It is known that
superoxide itself does not affect DNA. The most aggressive
form of ROS, which is able to affect the DNA molecule
directly, is hydroxyl radical (Halliwell, 2007). The hydroxyl
radicals are generated in cell in the Fenton reaction (Fe*™ +
H,0, -> Fe’*+ OH® + OH") and in the Haber-Weiss
reaction (0,° + H,0, -> O, + OH® + OH") (Valko et al.,
2006). On the other hand, increased concentration of NO in
addition to superoxide in the RFR-exposed cells can lead to
the formation of other aggressive form of ROS, peroxynitrite
(ONOOQO™), which can also cause DNA damage (Valko et al.,
2006).

Free radicals induced under the RFR exposure can
perturb cellular signaling

Taking into account the abovementioned data, we can state
that the exposure to RFR leads to overproduction of free
radicals/ROS in living cell. Certainly, free radicals can induce
harmful effects via direct damage due to oxidation of
biological macromolecules. To that, it becomes clear now-
adays that free radicals/ROS are an intrinsic part of the
cellular signaling cascades (Forman et al., 2014). Thus,
hydrogen peroxide appears as a second messenger both in
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Table 1. Publications which reported positive findings on oxidative stress caused by RFR exposure of cells in vitro.

Reference

Biological system
exposed

RFR exposure

Statistically significant effects
reported*

(Agarwal et al., 2009)

(Campisi et al., 2010)

(De Iuliis et al., 2009)

(Friedman et al., 2007)

(Hou et al., 2014)

(Kahya et al., 2014)

(Lantow et al., 2006a)

(Lantow et al., 2006b)

(Liu et al., 2013b)

(Lu et al., 2012)

(Marjanovic et al., 2014)

(Naziroglu et al., 2012b)
(Ni et al., 2013)

(Pilla, 2012)

(Sefidbakht et al., 2014)

(Xu et al., 2010)

(ZmySlony et al., 2004)

Human spermatozoa
Rat astroglial cells
Human spermatozoa
HeLa membranes
Mouse embryonic
fibroblasts (NIH/3T3)

Cancer cell cultures

Human blood cells

Human Mono Mac 6
and K562 cells

GC-2 cells

Human blood mononuclear cells

V79 cells

HL-60 cells
Human lens epithelial cells

Neuronal cells and
human fibroblasts

HEK293T cells

Primary cultured neurons

Rat lymphocytes

Cell phone RFR, in talk mode,
for 1h

900 MHz (continuous or modu-
lated), electric field 10 V/m,
for5; 10; 20 min

1.8 GHz, SAR =0.4-27.5 W/kg

875 MHz, 200 uW/cm?, for 5 and
10 min

1800-MHz GSM-talk mode RFR,
SAR =2 W/kg, intermittent
exposure (5 min on/10 min off)
for 0.5-8h

900 MHz RFR, SAR =0.36 W/kg,
for 1h

Continuous wave or GSM
signal, SAR =2 W/kg, for 30 or
45 min of continuous or 5 min
ON, 5 min OFF

Continuous wave, GSM speaking
only, GSM hearing only, GSM
talk, SARs of 0.5, 1.0, 1.5 and
2.0 W/kg.

1800 MHz, SAR = 1; 2 W/kg,5 min
ON, 10 min OFF for 24h

900 MHz, SAR =0.4 W/kg, for
1-8h

1800 MHz, SAR = 1.6 W/kg, for
10, 30 and 60 min

2450 MHz, pulsed, SAR =0.1—
2.5W/kg,for 1; 2; 12 or 24h
1800 MHz, SAR =2; 3; 4 W/kg

27.12 MHz, pulsed, electric field
41 V/m, 2 min prior to lipo-
polysaccharide administration
or for 15 min

940 MHz, SAR =0.09 W/kg, for
15, 30, 45, 60 and 90 min

1800 MHz, pulsed, SAR =2 W/kg,
for 24 h

930 MHz, PD of 500 uW/crnZ,
SAR = 1.5 W/kg, for 5 and
15 min

Increase in reactive oxygen species
(ROS) level, decrease in sperm
motility and viability.

Increase in ROS levels and DNA
fragmentation after exposure to
modulated RFR for 20 min.

Increased amounts of ROS.

Increased NADH oxidase activity.

Increased intracellular ROS levels.

Induced apoptosis effects through
oxidative stress, selenium counter-
acted the effects of RFR exposure.

After continuous or intermittent
GSMsignal a different ROS pro-
duction was detected in human
monocytes compared to sham.

The GSM-DTX signal at 2 W/kg
produced difference in free radical
production compared to sham.

In the 2 W/kg exposed cultures, the
level of ROS was increased.

The increased level of apoptosis
induced through the mitochondrial
pathway and mediated by activating
ROS and caspase-3.

ROS level increased after 10 min of
exposure. Decrease in ROS level
after 30-min treatment indicating
antioxidant defense mechanism
activation.

Lipid peroxide (LPO) levels were
increased at all exposure times.

The ROS and malondialdehyde
(MDA) levels were increased.

Increased level of nitric oxide (NO).

ROS generation increased in the
30 min exposed cells. A sharp rise
in catalase (CAT) and superoxide
dismutase (SOD) activity and ele-
vation of glutathione (GSH) during
the 45 min exposure.

An increase in the levels of8-hydroxy-
2’-deoxyguanosine (8-OH-dG).

Intracellular ROS level increased in
exposed FeCl, treated cells com-
pared with unexposed FeCl, treated
cells.

*All effects were statistically significant (at least p<0.05) as compared to control or sham exposed groups.

insulin signaling and in growth factor-induced signalling
cascades (Sies, 2014). These species are also implicated in
biochemical mechanism of oxidation of ethanol and in other
metabolic processes (Oshino et al., 1975) and is also required
for initiation of wound repair (Enyedi and Niethammer,
2013). In addition, ROS at relatively low concentrations can
modulate inflammation via activation of NF-kB pathway
(Hayden and Ghosh, 2011). Therefore, even subtle exposures

to RFR with generation of hardly detectable quantities of free
radicals can have their meaningful biological consequences.

We could ascertain the signaling effects of moderate
levels of free radicals from our experiments in quail
embryos irradiated with the commercial cell phone. Thus,
we were able to show that the prolonged exposures of
embryos in ovo led to robust repression of their development
(Tsybulin et al., 2013), which was concomitant with
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Table 2. Publications which reported positive findings on oxidative stress caused by RFR exposure of animals and plants.

Reference

Biological system exposed

RFR exposure

Statistically significant effects
reported™®

(Akbari et al., 2014)

(Al-Damegh, 2012)

(Avci et al., 2012)

(Ayata et al., 2004)

(Aynali et al., 2013)

(Balci et al., 2007)

(Bilgici et al., 2013)

For personal use only.

(Bodera et al., 2013)

(Burlaka et al., 2013)

(Burlaka et al., 2014)

Electromagn Biol Med Downloaded from informahealthcare.com by 178.54.177.229 on 07/07/15

(Cenesiz et al., 2011)

(Cetin et al., 2014)

(Dasdag et al., 2009)

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Quail embryo in ovo

Male rat whole body

Guinea pig whole body

Pregnant rats and offspring

Head of rats

RFR from base transceiver station

Cell phone RFR, 15, 30, or 60 min/day
for 2 weeks

1800 MHz, SAR = 0.4 W/kg, 1 h/day
for 3 weeks

900 MHz, 30 min/day for 10 days

2450 MHz, pulsed, SAR =0.143 W/
kg,60 min/day for 30 days

‘“‘Standardized daily dose’’ of cell
phoneRFR for 4 weeks

850-950 MHz,SAR = 1.08 W/kg,1 b/
day for 3 weeks

1800 MHz, GSM, for 15 min

GSM 900 MHz, power density (PD) of
0.25 uW/cm?, SAR =3 nWrkeg,
48 sec ON - 12 sec OFF, for 158—
360h

Pulsed and continuous MWin the
doses equivalent to the maximal
permitted energy load for the staffs
of the radar stations

900; 1800 MHz RFR from base station
antennas, 4 h/day for 20 days

900; 1800 MHz RFR, 1h/day during
pregnancy and neonatal
development

900 MHz, 2 h/day for 10 months

Glutathione peroxidase (GSH-Px),
SOD, and CAT activity
decreased and level of MDA
increased. Vitamin C reduced
the effect.

Levels of conjugated dienes, LPO
and CAT activities in serum and
testicular tissue increased, the
total serum and testicular tissue
GSH and GSH-Px levels
decreased.

An increased level of protein oxi-
dation (PO) in brain tissue and
an increase in serum NO. Garlic
administration reduced protein
oxidation in brain tissue.

MDA and hydroxyproline levels
and activities of CAT and GSH-
Px were increased, andsuperox-
ide dismutase (SOD) activity
was decreased in skin.
Melatonin treatment reversed
effect.

LPO was increased, an adminis-
tration of melatonin prevented
this effect.

In corneal tissue, MDA level and
CAT activity increased,
whereas SOD activity was
decreased. In the lens tissues,
the MDA level was increased.

The serum NO levels and levels of
MDA and the PO in brain were
increased. An administration of
garlic extract diminished these
effects.

Reduced antioxidant capacity both
in healthy animals and in those
with paw inflammation.

Overproduction of superoxide and
NO, increased levels of thio-
barbituric acid reactive sub-
stances (TBARS) and 8-OH-
dG, decreased SOD and CAT
activities.

Increased rates of superoxide pro-
duction, formation of the iron-
nitrosyl complexes and
decreased activity of NADH-
ubiquinone oxidoreductase
complex in liver, cardiac and
aorta tissues 28 days after the
exposure.

Difference in guinea pigs subjected
to 900 and 1800 MHz for
plasma oxidant status levels.
NO level changed in 900 MHz
subjected guinea pigs, as com-
pared to the control.

Brain and liver GSH-Px activities,
selenium concentrations in the
brain and liver vitamin A and
[-carotene concentrations
decreased in offspring.

The total antioxidant capacity and
CATactivity in brains were
higher than that in the sham
group.

(continued )
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Reference

Biological system exposed

RFR exposure

Statistically significant effects
reported*®

(Dasdag et al., 2012)

(Dasdag et al., 2008)

(Deshmukh et al., 2013)

(Esmekaya et al., 2011)

(Furtado-Filho et al., 2014)

(Guler et al., 2012)

(Guney et al., 2007)

(Giirler et al., 2014)

(Ilhan et al., 2004)

(Jelodar, et al., 2013)

(Jelodar et al., 2013)

(Jing et al., 2012)

(Kerman & Senol, 2012)

(Kesari et al., 2010)

(Kesari et al., 2011)

(Kesari et al., 2013)

(Khalil et al., 2012)

Head of rats

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rabbit infant whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Male rat whole body

Rat whole body

Rat whole body

Rat whole body

900 MHz, cell-phones-like, 2 h/day for
10 months

900 MHz, PD of 78 uW/cmz, 2 h/days
for10 months.

900 MHz, 2 h/day, 5 days a week for
30days

900 MHz, pulsed, modulated,
SAR = 1.2 W/kg, 20 min/day for
3 weeks

950 MHz, SAR =0.01-0.88 W/
kg,30 min/day for 21 days during
pregnancy (or additionally 6 or
15 days of postnatal period)

GSM 1800 MHz, 15 min/day for 7
days (females) or 14 days (males)

900 MHz, 30 min/day for 30 days

2450 MHz, 3.68 V/m, 1h/day for
30 days

900 MHz, from cell phone,1 h/day for
7 days

900 MHz, PD of 680 pW/cm?, 4 h/day
for 45 days,

900 MHz, daily for 45 days

Cell phone RFR, SAR =0.9 W/kg,3 x
10; 30 or 60 min for 20 days during
gestation

900 MHz, 30 min/day for 10 days

Cell phone RFR, SAR=0.9 W/kg,2h/
day for 35 days

900 MHz, pulsed, SAR = 0.9 W/
kg,2 h/day for 45 days

2115 MHz, SAR =0.26 W/kg,2 h/day
for 60 days

1800 MHz, electric field 15-20 V/m,
for2h

Protein carbonyl level was higher
in the brain of exposedrats.

Increased levels of MDA and total
oxidative status in liver tissue.

The levels of LPO and PO were
increased.

The increased level of MDA and
NOx, and decreased levels of
GSH in liver, lung, testis and
heart tissues.

Neonatal rats exposed in utero had
decreased levels of CAT and
lower LPO, and genotoxic
effect.

LPO levels in the liver tissues of
females and males increased,li-
ver 8-OH-dG levels of females
were increased.

Endometrial levels of NO and
MDA increased,endometrial
SOD, CAT and GSH-Px activ-
ities were decreased.Vitamin E
and C treatment prevented these
effects.

Increased 8-OH-dG level in both
plasma and brain tissue whereas
it increased PO level only in
plasma. Garlic prevented the
increase of 8-OH-dG level in
brain tissue and plasma PO
levels.

Increase in MDA, NO levels,
andxanthine oxidase (XO)
activity, decrease in SOD and
GSH-Px activities in brain.
These effects were prevented by
Ginkgo bilobaextract treatment.

The concentration of MDA was
increased and activities of SOD,
GSH-Px and CAT were
decreased in rat eyes. An
administration of vitamin C
prevented these effects.

Increased level of MDA and
decreased antioxidant enzymes
activity in rat testis.

After 30 and 60 min the level of
MDA was increased, the activ-
ities of SOD and GSH-Pxwere
decreased.

Tissue MDA levels were
increased, SOD, CAT and GSH-
Pxactivities were reduced.
Melatonin treatment reversed
these effects.

Reduction in protein kinase activ-
ity, decrease in sperm count and
increase in apoptosis.

Increase in the level of ROS,
decrease in the activities of
SOD and GSH-Px,and in the
level of pineal melatonin.

The level of ROS, DNA damage
and theapoptosis rate were
increased.

Elevations in the levels of 8-OH-
dG in urine.

(continued)
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Reference

Biological system exposed

RFR exposure

Statistically significant effects
reported*®

(Kismali et al., 2012)
(Koc et al., 2013)

(Koylu et al., 2006)

(Koyu et al., 2009)

(Kumar et al., 2014)

(Lai & Singh, 1997)

(Luo et al., 2014)

(Mailankot et al., 2009)

(Manta et al., 2013)

(Marzook et al., 2014)

(Meena et al., 2013)

(Megha et al., 2012)

(Meral et al., 2007)

(Motawi et al., 2014)

(Naziroglu & Gumral, 2009)

(Naziroglu et al., 2012a)

(Oksay et al., 2014)

(Oktem et al., 2005)

(Oral et al., 2006)

Rabbit whole body (non-
pregnant and pregnant)
Male rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Drosophila whole body

Rat whole body

Rat whole body

Rat whole body

Guinea pig whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

Rat whole body

1800 MHz, GSM modulation,
15 min/day for 7 days
Cell phone RFR at calling or stand-by

900 MHz

900 MHz

Cell phone 1910.5 MHz RFR, 2 h/day
for 60 days day (6 days a week).

2450 MHz, pulsed, PD =2 rnW/cmz,
SAR =1.2W/kg

900 MHz imitated cell phone RFR,
4 h/day for 12 days

900/1800 MHz,GSM, 1 h/day for 28
days

1880-1900 MHz, DECT modulation,
SAR =0.009 W/kg, for 0.5-96h

900 MHz from cellular tower, 24 h/day
for 8 weeks

2450 MHz, PDof 210 pW/cm?,
SAR =0.14 W/kg, 2 h/day for
45 days

900; 1800 MHz, PD of 170 pW/cm?,
SAR = 0.6 mW/kg, 2h/day, 5 days/
week for 30 days

890-915 MHz,from cell phone,
SAR =0.95 w/kg, 12 h/day for
30 days (11h 45 min stand-by and
15 min spiking mode)

Test cellphone RFR, SAR =1.13
W/kg, 2h/day for 60 days

2450 MHz,60 min/day for 28 days
2450 MHz, 60 min/day for 30 days

2450 MHz, pulsed, PD of0.1 pW/cm?,
SAR =0.1 W/kg, 1h/day for 30
days

900 MHz, 30 min/day for 10 days

900 MHz, 30 min/day for 30 days

Creatine kinases levels’ changes.

Oxidative stress detected at both
calling and stand-by exposures.

The levels of LPO in the brain
cortex and hippocampus
increased.These levels in the
hippocampus were decreased by
melatonin administration.

The activities of XO, CAT and
level of LPO increased in
liver.XO, CAT activities and
LPO levels were decreased by
caffeic acid phenethyl ester
(CAPE) administration.

Increase in LPO, damage in sperm
cells and DNA damage.

Melatonin or spin-trap compound
blocked DNA strand breaks
induced by RFR exposure in rat
brain cells.

Contents of liver MDA and Nrf2
protein increased, contents of
liver SOD and GSH decreased.

Increase in LPO and decreased
GSH content in the testis and
epididymis.

Increase in ROS levels in male and
female bodies, a quick response
in ROS increase in ovaries.

SOD and CAT activities were
reduced in blood, sesame oil
reversed the effect

Increased level of MDA and ROS
in testis. Melatonin prevented
oxidative stress.

The levels of the LPO and PO were
increased; the level of GSH was
decreased.

MDA level increased, GSH level
and CAT activity werede-
creased in the brain. MDA,
vitamins A, D5 and E levels and
CAT enzyme activity increased,
and GSH level was decreased in
the blood.

Increments in conjugated dienes,
protein carbonyls, total oxidant
status and oxidative stress index
along with a reduction of total
antioxidant capacity levels.

Decrease of the cortex brain vita-
min A, vitamin C and vitamin E
levels.

LPO, cell viability and cytosolic
Ca”* values in dorsal root gan-
glion neurons were increased.

LPO was higher in exposed ani-
mals. Melatonin treatment
reversed the effect.

Renal tissue MDA level increased,
SOD, CAT and GSH-Px activ-
ities were reduced. Melatonin
treatment reversed these effects.

Increased MDA levels and apop-
tosis in endometrial
tissue. Treatment with vitamins
E and C diminished these
changes.

(continued)
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Reference

Biological system exposed

RFR exposure

Statistically significant effects
reported*®

(Ozguner et al., 2005a)

(Ozguner et al., 2006)

(Ozguner et al., 2005b)

(Ozgur et al., 2010)

(Ozgur et al., 2013)

(Ozorak et al., 2013)

(Qin et al., 2014)

(Ragy, 2014)

(Saikhedkar et al., 2014)

(Shahin et al., 2013)

(Sharma et al., 2009)

(Singh et al., 2012)

(Sokolovic et al., 2008)

Rat whole body

Rat whole body

Rat whole body

Guinea pig whole body

Rabbit whole body

Rat whole body

Male mouse whole body

Rat whole body

Rat whole body

Mouse whole body

Plant(mung bean) whole
body

Plant (mung bean)
whole body

Rat whole body

900 MHz, 30 min/day for 10 days

900 MHz, from cell phone

900 MHz

1800 MHz,GSM, SAR =0.38 W/kg,
10 or 20 min/day for 7 days

1800 MHz, pulsed, 15 min/day for
7 days in pregnant animals, for 7 or
15 days in infants

900; 1800; 2450 MHz, pulsed, PD of
12 pW/em?.SAR = 0.18; 1.2 W/kg,
60 min/day during gestation and
6 weeks following delivery

1800 MHz, 208 uW/cm?, 30 or
120 min/d for 30 days

Cell phone 900 MHz RFR, 1h/d for
60 days

Cell phone 900 MHz RFR, 4 h/d for
15 days

2450 MHz, PD of 33.5 pW/cm?,
SAR =23 mW/kg, 2 h/day for
45 days

900 MHz, from cell phone, PD of
8.55 uW/cmz; for 0.5; 1; 2, and 4h

900 MHz,from cell phone

RFR from cell phone, SAR =0.043—
0.135 W/kg, for 20, 40 and 60 days

Heart tissue MDA and NO levels
increased, SOD, CAT and GSH-
Px activities were reduced.
CAPE treatment reversed these
effects.

Retinal levels of NO and MDA
increased, SOD, GSH-Px and
CAT activities were
decreased.Melatonin and CAPE
treatment prevented effects.

Renal tissue MDA and NO levels
increased, the activities of SOD,
CAT and GSH-Px were
reduced. CAPE treatment
reversed these effects.

Increases in MDA and total NO(x)
levels and decreases in activ-
ities of SOD, myeloperoxidase
and GSH-Px in liver. Extent of
oxidative damage was propor-
tional to the duration of
exposure.

The amount of LPO was increased
in the prenatal exposure group.

At the age of six weeks, an
increased LPO in the kidney
and testis, and decreased level
of GSH and total antioxidant
status.

Decreased activities of CAT and
GSH-Px and increasedlevel of
MDA in cerebrum. Nano-sel-
enium decreased MDA level,
and increased GSH-Px and CAT
activities.

Increase in MDA levels and
decrease total antioxidant cap-
acity levels in brain, liver and
kidneys tissues. These alter-
ations were corrected by with-
drawal of RFR exposure during
30 days.

A significant change in level of
antioxidant enzymes and non-
enzymatic antioxidants, and an
increase in LPO.

An increase in ROS, decrease in
NO and antioxidant enzymes
activities.

Increased level of MDA,H,0,
accumulation and root oxidiz-
ability, upregulation in the
activities of SOD, CAT, ascor-
bate peroxidases, guaiacol per-
oxidases and GSHreductases in
roots.

The increased level of MDA,
hydrogen peroxide and proline
content in hypocotyls.

An increase in the brain tissue
MDA and carbonyl group con-
centration. Decreased activity
of CAT and increased activity
of xanthine oxidase (XO).
Melatonin treatment prevented
the effects.
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Reference Biological system exposed

RFR exposure

Statistically significant effects
reported*®

(Sokolovic et al., 2013) Rat whole body

(Suleyman et al., 2004) Rat whole body

(Tkalec et al., 2007) Plant Lemna minor
(duckweed)

(Tkalec et al., 2013) Earthworm whole body

(Tok et al., 2014) Rat whole body

(Tomruk et al., 2010) Rabbit whole body

(Tsybulin et al., 2012) Quail embryo in ovo

(Turker et al., 2011) Rat partial body

(Tiiredi et al., 2014) Pregnant rat whole body

(Yurekli et al., 2006) Rat whole body

900 MHz, SAR =0,043-0.135 W/
kg.4 h/day for 29; 40 or 60 days,

Cell phoneRFR,SAR = 0.52 W/
kg,20 min/day for 1 month
400 and 900 MHz, 10, 23, 41 and

120 V/m, for 2 or 4h

900 MHz, PD of 30-3800 pnW/cm?,
SAR =0.13-9.33 mW/kg, for 2h

2450 MHz, Wi-Fi RFR, 60 min/day for
30 days

1800 MHz, GSM-like signal,
15 min/day for a week

900 MHz, fromcell phone, GSM, PD
of 0.024-0.21 uW/cmz, intermittent
for 14 days

2450 MHz, pulsed,
SAR =0.1 W/kg,1 h/day for 28
days

900 MHz, 13.7 V/m, 50 uW/cm?,
1 h/day for 13-21 days of
pregnancy

945MHz, GSM, PD of 367 pW/cm?,
SAR=11.3mW/kg

The level of LPO and PO, activ-
ities of CAT, XO, number of
apoptotic cells were increased
in thymus tissue. An adminis-
tration of melatonin prevented
these effects.

MDA concentration was increased
in brains.

LPO and H»O, content increased:
CAT activity increased, pyro-
gallol peroxidase decreased.

The protein carbonyl content was
increased in all exposures above
30 uWe/m?. The level of MDA
was increased at 140uW/cm2.

Decreased GSH-Px activity. GSH-
Px activity and GSH values
increased after melatonin
treatment.

Increase of MDA and ferrous oxi-
dation in xylenol orange levels.

Increased level of TBARS in
brains and livers of hatchlings.

The increased level of LPO, the
decreased concentrations of
vitamin A, vitamin C and vita-
min E. There was a protective
effect of selenium and L-
carnitine.

MDA, SOD and CAT values
increased, GSH values
decreased in exposed pups.

MDA level and SOD activity
increased, GSH concentration
was decreased.

*All effects were statistically significant (at least p<0.05) as compared to control or sham exposed groups.

Table 3. Publications which reported positive findings on oxidative stress caused byRFR exposure of humans.

Reference Biological system exposed

RFR exposure

Statistically significant effects
reported*

(Abu Khadra et al., 2014) Human male head

(Garaj-Vrhovac et al., 2011) Human whole body

(Hamzany et al., 2013) Human head/whole body

(Moustafa et al., 2001) Human male body

GSM 1800 MHz from cell phone,
SAR=1.09W/kg, for 15 and
30 min

3; 5.5; 9.4 GHz, pulsed, from radars

RFR from cell phone a mean time
of 29.6 h/month for 12.5 years
Cell phone in a pocket in standby
position, for 1; 2 or 4h

SOD activity in saliva increased.

Increased level of MDA, decreased
level of GSH.

Increase in all salivary oxidative
stress indices.

Plasma level of LPO was
increased, activities of SOD and
GSH-Px in erythrocytes decreased.

*All effects were statistically significant (at least p <0.05) as compared to control or sham-exposed groups.

significant overproduction of superoxide radical and NO
radical, increased rates of lipid peroxidation and oxidative
damage of DNA (Burlaka et al., 2013; Tsybulin et al.,
2012). Notably, shorter exposures instead led to enhance-
ment in embryonic development (Tsybulin et al., 2012,
2013). We demonstrated the favorable effects of shorter
exposures also on the molecular level. Thus, after the short-
time RFR exposure the DNA comets in embryonic cells
were significantly shorter than in the control non-irradiated
embryos, pointing to activation of mechanisms maintaining

the integrity of DNA. The ‘‘beneficial’’ consequences of the
irradiation could be explained by hormesis effect (Calabrese,
2008). However, one could hypothesize that the °‘benefi-
cial”” effects of the irradiation could be explained by the
signaling action of free radicals induced at levels below the
damaging concentrations. Obviously, any seemingly benefi-
cial effect of external environmental impact should be
treated with caution and possibly minimized before careful
evaluation of the long-term consequences. Altogether,
this gives a clear warning of the adverse health effects of
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