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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

-11-




USCA Case #20-1025

Document #1869749

Filed: 11/04/2020  Page 3 of 423

INDEX TO DEFERRED APPENDIX

JA
ll;z:)b Page Date Filer/Author Filing/Attachment Description
" | Nos.
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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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

-Vi-

Page 6 of 423




USCA Case #20-1025

Document #1869749

Filed: 11/04/2020

INDEX TO DEFERRED APPENDIX

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-
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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
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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-
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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
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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

-XXVili-

Page 28 of 423




USCA Case #20-1025

Document #1869749

Filed: 11/04/2020

INDEX TO DEFERRED APPENDIX

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

-XXXVii-

Page 37 of 423




USCA Case #20-1025

Document #1869749

Filed: 11/04/2020

INDEX TO DEFERRED APPENDIX

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

-XXX1X-
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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

-x1-
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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

-xlii-
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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

-xl1i1-
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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-

Page 45 of 423




USCA Case #20-1025

Document #1869749

Filed: 11/04/2020  Page 46 of 423

INDEX TO DEFERRED APPENDIX

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

-xlviii-
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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

-liv-
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The results showed that the increase in DNA
damage after exposure was associated with the
increase in temperature; in this experiment, no
non-thermal effects on frog erythrocytes in vitro
were noted (Chemeris et al., 2004).

The effects of exposure to RF radiation at
835 MHz (SAR, 4 W/kg) for 48 hours were
examined in assays for mutagenicity in bacteria.
RF radiation was not directly mutagenic in
Salmonella typhimurium strains TA98, TA100,
TA102, TA1535, TA1537, or in Escherichia coli
strain WP2 uvrA. It significantly enhanced the
mutagenicity of 4ANQO in E. coli strain WP2 uvrA
and of cumene hydroperoxide in S. typhimurium
strain TA102. In a test for DNA degradation, no
change in the rate of degradation (formation of
DNA strand breaks) was observed with plasmid
pBluescript SK(+) exposed to H,O, (Fenton-type
reaction) as an indicator (Chang ef al., 2005).

Mutagenicity tests were conducted in
different bacterial strains (S. typhimurium TA98,
TA100, TA1535 and TA1537, and E. coli WP2
uvrA) exposed to RF radiation at 2450 MHz
(SAR, 5-200 W/kg) for 30 minutes. No effects
were found in any of the strains tested (Koyama
et al., 2007).

[The Working Group noted that while several
studies showed positive responses at high SAR
values, some of these were due to thermal effects.
The Working Group concluded that there was
weak evidence that exposure to RF radiation is
genotoxic in experimental systems in mamma-
lian and non-mammalian cells in vitro.]

4.2 Effects of low-level exposure
to RF radiation on the immune
system

In this section, some studies that assess the
effects of RF radiation on the immune system are
discussed (see review by Jauchem, 2008).

4.2.1 Immunotropic effects of exposure to RF
radiation in humans

[In general, occupational studies in this
Section included small numbers of subjects
and generally failed to control for possible
confounders.]

Dmoch & Moszczynski (1998) measured
immunoglobulin concentrations and propor-
tions of different subsets of T lymphocytes in
blood samples from 52 workers at television-
retransmission and satellite-communication
centres, exposed to RF radiation at 6-12 GHz.
Concentrations of IgG and IgA immunoglobu-
lins, and cell counts of total lymphocytes and
T8 lymphocytes were increased, whereas the
number of natural killer (NK) cells and the ratio
of T-helper/T-suppressor cells were decreased,
compared with the values in 30 non-exposed
controls. There was no change in IgM concentra-
tions. In an extension of this study, Moszczynski
et al. (1999) performed a similar analysis with
blood samples from radar operators. In this
case, IgM concentrations were elevated and T8
lymphocyte cell-counts were decreased. The
different results obtained in these two profes-
sional groups with respect to immunological
parameters and blood-cell counts suggested that
the effect of RF radiation on the immune system
depends on the character of the exposure.

Tuschl et al. (1999) investigated the effects of
long-term handling of various types of diathermy
equipment - operating at frequencies of 27, 434,
or 2450 MHz - on the immune system of medical
personnel, by analysis of blood samples collected
from physiotherapists operating these devices.
Eighteen exposed subjects and 13 controls
matched for sex and age were examined. Total
leukocyte/lymphocyte counts and the propor-
tion of leukocyte subpopulations were deter-
mined by use of flow cytometry and monoclonal
antibodies to cell-surface antigens. In addition,
lymphocyte activity was measured to quantify
subpopulations of immunocompetent cells.
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Lymphocytes were stimulated by the mitogen
PHA and proliferation was measured by flow
cytometry. No statistically significant differences
between the exposed personnel and the controls
were found. In both groups, all immune param-
eters were within normal ranges.

Radon et al. (2001) investigated the effects
of RF radiation at 900 MHz (pulse frequency;,
217 Hz; power density, 1 W/m?) used in modern
digital wireless telecommunication (GSM
standard), in eight healthy male volunteers
exposed in a specifically designed, shielded
experimental chamber. The circularly polarized
electromagnetic field applied was transmitted by
an antenna positioned 10 cm behind the head of
the volunteer, who was sitting upright. In double-
blind trials, each volunteer underwent a total of
20 randomly allotted 4-hour periods of exposure
and sham exposure, equally distributed during
day and night. The salivary concentrations of
IgA - as well as those of melatonin, cortisol and
neopterin - did not differ significantly between
the exposed and the sham-exposed subjects.

Yuan ef al. (2004) investigated the effect of
low-intensity, 170 MHz RF radiation on immune
parameters in occupationally exposed workers.
Blood-sample analysis showed no marked change
in IgA concentrations, whereas those of IgM and
IgG were significantly increased (P < 0.01) in
the exposed group compared with those in non-
exposed controls.

Kimata (2005) exposed 15 patients with atopic
eczema dermatitis syndrome (AEDS) to RF radi-
ation from a mobile phone (SAR, 1.62 W/kg) for
30 minutes. A second group of 15 patients was
sham-exposed. In a repeat experiment 2 weeks
later, the groups were switched with respect to
exposure/sham-exposure. Before and after each
study, mononuclear cells were stimulated with
latex, the allergen to which the patients were
sensitive. The production of latex-specific immu-
noglobulin E (IgE) was significantly increased
(P < 0.01) after exposure to RF radiation.
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[The Working Group noted that studies of
humans exposed to RF radiation provided weak
evidence for effects on the humoral immune
system.]

4.2.2 Immunotropic effects of exposure to
RF radiation in experimental animals:
studies in vivo

See Table 4.8

(a) Mouse

Smialowicz et al. (1983) exposed male CBA/]
mice to 2450 MHz continuous-wave RF radia-
tion (power density, 5, 15, 30 mW/cm?; SAR, 3.5,
10.5, 21 W/kg, respectively) for 90 minutes per
day for 2 or 9 days, and studied the effects on
the activity of NK cells and the mitogen-induced
response of lymphocytes. There was no consistent
difference in the mitogen response of spleen cells
from irradiated mice and sham-irradiated mice,
while a significant suppression of NK activity
was seen at the highest exposure intensity. NK
activity returned to normal within 24 hours after
exposure.

Veyret et al. (1991) exposed BALB/c mice to
pulsed-wave RF radiation at 9400 MHz (1 us
pulses at 1000/second), both with and without
amplitude modulation (AM) by a sinusoid signal
at discrete frequencies between 14 and 41 MHz.
Mice were immunized with sheep erythrocytes
and exposed to RF radiation (30 pW/cm?; whole-
body SAR, 0.015 W/kg) for 10 hours per day, for
5 days. The antibody response to sheep eryth-
rocytes was measured by the plaque-forming
assay. In the absence of AM, there was not much
change in immune responsiveness. Exposure to
RF radiation with AM at 21 or 32 MHz led to
significant enhancement of the response, while
there was a decrease in the number of plaque-
forming cells with AM at 14, 36, or 41 MHz.

Elekes et al. (1996) studied the effects of
continuous-wave (CW) or amplitude-modu-
lated (AM) RF radiation at 2450 MHz in male
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and female BALB/c mice. The time-averaged
power density was 100 uW/cm?, with a SAR of
0.14 + 0.02 W/kg. Exposure to RF radiation as
CW or AM (3 hours per day for 6 days) induced
a non-significant increase in the number of anti-
body-producing cells in the spleen of male mice.
No effects were seen in female mice.

Novoselova & Fesenko (1998) and Novoselova
et al. (1999) exposed male NMRI mice to RF
radiation at 8150-18 000 MHz (power density,
1 uW/cm?) for 5 hours, and observed a signifi-
cantly enhanced (P < 0.05) production of TNF
in peritoneal macrophages and in T-cells in the
spleen, and an increased mitogenic response in
T lymphocytes.

Male NMRI mice received whole-body expo-
sure to RF radiation at 10 GHz (average power
density, 1 pW/cm?) for different time periods
(1 hour to 7 days). A significant enhancement
of the production of tumour necrosis factor
(TNF) in peritoneal macrophages and in splenic
T lymphocytes was seen after exposures of 5-72
hours. Prolonged irradiation after 72 hours
resulted in a decrease in production of TNF. In
mice exposed to RF radiation at 8.15-18 GHz
(average power density, 1 uW/cm?) for 24 hours,
TNF production in T-cells and macrophages was
significantly increased (P < 0.05); in the latter
cell type, this increase persisted for 3 days after
termination of exposure (Fesenko et al., 1999b).

Lushnikov et al. (2001) exposed male NMRI
mice to RF radiation at 42.0 GHz (energy-flux
density, 150 uyW/cm?) for 20 minutes per day,
on five or twenty successive days before immu-
nization with sheep erythrocytes, or for 20
minutes per day during five successive days
after immunization. The response was estimated
on day 5 after immunization by the number of
antibody-forming splenic cells and by antibody
titres. Humoral immunity and cellularity of the
lymphoid organs did not change significantly
after the single exposure, or after the series of
five exposures before and after immunization.
However, after daily exposure for 20 days before
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immunization, statistically significant reduc-
tions (P < 0.05) of thymic and splenic cellularity
were observed.

Kolomytseva et al. (2002) exposed mice
to RF radiation at 4200 MHz (power density,
150 pW/cm?) for 20 minutes. The phagocytic
activity of neutrophils was suppressed by about
50% in the 2-3 hours after a single exposure. The
effect persisted for 1 day, and phagocytic activity
then returned to normal within 3 days. A signifi-
cant modification of the leukocyte profile in mice
exposed for 5 days was observed after cessation
of exposure: the number of leukocytes increased,
mostly due to an increase in lymphocyte content.

Gatta et al. (2003) exposed C57BL/6 mice to
GSM-modulated RF radiation at 900 MHz (SAR,
1 or 2 W/kg) for 2 hours per day for 1, 2 or 4
weeks. The number of spleen cells, the percentage
of B and T-cells, and the distribution of T-cell
subpopulations (CD4 and CD8) were not affected
by the exposure. There was no difference in
stimulation of T or B lymphocytes with specific
monoclonal antibodies or lipopolysaccharides
(LPS) between sham-exposed and exposed mice.
After 1 week of exposure at a SAR of 1 or 2 W/
kg, there was an increase in the production of
interferon-gamma (IFN-y), which was no longer
observed when exposure was prolonged to 2 or
4 weeks.

Nasta et al. (2006) examined the effects
of GSM-modulated RF radiation at 900 MHz
(average SAR, 2 W/kg) on peripheral differentia-
tion of B-cells and antibody production in female
C57BL/6 mice exposed in vivo. Whole-body
exposure for 2 hours per day, for 4 weeks, did
not affect the frequencies of T1 and T2 B-cells,
or of mature follicular B-cells and marginal zone
B-cellsinthespleen. Serum concentrations of IgM
and IgG were not significantly affected. B-cells
from mice exposed to RF radiation, which were
then challenged in vitro with lipopolysaccharide
(LPS) produced comparable amounts of IgM and
IgG. Exposure to RF radiation did not alter the
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ongoing antigen-specific immune response in
immunized mice.

(b) Rat

In a study with rats receiving lifelong expo-
sure to pulsed-wave RF radiation at 2450 MHz
(SAR, 0.15-0.4 W/kg), Guy et al. (1985) found a
significant increase in the number of splenic B
and T lymphocytes at 13 months, but this effect
had disappeared by the end of the study at 25
months. The exposed rats also showed a signifi-
cant increase in their response to LPS and poke-
weed mitogen after 13 months of exposure (no
data available at 25 months).

Chagnaud & Veyret (1999) examined the
effects of exposure to GSM-modulated RF radia-
tion at 900 MHz (55 and 200 uW/cm? SAR,
0.075 and 0.279 W/kg; repetition rate, 217 Hz)
for 2 hours per day for 10 days, on lymphocyte
subpopulations in female Sprague-Dawley rats.
The mitogenic response of the exposed rats
was analysed by flow cytometry and a colori-
metric method. No alterations were found in
cell-surface markers (CD4, CD8 and IaAg) of
splenic lymphocytes of exposed rats, or in their
mitogenic activity when stimulated with conca-
navalin A.

(c) Rabbit

Nageswari ef al. (1991) exposed male Belgian
White rabbits to RF radiation at 2100 MHz
(power density, 5 mW/cm? calculated average
SAR, 0.83 W/kg) for 3 hours per day, 6 days per
week, for 3 months, in specially designed minia-
ture anechoic chambers. One group of rabbits
was tested for T-lymphocyte-mediated cellular
immune-response, being initially sensitized
with bacille Calmette-Guérin (BCG) vaccine
and challenged with tuberculin after termina-
tion of exposure. A second group was assessed
for B-lymphocyte-mediated humoral immune-
response. Samples of peripheral blood were
collected each month during exposure or sham
exposure and during follow-up at 5 and 14 days

after termination of exposure (second group
only). Significant suppression of numbers of T
lymphocytes was noted in the exposed rabbits
at 2 months and during the follow-up period.
Rabbits in the group initially sensitized with BCG
showed an increase in foot-pad thickness, which
is indicative of a good T-lymphocyte-mediated
immune response (a delayed-type hypersensi-
tivity response).

[The Working Group noted that the avail-
able evidence from the numerous experimental
studies in vivo that have assessed the effects of
short-term and prolonged low-level exposure to
RF radiation on the function and status of the
immune system, clearly indicates that various
shifts in the number and/or activity of immu-
nocompetent cells can be detected. However,
results have been inconsistent between experi-
ments, despite comparable exposure conditions
at similar intensities and radiation parameters.
Short-term exposure to weak RF fields may
temporarily stimulate certain humoral or cellular
immune functions, while prolonged irradia-
tion inhibits the same functions. The relevance
of these observations to carcinogenicity was
unclear.]

4.2.3 Immunotropic effects of exposure to
RF radiation in experimental systems:
studies in human cells in vitro

See Table 4.9

Cleary et al. (1990) studied human peripheral
blood cells that were sham-exposed or exposed in
vitrotoRFradiationat27 MHz (SAR,0-196 W/kg)
or 2450 MHz (SAR, 0-50 W/kg) for 2 hours under
isothermal conditions (37 + 0.2 °C). Immediately
after exposure, peripheral blood mononuclear
cells were isolated by Ficoll density-gradient
centrifugation and cultured for 3 days at 37 °C
with or without mitogenic stimulation by PHA.
Lymphocyte proliferation was assayed at the end
of the culture period by a 6-hour pulse-labelling
with [PH]thymidine. Exposure to radiation at
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either frequency at SARs < 50 W/kg resulted in a
dose-dependent, statistically significant increase
in [*H]thymidine uptake in PHA-activated or
non-stimulated lymphocytes. Exposure at SARs
of > 50 W/kg suppressed [*H]thymidine uptake.
There were no detectable effects of RF radiation
on lymphocyte morphology or viability.

Czerska et al. (1992) determined the effects
of continuous- and pulsed-wave RF radiation at
2450 MHz (average SARs up to 12.3 W/kg) on
spontaneous lymphoblastoid transformation of
human lymphocytes in vitro. Peripheral blood
mononuclear cells from healthy donors were
exposed for 5 days to conventional heating, or
to continuous- or pulsed-wave RF radiation at
2450 MHz under non-heating (37 °C) or various
heating conditions (temperature increases of
0.5, 1.0, 1.5, or 2 °C). The pulsed exposures
involved pulse-repetition frequencies from 100
to 1000 pulses per second at the same average
SARs as the continuous exposures. At the end
of the incubation period, spontaneous lymph-
oblastoid-cell transformation was detected by
use of an image-analysis system. At non-heating
levels, continuous-wave exposure did not affect
transformation compared with sham-exposed
cultures. Under heating conditions, both conven-
tional heating and exposure to continuous-wave
RF radiation enhanced transformation to the
same extent, and correlated with the increases
in incubation temperature. Exposure to pulsed-
wave RF radiation enhanced transformation
under non-heating conditions. At heating levels,
it enhanced transformation to a greater extent
than did conventional heating or continuous-
wave exposure. The results indicate that pulsed-
wave RF radiation at 2450 MHz had a different
action on the process of lymphoblastoid cell
transformation in vitro than continuous-wave
radiation at 2450 MHz and at the same average
SARs.

Human HMC-1 mast cells were exposed
to RF radiation at 846.3 MHz (average SAR,
7.3 W/kg) for 20 minutes, three times per day
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(at 4-hour intervals) for 7 days. During the 20
minutes of exposure, the cells were outside the
incubator and the temperature in the cell-culture
medium dropped to 26.5 °C. Effects were seen on
the localization of protein kinase C (migration to
the cell membrane), and on expression of three
genes: the proto-oncogene c-kit (upregulated
36%), the gene encoding transcription factor
nucleoside diphosphate kinase B (downregulated
38%), and the apoptosis-associated gene DAD-I
(downregulated 47%) (Harvey & French, 1999).

Dabrowski et al. (2003) exposed peripheral
blood mononuclear cells from healthy donors
(n = 16) to pulse-modulated RF radiation at
1300 MHz (power density, 1 mW/cm? SAR,
0.18 W/kg) for 1 hour. This exposure decreased
the spontaneous incorporation of [’H]thymidine,
but the proliferative response of lymphocytes to
PHA and concavalin A, the T-cell suppressive
activity (SAT index), and the saturation of IL-2
receptors did not change. The IL-10 production
by the lymphocytes increased (P < 0.001), and
the concentration of interferon-gamma (IFNy)
remained unchanged or slightly decreased in the
culture supernatants. Exposure to RF radiation
modulated monokine production by monocytes.
The production of IL-1p increased significantly,
the concentration of its antagonist (IL-lra)
dropped by halfand the concentration of tumour
necrosis factor a (TNF-a) remained unchanged.
These changes in monokine proportion (IL-Ip
versus IL-Ira) resulted in a significant increase in
the immunogenic activity of the monocytes, i.e.
the influence of monokines on the lymphocyte
mitogenic response, which reflects the activation
of monocyte immunogenic function. The results
indicated that pulse-modulated microwaves have
the potential to influence immune function,
stimulating preferentially the immunogenic and
pro-inflammatory activity of monocytes at rela-
tively low levels of exposure.

Capri et al. (2006) analysed CD25, CD95,
CD28 molecules in non-stimulated and stimu-
lated CD4+ or CD8+ T-cells in vitro. Peripheral
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blood mononuclear cells from 10 young (age,
26 + 5 years) and 8 elderly (age, 88 * 2 years)
donors were sham-exposed or exposed to inter-
mittent (10 minutes on, 20 minutes off) RF
radiation at 1800 MHz (SAR, 2 W/kg) for 44
hours, with or without mitogenic stimulation.
No significant changes in the percentage of these
subsets of cells were found between exposed and
sham-exposed non-stimulated lymphocytes in
young or elderly donors. A small, but statistically
significant downregulation of CD95 expression
was noted in stimulated CD4+ T lymphocytes
from elderly, but not from younger donors, after
exposure to RF radiation.

Stankiewicz et al. (2006) investigated whether
cultured human immune cells induced into the
active phases of the cell cycle (G1, S) were sensi-
tive to exposure to RF radiation at 900 MHz
(GSM; 27 V/m; SAR, 0.024 W/kg) for 15 minutes.
The exposed microcultures of peripheral blood
mononuclear cells showed a significantly higher
proliferative response to PHA or concanavalin
A, a stronger response to mitogens, and a higher
immunogenic activity of monocytes than sham-
exposed control cultures.

Tuschl et al. (2006) exposed peripheral
blood mononuclear cells to RF radiation at
1950 MHz, with a SAR of 1 W/kg, in an inter-
mittent mode (5 minutes on, 10 minutes off) for
8 hours. Numerous immune parameters were
evaluated, including: intracellular production
of IL-2 and INFy in lymphocytes, and IL-1 and
TNF-a in monocytes; activity of immune-rele-
vant cytokines (IL 1-a and B, IL-2, IL-2-receptor,
IL-4, macrophage colony-stimulating factor
(MCSF)-receptor, TNF-a, TNF-a-receptor); and
cytotoxicity of lymphokine-activated killer cells
(LAK cells) against a tumour cell line. For each
parameter, blood samples from at least 15 donors
were evaluated. No statistically significant effects
of exposure were found.

[The Working Group concluded that expo-
sure in vitro to non-thermal intensities of RF

radiation provided weak evidence for effects on
immunocompetent cells.]

4.3 Effects of exposure to RF
radiation on gene and protein
expression

4.3.1 Gene expression
(a) Humans

There were no studies examining gene or
protein expression after exposure to RF radiation
in humans.

(b) Experimental animals
See Table 4.10

(i) Caenorhabditis elegans

No effect was found on the transgene expres-
sion of hsp16 (encoding heat-shock protein hspl6,
the equivalent of human hsp27) in the nema-
tode C. elegans — transgenic for hspl6 — exposed
to continuous-wave or pulsed-wave RF radiation
at 1.8 GHz (SAR, 1.8 W/kg) for 2.5 hours at 25 °C
(Dawe et al., 2008). In a second study, C. elegans
was exposed to continuous-wave RF radiation at
1 GHz (SAR, 0.9-3 mW/kg; power input, 0.5 W)
for 2.5 hours at 26 °C. In this exposure set-up,
with very low SAR, the difference in temperature
between exposed and sham-exposed samples did
not exceed 0.1 °C. In a gene-expression array, no
statistically significant effects on the gene-expres-
sion pattern were found (Dawe et al., 2009). [The
Working Group noted that experiments at these
low SAR levels may favour a no-effect outcome.]

(i) Drosophila melanogaster

Using a semiquantitative reverse-tran-
scriptase polymerase chain reaction (RT-
PCR), Lee et al. (2008) showed that exposure
of fruit flies (D. melanogaster) to RF radia-
tion at 835 MHz (SAR, 1.6 or 4.0 W/kg) for up
to 36 hours (resulting in 90% or 10% survival,
respectively, at low and high SAR) affected the

337
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expression of genes encoding stress-response
kinases and proteins involved in the regulation
of apoptosis. Interestingly, some of these genes
- involved in cell-survival signalling pathways
- responded to the lower SAR, while others —
involved in apoptotic pathways — were activated
by the higher SAR. The changes in gene expres-
sion were followed by similar changes in expres-
sion of the corresponding proteins (Table 4.11),
which strengthens the validity of the findings.
(iii) Mouse

Paparini et al. (2008) exposed BALB/cJ
mice to RF radiation at 1800 MHz (whole-body
SAR, 1.1 W/kg; brain-averaged SAR, 0.2 W/kg)
for 1 hour, and analysed gene expression in
total brain homogenate. The array analysis did
not show any significant modulation of gene
expression in the exposed mice compared with
sham-exposed controls. Under less stringent
conditions, 42 genes were found to be upregu-
lated, while 33 were downregulated. However,
these results could not be confirmed with RT-
PCR. [The Working Group noted that analysing
mRNA from a whole-brain homogenate might
obscure the detection of any effect in specific
brain regions.]

(iv) Rat

Groups of 30 male Wistar rats were exposed
to RF radiation at 900 MHz (GSM; brain-aver-
aged SAR, 0.3 or 1.5 W/kg) or to continuous-
wave RF radiation at 900 MHz (brain-averaged
SAR, 7.5 W/kg), for 4 hours. To mimick actual
life exposure as closely as possible, the signal
was generated with a commercial mobile GSM
phone, and a telephone conversation was simu-
lated by repeatedly playing the first half of H.
von Kleist’s comedy Der zerbrochene Krug (Von
Kleist, 1811). Subgroups of 10 rats were processed
immediately after exposure, or 24 hours or 7 days
later. Enhanced expression of Hsp70 mRNA
was observed in the brain at the higher SAR of
7.5 W/kg, and a small but significant increase

340

was seen in c-Fos expression in the brain at the
two lower SAR values (Fritze et al., 1997a). [The
Secretariat was pleased to learn that the spoken
text to which the rats were exposed in this study
mimicked actual life exposure of the authors, but
was uncertain about confounding effects on the
rat brain.]

Fischer 344 rats were exposed to RF radia-
tion at 1600 MHz (brain-averaged SAR, 0.16, 1.6,
and 5.0 W/kg) for 2 hours. No changes were seen
in core body temperature and corticosterone or
adrenocorticotrophic hormonelevels in the brain
that could be attributed to exposure to RF radia-
tion. Also the levels of Odc, Fos and Jun mRNA
in brain tissue showed no differences with sham-
exposed controls that could be ascribed to RF
radiation (Stagg et al., 2001).

Three groups of pregnant Wistar rats were
sham-exposed, or exposed to pulsed-wave RF
radiation at 9.4 GHz (SAR, 0.5 mW/kg) continu-
ously during days 1-3 after mating, or during
days 4-7 after mating, respectively. In 20-26
newborns collected from each of these groups,
significantly altered expression and localization
of proteins involved in bone morphogenesis were
observed in the kidney. These changes may reflect
a delay in renal development (Pyrpasopoulou
et al., 2004).

Whole-body exposure of Fischer 344 rats to
RF radiation at 915 MHz (GSM; SAR, 0.4 W/kg)
for 2 hours led to significantly (P < 0.0025)
increased expression (1.34-2.74-fold) of eleven
genes and reduced expression (0.48-fold) of
one gene in the cerebellum of the exposed rats.
Only these genes showed significantly increased/
decreased expression in all nine comparisons
between three exposed and three sham-exposed
rats (Belyaev et al., 2006).

Nittby ef al. (2008) reported a strong response
and changes in the expression of numerous
genes after whole-body exposure of Fischer 344
rats to RF radiation at 1800 MHz (GSM; SAR,
13 mW/kg) for 6 hours. In this study, changes in
gene expression were considered when expression
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had risen or declined by 5%, compared with
controls. [The genes investigated in this study
were not identified, and the changes in gene
expression were not validated by RT-PCR ]
Sprague-Dawley rats were exposed to RF
radiation at 1.9 GHz (with SARs of 0.9, 1.18, or
1.8 W/kg at a distance of 2.2 cm) from a mobile
phone operating in three different modes, for
2 x 3 hours per day, for 18 weeks. A statisti-
cally significant upregulation of the mRNAs for
calcium ATPase, neural cell-adhesion molecule,
neural growth factor, and vascular endothelial
growth factor was measured in the brain of these
rats. In addition, these mRNAs were upregulated
in the mandibular and buccal branches of the
facial nerve. These results suggest that neuro-
logical damage may be associated with long-term
mobile-phone use (Yan et al., 2008, 2009).

4.3.2 Protein expression
See Table 4.11

(a) Humans

In a pilot study, a small skin area of one
forearm of 10 volunteers was exposed to RF
radiation at 900 MHz (GSM; SAR, 1.3 W/kg)
for 1 hour. Immediately after exposure, punch
biopsies were taken from the exposed area and
from the other non-exposed forearm of the same
person. Proteins were extracted and analysed by
means of 2D-gel electrophoresis. Changes in the
expression of eight proteins were found; two of
these proteins were observed in all 10 volunteers.
Identity and function of these proteins were not
given (Karinen ef al., 2008).

(b) Experimental animals

(i) Drosophila melanogaster

Exposure of fruit flies (D. melanogaster) to
RF radiation at 1900 MHz from a mobile phone
(GSM; SAR, 1.4 W/kg) for 2 x 1 hour per day, for
10 days, resulted in an increase of 3.6-3.9-fold
in the expression of heat-shock protein hsp70,

the phosphorylation of ELK1 kinase, and the
DNA-binding activity of the serum-response
element (SRE) (Weisbrot et al., 2003).

As indicated above, exposure of D. melano-
gaster to RF radiation at 835 MHz (GSM; SAR,
1.6 or 4.0 W/kg) for up to 36 hours affected the
expression of genes encoding stress-response
kinases and proteins involved in the regulation
of apoptosis. The expression of the corresponding
proteins was confirmed by Western blotting with
protein-specific antibodies (Lee ef al., 2008).

Chavdoula et al. (2010) exposed D. melano-
gaster to continuous or intermittent RF radia-
tion at 900 MHz (GSM) from a digital mobile
phone (SAR, 0.64 W/kg) for 6 minutes per day,
for 6 days. The phone was fully charged and
its antenna was in contact with the glass vials
containing the flies, and parallel to the vial axis.
Exposure to RF radiation caused an increased
disorganization of the actin network of the egg
chambers. This effect was due to DNA fragmen-
tation, as measured with the TUNEL assay.

(i)  Mouse

Nine studies were performed in mice on
changes in protein expression after exposure
to RF radiation. The mice were of different age
(fetus, or adults aged 6-8 weeks) and different
strains (C57BL/6N, C57BL/6NTac, hsp70.1-
deficient, BALB/c, ICR); mouse strain and age
were not specified in two studies (Finnie et al.
2009b, 2010). Changes in protein expression were
assessed by use of immunocytochemistry with
monoclonal and polyclonal antibodies.

ICR mice were exposed to RF radiation at
835 MHz (SAR, 1.6 W/kg and 4.0 W/kg) for
5 hours, 1 hour per day for 5 days, or for 1 month.
Changesin the expression of the calcium-binding
proteins calbindin D28-k (CB) and calretinin
(CR) were measured in the hippocampus by use
ofimmunohistochemistry. Exposure for 1 month
produced almost complete loss of pyramidal
cells in the CA1 area of the brain. These altera-
tions in calcium-binding proteins may cause
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changes in cellular Ca** levels, which could
affect hippocampal functions associated with
neuronal connectivity and integration (Maskey
et al., 2010).

Six of the published studies came from a
single research group. Most of these studies were
based on the same biological material that was
separately stained to detect different proteins.
Studies from this group have reported no effects
on the expression of the following proteins after
exposure to RF radiation: c-Fos in adult and fetal
mouse brain, stress proteins Hsp25, Hsp32, and
Hsp70 in fetal brain, aquaporin 4 in adult brain,
and ionized calcium-binding adaptor mole-
cule Ibal in brain [age not given]. Others have
reported similar findings (see Table 4.11). [The
Working Group noted that these studies gener-
ally provided very few numerical and technical
details.]

(iii) Rat

Eleven studies were performed with rats of
different ages (newborn to adult) and different
strains (Wistar, Fisher 344, hairless rat, Sprague-
Dawley). In addition, different tissues were
examined (brain, skin, kidney, testis, thyroid).
Detection of changes in protein expression was
mostly by immunocytochemistry with protein-
specific monoclonal and polyclonal antibodies,
and in some studies by Western blotting.

Five studies assessed the effects of expo-
sure to RF radiation in rat brain (Fritze et al.,
1997a; Belyaev et al., 2006; Dasdag et al., 2009;
Ammari et al., 2008, 2010). These studies consid-
ered a limited number of proteins, generally gave
negative results for changes in expression, and
provided limited statistical detail. Samples were
often analysed visually and without calculating
statistical significance. For this reason the results
were considered less reliable (see comments in
Table 4.11).

In three studies, the effects of mobile-phone
radiation on the skin of hairless rats were investi-
gated (Masuda et al., 2006; Sanchez et al., 2006a,

346

2008). No effects were observed on any of the
proteins analysed.

Pyrpasopoulou ef al. (2004) used immunocy-
tochemistry and hybridization in situ to examine
the effects of exposure to RF radiation on kidneys
of newborn rats and found that exposure affected
the expression of bone morphogenic protein
(Bmp4) and bone morphogenic protein receptors
(Bmpr2, Bmprla). Similar changes were observed
in the expression of the corresponding genes, as
noted above (Section 4.3.1).

Esmekaya et al. (2010) observed increased
expression and activity of the apoptosis-regu-
lating proteins caspase 3 (Casp3) and caspase
9 (Casp9) by use of light microscopy, electron
microscopy, and immunohistochemical methods
in the thyroid of Wistar rats exposed to RF radia-
tion at 900 MHz (SAR, 1.35 W/kg) for 20 minutes
per day, for 3 weeks.

Lee et al. (2010) examined the effects on rat
testis of exposure to RF radiation at 848.5 MHz
(SAR, 2.0 W/kg) twice per day for 45 minutes,
5 days per week, for 12 weeks. No significant
effects were found on any of the apoptosis-asso-
ciated proteins tested (p21, Tp53, Bcl2, Casp3,
PARP).

[The Working Group noted that only few
studies in experimental animals have exam-
ined the effects of RF radiation on gene and
protein expression. These studies used a variety
of biological models, and had mixed and incon-
sistent results. Many proteins that are known
to be important for the initiation and develop-
ment of cancer in humans were not evaluated.
The Working Group concluded that the avail-
able studies on gene and protein expression in
humans and animals exposed to RF radiation
did not provide evidence to support mechanisms
of carcinogenesis in humans.]

(c) In-vitro studies in human cells

(i) Heat-shock proteins
See Table 4.12
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Heat-shock proteins (HSPs) are a highly
conserved family of chaperone proteins that
are found in all cell types; they are expressed
abundantly and have diverse functions. HSPs
are expressed in response to cold, heat and other
environmental stress factors, although some
are expressed constitutively. HSPs increase heat
tolerance and perform functions essential to cell
survival under these conditions. Some HSPs
serve to stabilize proteins in specific configura-
tions, while others play a role in the folding and
unfolding of proteins, acting as molecular chap-
erones. Stress-induced transcription of HSPs
requires activation of heat-shock factors that bind
to the heat-shock promoter element, thereby acti-
vating its transcription activity. Overexpression
of HSPs has been linked to oncogenic develop-
ment and poor prognostic outcome for multiple
cancers, possibly through the roles of HSPs as
mediators of signal transduction and inhibitors
of oncogene-mediated senescence (Evans ef al.
2010). Since markedly increased expression of
HSPs is co-incident with exposure of cells to a
variety of stress factors, expression of HSP genes
and proteins in response to exposure to RF radia-
tion has been extensively investigated in a variety
of cell models.

Since the effects of RF radiation on HSP
expression have been reviewed previously
(Cotgreave, 2005), only recent publications on
this issue are reviewed in detail in this Volume.
Several studies have reported changes in HSP
expression in human cell lines exposed to RF
radiation.

Tian et al. (2002) exposed human glioma
(MO54) cells to RF radiation at 2.45 MHz (SAR,
5-100 W/kg) for up to 16 hours. An increase
in HSP70 protein levels at SARs of 25 and
78 W/kg was observed, but no effect was seen at
SARs below 20 W/kg. [The Working Group noted
that thermal confounding cannot be ruled out in
this study due to the high relative SARs tested, the
highly non-uniform SAR distribution within the
exposure system, and the considerable reduction

in cell viability (~70%) in some samples during
exposure.]

Leszczynski et al. (2002) exposed a human
endothelial cell line (EA.hy926) to RF radiation
at 900 MHz (GSM; SAR, 2 W/kg) for 1 hour.
The phosphorylation status of several proteins
was altered. Specifically, HSP27 was found to
undergo a transient increase in expression and
phosphorylation immediately after exposure, but
this effect had disappeared at 1 or 4 hours after
exposure.

Lim et al. (2005) exposed human peripheral
blood cells to RF radiation at 900 MHz (average
SAR, 0.4, 2.0 or 3.6 W/kg) for 20 minutes, 1 hour,
or 4 hours. No statistically significant differences
were detected in the number of lymphocytes or
monocytes expressing stress proteins HSP27
or HSP70 after exposure, compared with the
numbers in sham-exposed samples.

Miyakoshi et al. (2005) exposed human
malignant glioma MO54 cells to RF radiation
at 1950 MHz (SAR, 1, 2, or 10 W/kg) for up to
2 hours. Exposed cells did not show increased
expression of HSP27 or HSP70 protein, but levels
of phosphorylated HSP27 had decreased signifi-
cantly in cells exposed at a SAR of 10 W/kg for 1
or 2 hours.

The transcription of HSPs is regulated by
the DNA-binding activity of heat-shock tran-
scription factors (HSFs). These factors bind to
specific regulatory elements in the promoter
region of HSP genes. In a study by Laszlo ef al.
(2005), no DNA-binding activity of HSF protein
was detected in hamster (HA-1), mouse (C3H
10T%) and human cells (HeLa S3) exposed to
835.62 MHz (SAR, ~0.6 W/kg) or 847.74 MHz
(SAR, ~5 W/kg) RF radiation, for up to 24 hours.

Lee et al. (2006) observed no detectable
alterations in the expression of HSP27, HSP70
or HSP90 transcripts after exposure of human
T-lymphocyte Jurkat cells to RF radiation at
1763 MHz (SAR, 2 or 20 W/kg) for 30 minutes
or 1 hour.
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Lixia et al. (2006) exposed human lens epithe-
lial cells to RF radiation at 1800 MHz (GSM;
SAR, 1, 2, or 3 W/kg) for 2 hours. The authors
noted increased expression of HSP70 protein at
the higher SARs, but no corresponding change
was observed in mRNA expression.

Simko et al. (2006) exposed a human mono-
cyte-derived cell line (Mono-Mac-6) to RF radia-
tion at 1800 MHz (SAR, 2 W/kg) for 1 hour,
either alone or with ultra-fine particles. The
authors observed no effect on the expression of
HSP70 protein. In a follow-up study, Lantow et
al. (2006a) investigated whether exposure to RF
radiation at 1800 MHz (SAR, 0.5-2.0 W/kg) for
45 minutes had an effect on expression of HSP70
in Mono-Mac-6 and K562 cells. No significant
effects of exposure to RF radiation were detected
in the expression of HSP70 protein in either cell
line under any of the conditions tested.

Vanderwaal et al. (2006) found no evidence of
altered HSP27 phosphorylation in three human
cell lines (HeLa, S3 and EA.hy296) after exposure
to RF radiation at 837 MHz (SAR, 5.0 W/kg) for
1,2, or 24 hours, or at 900 MHz (SAR, 3.7 W/kg)
for 1, 2 or 5 hours.

Wang et al. (2006) did not detect any altera-
tions in HSP27, HSP70 or expression of phos-
phorylated-HSP27 protein in human A172
cells — derived from a malignant glioblastoma
- exposed to RF radiation at 2450 MHz (SARs of
up to 50 W/kg) for 0-3 hours.

Sanchez et al. (2006b) evaluated possible
stress-related effects in isolated human skin cells
and in reconstructed human epidermis exposed
to RF radiation at 900 MHz (SAR, 2 W/kg) for 48
hours. Immunohistochemical analysis did not
reveal any detectable changes in expression of
HSP27 or inducible HSP70 in exposed keratino-
cytes. However, levels of HSC70 (heat shock
cognate) protein were significantly decreased
in dermal fibroblasts isolated from human skin
after exposure to RF radiation. Such results were
not seen in reconstructed human epidermis.
Human skin cells may thus react to exposure by

350

modulating the expression of some HSPs, but
this response may depend on the cell model. In
a follow-up study, the same investigators found
that primary human skin cells (keratinocytes
and fibroblasts) did not display any alterations in
inducible HSP27, HSP70 or HSC70 protein levels
after exposure at 1800 MHz (SAR, 2 W/kg) for 48
hours (Sanchez et al., 2007). [The authors did not
discuss the different responses observed in these
two studies.]

Hirose et al. (2007) examined HSP27 phos-
phorylation, gene and protein expression in
human glioblastoma A172 cells and human
IMR-90 fetal lung fibroblasts exposed to RF
radiation at 2142.5 MHz (SARs up to 0.8 W/kg)
for 2-48 hours. No evidence of altered HSP27
phosphorylation or increased mRNA expression
of a variety of HSPs was found in either cell line.

Zhadobov et al. (2007) investigated the
expression of stress-sensitive genes and proteins
in a human glial cell line (U-251MG) exposed
to RF radiation at 60 GHz (power density,
54 pW/cm?® or 0.54 mW/cm?) for 1-33 hours.
No evidence was found for altered expression of
stress-response genes, as determined by reporter
assays and RT-PCR. Western-blot analysis indi-
cated no effects of RF radiation on levels of clus-
terin or HSP70 protein.

Valbonesi et al. (2008) observed no change
in expression of HSP70 in the human HTR-8/
SVneo trophoblast cell-line exposed to RF radia-
tion at 1800 MHz (SAR, 2 W/kg) for 1 hour.

Exposure of the human endothelial cell
line EA.hy926 to 1.8 GHz RF radiation (SAR,
2.0 W/kg) for 1 hour did not result in altered HSP
protein expression; phosphorylation status was
not assessed in this study (Nylund et al., 2009).

Ding et al. (2009) studied three human
glioma cell-lines (MO54, A172, T98) and found
no evidence of altered HSP expression or phos-
phorylation after exposure to RF radiation at
1950 MHz (SAR, 1 or 10 W/kg) for 1 hour. These
findings were supported by results of a series of
earlier studies by Chauhan et al. (2006a, b, 2007a)
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and Qutob ef al. (2006), in which exposure at
1900 MHz (SAR, 0.1-10 W/kg) for 4-24 hours
did not alter the transcript expression of HSP27,
HSP40, HSP70, HSP90 or HSP105, in several
human cell lines (MM6, U87MG, HL60, TK6).

[The Working Group noted that a small
number of studies reported altered expression
of HSPs in certain cell lines (Leszczynski ef al.,
2002; Tian et al., 2002; Miyakoshi et al., 2005;
Lixia et al., 2006; Sanchez et al., 2006b). However,
it was not clear whether these responses were
specific to the cell line, the frequency, the modu-
lation or model used, or were false-positives, e.g.
artefacts caused by irregularities in the expo-
sure system. The majority of studies conducted
in cultured human cells to date have found no
evidence that exposure to RF radiation under
non-thermal conditions elicits alterations in the
expression of HSP genes or proteins.]

(i) Proto-oncogenes and signal-transduction
pathways

See Table 4.13

Several studies have investigated the ability
of RF radiation to mediate the expression of
proto-oncogenes and proteins involved in the
regulation of signal-transduction pathways.
Proto-oncogenes are genes with the capacity to
induce cellular proliferation and/or transfor-
mation. While these genes are constitutively
expressed at low levels, they are rapidly and
transiently induced in response to external
stress stimuli. Similarly, transcriptional activity
in response to stress factors can be mediated
by mitogen-activated protein kinase (MAPK)
pathways, which include the extracellular
signal-regulated kinase (ERK), p38 and the
c-Jun N-terminal kinase (JNK) cascades. These
pathways are complex and regulate a variety of
cellular processes, including proliferation, difter-
entiation, metabolism and the stress response.
Upon phosphorylation of these kinases, a large
number of regulatory proteins and transcription
factors can become activated, thereby altering

cellular processes and allowing further gene
transcription.

Li et al. (1999) exposed human fibroblasts to
continuous-wave RF radiation at 837 MHz (SAR,
0.9-9.0 W/kg) for 2 hours. No evidence of altered
expression of TP53 protein was found.

Leszczynski et al. (2002) exposed a human
endothelial cell line (EA.hy926) to RF radia-
tion at 900 MHz (SAR, 2 W/kg) for 1 hour. A
transient increase was noted in p38-MAPK and
in phosphorylation of HSP27. This effect could
be inhibited by SB203580 (a specific inhibitor of
p38-MAPK). Since accurate measurements indi-
cated no alterations in cell-culture temperature
during the exposure period, activation of the
p38-MAPK stress-response pathway might be a
potential mode of non-thermal molecular inter-
action of RF radiation with biological tissue.

Caraglia et al. (2005) exposed human epider-
moid-cancer KB cellsto RF radiationat 1950 MHz
(SAR, 3.6 W/kg) for 1-3 hours. Decreased
expression was noted for the proteins Ras, Raf-1
and Akt. The activity of Ras and ERK1/2 was
determined by their phosphorylation status, and
found to be reduced. This exposure to RF radia-
tion increased JNKI1/2 activity and expression
of HSP27 and HSP70, but caused a reduction
in p38-MAPK activity and HSP90 expression.
[The Working Group noted that details on the
exposure system were incompletely described,
and that these observations may have been due
to thermal effects.]

Miyakoshi et al. (2005) exposed human
glioma cells (MO54) to RF radiation at 1950 MHz
(SAR, 10 W/kg) for 2 hours. A decrease was noted
in the phosphorylation of HSP27 at serine-78,
indicating repression of the p38-MAPK cascade
or activation of an HSP27 phosphatase.

Lee et al. (2006) exposed Jurkat cells to RF
radiation at 1763 MHz (SAR, 2 or 20 W/kg) for 30
minutes to 1 hour in the presence or absence of
the phorbol-ester, 12-O-tetradecanoylphorbol-
13-acetate (TPA). There was no evidence of
an altered phosphorylation status of ERK1/2,
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JNK1/2 or p38-MAPK after exposure to RF
radiation, with or without TPA.

Chauhan et al. (2006a, b) exposed three
human-derived cell lines (TK6, MM6, HL-60)
to intermittent (5 minutes on/10 minutes
off) RF radiation at 1900 MHz (SAR, 1 or 10
W/kg) for 6-24 hours. No significant differences
were observed in relative expression levels of the
proto-oncogenes c-JUN, ¢-FOS and c-MYC in
any of the cell lines examined.

Hirose et al. (2006) examined gene-transcript
levels in human A172 and IMR-90 cells following
exposure to RF radiation. A series of genes known
to be involved in TP53-mediated apoptosis
(including APAFI, TP53, TP53BP2 and CASP9)
were assessed after the cells had been exposed at
2142.5 MHz (SAR, 0.08-0.8 mW/kg) for up to 48
hours. No significant differences were observed
in the expression of these TP53-related apop-
tosis genes, relative to the sham-exposed control
groups, under any of the conditions tested.

Buttiglione et al. (2007) assessed the expres-
sion levels of several transcription factors (EGRI,
BCL2, ELK1) downstream of the MAPK path-
ways. EGR1 transcript expression and phospho-
rylation of ERK1/2 and JNK in human SH-SY5Y
neuroblastoma cells were evaluated after expo-
sure to 900 MHz RF radiation (SAR, 1 W/kg) for
5 minutes up to 24 hours. There was a transient
increase in EGR1 levels at 5-30 minutes after
exposure; this effect was no longer evident at
6-24 hours after exposure. Phosphorylation of
ERK1/2, JNK1/2 and ELK1 was also transiently
increased after various exposure times (5 minutes
to 6 hours), while a significant decrease in the
transcript levels of BCL2 and survivin was
observed after 24 hours of exposure. However,
a significant decrease in cell viability (as deter-
mined by the MTT assay) was noted, as well
as the appearance of subG, nuclei and a G,-M
block (as determined by flow cytometry) after 24
hours of exposure. [The Working Group noted
that the appearance of subG, nuclei is indica-
tive of possible induction of apoptosis in the cell

culture. It was unclear whether this effect was
thermal or non-thermal in nature.]

Friedman et al. (2007) reported that low-
level exposure of serum-starved HeLa cells to
RF radiation at 875-950 MHz (power densities,
0.07-0.31 mW/cm?) for 5-30 minutes, signifi-
cantly activated the ERK1/2 signal-transduction
pathway via generation of ROS through NADPH-
oxidase activation. Neither the p38-MAPK nor
the JNK1/2 stress-response pathways were acti-
vated by RF radiation. [The Working Group
noted that the description of the exposure condi-
tions in this study was poor.]

[The Working Group noted that there was
weak evidence from studies with human cell
lines that non-thermal RF exposure could result
in alterations in the expression or phosphoryla-
tion of proto-oncogenes or proteins involved in
signal-transduction pathways. Most studies that
report altered expression of genes or proteins,
or phosphorylation of proteins involved in cell
homeostasis, proliferation and signal-transduc-
tion pathways, appeared to have been conducted
under unique exposure conditions, with results
that show no clear dose— and time-response.]

(d) High-throughput studies of gene and protein
expression

See Table 4.14

In recent years, many studies have employed
high-throughput techniques to analyse differ-
ential gene/protein expression in human cells
in response to exposure to RF (reviewed by
Vanderstraeten & Verschaeve, 2008; McNamee
& Chauhan, 2009). While such technology offers
ample opportunity for understanding poten-
tial biological interactions of RF radiation in a
hypothesis-free testing approach, it is also subject
to generating a large number of “false-positive”
results. For thisreason, itisfundamentally impor-
tant that such high-throughput studies employ
rigorous statistical-inference analysis, include
an appropriate number of biological replicates,
and validate the differential expression of gene
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and proteins by use of alternative techniques (e.g.
RT-PCR or Western blotting).

(i)  Proteomics studies in human cells

Nylund & Leszczynski (2004) reported
altered expression of 38 protein spots — observed
in a two-dimensional (2D) electrophoresis gel
- and identified 4 proteins by matrix-assisted
laser desorption/ionization-mass spectrometry
(MALDI-MS) in the human endothelial cell line
EA.hy926, exposed to RF radiation at 900 MHz
(SAR, 2.4 W/kg) for 1 hour. Of particular interest
was that two of the spots identified were isoforms
of the cytoskeletal protein, vimentin. In a subse-
quent genomics/proteomics study, Nylund &
Leszczynski (2006) observed that 1 gene was
downregulated in the EA.hy926 cell line and 13
genes were upregulated in a related EA.hy926vl
cell line exposed to RF radiation at 900 MHz
(SAR, 2.8 W/kg) for 1 hour. Proteome analysis
indicated 38 differentially expressed proteins in
the EA.hy926 cell line and 45 altered proteins in
the EA.hy926vl1 cellline. The identity of the differ-
entially expressed proteins was not determined.
More recent studies by these authors, with expo-
sure of the cellsat 1800 MHz (SAR, 2.0 W/kg) did
not show the altered expression of, e.g. vimentin
(Nylund et al., 2009, 2010). [The Working Group
noted that the observations reported in these
studies were either not confirmed by Western
blotting, or were identified as artefacts upon
further investigation. The discrepancy in the
results with RF radiation at 900 and 1800 MHz
may be attributable to the different exposure
frequencies; the different distribution of SAR
within the cell cultures, i.e. less uniform SAR
distribution at 900 MHz; and the occurrence of
false positives when using the silver-stain-based
2D gel-electrophoresis technique.]

Liet al. (2007) exposed human lens epithelial
cells to RF radiation at 1800 MHz (SAR, 1, 2, and
3.5 W/Kg) for 2 hours. In the 2D-electrophoresis
pattern, enhanced expression was noted of
two stress-related proteins, namely HSP70 and

ribonucleoprotein K. [The Working Group noted
that failure to confirm the identity of the spots by
Western blotting made the results of this study
difficult to interpret.]

Kim et al. (2010) employed 2D gel-electropho-
resis to examine the proteome of human MCF7
breast-cancer cells exposed to RF radiation at
849 MHz (SAR, 2 or 10 W/kg) for 1 hour per
day, on three consecutive days. At 24 hours after
exposure, no significant differences in protein
expression were identified between exposed and
sham-exposed cells.

Gerner et al. (2010) assessed relative protein
expression in Jurkat cells, human fibroblasts and
primary mononuclear cells (leukocytes) exposed
to intermittent (5 minutes on, 10 minutes off)
RF radiation at 1800 MHz (SAR, 2 W/kg during
the “on” phase) for 8 hours, in growth medium
containing [*>S]methionine/cysteine. No
significant differences were observed between
sham-exposed and RF-exposed samples in the
expression of any particular proteins by use of
2D gel-electrophoresis with fluorescence detec-
tion. However, cells exposed to RF radiation
for 8 hours displayed a significant increase in
protein synthesis, measured as enhanced incor-
poration of *°S in autoradiographs of the 2D gel:
in Jurkat cells, 14 proteins showed a doubling
of the spot intensity in the autoradiograph. All
these proteins were identified by ion-trap mass
spectrometry. Of these 14 proteins, 13 were also
enhanced in 2D autoradiographs prepared with
samples from exposed fibroblasts. Several stress-
responsive proteins were particularly affected,
including Hsp70 and Hsp90. The enhancement
of the signals in the leukocytes (stimulated/
non-stimulated) were much weaker, with only
heat-shock protein Hsp60 showing a more than
twofold increase. These results suggest increased
synthesis de novo of these proteins in cells
exposed to RF radiation. None of these observa-
tions were validated with other techniques.

[The Working Group noted that the studies
assessing proteomic changes in human cells
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were limited in number, and shortcomings were
evident in some.]

(i) Transcriptomics studies in human cells

Remondini ef al. (2006) isolated RNA from
six human-derived cell lines (NB69, EA.hy926,
T lymphocytes, U937, CHMES5, and HL-60)
after exposure to RF radiation at 900 MHz or
1800 MHz (SAR, 1.0, 1.3, 1.4, 1.8-2.5, and 2.0)
for 1, 2, or 44 hours. In some cases, the exposure
at 1800 MHz was intermittent with 5/5, 5/10, or
10/20 minutes on/off. Total RNA was isolated
and processed for transcriptome analysis, i.e. to
detect changes in gene expression. There was no
evidence of differential gene expression in three
of the cell lines tested (NB69, T lymphocytes,
CHMES5),butalterationsingeneexpression (12-34
differentially expressed genes) were observed in
EA hy926, U937, and HL-60 cells under various
exposure conditions. [The Working Group noted
that the conclusions that could be drawn from
this study were limited since the data analysis
was carried out using a single RNA pool for each
condition, making it impossible to estimate the
true biological variance for statistical inference
testing. Furthermore, no validation of results by
RT-PCR was performed.]

Zeng et al. (2006) exposed human MCF7
breast-cancer cells to intermittent (5 minutes
on, 10 minutes off) RF radiation at 1800 MHz
(SAR, 2.0 or 3.5 W/kg) for 24 hours. No statis-
tically significant differences were observed at
the lower SAR, but five differentially expressed
genes were detected in cells exposed at the SAR
of 3.5 W/kg. [These findings were not validated
with RT-PCR ]

Hirose et al. (2006) observed no noticeable
changes in TP53-related gene expression in
human A172 or IMR-90 cells exposed to RF radi-
ation at 2142.5 MHz (SAR, 0.08-0.8 W/kg) for
24-48 hours. In this study the authors confirmed
the absence of a response in the microarray anal-
ysis for four genes (APAFI, TP53, TP53BP2 and
CASPY9) involved in TP53-mediated apoptosis
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by use of RT-PCR. In a similar study, Hirose
et _al. (2007) exposed the same two cell lines
to RF radiation at 2142.5 MHz (SAR, 0.08-0.8
Wr/kg) for 2-28 hours. Despite assessing a variety
of exposure conditions, including exposure
duration, signal modulation and SAR levels, the
authors reported no differential expression in
hsp-related genes under any of the conditions
tested in either cell line.

Qutob et al. (2006) exposed human glioblas-
toma-derived (U87MG) cells to pulsed-wave RF
radiation at 1900 MHz (SAR, 0.1, 1 or 10 W/kg)
for 4 hours. There was no evidence for differential
gene expression in any of the exposed samples
relative to the sham-exposed cells. As a positive
control, exposure to heat-shock (43 °C, 1 hour)
did induce several stress-responsive genes. In
an extension of this study, the same research
group exposed U87MG cells to RF radiation at
1900 MHz (SAR, 0.1, 1 or 10 W/kg) for 24 hours,
and harvested RNA at 6 hours after exposure.
In addition, the human-derived monocyte cell
line (Mono-Mac-6) was exposed under similar
conditions for 6 hours, and RNA was harvested
either immediately or 18 hours after exposure.
No evidence for differential gene expression was
observed in either cell line, at any SAR or time-
point tested (Chauhan ef al., 2007a).

Huang et al. (2008a) exposed human-derived
Jurkat cells to RF radiation at 1763 MHz (SAR,
10 W/kg) for 1 hour per day, for 3 days. Genome-
wide analysis did not identify any genes that
were differentially expressed at a significant level
(P <0.05) with a greater than twofold change, but
10 genes were identified with a 1.3-fold change,
with P <0.1.

Sekijima et al. (2010) exposed three human
cell lines (A172, glioblastoma; H4, neuro-
glioma; IMR-90 fibroblasts) to continuous-
wave or W-CDMA-modulated RF radiation at
2142.5 MHz (SAR, 0.08, 0.25 or 0.8 W/kg) for
up to 96 hours. Differential expression of a small
number of genes was observed in each cell line.
Ribosomal protein S2, growth arrest-specific
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transcript 5, and integrin beta 5 were differen-
tially expressed in H4 cells at the two higher
SARs tested. [These findings were not validated
with RT-PCR ]

Sakurai et al. (2011) assessed differential gene
expression in a normal human astroglia cell-line
(SVGp12) exposed to continuous-wave RF radia-
tion 2450 MHz at (SAR, 1, 5 or 10 W/kg) for 1,
4, or 24 hours. With the high-throughput micro-
array, this study identified 17 genes that were
upregulated and 11 that were downregulated in
response to exposure to RF radiation. However,
RT-PCR analysis found that the expression of
these genes was not statistically different from
that in the sham-exposed control group. [The
Working Group noted that these results high-
light the importance of proper validation of
results generated by means of high-throughput
screening.]

(iii) Transcriptomics studies in cultured
mammalian cells

Whitehead et al. (2006) exposed C3H 10T%
mouse cells to RF radiation at 847.74 MHz
(CDMA) or at 8352 MHz (FDMA) (SAR,
5 W/kg) for 24 hours. Three independent experi-
ments were conducted for each of the signal
modulations, and matching samples were
exposed to X-radiation (0.68 Gy) as positive
controls. By intercomparison of the six sham-
exposed samples an empirical estimate was
made of the false-discovery rate. From the results
of this analysis, the authors concluded that all of
the gene-expression changes found after expo-
sure to RF radiation were false positives, and
that exposure to RF radiation had no effect on
gene expression. No validation with RT-PCR was
conducted. [The Working Group noted that genes
responding to RF radiation were disregarded on
the basis of the calculated false-discovery rate,
rather than validated by means of RT-PCR. This
was not scientifically justified as genes that were
not false-positives may have been accidentally

disregarded. Therefore, this study provided little
useful information.]

Zhao et al. (2007a) investigated the expression
of genes related to apoptosis in primary cultured
neurons and astrocytes isolated from ICR mouse
embryos aged 15 days. The cells were exposed to
GSM-modulated RF radiation at 1900 MHz (SAR
not given) from a mobile phone placed over the
culture dish for 2 hours. Upregulation of several
genes involved in the apoptotic pathway was
observed, including Casp2, Casp6 and Pycard.
For the astrocytes, these effects were exposure-
dependent, and not observed after sham-expo-
sure (with the mobile phone on “stand-by”).
Theseresults were confirmed by RT-PCR analysis.
[The Working Group noted that this study had
some methodological deficiencies. The cells were
exposed to RF radiation from a mobile phone
under poorly defined experimental conditions
with regards to control for electromagnetic-field
components, such as SAR levels within the cell
cultures during exposure.]

In a second study, Zhao et al. (2007b)
observed significant changes in gene expression
in primary rat neurons exposed to intermittent
(5 minutes on, 10 minutes off) GSM-modulated
RF radiation at 1800 MHz (SAR, 2 W/kg) for 24
hours. Ten downregulated and 24 upregulated
genes were identified among the 1200 genes that
were screened, with “fold-change” as the anal-
ysis criterion. These findings were confirmed by
RT-PCR analysis of 17 of the upregulated and 8
of the downregulated genes, showing fair agree-
ment with the microassay data.

Nylund et al. (2009) examined the proteome
of human endothelial cells (EA.hy926) exposed
to GSM-modulated RF radiation at 1800 MHz
(SAR, 2 W/kg) for 1 hour. In 2D gel-electropho-
resis, eight proteins were found to be differen-
tially expressed in exposed cells, three of which
were identified as SRM, GRP78, and PSAL
Western blotting did not confirm the response
of GRP78 [SRM and PSA1 not tested due to lack
of specific antibodies]. No effect was seen on the
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expression of vimentin or HSP27 protein, which
were found to respond to radiation at 900 MHz
in earlier studies (see above). In a subsequent
study, Nylund ef al. (2010) exposed umbilical
vein endothelial cells (HUVEC) and human
brain microvascular endothelial cells (HBMEC)
to the same type of RF radiation. No effects on
protein expression were reported.

[Of the numerous studies that investigated
the potential for RF radiation to modify gene-
transcription and protein-expression levels in
a variety of animal models in vivo and human
models in vitro, some reported effects under
conditions where the possibility of thermal
confounding could not be excluded. Other
studies reported alterations in gene/protein
expression under non-thermal exposure condi-
tions, but typically in single, usually unreplicated
experiments, or under experimental conditions
with methodological shortcomings. There were
no studies in human populations. Overall, there
was weak evidence that exposure to RF radiation
affects gene and protein expression.]

4.4 Other relevant effects

4.4.1 Humans

(a) Neuroendocrine system

The majority of studies on the effects of expo-
sure to RF radiation on the endocrine system in
volunteers have focused on hormones released
into the blood stream by the pineal and pitui-
tary neuroendocrine glands. Both are situated in
the brain and are intimately connected with and
controlled by the nervous system. Some studies
have investigated urinary excretion of the major
melatonin  metabolite: 6-sulfatoxymelatonin
(aMT6s). Fewer studies have been carried out on
circulating concentrations of pituitary hormones
or hormones released from other endocrine
glands, such as the adrenal cortex. The pituitary
hormones exert a profound influence on body
metabolism and physiology, particularly during

360

development and reproduction, partly via their
influence on the release of hormones from other
endocrine glands situated elsewhere in the body.
The main pituitary hormones investigated in
studies on electromagenetic fields are thyroid-
stimulating hormone (TSH), adrenocortico-
trophic hormone (ACTH), which regulates the
function of the adrenal cortex and particularly
the release of cortisol, and growth hormone (GH).
Pituitary hormones with important sexual and
reproductive functions have also been studied,
particularly follicle-stimulating hormone (FSH),
luteinizing hormone (LH) and prolactin (PRL).
ACTH, cortisol and prolactin are also involved
in the response to stress, and were often used asa
marker for the effects of exposure to RF radiation.

No cumulative effects on serum melatonin or
pituitary hormones were observed after repeated
exposure to RF radiation for 1 month. Most
studies did not report an effect after a single expo-
sure, but the statistical power of these studies was
often insufficient because of the small number of
volunteers involved (Mann et al., 1998; de Seze
et al., 1999; Radon et al., 2001; Bortkiewicz et al.,
2002; Braune et al., 2002; Jarupat et al., 2003;
Wood et al., 2006).

(b) Neurobehavioural effects

(i)  Electrical activity of the brain

The electroencephalogram (EEG) reflects
synchronous activity in relatively large popula-
tions of cortical neurons. The “spontaneous”
EEG of subjects who are awake is generally
divided into several frequency bands, in which
the relative amount of activity depends on the
psychological state of the subject and the nature
of the cognitive function in which she or he is
engaged. The designation of the frequency bands
is not always strictly applied, which results in
specific frequencies sometimes being assigned to
different bands in different studies. Generally, the
following division is used: delta (§) < 4 Hz; theta
(0) 4-8 Hz; alpha (o) 8-12 Hz; beta () 12-30 Hz;
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and gamma (y) > 30 Hz. Slightly different band
designations are used by some authors, which
are also cited in this Volume. The functional
significance of these different components of
the normal “waking” EEG is poorly understood.
Thus, while a demonstration that mobile-phone
signals influence these components would be
indicative of a biological effect of such signals,
interpretation of the effect would be uncertain.
In addition, intra-individual variability is very
high. In contrast, EEG patterns associated with
sleep are well characterized and routinely used as
indices of the different sleep stages that a typical
healthy individual will experience during the
night. Only studies on EEG during sleep are
discussed here.

A review of studies on EEG during sleep and
RF radiation was compiled by Hamblin & Wood
(2002) and more recently, with a broader scope,
by Kwon & Himadldinen (2011). They cited studies
by Mann & Réschke (1996), Mann et al. (1998),
Wagner et al. (1998, 2000), Borbély et al. (1999),
Huber et al. (2000, 2002, 2003), Loughran et al.
(2005), Fritzer et al. (2007), Hung et al. (2007),
Regel et al. (2007b), and Lowden et al. (2011).
Some but not all studies on exposure to RF radia-
tion during sleep have indicated increased EEG
power in a or B bands. A reported shortening
of sleep latency could not be reproduced. Other
studies that looked at exposure to RF radiation
for 30 minutes before going to sleep also showed
variable results, sometimes reporting increases
in o and B band power. In one study this was
observed only after exposure to a modulated
but not a continuous RF radiation signal, while
in another study a dose-dependent increase in
a and p power was seen. Two studies reported
an increase in time taken to fall asleep. A recent
study by Lowden ef al. (2011) indicated that self-
reported differences in sensitivity to emissions
from mobile-phone use were not reflected in
sleep parameters.

[The Working Group concluded that expo-
sure to a GSM-type signal may result in minor
effects on brain activity during sleep.]

(i) Auditory and vestibular systems

As mobile phones are held close to the ear,
various studies have checked for possible effects
of exposure to mobile-phone type (GSM) RF
radiation on the vestibular (balance) and cochlear
(auditory) organs that comprise the inner ear. The
hair-cell receptors present in each organ respond
to head movement or to audible sound. This topic
was recently reviewed by Kwon & Hamaéldinen
(2011), who concluded that neurophysiological
studies showed no significant effects on cochlear
and brainstem auditory processing, or on the
vestibular system. [The Working Group noted
that the results on spontaneous and evoked elec-
trical activity in the brain were inconsistent.]

(iii) Cognitive performance

Studies on cognitive performance in relation
to exposure to RF radiation have been carried
out in healthy adult volunteers, in adults who
self-reported a variety of symptoms such as
headaches in the vicinity of RF sources, and in
children and adolescents, following the recom-
mendations of [IEGMP (2000).

Dynamic changes in brain anatomy occur
throughout childhood and adolescence. The
amount of white matter, which corresponds to
myelination of nerve axons and is related to the
speed of neuronal processing, increases linearly
throughout adolescence. Changes in the amount
of grey matter are thought to reflect changes
in size and complexity in neurons, such as the
number of synaptic connections, rather than
changes in number of neurons themselves. These
changes are considered to be related to matura-
tion of behaviour; they are more complex and
continue into the early 20s (Giedd, 2004).

Reviews of studies on neurobehavioural
effects of exposure to RF radiation have been
compiled by Barth ef al. (2008) and more recently
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by Kwon & Haméldinen (2011). The latter authors
indicated that improvement of cognitive perfor-
mance after exposure to RF radiation, as reported
in earlier studies, had not been confirmed in
more recent behavioural studies with improved
analyses.

(iv) Subjective symptoms

Some people self-report having a variety of
subjective complaints, including headaches and
migraines, fatigue, skin itches, and sensations of
heat, after exposure to RF radiation (Frey, 1998;
Hocking, 1998; Chia et al., 2000; Hocking &
Westerman, 2000; Sandstrom et al., 2001; Santini
et al., 2002a, b). These symptoms are attributed
to exposures at home or at work to RF radiation
emitted by mobile phones, nearby base stations,
digital enhanced cordless telecommunications
(DECT) cordless phones and, more recently,
wireless local area network (LAN) systems. Less
commonly reported symptoms include dizzi-
ness, blurred vision, memory loss, confusion and
vagueness, toothaches,and nausea. Anincreasing
number of these people consider themselves to
be electrosensitive. Provocation studies provide
the most direct way of studying a possible effect
of exposure to RF radiation on the occurrence
of such symptoms. A weakness of these studies
is that they focus on direct, short-term interac-
tions, while symptoms may only occur after
a longer exposure. In their review, Kwon &
Hamadldinen (2011) conclude that provocation
studies provided no evidence that the subjective
symptoms could be attributed to mobile-phone
use, which suggests that there are other expla-
nations for the induction of such symptoms in
hypersensitive people.

(c) Thermal effects and thermoregulation

There is an established literature on cardi-
ovascular responses to heating associated
with exposure to RF radiation, such as those
involved in thermoregulation. Several studies
addressed these end-points in connection with
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thermoregulation and heat-stress disorders, to
place the possible health consequences of such
heating into a broader occupational and envi-
ronmental context (ICNIRP, 2009).

RF energy is absorbed by the body, resulting
in the production of heat due to an increase in
molecular rotational and translational kinetic
energy. The absorbed heat energy is distributed
throughout the body in the circulation and
is partially lost to the external environment.
Significant whole-body heating has a major
impacton cardiovascular physiology. In addition,
the ability to carry out cognitive tasks is compro-
mised before physiological limits of tolerance are
reached (Hancock & Vasmatzidis, 2003). ICNIRP
(2009) has indicated that adequately hydrated,
inactive, healthy volunteers exposed to RF radi-
ation under laboratory conditions will accom-
modate whole-body heat loads of approximately
1 W/kg for 45 minutes at environmental temper-
atures of up to 31 °C, to 6 W/kg for at least 15
minutes at ambient temperatures, with increased
skin blood-flow and profuse local sweating, but
with minimal changes in core temperature. With
regard to local heating of the skin, skin blood-
flow and local sweating increase with increasing
skin temperature by up to 4 °C in response to a
local peak SAR of about 15 W/kg at the irradiated
site, but it is not known how less superficial and
less vascular tissues may respond.

A full assessment of whole-body heat stress
can only be properly derived from a considera-
tion of all sources of heat and from the ease with
which heat can be lost from the body, as given
by the heat-balance equation. Heat gain through
solar radiation or other sources of radiant heat
may also have to be taken into account. The main
adverse health effects expected to result from
excessive heat loads are heat-related disorders
such as heat exhaustion and, in elderly people,
an increase in the risk of heat-related mortality
(Lakatta, 2002). These effects are well docu-
mented in people exposed to hot environments
and in elderly people during prolonged periods
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of hot weather, but have not been associated with
exposure to RF radiation. In addition, adverse
effects on cognitive function may be expected to
result from increased body temperature, with the
potential to increase accident rates, but this has
proven to be difficult to quantify in studies with
volunteers. Several studies of acute exposure
have been carried out to assess the adverse effects
of increased tissue temperature in experimental
animals, often in the context of providing guid-
ance on the use of ultrasound or hyperthermia
treatments in clinical practice (Ryan et al.,
1997). Lesions, including those that result from
cell death, generally occur when temperatures
exceed 42 °C for more than about 1 hour. The
central nervous system and testes appear to be
particularly susceptible to heat-induced damage
and show significant changes in cell numbers
after exposures to 40-41 °C and higher.

Studies on mobile-phone use by volunteers
have investigated the effects of RF radiation
from mobile phones at levels generally assumed
to be too low to induce significant heating. In
principle, such “athermal” effects on the cardio-
vascular centres of the brainstem, which regu-
late the heart and circulation via outflow in the
sympathetic and parasympathetic systems, are
possible (Benham et al., 2003; Patapoutian ef al.,
2003; Moran et al., 2004; Glaser, 2005; Bandell
et al., 2007; Foster & Glaser, 2007). Several
studies focused on possible effects on heart rate,
heart-rate variability, blood pressure and cerebral
blood flow. There is no clear evidence of an effect
of such exposure on resting heart rate or blood
pressure. However, small but inconsistent varia-
tions in heart-rate variability have been reported.

(d) Cerebral blood flow and neural biochemical
activity

Changes in regional cerebral blood flow
could reflect (or cause) local changes in neural
activity. There are some indications of changes
in regional cerebral blood flow during and after
exposure to RF radiation. In their review, Kwon

& Hamaldinen (2011) concluded that approaches
such as measurement of the haemodynamic
response in the brain were promising, but the
findings were few and not conclusive. The studies
reviewed were Braune et al. (1998, 2002), Reid
& Gettinby (1998), Borbély et al. (1999), Huber
et al. (2000, 2002, 2003, 2005), Haarala et al.
(2003a), Sandstroém et al. (2003), Tahvanainen et
al. (2004), Aalto et al. (2006), Nam et al. (2006),
Barker et al. (2007), and Parazzini et al. (2007).
Also linked to cerebral blood flow, a more recent
studyby Volkow et al. (2011) using glucose-uptake
positron-emission tomography (PET) showed an
increase in local cerebral metabolism after expo-
sure to a mobile phone in reception mode.
[Thesmallchangesseeninelectricalactivityin
the brain and possibly in regional cerebral blood
flow may not have functional significance. No
consistent effects on cognitive performance have
been found, although the use of a large variety
of techniques to assess cognitive performance
makes it difficult to directly compare the results
of different studies. No research data were avail-
able that would link these findings to cancer.]

4.4.2 Experimental systems: in vivo

(a) Okxidative stress

Numerous experiments have been conducted
to explore the possibility that exposure to RF
radiation may trigger oxidative stress in tissues of
exposed animals (most frequently rats). Markers
of oxidative stress include increased levels of
malondialdehyde (indicative of lipid peroxida-
tion), nitric oxide (NO), and reduced glutathione
(GSH), and the activities of antioxidant enzymes
such as SOD, catalase, or GSH-Px, or of pro-
oxidant enzymes such as xanthine oxidase (XO).
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(i) Brain

[Many of the studies in this section used a
mobile phone as the source of exposure to RF
radiation, which limits the value of these studies
in hazard identification.]

[rmak et al. (2002) exposed male rabbits to
radiation from a commercially available GSM
mobile phone (900 MHz; peak power, 2 W;
average power density, 0.02 mW/cm?) for 30
minutes per day, for 7 days. The telephones were
positioned “in close contact with the rabbits.”
The concentrations of malondialdehyde and NO,
and activities of several relevant enzymes were
measured in brain and serum of exposed and
sham-exposed rabbits. No significant changes
were noted in any parameter in the brain; a
significant increase in SOD activity (P = 0.042)
and a significant decrease in concentrations of
NO (P = 0.004) were observed in the serum of
exposed rabbits.

[lhan et al. (2004) exposed female rats to a
GSM signal from a mobile phone (900 MHz;
continuous wave; analogue phone), 1 hour per
day, for 7 days, at SARs of 2 W/kg (brain) or
0.25 W/kg (whole body), with or without admin-
istration of a Ginkgo biloba extract. Treatment
with this extract by daily oral gavage started
2 days before and was continued throughout the
7 days of exposure to RF radiation. Immediately
after exposure, histopathological changes and
biochemical markers of oxidative stress were
evaluated in the brain. “Dark” neurons (degener-
ative neurons that can be visualized by staining
with cresyl violet) were detected in all loca-
tions, particularly in the cortex, hippocampus
and basal ganglia. The concentrations of NO
and malondialdehyde, and the activities of the
enzymes XO and adenosine deaminase were
increased in brain tissues, while the activities of
SOD and glutathione peroxidase were decreased.
Co-exposure with the Ginkgo biloba extract
prevented these effects. [The Working Group
noted that the experimental protocol in this study
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was imprecise. The SAR was given without any
information on how it was derived; the mention
of analogue with GSM was contradictory.]

Elhag et al. (2007) exposed rats of unspeci-
fied strain and sex to RF radiation from a GSM
mobile phone (900 MHz) for either 1 hour, or for
15 minutes per day, for 4 days, ata SAR 0of 0.25 W/
kg, and reported a reduction in concentrations
of vitamins C and A in serum, a decreased level
of vitamin E in erythrocytes, and a reduction in
the activities of catalase and SOD and concen-
trations of reduced glutathione in erythrocytes.
[The Working Group noted the imprecise experi-
mental protocol of this study, and did not take
the results into further consideration.]

Meral et al. (2007) exposed guinea-
pigs to RF radiation at 890-915 MHz (SAR,
0.95 W/kg) from a mobile phone for 12 hours
per day (11 hours 45 minutes “stand-by” and 15
minutes “on”) for 30 days. At the end of the expo-
sure period, lipid peroxidation, enzymatic activi-
ties and vitamins in blood and brain tissue were
measured biochemically, and compared between
exposed and non-treated controls. Increased
concentrations of malondialdehyde, and reduced
glutathione concentrations and catalase enzyme
activity were observed in brain tissue, but there
was no change in levels of vitamins A, E and D3
in the brain. In the blood of the exposed animals,
increased concentrations of malondialdehyde,
vitamins A, D3 and E, and catalase enzyme
activity were seen, as well as decreased levels of
glutathione. [The Working Group noted the lack
of sham-exposed controls.]

Ammari et al. (2008) studied the activity of
cytochrome oxidase in the brain of rats exposed
to RF radiation at 900 MHz (GSM) from an
RF generator, for 15 minutes per day for 7 days
at a SAR (brain) of 6 W/kg, or for 45 minutes
per day for 7 days at a SAR of 1.5 W/kg. While
exposure at the lower SAR had no effect, expo-
sure at a SAR of 6 W/kg induced a decrease in
the activity of cytochrome oxidase in some
areas of the rat brain (frontal cortex, posterior
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cortex, hippocampus and septum). [This result
showed that GSM signals at high SAR may affect
the activity of cytochrome oxidase in the brain,
which is a metabolic marker of neuronal activity.]

Sokolovic et al. (2008) exposed male rats
to continuous-wave RF radiation at 900 MHz
(GSM) from a mobile phone placed in the cage,
for 4 hours per day during the light period
(06:00-18:00) for 20, 40 or 60 days, at an esti-
mated whole-body SAR of 0.043-0.135 W/kg,
with or without daily intraperitoneal injections
of melatonin (2 mg/kg bw) or saline. A false
phone was placed in the cages of the control
groups and the groups receiving melatonin only.
A significant 20-50% increase in brain concen-
trations of malondialdehyde and carbonyl groups
was observed during exposure. Catalase activity
was decreased (-20%) during exposure, while the
activity of XO was increased (15-25%) after 40
and 60 days of exposure. Treatment with mela-
tonin prevented increases in malondialdehyde
content and XO activity in brain tissue after 40
and 60 days of exposure.

Dasdag ef al. (2009) exposed male Wistar
rats to RF radiation at 900 MHz (GSM) deliv-
ered to the head for 2 hours per day, 7 days per
week, for 10 months. No difference was found
in oxidative-stress indexes between the groups,
while total oxidant capacities and catalase in the
brain were significantly higher (P < 0.05) in the
exposed group than in the sham-exposed group.

Imge et al. (2010) exposed female rats to RF
radiation at 900 MHz (GSM) from a mobile phone
(SAR, 0.95 W/kg) placed 10 cm above the cages,
for 4 x 10 minutes per day, for 4 weeks, with or
without daily oral administration of vitamin C
(250 mg/kg bw). The activities in brain tissue of
5-nucleotidase and catalase were significantly
reduced compared with those of the non-treated
control group, and there was a non-significant
reduction in the activity of glutathione peroxi-
dase and in concentrations of malondialdehyde
in the brain. Vitamin C had a protective effect

in some of these analyses. [The Working Group
noted the lack of sham-exposed controls.]
(i) Kidney

The justification for studying oxidative stress
in the kidney following exposure to electromag-
netic fields stems from the fact that the kidney
would be the organ with the greatest exposure
when a mobile phone is worn at the belt.

Oktem et al. (2005) exposed groups of eight
Wistar albino rats to RF radiation at 900 MHz
(GSM; average power density, 1.04 mW/cm?)
for 30 minutes per day for 10 days, with or
without treatment with melatonin (100 pg/kg
bw; subcutaneous injection) before the daily
exposure to RF radiation. SAR values were not
reported. Increases in tissue concentrations
of malondialdehyde and urinary N-acetyl-{-
D-glucosaminidase (NAG), a marker of renal
tubular damage, were observed. The activities
of SOD, catalase, and GSH-Px were reduced.
Administration of melatonin reversed or
prevented these effects.

The same group (Ozguner at al., 2005b)
compared the protective effects of melatonin
(100 pg/kg bw; subcutaneous injection) and of
caffeic acid phenethyl ester (CAPE; dose unclear),
a component of honey-bee propolis used in tradi-
tional medicine, in Sprague-Dawley rats exposed
to RF radiation. The experimental protocol was
similar to that of Oktem ef al. (2005), with anti-
oxidants being injected daily for 10 days before
exposure to RF radiation at 900 MHz (GSM;
average power density, 1.04 mW/cm?). Urinary
NAG and renal MDA were increased, while renal
SOD and GSH-Px were decreased. Melatonin
and CAPE reversed or prevented many of these
effects, with melatonin being the more potent
antioxidant. The results were similar to those
reported previously, with the exception of cata-
lase, the activity of which was not modified.
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(iii) Myocardium

Ozguner et al. (2005a) assessed the protec-
tive effects of CAPE in myocardium of Sprague-
Dawley rats exposed to RF radiation at 900 MHz,
using an experimental protocol similar to that
used for studies in the kidney (see above) and
found comparable results.

(iv) Eye

Ozguner at al. (2006) compared the protec-
tive effects of melatonin and CAPE (a compo-
nent of honey-bee propolis used in traditional
medicine) on oxidative stress induced in rat
retina by exposure to RF radiation at 900 MHz
(whole-body SAR, 0.016 W/kg; local SAR at the
head, 4 W/kg). The experimental protocol was
similar to that in Ozguner et al. (2005b): anti-
oxidants were injected daily for 60 days (rather
than 10 days) before exposure to RF radiation for
30 minutes per day for 60 days (rather than 10
days). Significantly increased (P < 0.0001) retinal
concentrations of NO and MDA were found in
exposed rats, which remained at control values
after pre-treatment with melatonin and CAPE.
Likewise, the activities of SOD, GSH-Px and
CAT were significantly reduced in the retina of
exposed rats. Again, prior treatment with mela-
tonin and CAPE prevented this reduction in the
activities of these antioxidant enzymes. These
data indicated that antioxidants reduce oxidative
stress in the rat retina caused by long-term expo-
sure to RF radiation. [The Working Group was
uncertain about the dosimetry in this study, and
noted the lack of a cage-control group to assess
the effect on the rats of being restrained in a tube
during the exposures.]

Balci et al. (2007) exposed female rats to
RF radiation at 900 MHz from a mobile phone
(GSM; SAR, 1.2 W/kg), placed 10 cm above the
cages, for 4 x 10 minutes per day, for 4 weeks,
with or without daily oral administration of
vitamin C (250 mg/kg bw). In the cornea, a
significant increase was found in the concentra-
tion of malondialdehyde and in the activity of
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catalase compared with the control group and
with the exposed group receiving vitamin C,
while the activity of SOD was decreased. In the
lens tissues, the malondialdehyde concentration
was significantly increased, but no significant
differences in the activities of SOD, GSH-Px or
catalase were observed. The presence of vitamin
C generally diminished the effects of exposure
to RF radiation. [The Working Group noted
several design flaws in this study (e.g. the expo-
sure system, the absence of dosimetry, absence
of sham-exposed controls) and did not further
consider these results.]

(v) Liver

Ozgur et al. (2010) investigated oxidative
damage and antioxidant-enzyme status in the
liver of guinea-pigs exposed to RF radiation at
1800 MHz (GSM; SAR, 0.38 W/kg) for 10 or 20
minutes per day, for 7 days. In this study the poten-
tial protective effects of N-acetylcysteine (NAC)
and epigallocatechin-gallate (EGCG) were also
investigated. A significantincrease in the concen-
trations of malondialdehyde and nitrogen oxides
(NO,) and a reduction in the activities of SOD,
myeloperoxidase and GSH-Px were observed in
the liver of exposed guinea-pigs. Some of these
changes appeared to be proportional to the dura-
tion of exposure). In addition, treatment with
NAC induced an increase in hepatic GSH-Px
activities, whereas treatment with EGCG attenu-
ated concentrations of malondialdehyde.

Tomruk et al. (2010) evaluated the effects
of whole-body exposure to RF radiation at
1800 MHz (GSM) for 15 minutes per day, for
1 week, on oxidative DNA damage and lipid
peroxidation in the liver of nonpregnant or preg-
nant New Zealand White rabbits, and in their
newborns. Concentrations of malondialdehyde
increased significantly in exposed nonpregnant
and pregnant animals compared with nonpreg-
nant controls, but there was no difference
between exposed and sham-exposed pregnant
rabbits. The same results were observed with lipid
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peroxidation, measured by means of the ferrous
oxidation-xylenol orange [FOX] assay. Exposure
to RF radiation had no effect on the amount
of oxidative DNA damage (8-OHdG adducts)
in the liver of RF-exposed and sham-exposed
nonpregnant and pregnant rabbits. No differ-
ences in concentrations of malondialdehyde and
8-OHdG were found in the liver of newborns
exposed to RF radiation in utero compared with
newborns of sham-exposed mothers. However,
a significant reduction in lipid peroxidation, i.e.
reduced FOX levels, in the liver of RF-exposed
newborns was observed. [The Working Group
noted that SAR values were not stated.]

(vi) Miscellaneous

Mailankot et al. (2009) exposed adult
male Wistar albino rats to RF radiation at
900/1800 MHz (SAR not given) from a GSM
mobile phone “in active mode” for 1 hour per
day for 28 days, while control rats were exposed
to a mobile phone “without battery.” There was
no difference in sperm counts in the epididymis
between exposed and control rats, but a 40%
reduction in the proportion of motile sperm was
observed after exposure. In addition, the concen-
tration of malondialdehyde was significantly
increased and intracellular GSH was significantly
reduced in the testis and epididymis of exposed
rats, compared with sham-exposed controls,
together with a significant decrease in intracel-
lular GSH in both testis and the epididymis of
RF-exposed rats.

Kumar ef al. (2010) exposed male Wistar rats
to continuous RF radiation at 10 or 50 GHz (SAR,
0.014 and 0.0008 W/kg, respectively) for 2 hours
per day, for 45 days. Total levels of ROS and
catalase activity were higher and the prolifera-
tive index, and the activities of SOD and reduced
GSH-Px in the serum were lower in exposed rats
than in sham-exposed controls.

(b) Differentiation and apoptosis

Dasdag et al. (2003) exposed male Sprague-
Dawley rats to RF radiation at 900 MHz from
commercially available mobile phones (average
calculated whole-body SAR, 0.52 W/kg; peak
SAR, 3.13 W/kg) for 20 minutes per day, 7 days
per week, for 1 month. The mobile phones were
placed 0.5 cm under the cages. There were no
differences between exposed and sham-exposed
groups in terms of structure of testes, sperm
counts, phospholipid composition or Tp53
immunoreactivity. [The Working Group noted
the ill-defined exposure set-up and the approxi-
mative SAR calculations.]

In a study mentioned before, Dasdag et al.
(2009) exposed male Wistar rats to RF radiation
at 900 MHz (GSM; SAR, 0.19-0.58 W/kg) deliv-
ered to the head for 2 hours per day, 7 days per
week, for 10 months. The apoptosis score — based
on immunostaining of active caspase-3 - in the
brain of the exposed rats was significantly lower
than in sham-exposed or cage-control rats.

Apoptosis induced in the endometrium was
studied by Oral et al. (2006) by exposing female
Wistar albino rats in a plastic tube to RF radia-
tion at 900 MHz (GSM) (SAR, 0.016-4 W/kg)
for 30 minutes per day, for 30 days. Different
group of rats received vitamin E (50 mg/kg
bw) or vitamin C (20 mg/kg bw) by intramus-
cular or intraperitoneal injection, respectively,
just before the daily exposure to RF radiation.
Increased concentrations of malondialdehyde
(indicative of lipid peroxidation) and enhanced
apoptosis were observed in endometrial tissue
(stromal cells) of exposed rats. These effects were
partly reverted by vitamin treatment. Using the
same experimental protocol, Guney ef al. (2007)
observed an increase in oxidation products (NO,
malondialdehyde), a decrease in activities of
antioxidant enzymes (SOD, catalase, GSH-Px),
and diffuse and severe apoptosis in the endome-
trial surface epithelial and glandular cells and in
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stromal cells. [Both studies lacked details on SAR
measurement.]

Odaci et al. (2008) examined paraffin-
embedded sections of the brain of rats aged 4
weeks born from females exposed to RF radia-
tion at 900 MHz (GSM; calculated whole-body
SAR, 2 W/kg), for 60 minutes per day during the
entire gestation period. A slight but statistically
significant reduction in the number of granule
cells in the dentate gyrus of pups of exposed
dams was observed; this reduction may affect
postnatal behavioural and cognitive functions.
[The Working Group noted the apparent lack of
a sham-exposed control group.]

More recently, Sonmez et al. (2010) examined
paraffin-embedded sections of the cerebellum
of female rats aged 16 weeks exposed to RF
radiation at 900 MHz (calculated average SAR,
0.016 and 2 W/kg, respectively, for whole-body
or head-only) for 1 hour per day, for 28 days. A
significant reduction in the number of Purkinje
cells was observed in the cerebellum of exposed
rats compared with sham-exposed controls and
cage controls.

[The Working Group concluded that there
was weak evidence that exposure to RF radiation
at 900 MHz induces differentiation or apoptosis
in the brain or endometrium of exposed rats.]

(c) Blood-brain barrier

The blood-brain barrier regulates exchange
between blood and the brain. An increase in the
normally low permeability of this barrier for
hydrophilicand charged moleculesafter exposure
to RF radiation could potentially be detrimental
by enabling the extravasation of substances that
could potentially act as brain carcinogens.

In vivo, several methods have been used to
evaluate the integrity of the blood-brain barrier.
These methods are based either on assessment
of the permeability of the barrier to endog-
enous molecules such as albumin, which can
be visualized by immunohistochemistry on
brain sections, or on the injection of dyes (Evans
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blue) or labelled molecules that do not cross the
blood-brain barrier under normal physiological
conditions and hence may serve as permeability
markers. Models of brain injury (e.g. cold injury
or chemical injury) are informative positive
controls in these experiments. Another method
comprises the evaluation of alterations in nervous
tissue by detecting degenerating neurons (“dark
neurons”) through staining with cresyl violet,
or with the fluorescent molecule Fluoro-Jade B,
which is more specific for neurons.

Dozens of experiments in rodents have
assessed the functioning of the blood-brain
barrier in animals exposed to various intensities
of RF radiation at frequencies > 900 MHz (for
reviews, see Stam, 2010 and Nittby ef al., 2011).
Here are described only experimental studies
of exposure at frequencies > 900 MHz and at
exposure levels that did not - or were unlikely
to — produce a thermal effect: in the rat brain,
hyperthermia of > 1 °C induces alterations in the
blood-brain barrier. It should be noted also that
anaesthesia itself may modify the permeability of
the blood-brain barrier.

One research group has reported effects on
the permeability of the blood-brain barrier and
alterations in nervous tissue (dark neurons) after
exposure of Fisher 344 rats (males and females)
to continuous or GSM-modulated RF radiation
at 900 and 915 MHz, with SARs of 2-5 W/kg.
Among recently published studies from this
group, three (Eberhardt ef al., 2008; Nittby et al.,
2009, 2011) reported an increase in permeability
to albumin at 1 or 2 weeks after 2 hours of expo-
sure to a 900 MHz GSM signal (SAR, 0.0001-
0.13 W/kg). Another study from this group
(Grafstrom et al., 2008) assessed permeability of
the blood-brain barrier 5-7 weeks after expo-
sure to a GSM signal (SAR, 0.0006-0.6 W/kg)
for 2 hours per week for 55 weeks, and found no
increase in permeability using several markers,
and no appearance of dark neurons.

Masuda et al. (2009) did not observe albumin
extravasation or appearance of dark neurons
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in experiments in two-compartment trans-
verse electromagnetic (TEM) transmission line
cells. Male Fischer F344 rats were exposed to a
915 MHz GSM signal (whole-body SAR, 0.02, 0.2
or 2 W/kg) for 2 hours. Positive controls (cold
and chemical injury) were included. Analyses
were performed 14 and 50 days after exposure.

McQuade et al. (2009) did not observe any
leakage of albumin across the blood-brain
barrier in male Fischer 344 rats sham-exposed
or exposed to 915 MHz RF radiation (SAR,
0.0018-20 W/kg) for 30 minutes in TEM cells.
Both continuous-wave and pulsed modes of 16
and 217 Hz were used, with pulse parameters
based on those in studies from the research
group mentioned above (Persson et al., 1997).
Positive controls (hyperthermia at 43 °C, and
urea 10 M) were included. Albumin extravasa-
tion was investigated by immunohistochemical
staining of brain sections. A subset of the micro-
scopic slides was sent to Sweden and analysed by
scientists associated with the original studies.
No alterations in the blood-brain barrier were
observed at any exposure level.

De Gannes et al. (2009) found no changes
in the integrity of the blood-brain barrier
or neuronal degeneration in Fischer 344 rats
exposed head-only to a 900 MHz GSM signal
(brain-averaged SAR, 0.14 or 2 W/kg) for 2 hours.
Complete numerical and experimental dosim-
etry was included in this study. Albumin leakage,
dark neurons, or changes in neuronal apoptosis
were not observed. [It is worthy of note that in
these three studies, homogeneous samples of
male rats of the same age and weight were used.
The SAR values tested were higher or of a wider
power range than in experiments of the Swedish
group.]

[The Working Group concluded that despite
consistent results from one laboratory, the exper-
imental evidence did not support the notion that
non-thermal RF radiation affects the perme-
ability of the blood-brain barrier.]

4.4.3 Experimental systems: in vitro

(a) Human cells

(i) Freeradicals and ROS

Free radicals are highly reactive molecules
that carry unpaired electrons in the outer orbit.
Free radicals that are derived from oxygen
metabolism are known as reactive oxygen species
(ROS). These radicals are continuously neutral-
ized by antioxidants present in body tissues.
When production of these species exceeds the
scavenging capacity of antioxidants, oxidative
stress results. Production of radicals is a known
pathway involved in the development of cancer.

Lantow et al. (2006a, ¢) measured produc-
tion of ROS and expression of HSPs (described
in section 4.3.2.c (i)) in human Mono Mac 6 and
K562 cells exposed to RF radiation at 1800 MHz
(SAR, 0.5, 1.0, 1.5 or 2.0 W/kg) as three different
GSM modulation signals, for 45 minutes. Heat
and phorbol 12-myristate-13-acetate (PMA)
induced a significant increase in superoxide
radical anions and in the production of ROS.
In general, no effects were observed from expo-
sure to RF radiation alone or in combination
with PMA or lipopolysaccharide. Lantow ef
al. (2006b) used human umbilical cord blood-
derived monocytes and lymphocytes to examine
release of ROS after continuous or intermit-
tent (5 minutes on, 5 minutes off) exposure at
1800 MHz (SAR, 2 W/kg) for 30 or 45 minutes.
Exposure to RF radiation did not enhance the
effects of PMA. In another study from the same
group, Simko ef al. (2006) exposed human Mono
Mac 6 cells to RF radiation under similar condi-
tions, but combined exposures were carried out
with ultrafine particles. Exposure to RF radia-
tion alone had no effect on radical production.
In addition, RF radiation did not enhance the
production of superoxide anion radicals induced
by ultrafine particles.

Luukkonen at al. (2009) investigated intra-
cellular production of ROS and DNA-damage
induction in human SH SY5Y neuroblastoma
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cells exposed to continuous-wave or pulsed-
wave RF radiation at 872 MHz (SAR, 5 W/kg) for
1 hour. The experiments also involved combined
exposure to RF radiation and menadione. The
production of ROS was measured by use of the
fluorescent probe dichlorofluorescein. No effects
were seen from exposure to RF radiation alone.
Consistent with the increase in DNA damage
(described in Section 4.1.3.b.ii), the level of ROS
measured after treatment with menadione was
higher in cells exposed to a continuous-wave RF
field. However, no effects of the pulsed-wave RF
radiation were seen at identical SARs. In a second
study using identical exposure conditions and
the same cell line, Luukkonen et al. (2010) found
no effects on ROS production induced by ferrous
choride from continuous-wave or pulsed-wave
RF radiation. This finding was consistent with
lack of effect on DNA-damage induction in the
same study, as described earlier.

Hoyto etal. (2008a) exposed human SH-SY5Y
neuroblastoma cells and mouse L929 fibroblasts
to continuous-wave or GSM-modulated RF
radiation at 872 MHz (SAR, 5 W/kg) for 1 hour
or 24 hours, under isothermal conditions. To
investigate possible combined effects with other
agents, menadione was used to induce ROS, and
tert-butylhydroperoxide (¢-BOOH) was used to
induce lipid peroxidation. After the 1-hour expo-
sure, there was a statistically significant enhance-
ment by RF radiation of t-~-BOOH-induced lipid
peroxidation in SH-SY5Y cells exposed to the
GSM-modulated signal. After the 24-hour expo-
sure, there was a statistically significant increase
by RF radiation of menadione-induced caspase-
3-like protease activity in mouse L929 fibroblasts
exposed to the GSM-modulated signal. No effects
were seen in any of the other experimental condi-
tions, or from exposure to RF radiation alone.

Purified human spermatozoa were exposed
to RF radiation at 1800 MHz (SAR, 04
W/kg to 27.5 W/kg) (De Iuliis ef al., 2009). With
increasing SAR, motility and vitality of the sperm
cells were significantly reduced after exposure,
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while the mitochondrial generation of ROS and
DNA fragmentation were significantly elevated.
Furthermore, highly statistically significant
relationships between SAR, the oxidative DNA
damage biomarker 8-OHdG, and DNA frag-
mentation were observed in exposed cells. The
temperature during these experiments was kept
at 21 °C; the highest observed exposure-induced
temperature increase was +0.4 °C, at SAR 27.5
W/kg; control experiments in which sperma-
tozoa were incubated at 21 °C-50 °C - without
RF radiation - indicated that the end-points
measured were only significant above 40 °C.

Human sperm was exposed in vitro for 1 hour
to RF radiation at 850 MHz (SAR, 1.46 W/kg)
from a mobile phone in talk mode, and markers
of oxidative stress were evaluated (Agarwal ef al.,
2009). The results showed a significant increase
in production of ROS in exposed samples and a
decrease in sperm motility, viability, and in the
ROS-total antioxidative capacity (ROS-TAC)
score in exposed samples.

[The Working Group concluded that there
was weak evidence that RF radiation activates a
stress response or production of ROS in human
cells under non-thermal conditions.]

(i) Cell proliferation

Kwee & Raskmark (1998) exposed human
AMA epithelial amnion cells to RF radia-
tion at 960 MHz (GSM; SAR, 0.021, 0.21 or
2.1 mW/kg) for 20, 30, and 40 minutes at 37 °C.
Cellular proliferation was assessed by means of
the formazan test, and found to decrease linearly
with exposure time at the lowest and highest
SAR level. In a follow-up study, Velizarov ef al.
(1999) exposed human AMA cells to RF radia-
tion at 960 MHz (GSM; SAR, 2.1 mW/kg) for 30
minutes at two different temperatures (39 °C and
35 °C), to evaluate whether the earlier results (see
above) were temperature-dependent. There was
a marginally significant reduction in cellular
proliferation rate — measured with the formazan
test — after the 30-minute exposure at both
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temperatures (P = 0.086 and 0.072, respectively,
based on 11 independent exeriments); the change
in proliferation rate of the sham-exposed cells
was not different at the two temperatures tested.
The authors considered it unlikely that the effect
of exposure to RF radiation on cell proliferation
was a thermal effect.

Pacini et al. (2002) exposed human Detroit
550 skin fibroblasts to RF radiation at 960 MHz
(GSM; estimated SAR, 0.6 W/kg) for 60 minutes.
The radiation source was a mobile phone placed
underneath the culture dish. No changes in the
rate of cell replication were seen, as tested by ["H]
thymidine incorporation. [The use of a mobile
phone as a radiation source made this study diffi-
cult to interpret; with only three replicates, the
sample size was small.]

Capri et al. (2004a) exposed peripheral blood
mononucleated cells from healthy volunteers to
RF radiation at 900 MHz (GSM or continuous-
wave; average SAR, 70-76 mW/kg) for 1 hour
per day, for 2 or 3 days. Cells were treated with
the mitogens PHA or alphaCD3 to stimulate
replication. A statistically significant (P = 0.04)
decrease in cell replication - as judged by [*H]
thymidine incorporation - was seen only for
the cells exposed to the GSM RF-radiation and
stimulated with the lowest dose of PHA; all other
differences were non-significant. There was no
effect at all after exposure to the continuous-
wave RF radiation.

Marinelli et al. (2004) exposed human
CCRF-CEM T-lymphoblastic leukaemia cells to
continuous-wave RF radiation at 900 MHz (SAR,
3.5mW/kg) for 2, 4, 12, 24, or 48 hours. There was
a significant decrease in total viable cell number
after 24 and 48 hours of exposure, and a signifi-
cant increase in the percentage of apoptotic cells
- measured by fluorescence-activated cell sorting
(FACS) analysis - after 2 hours, which gradu-
ally diminished but remained significant after
24 and 48 hours of exposure. In addition, after
48 hours the number of cells that had started
S-phase had increased, while the percentage of

cells in growth-arrest diminished. These data
support the notion that RF radiation may lead
cancer cells to acquire an advantage to survive
and proliferate. [The Working Group had some
difficulty in understanding the discription of the
exposure conditions in this study.]

Sanchez et al. (2006b) exposed reconstructed
human primary keratinocytes to RF radiation at
900 MHz (GSM; SAR, 2 W/kg) for 48 hours. No
apoptosis was induced in these cells, and there
was no alteration of cell proliferation. A small
increase in expression of heat-shock protein
(Hsp) 70 was noted after 3 and 5 weeks of culture.
Merola et al. (2006) exposed human LAN-5
neuroblastoma cells to RF radiation at 900 MHz
(GSM; SAR, 1 W/kg) for 24, 48 or 72 hours, and
found no effects on cellular replication. Gurisik
etal. (2006) exposed human SK-N-SH neuroblas-
toma cells and monocytic U937 cells to 900 MHz
(GSM-modulated) RF radiation (SAR of 0.2
W/kg) for 2 hours. There were no effects on
cell-cycle distribution, apoptosis, or HSP levels.
Lantowetal.(2006¢) exposedhumanmacrophagic
Mono Mac 6 cells to pulse-modulated RF radia-
tion at 1800 MHz (GSM-DTX; SAR, 2 W/kg) for
12 hours. No changes in cell-cycle distribution
or cell proliferation were reported. Takashima et
al. (2006) exposed human MO54 glioma cells to
2450 MHz continuous-wave RF radiation (SAR,
0.05, 0.5, 5, 50, 100, 200 W/kg) for 2 hours, or
to intermittent RF radiation at 2450 MHz (mean
SAR, 50 or 100 W/kg) for 2 hours. Exposure
to continuous-wave RF radiation at 200 W/kg
caused a decrease in cell replication and cell
survival. Other exposures had no effect. [It should
be noted that the temperature of the medium
increased to 44.1 °C at exposures with SAR of
200 W/kg).] Sun et al. (2006) exposed human lens
epithelial cells to GSM-modulated RF radiation
at 1800 MHz (SAR, 1, 2, 3, 4 W/kg) for 2 hours.
No effects of RF exposure were observed on cell
proliferation (incorporation of bromodeoxyu-
ridine) up to 4 days after exposure. Chauhan et
al. (2007b) exposed human lymphoblastoid TK®,
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lymphoblastic HL60 and myeloid Mono Mac 6
cells to intermittent (5 minutes on, 10 minutes
off) pulse-modulated RF radiation at 1900 MHz
(SAR, 1 and 10 W/kg) for 6 hours. There were no
effects on cell-cycle progression.

[The Working Group concluded that there
was weak evidence that exposure to RF radiation
affects cell proliferation.]

(iii) Apoptosis

Defects in apoptosis-signalling pathways are
common in cancer cells; apoptosis is an impor-
tant mechanism by which damaged cells are
removed, thus preventing the proliferation of
potential cancer cells.

Marinelli et al. (2004) reported increased
apoptosis, determined by flow cytometry and
DNA-ladder analysis, in human CCRF-CEM
T-lymphoblastoid leukaemia cells exposed to
continuous-wave RF radiation at 900 MHz (SAR,
0.0035 W/kg) for 2-48 hours. Measurement of
gene expression indicated activation of both
TP53-dependent and -independent apoptotic
pathways after shorter exposures (2-12 hours),
while decreased pro-apoptotic signals were
seen at longer exposure times (24-48 hours). As
indicated above, these data support the notion
that RF radiation may lead cancer cells to
acquire an advantage to survive and proliferate.
[The Working Group noted that the statistical
comparisons with respect to FACS analysis were
with unexposed, not sham-exposed cells.]

Port et al. (2003) exposed human myeloid
leukaemia cells (HL-60) to pulsed-wave RF radi-
ation at 400 MHz (SAR not given) for 6 minutes.
The electric-field strength was 50 kV/m. No effects
on the number of apoptotic cells or micronuclei
were found. [The Working Group noted that
interpretation of these findings was difficult due
to the lack of SAR values and very short exposure
times.]

Capri et al. (2004a) exposed human periph-
eral blood mononuclear cells to continuous-wave
or GSM-modulated RF radiation at 900 MHz
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(average SAR, 70-76 mW/kg) for 1 hour per day,
for 2 or 3 days. In general, no differences were
detected in apoptosis - measured by means of
annexin V-FITC staining - between exposed and
sham-exposed cells, irrespective of whether or
not the cells were treated with 2-deoxy-p-ribose,
an inducer of apoptosis. In a similar study (Capri
etal.,2004b), the cellswere exposed intermittently
(10 minutes on, 20 minutes off) to RF radiation at
1800 MHz with three different GSM-modulation
schemes (SAR, 1.4 or 2 W/kg) for 44 hours. No
effects on apoptosis were observed from RF radi-
ation alone or from RF radiation combined with
the apoptosis-inducing agent, 2-deoxy-D-ribose.

Hook et al. (2004a) reported no effects on
apoptosis, detected by use of the annexin V
affinity assay, in human Molt-4 lymphoblas-
toid leukaemia cells exposed to RF radiation at
847.74 MHz as CDMA, 835.62 MHz as FDMA,
813.56 MHz as iDEN, or 836.55 MHz as TDMA
signals, for up to 24 hours. The SARs were
3.2 W/kg for CDMA and FDMA, 0.0024 or
0.024 W/kg for iDEN, and 0.0026 or 0.026 W/kg
for TDMA.

Gurisik et al. (2006) exposed human neuro-
blastoma SK-N-SH cells to RF radiation at
900 MHz (GSM; SAR, 0.2 W/kg) for 2 hours.
Apoptosis was measured by means of propidium
iodide/YO-PRO-1 staining. No differences were
detected between sham-exposed and exposed
samples.

Hirose et al. (2006) reported no effects on
apoptosis, measured by the annexin V-FITC
affinity assay, or on apoptosis-related gene
expression, in human glioblastoma A172 or
human IMR-90 fibroblasts exposed to RF radia-
tion at 2142.5 MHz (SAR, 0.08-0.8 W/kg), with
or without W-CDMA modulation, for 24-48
hours.

Joubert et al. (2006) studied apoptosis in
human neuroblastoma SH-SY5Y cells exposed
to GSM-modulated RF radiation at 900 MHz
(SAR, 0.25 W/kg) or continuous-wave RF radia-
tion at 900 MHz (SAR of 2 W/kg) for 24 hours.
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No effects on apoptosis were detected, either
immediately or 24 hours after exposure, with
three different techniques, viz. 4',6-diamino-
2-phenylindole (DAPI) staining of nuclei, flow
cytometry with double staining (TUNEL and
propidium iodide), or measurement of caspase-3
activity by fluorometry.

Lantow et al. (2006¢) reported no effects on
apoptosis — measured with the annexin V-FITC
assay — in human Mono Mac 6 cells exposed to
1800 MHz GSM-modulated RF radiation (SAR,
2.0 W/kg) for 12 hours, either alone or in combi-
nation with the apoptosis-inducing agents PMA
or gliotoxin.

Merola et al. (2006) exposed human neuro-
blastoma LAN-5 cells to RF radiation at 900 MHz
(GSM; SAR of 1 W/kg) for 24 or 48 hours. This
exposure did not affect apoptosis, measured
by an assay for caspase activation. In addition,
RF-radiation did not enhance camptothecin-
induced apoptosis.

Sanchez et al. (2006b) exposed human
epidermal keratinocytes and fibroblasts to RF
radiation at 900 MHz (GSM; SAR, 2 W/kg) for
48 hours. No alteration in apoptosis was detected
in the annexin V/FITC affinity assay, while a
very clear response was seen for UVB radiation,
which was used as a positive control. In a subse-
quent study, Sanchez et al. (2007) exposed the
same types of cell to RF radiation at 1800 MHz
(GSM; SAR, 2 W/kg) for 2 hours. No effects on
apoptosis were observed in the annexin V-FITC
affinity assay.

Chauhan et al. (2007b) reported that apop-
tosis assessed by the neutral comet assay to detect
DNA double-strand breaks was not affected in
human TK6, HL-60, or Mono Mac 6 cells exposed
to intermittent (5 minutes on, 10 minutes off)
pulsed-wave RF radiation at 1900 MHz (SAR, 1,
10 W/kg) for 6 hours.

Hoyto etal. (2008a) exposed human SH-SY5Y
neuroblastoma cells to continuous-wave or
GSM-modulated RF radiation at 872 MHz (SAR,
5 W/kg) for 1 or 24 hours under isothermal

conditions, with or without the apoptosis-
inducing agent menadione. No direct effects of
RF radiation on apoptosis, or on menadione-
induced apoptosis were observed in assays for
caspase-3 activity and DNA fragmentation.

Human KB oropharyngeal epidermoid
carcinoma cells were exposed to RF radiation at
1.95 GHz (SAR, 3.6 mW/kg) for 1, 2, or 3 hours.
The exposure caused a time-dependent increase
in apoptosis (45% after 3 hours), along with a
2.5-times decrease in the expression of the genes
RAS and RAFI and in the activity of the proteins
RASand ERK-1/2. The overall results showed that
RF radiation can induce apoptosis via inactiva-
tion of the ras-Erk survival-signalling pathway
(Caraglia et al., 2005) [the Working Group noted
the lack of specific control of the temperature
of the cells during the exposure periods in this
study].

[The Working Group concluded that there
was weak evidence that RF radiation induces
apoptosis in human cells in vitro.]

(b) Other mammalian cells
See Table 4.15

(i) Stress response and ROS formation

Exposure of ]774.16 mouse macrophages
stimulated with y-interferon and bacterial
lipopolysaccharide to RF radiation at 835.62 MHz
as FMCW, or to at 847.74 MHz as a CDMA signal
(SAR, 0.8 W/kg) for 20-22 hours at 37 £ 0.3 °C
did not alter the concentrations of intracellular
oxidants (NO, glutathione disulfide), or activities
of the enzymes CuZnSOD, MnSOD, catalase, or
GSH-Px (Hook et al., 2004b).

Zmyslony et al. (2004) reported an increase
in cellular ROS production in rat lymphocytes
coexposed to RF radiation and iron ions. The cells
were exposed to continuous-wave RF radiation at
930 MHz (SAR, 1.5 W/kg) for 5 or 15 minutes
in the presence of FeCl, (10 pg/ml). Intracellular
ROS production, measured with the fluores-
cent probe 2'7-dichlorofluoresceindiacetate
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(DCE-DA), was elevated by 16.6% and 14.6%,
respectively, at these time-points. Exposure to RF
radiation alone did not affect ROS production.

Exposure of mouse C3H 10T% cells and
hamster ovary HA-1 fibroblasts to RF radiation
at 835.62 MHz as FMCW signal, or at 847.74 MHz
as CDMA signal (SAR, 0.6 or 5 W/kg) for 1 or 24
hours did not increase the DNA-binding activity
of heat-shock transcription factor (Laszlo et al.
2005).

Exposure of mouse 1929 fibrosarcoma cells
to continuous-wave or GSM-modulated RF radi-
ation at 900 MHz (SAR, 0.3 or 1 W/kg) for 10
or 30 minutes, did not induce ROS formation by
itself, or in combination with subtoxic concen-
trations of MX (3-chloro-4-(dichloromethyl)-5-
hydroxy-2(5H)-furanone, a by-product of water
chlorination). In this study, MX strongly induced
ROS formation (Zeni et al., 2007b).

Hoyto et al. (2008b) exposed mouse 1929
cells to continuous-wave or GSM-modulated RF
radiation at 872 MHz (SAR, 5 W/kg), for 1 hour
or 24 hours, under isothermal conditions. To
investigate possible effects of co-exposure with
other agents, menadione was used to induce
ROS, and tert-butylhydroperoxide (--BOOH)
was used to induce lipid peroxidation. No effects
were observed after exposure to RF radiation
only. Menadione-induced caspase-3 activity
was significantly increased (but not in human
neuroblastoma cells used in the same experi-
ments) only by exposure to the GSM-modulated
signal; --BOOH-induced lipid peroxidation was
not modified by RF radiation.

Lee et al. (2006) exposed cultures of primary
astrocytes from newborn rats (aged, 1-2 days)
to RF radiation at 1763 MHz as CDMA signal
(average SAR, 2 or 20 W/kg) for 30 minutes or
1 hour, under temperature-controlled conditions
at 37 + 0.2 °C. RF radiation alone did not elicit a
stress response and had no effect on TPA-induced
MAPK phosphorylation.

Campisi et al. (2010) exposed cultures of
primary astrocytes from newborn rats (age,

1-2 days) to continuous-wave or amplitude-
modulated (50 Hz) RF radiation at 900 MHz
(no SAR given; power density, 0.26 W/m?), for 5,
10 or 20 minutes. There was an increase in ROS
levels and DNA fragmentation (measured with
the comet assay) after an exposure of 20 minutes
to the amplitude-modulated RF radiation. With
regards to the temperature of the cells during the
exposure, the authors note that low-intensity RF
radiation caused a minimal increase (0.03 °C) in
temperature. [The publication gave few details
about the experimental procedures.]

Xu et al. (2010) exposed primary cortical
neurons from newborn rats to intermittent
(5 minutes on, 10 minutes off) GSM-modulated
RF radiation at 1800 MHz (average SAR, 2
Wrkg) for 24 hours, and found significant
increases (P < 0.01) in ROS production and in
mitochondrial concentrations of 8-OHdG, and
a reduction in copy numbers of mitochondrial
DNA and mitochondrial RNA transcripts.
These effects were partly reversed by treatment
with melatonin 4 hours before exposure to RF
radiation.

[The Working Group concluded that there
was weak evidence that exposure to RF radiation
activates stress response or ROS production in a
variety of rodent cells in vitro under conditions
not confounded by thermal effects.]

(i)  Cell proliferation and cell cycle

Exposure of Chinese hamster ovary (CHO)
cells to pulsed-wave RF radiation at 2450 MHz
(SAR, 33.8 W/kg) for 2 hours, did not affect
cell-cycle progression, measured by analysis
of first- and second-division mitotic cells after
incorporation of bromodeoxyuridine. In the
presence of adriamycin (given immediately
before the exposure) RF radiation did not affect
the cell-cycle progression induced by this drug
(Ciaravino et al., 1991).

Huang et al. (2008b) did not find evidence
for the induction of cellular responses, including
cell-cycle distribution, DNA-damage induction,
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stress response and altered gene expression, in
immortalized HEI-OCI mouse auditory hair
cells exposed to RF radiation 1763 MHz (CDMA;
SAR, 20 W/kg) for 24 or 48 hours. [The Working
Group noted that the choice of auditory hair cells
was justified by the fact that auditory cells may be
exposed to radiation from mobile phones.]

In V79 Chinese hamster lung fibroblasts,
microtubule morphology - analysed by use
of immunocytochemical methods - appeared
modified following a 3-hour exposure to contin-
uous-wave RF radiation at 935 MHz (SAR,
0.12 W/kg). No changes were noted after expo-
sure for 1 or 2 hours (Pavicic & Trosic, 2008).

In V79 Chinese hamster cells exposed to
continuous RF radiation at 7.7 GHz (SAR not
given; power density, 30 mW/cm?) for 15, 30, or
60 minutes, the incorporation of [*H]thymidine
decreased immediately after exposure. At longer
time intervals after exposure, the incorporation
of [PH]thymidine increased and it returned to
control values by 24 hours (Garaj-Vrhovac et al.,
1990b). In the same cells exposed to RF radiation
under the same conditions with power densities
of 0.5, 10, 30 mW/cm?, the surviving fraction -
assessed by colony-forming ability — was reduced
in a time- and energy dependent manner (Garaj-
Vrhovac et al., 1991).

Cao et al. (1995) exposed CHO cells in
different phases of the cell cycle to continuous-
wave RF radiationat 27 MHz (SAR, 5 or 25 W/kg),
for 2 hours. The cells were followed at sampling
time-points up to 96 hours after exposure.
Significant SAR-dependent changes in cell-cycle
progression were observed, with the maximum
change occurring at 3 days after exposure.

Cleary et al. (1996) exposed CTLL-2 mouse
cytolytic cells to continuous-wave RF radiation
at 2450 MHz (SAR, 5-50 W/kg), or to pulsed-
wave RF radiation at 2450 MHz (SAR, 5 W/kg)
for 2 hours. There was a decrease in cell prolif-
eration (assessed by means of [*H]thymidine
incorporation) with continuous-wave, and an
increase with pulsed-wave radiation. The effects

380

were dependent upon the IL2 concentrations in
the culture and the stage of the cell cycle.

Donnellan et al. (1997) exposed rat RBL-2H3
mast cells to RF radiation at 835 MHz (estimated
power density, 81 W/m?) for 20 minutes, three
times per day for 7 days. Increased uptake of
[H]thymidine and increased cell counts were
observed at days 6 and 7, and an increase in the
release of calcium was detected in the exposed
group. [The exposure was variable across the
exposure chamber based on temperature varia-
tions; eight samples were used for each group for
analysis.]

Stagg et al. (1997) exposed rat primary
glial cells and C6 glioma cells to RF radiation
at 836.55 MHz as TDMA signal (SAR, 0.59,
5.9, 59 mW/kg) for 4 or 24 hours. A small but
significant increase (P = 0.026) in the uptake of
[PH]thymidine was detected in C6 glioma cells
at 59 mW/kg. In the other exposure groups
no effects from exposure to RF radiation were
observed ([*H]thymidine uptake, cell growth).

Higashikubo ef al. (2001) exposed mouse
fibroblast (C3H 10T%) and human glioblastoma
(U87MG) cells to RF radiation at 847.74 MHz as
CDMA signal or at 835.62 MHz as TDMA signal
(SAR, 0.6 W/kg) for up to 100 hours. No signifi-
cant effects were found on cellular replication, as
measured with the bromodeoxyuridine pulse-
chase flow-cytometry method.

Takashima ef al. (2006) exposed Chinese
hamster ovary CHO-K1 cells to continuous-
wave RF radiation at 2450 MHz (SAR, 0.05-200
Wr/kg) for 2 hours, or to intermittent RF radia-
tion at 2450 MHz (average SAR, 50 or 100
Wr/kg) for 2 hours. Continuous-wave RF radia-
tion at 200 W/kg decreased cell replication and
cell survival. None of the other exposures showed
an effect. [The temperature of the medium
increased to 44.1 °C during exposure at a SAR
of 200 W/kg).]

Yao et al. (2004) exposed replicates of rabbit-
lens epithelial cells to continuous-wave RF radia-
tion at 2450 MHz (no SAR given; power density,

JA 02830
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0.1-2 mW/cm?, for 8 hours at 25 °C. Cell viability
was significantly reduced at power densities of
0.5 mW/cm? and higher. The numbers of cells
in S-phase decreased and that of cells in G,/G,
phase increased - both significantly - at power
densities > 0.5 W/m?. [The Working Group had
some difficulty in understanding the discription
of the exposure conditions in this study.]

Nikolova et al. (2005) exposed mouse embry-
onic stem cells to intermittent (5 minutes on, 30
minutes off) RF radiation at 1720 MHz (time-
averaged SAR, 1.5 W/kg; during actual expo-
sure, 12 W/kg) for 6 or 48 hours. No effects on
the incorporation of bromodeoxyuridine were
observed.

Sylvester et al. (2005) exposed mouse pre-
neoplastic CL-S1 mammary epithelial cells to
RF radiation as ultra-wide band pulses with an
electric-field strength of 18 kV/m and a repetition
rate in the range of 1-1000 kHz for up to 6 hours.
No effect on CL-S1 cell growth or viability
was observed after exposures of 0.25-3 hours.
Exposure for 4 hours resulted in a significant
increase in cell proliferation compared with
untreated controls. There was no further increase
at 5 or 6 hours.

[The Working Group concluded that the
evidence that RF radiation has an effect on cell
proliferation and cell cycle was weak.]

(iii) Ornithine decarboxylase activity (rodent and
human cells)

Ornithine decarboxylase (ODC) is the first
and rate-limiting enzyme in the polyamine
biosynthesis pathway. Because polyamines are
involved in the control of cell replication and
differentiation, a change in cellular ODC activity
is relevant to carcinogenesis. Tumour promoters
such as TPA induce ODC activity, and a high
level of ODC activity has been found in several
premalignant conditions.

Byus et al. (1988) exposed Reuber H35
hepatoma, Chinese hamster ovary (CHO),
and human 294 T melanoma cells to

amplitude-modulated RF radiation at 450 MHz
(SAR not geven; power density, 1.0 mW/cm?)
for 1 hour. A 50% increase in ODC activity was
observed after exposure to RF radiation alone.
In addition, ODC activity induced by TPA was
further enhanced by exposure to RF radiation in
H35 and CHO cells.

Litovitz et al. (1993) reported a 90% increase
in ODC activity in murine L929 fibroblasts
exposed to RF radiation at 915 MHz (SAR,
2.5 W/kg; amplitude-modulated at 55, 60, or
65 Hz) for 8 hours. A continuous-wave signal
did not affect cellular ODC activity. Subsequent
findings from the same laboratory (Litovitz et al.
1997; Penafiel et al., 1997) showed increased
ODC activity in L929 cells exposed at 840 MHz
(SAR, 2.5 W/kg) as a TDMA mobile-phone
signal (burst-modulated at 50 Hz, with 33% duty
cycle) for 2-24 hours. Also, signals with ampli-
tude modulation at 60 Hz or 50 Hz induced
ODC activity, whereas a signal modulated with
speech, the signal of an analogue mobile phone,
or a signal frequency modulated at 60 Hz, did
not affect ODC activity. Various exposure times
between 2 hours and 24 hours were used and the
effect was most pronounced after exposure for
8 hours.

Desta et al. (2003), in an attempt to replicate
the study of Penafiel et al. (1997), did not find
any increase in ODC activity in murine L1929
cells exposed to RF radiation at 835 MHz (SAR,
< 1 W/kg; TDMA modulated) for 8 hours. In
contrast,adecreasein ODCactivity was observed
at SARs of 1-5 W/kg. This decrease became
statistically significant at SAR values > 6 W/kg,
associated with a temperature increase of > 1 °C
in the cell-culture medium.

In another replication study, Hoyto et al.
(2007) found no increase in ODC activity in
1929 cells from two different sources using the
same exposure system as Penafiel et al. (1997):
a decrease in ODC activity was observed at the
highest SAR used (6 W/kg). With a different
exposure system and better temperature control
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was used, a small increase in ODC activity was
observed after 8 hours of exposure at 6 W/kg.
This increase could be related to the temperature-
control system, creating a temperature gradient
in the cell cultures (lower temperature at the
bottom of the cell culture). Hoyto et al. (2006)
reported no effects on ODC activity in L929 cells
exposed to continuous-wave or GSM-modulated
RF radiation at 900 MHz (SAR, 0.2 or 0.4 W/kg)
for 2, 8, or 24 hours. ODC activity decreased after
conventional heating (without exposure to RF
radiation), consistent with the findings of Desta
et al. (2003). Apparently, temperature differences
of < 1 °C are sufficient to influence ODC activity.

Hoyto et al. (2007b) also exposed 1929
murine fibroblasts, rat C6 glioblastoma cells,
human SH-SY5Y neuroblastoma cells, and rat
primary astrocytes to continuous-wave and
GSM-modulated RF radiation at 815 MHz (SAR,
1.5, 2.5 or 6 W/kg) for 2, 8 or 24 hours. A signifi-
cant decrease in ODC activity was consistently
observed in all experiments with rat primary
astrocytes exposed to GSM-modulated or contin-
uous-wave RF radiation at SARs of 1.5 or 6.0
W/kg. No effects were seen in the other cell lines.

Billaudel et al. (2009a) found no effects
on ODC activity in L929 mouse fibroblasts
exposed to RF radiation at 835 MHz, 900 MHz,
or 1800 MHz as GSM or DAMPS-modulated
signals (SAR, 0.5-2.5 W/kg) for 2-24 hours. The
same authors reported that - consistent with
the findings in murine cells - ODC activity was
unaffected in human SH-SY5Y neuroblastoma
cells exposed to GSM-modulated RF radiation at
1800 MHz, or DAMPS-modulated RF radiation
at 835 MHz (SAR for both, 1 or 2.5 W/kg) for 8
or 24 hours (Billaudel et al., 2009b).

[The Working Group concluded that there
was moderate evidence that RF radiation alters
ODC activity.]
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(iv) Apoptosis

Rat embryo primary neurons were exposed
to continuous-wave RF radiation at 900 MHz
(SAR, 2 W/Kg) for 24 hours. Because the
temperature increased by 2 °C during the expo-
sure, a control experiment at 39 °C was included
(without RF radiation). Apoptosis was measured
with two different methods (staining of nuclei
with 4',6-diamino-2-phenylindole (DAPI) and
analysis of DNA fragmentation with TUNEL-
flow cytometry). With both techniques, a highly
significant increase in the percentage of apop-
totic cells was seen at 24 hours after exposure,
compared with the sham-exposed cells and the
cells incubated at 39 °C (Joubert et al. (2008).

Nikolova et al. (2005) exposed mouse
embryonic stem cell-derived neural progenitor
cells to intermittent (5 minutes on, 30 minutes
off) GSM-modulated RF radiation at 1710 MHz
(time-averaged SAR, 1.5 W/kg; during actual
exposure, 12 W/kg) for 6 or 48 hours. No effects
on apoptosis or on mitochondrial membrane
potential were found.

Hoyto et al. (2008a) exposed mouse
1929 cells to 872 MHz continuous-wave or
GSM-modulated RF radiation (SAR of 5 W/kg)
for 1 or 24 hours under isothermal conditions.
Menadione-induced apoptosis (tested by meas-
uring caspase-3 activity) was increased in cells
exposed to the GSM-modulated signal, but not in
cells exposed to the continuous-wave signal. No
effects were seen from RF radiation in the absence
of menadione. As described earlier, no effects
or RF radiation on apoptosis were observed in
human cells in this same study.

Hoyto et al. (2008b) exposed mouse 1929
fibroblasts that had been stimulated with fresh
medium, stressed by serum deprivation, or not
subjected to stimulation or stress, to contin-
uous-wave or GSM-modulated RF radiation at
872 MHz (SAR, 5 W/kg) for 1 hour under
isothermal conditions. Increased apoptosis
(tested by measuring caspase-3 activity) was
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seen as a response to serum deprivation, but no
consistent effects of exposure to RF radiation
were found.

Joubert et al. (2007) studied apoptosis
in rat primary cortical neurons exposed to
GSM-modulated RF radiation at 900 MHz (SAR,
0.25 W/kg), or continuous-wave at 900 MHz
(SAR, 2 W/kg) for 24 hours. No effects on apop-
tosis were detected, either just after the exposure
or 24 hours later, with three different tech-
niques, viz. 4',6-diamino-2-phenylindole (DAPI)
staining, flow cytometry with double staining
(TUNEL and propidium iodide), or measure-
ment of caspase-3 activity by fluorometry.

Zhao et al. (2007a) exposed cultured primary
mouse embryonal neurons and astrocytes to
1900 MHz RF radiation from a working mobile
phone (SAR not given) for 2 hours. The phone
was placed with its antenna over the centre of the
culture dish. During sham-exposures the phone
was on “stand-by.” Three apoptosis-associated
genes (Pycard, encoding the Asc protein — apop-
tosis-associated speck-like protein containing
a caspase-recruitment domain - Casp2, and
Casp6) were upregulated in neurons, both after
exposure and sham-exposure. In astrocytes the
upregulation was observed in exposed cells only.
In addition, the astrocytes — not the neurons -
showed RF radiation-dependent upregulation
of the Bax gene. [The Working Group noted the
ill-defined exposure conditions in this study; see
above.]

Mogquet et al. (2008) exposed mouse neuro-
blastoma N2a cells to RF radiation at 935 MHz
(SAR, 2 W/kg) for 24 hours, as GSM basic (ampli-
tude-modulated), GSM “talk,” and continuous-
wave signal. No significant differences in levels
of apoptosis were observed between exposed and
sham-exposed cells.

[The Working Group concluded that there is
weak evidence that RF radiation affects apoptosis
in mammalian cells.]

4.5 Physical factors that affect
interpretation of study results

4.5.1 Effects of critical RF-field parameters
(a) Modulation

There is evidence that modulation of the
carrier waves of RF radiation can cause changes
in biological processes that do not occur when the
waves are not modulated. Examples of biological
reactions to modulated RF radiation were clearly
shown by Bawin et al. (1975), replicated by
Blackman et al. (1979). For more examples and
details, see the reviews by Blackman (2009) and
Juutilainen et al. (2011).

(b) Power-intensity “windows”

Studies by Bawin ef al. (1975, 1978) and
Blackman ef al. (1980) have characterized the
power-density response in detail for the RF
radiation-induced release of calcium ions from
the chick brain ex vivo. Both groups observed
regions of power density, termed “windows,” in
which the release of calcium ions was exposure-
dependent, separated by regions that did not
respond as a function of the power density of
incident radiation. Subsequent reports by Dutta
et al. (1984, 1989) revealed similar power-density
windows of induced response in nervous system-
derived cultures of human and animal cells,
and Schwartz et al. (1990) observed windows
of calcium-ion release from the frog heart ex
vivo. This phenomenon appeared to be caused
by the response characteristics of the particular
biological preparations. The extensive charac-
terization of exposure-response at 50, 147 and
450 MHz (amplitude-modulated, 16 Hz) in the
chick brain showed that the windows could be
aligned across carrier frequencies if one used
the calculated electric-field strength at the tissue
surface, rather than the incident power density
(Joines & Blackman, 1980, 1981; Joines et al.,
1981; Blackman ef al., 1981, 1989). See reviews by
Blackman (2009) and Belyaev (2010).
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4.5.2 Frequency dependence and frequency
windows

Effects of RF radiation are dependent on the
frequency of the carrier wave. Differences in the
response of human cells to GSM-type RF radia-
tion were observed at frequency channels of 905
and 915 MHz, where the other conditions of expo-
sure were the same (Belyaev ef al., 2009; Markova
et al., 2010). Thus, it is important to know which
difference in carrier frequency is acceptable to
compare results from different studies.

The frequency-dependence of the effects of
microwave radiation in different model systems
and with different end-points measured has
been reviewed (Grundler, 1992; Grundler et al.,
1992; Belyaev et al., 2000; Belyaev, 2005, 2010).
The effects of resonance-type microwave radia-
tion were observed within multiple frequency-
windows at intensity values well below those at
which any thermal effects had been observed. The
half-width of resonances and distance between
them varied in dependence on the intensity of
the RF radiation. Sharper and narrower reso-
nances, and half-widths reaching at least 2 MHz
were observed at the lower intensities.

4.5.3 Polarization

Different kinds of polarization were applied
in the experimental studies discussed above:
linear, left-handed circular, and right-handed
circular polarization. It has been shown in many
studies that biological effects are dependent upon
polarization (Belyaev et al., 1992a, ¢, d, 1993a,
b; Shcheglov et al., 1997; Ushakov et al., 1999,
2006a; Belyaev & Kravchenko, 1994; Belyaev,
2010). For example, polarization should be taken
into account when attempting to replicate the
results of previous studies. For example, Lai &
Singh (1996) used circular polarization, wheras
linear polarization was applied in subsequent
studies aimed at replicating their results, thus
reducing sensitivity.

384

4.5.4 Dose and duration of exposure

While accumulated absorbed energy is meas-
ured as “dose” (dose rate multiplied by exposure
time) in radiobiology, guidelines for exposures to
RF radiation usually state power density or SAR
(dose rate analogue) to define exposure. Several
studies have analysed the relationship between
dose and duration of exposure, with results
suggesting that duration of exposure and dose
may be important for cancer-relevant effects. In
particular, prolonging the duration of exposure
could compensate for the effects of a reduction
in intensity.

Kwee & Raskmark (1998) analysed prolifera-
tion of human epithelial amnion cells exposed
to RF radiation at 960 MHz, with SARs of 0.021,
0.21, or 2.1 mW/kg. These authors reported linear
correlations between duration of exposure at
0.021 and 2.1 mW/kg and changes in cell prolif-
eration, although no clear correlation was seen
at 0.21 mW/kg.

Exposure of E. coli and rat thymocytes to RF
radiation at power densities 0.01-1 mW/cm?
resulted in significant changes in chromatin
conformational state, if exposure was performed
at resonance frequencies for 5-10 minutes
(Belyaev et al., 1992a, b; Belyaev & Kravchenko,
1994). Decreases in these effects caused by
lowering the power density by an order of magni-
tude could be compensated for by a several-fold
increase in the duration of exposure. At expo-
sures longer than 1 hour, the same effect could
be observed even at the lowest power density
(Belyaev et al., 1994).

4.5.5 Background fields of extremely low
frequency (ELF)

Background ELF (1-300 Hz) fields vary
between laboratories. Even within the same
laboratory or the same RF exposure system, vari-
ations of up to 5 uT are not uncommon. Four
studies investigated the influence of background
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ELF fields on the effects of exposure to RF radia-
tion: ODC activity in L929 cells (Litovitz ef al.
1997), hypoxia sensitization caused by long-
term repeated exposures of chick embryos (Di
Carlo et al., 2002), spatial learning deficits in rats
induced by microwave radiation (Lai, 2004), and
DNA-damage induction in rat brain cells (Lai &
Singh, 2005). In these studies, the effects caused
by RF radiation were significantly reduced by
imposing an ELF field of up to 5 pT.

4.5.6 Net static geomagnetic field

The static geomagnetic field (30-70 uT,
depending on the location) may alter the cellular
response to RF radiation (Belyaev ef al., 1994;
Ushakov et al., 2006b). Net static magnetic fields
vary by location, even within the same labora-
tory and with the same exposure system, due
to the ferromagnetic properties of laboratory
equipment. For example, the resonance effects of
microwave radiation on DNA repair and chro-
matin conformation in E. coli depend on the
magnitude of the net static geomagnetic field at
the site of exposure (Belyaev ef al., 1994; Ushakov
et al., 2006b).
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5. SUMMARY OF DATA REPORTED

5.1 Exposure data

This Monograph is concerned with non-
ionizing radiation in the radiofrequency (RF)
range of the electromagnetic spectrum, i.e.
between 30 kHz and 300 GHz. The corres-
ponding wavelengths - the distance between
successive peaks of the RF waves — range from
10 km to 1 mm, respectively. Human expo-
sure to RF radiation can occur from many
different sources and under a wide variety of
circumstances, including the use of personal
devices (mobile phones, cordless phones, Wi-Fi,
Bluetooth, amateur radios, etc.), occupational
sources (high-frequency dielectric and induction
heaters, broadcast antennas, high-power pulsed
radars, and medical applications), and environ-
mental sources (mobile-phone base stations,
broadcast antennae). These multiple sources
contribute to an individual’s total exposure,
with contributions varying by different charac-
teristics, e.g. place of residence. The dominant
sources of human exposure to RF radiation are
near-field sources for workers, and transmitters
operating on or in close vicinity to the body, such
as hand-held devices, for the general population.

Electromagnetic fields generated by RF
sources couple with the human body, which
results in induced electric and magnetic fields
and associated currents inside body tissues. The
most important factor that determines expo-
sure is the distance of the transmitter from the
human body, within the main radiation beam. In
a first approximation, the induced field strength

is proportional to the time-averaged radiated
power and inversely proportional to the distance
from the source. In addition to distance, the
efficiency of coupling and the resulting field
distribution inside the body strongly depend on
properties of the fields, such as frequency, polar-
ization, distance from the antenna and direction
of incidence, and on anatomical features of the
exposed person, including height, posture, body
mass index, shape of the head and associated
structures such as the pinna (the outer ear), and
dielectric properties of tissues. Induced fields
within the body are highly non-uniform, with
local hotspots and variations of several orders
of magnitude. An important theme in studies
on RF dosimetry is the focus on demonstrating
compliance with exposure limits defined in
terms of the localized and whole-body specific
absorption rate (SAR) of energy. In recent years,
measurement and simulation tools have been
refined to allow exposure estimates in specific
tissues or organs to be made for particular expo-
sure scenarios, including those involving devices
such as mobile phones.

While the number of mobile-phone subscrip-
tions has been increasing rapidly around the
world (4.6 billion subscribers in 2009), changes
in mobile-phone technology have led to lower
time-averaged RF power emitted from mobile
phones used at present than those of previous
generations. Of major interest to this Monograph
is the exposure scenario in which mobile phones
are held against the ear during a voice call. The
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magnitude and spatial distribution of the ensuing
SAR inside the brain depend on the design of
a phone and its antenna, its position relative
to the head, the anatomy of the head, how the
hand holds the phone, as well as on the quality
of the connection between the base station and
the phone. GSM900/1800/PCS phones (Global
System for Mobile communications/Personal
Communications Service, operating at 900 or
1800 MHz) held next to the ear induce high
spatial-averaged SAR values in the brain. This
is because adaptive power control on average
only reduces the output power to about 50% of
its maximum during calls, but this would vary
depending on the network software. The use of
discontinuous transmission during voice calls
would give a further 30% reduction in power.
Analogue phones, which ceased tobeused around
the year 2000, produced still higher absorp-
tion of energy in the brain for two reasons: the
handsets had higher output powers than modern
phones, and the larger size of the handsets and
antennae led to a more diffuse pattern of energy
absorption in the head. Adaptive power control is
much more effective with third-generation (3G)
phone technologies, and this has led to a reduc-
tion of SAR in the brain by almost two orders
of magnitude compared with that from GSM
phones. The DECT (Digital Enhanced Cordless
Telecommunications) phone is another widely
used device that is held against the ear to make
and receive voice calls. The average SAR in the
brain from use of DECT phones is around five
times lower than that measured for GSM phones.

The maximum spatial peak exposure to RF
fields from mobile phones is very similar between
different technologies. However, it may vary by
up to a factor of 10 dependent on specific phone
design. The spatial maximum exposure from
cordless DECT phones is an order of a magnitude
lower than that from mobile phones. Modulation
and access schemes have also evolved to give a
complicated output-power variation with time,
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while analogue technologies had a more constant
pattern of output power.

Mobile-phone use is widespread in industri-
alized countries and rapidly growing elsewhere.
Certain phone functions, such as text messaging,
which involves considerably less exposure than
voice calls, have become very popular among
teenagers. Due to the closer proximity of the
phone to the brain of children compared with
adults, the average exposure from use of the
same mobile phone is higher by a factor of 2 in a
child’s brain and higher by a factor of 10 in the
bone marrow of the skull. In addition, dielectric
properties of certain tissues, notably the bone
marrow, change with age. The marrow progres-
sively incorporates more fat, and the bone itself
increases in thickness, hardens, and loses water
over time. Both these tissues, therefore, have a
higher conductivity in children than in adults
and they receive a higher energy deposition from
RF sources.

The use of hands-free kits lowers exposures
from mobile phones to less than 10% of the value
resulting from use at the ear, but it may increase
exposure to other parts of the body. The rise in
temperature inside the brain from use of a typical
3G mobile phone is small, approximately 0.1 °C or
less.

Measures of mobile-phone use for epidemio-
logical studies have historically relied on self-
reporting, but recent validation studies among
adults and children have demonstrated that there
canbe considerable random and systematic errors
in the reported number of calls, the duration of
calls, and the side of head where the phone is
held during use. This is particularly problematic
for epidemiological studies of cancer in humans,
where information is needed on phone use many
years in the past.

Assessments of household exposures to RF
radiation often rely on spot measurements with
a focus on burst activity, rather than on average
values over time, which are better measures of RF
exposure. Environmental sources are dominated

JA 02856

Page 133 of 423



USCA Case #20-1025

Document #1869749

Filed: 11/04/2020  Page 134 of 423
Radiofrequency electromagnetic fields

by possible RF exposures from being in close
proximity to mobile-phone base stations, but
actual measurements have shown that distance
to a base station is not a good proxy for exposure,
due to the considerable variability in characteris-
tics of the antennae, and shielding and reflection
of the waves. Typical exposures from rooftop- or
tower-mounted mobile-phone base stations are
lower by more than five orders of magnitude
than those from GSM handsets. Exposures to
the brain from television and radio stations are
typically lower than those from base stations.
Epidemiological studies of environmental RF
sources need to include rigorous assessments of
exposures to RF radiation, documented by direct
measurements or through validated models.

Many occupations involve the use of sources
of RF radiation at much higher power levels than
those from mobile phones. For people exposed
to high-power RF sources at work, cumulative
energy deposition in the whole body may be
much greater than from mobile-phone use, but
the spatial peak SAR in the head will be less.

Tissue heating is the most firmly estab-
lished mechanism for effects of RF radiation in
biological systems. Although it has been argued
that RF radiation cannot induce physiological
effects at exposure intensities that do not cause a
detectable increase in tissue temperature, except
for reactions mediated by free radical pairs, it
is likely that not all mechanisms of interaction
between weak RF fields, with the various signal
modulations used in wireless communications,
and biological structures have yet been discov-
ered or fully characterized.

The International Commission on
Non-Ionizing Radiation Protection (ICNIRP)
and the Institute of Electrical and Electronics
Engineers (IEEE) have developed guidelines for
maximum human exposures to RF fields. These
guidelines are designed to protect against adverse
effects due to whole-body or partial body heating
as a result of energy absorption above 100 kHz,

and against nervous system effects at frequencies
up to 10 MHz.

5.2 Human carcinogenicity data

The epidemiological evidence on possible
associations of exposure to RF radiation with
cancer comes from studies of diverse design that
have assessed a range of sources of exposure:
the populations included people exposed in
occupational settings, people exposed through
sources in the general environment, e.g. trans-
mission towers, and people exposed through use
of wireless (mobile and cordless) telephones. The
most robust evidence is for mobile phones, the
most extensively investigated exposure source.
The general methodological concerns related to
this evidence are covered in the introduction to
Section 2 and are not reviewed again here.

As for any compilation of findings of
epidemiological studies, interpretation of this
evidence needs to give consideration to the possi-
bility that observed associations reflect chance,
bias, or confounding, rather than an underlying
causal effect. The investigation of risk of cancer
of the brain associated with mobile-phone use
poses complex methodological challenges in the
conduct of the research and in the analysis and
interpretation of the findings.

5.2.1 Personal use of wireless telephones

(a) Tumours of the central nervous system:
gliomas of the brain

One cohort study from Denmark and five
case—control studies (from the USA, Finland,
Greece, Sweden, and a multicentre international
study) were judged by the Working Group to offer
useful epidemiological information regarding
associations between use of wireless phones and
glioma. There are also several studies of time
trends in occurrence of cancer of the brain in
relation to the great temporal increase in mobile-
phone use.
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(i)  Time-trend studies

It has been suggested that time trends in the
incidence of cancer might reflect the impact of
increasing use of mobile phones on cancer risk.
In that regard, there have been some reports
from various countries describing rates of brain
cancer over time. In general, there has not been
a documented and stable increase in rates since
the advent of the mobile-phone era. However, the
general absence of any documented increase in
rates of tumours of the brain must be interpreted
in light of the fact that most time trends were
examined only before the early 2000s. However,
any large risk associated with relatively recent
exposure should have been detected in the studies
conducted to date. Time trends in cancer of the
brain have not shown evidence of a trend that
would indicate a promptly acting and powerful
carcinogenic effect of mobile-phone use.

(i) Cohort study and early case-control studies

A large cohort study in the entire population
of Denmark included mobile-phone subscribers
with a median of 8 years of subscription. The
study showed no excess risk of glioma, based
on 257 exposed cases. Because of the reliance
on subscription to a mobile-phone provider as
a surrogate for mobile-phone use, this study
involved considerable misclassification in expo-
sure assessment.

Several case-control studies were carried
out in a time window that was relatively early in
the period of rising use. Three of these studies
used self-reported histories of mobile-phone use,
while a Finnish study made a link to mobile-
phone subscription records. Effect estimates
from these studies were generally too imprecise
to make them informative.

(iii) The INTERPHONE study

The INTERPHONE study, a multicentre
case—control study, comprised the largest
investigation so far of mobile-phone use and
brain tumours, including component studies of
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glioma, acoustic neuroma, and meningioma. The
Working Group primarily considered the pooled
analyses published in 2010 and 2011, rather than
the findings as reported by site investigators or
groups of investigators.

The pooled analysis of the INTERPHONE
study on the risk of glioma in relation to use of
mobile phones included 2708 cases of glioma
and 2972 controls. Participation rates were 64%
among cases of glioma and 53% among controls,
with a wide variation in control participation
rates among centres. For regular users, an overall
reduced odds ratio (OR) was seen for glioma (OR,
0.81; 95% confidence interval [CI], 0.70-0.94);
this was also observed in most study centres.
Odds ratios of below unity were also found for
all categories of time since start of use and of
cumulative number of calls. The reason for these
low odds ratios has not been established, but
they probably reflect selection bias, at least in
part. In terms of cumulative call time, all odds
ratios were uniformly below unity for all deciles
of exposure except for the highest decile (> 1640
hours of cumulative call time). For this exposure
group, the odds ratio for glioma was 1.40 (95%
CI, 1.03-1.89). Some other analyses of the same
data also pointed to a possible association of
mobile-phone use with risk of glioma, including
the findings related to location of tumour (a
higher odds ratio for tumours in the temporal
lobe) and laterality of mobile-phone use (an
apparently higher odds ratio in those who used a
mobile phone on the same side of the head as the
tumour). In an attempt to obviate the distortions
that might have been generated by differential
non-participation, an analysis was conducted
with the lowest exposure decile as the reference;
this showed a high odds ratio in the highest expo-
sure decile. Recent reports presented findings
based on methodological enhancements that
derived dose indicators based on models applied
to magnetic resonance imaging or computed
tomography scans of the cases; these analyses
in subsets of the INTERPHONE studies provide
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additional insights into the patterns of risk of
glioma associated with mobile-phone use.

The Working Group recognized several
strengths of the INTERPHONE study, including
its large sample size, the common core protocol,
rapid case ascertainment, comprehensive data
collection, and in-depth data analyses that
included a wide variety of sensitivity and valida-
tion studies. However, the rather low participa-
tion rates may well have led to complicated and
important patterns of selection bias.

In summary, in the INTERPHONE study
there was no increased risk of glioma associated
with having ever been a regular user of mobile
phones. However, there were indications of an
increased risk of glioma at the highest levels of
cumulative call time, for ipsilateral exposures,
and for tumours in the temporal lobe, but chance
or bias may explain this increased risk.

(iv) Studies from Sweden

In 2011, Swedish investigators reported the
findings of a pooled analysis of associations of
mobile-phone and cordless-phone use and risk
of glioma. Cases were ascertained from 1997
through 2003 in two waves. The Working Group
considered the latest combined analysis of the
study data. Both cases and controls were selected
by use of population registries. A sequential
approach by self-administered questionnaire and
interview was used to collect information on the
exposures and covariates of interest, including
the use of mobile and cordless phones.

The analysis included 1148 cases with a diag-
nosis of glioma, and 2438 controls. When mobile-
phone users were compared with people who
reported no use of mobile or cordless phones, or
exposure > 1 year before the reference date, an
increased odds ratio was estimated (OR, 1.3;95%
CI, 1.1-1.6). The odds ratios increased progres-
sively with increasing time since first mobile-
phone use, and with increasing cumulative call
time for the ordered categories of exposure
duration (1-1000, 1001-2000, and > 2000 hours)

as follows: 1.2 (95% CI, 0.98-1.4), 1.5 (95% CI,
1.1-2.1), and 2.5 (95% CI, 1.8-3.5), respectively.
Ipsilateral use of the mobile phone was associ-
ated with higher risk. Further, there were similar
findings in relation to the use of cordless phones.
The Working Group noted several strengths of
the study. It was the only study to assess exposure
to cordless phones. By using registries for case
ascertainment and population-based controls,
and by achieving high response rates, the inves-
tigators minimized the potential for selection
bias. However, the possibility of information
bias cannot be excluded, and specific validation
studies were not carried out in this population.

(v) Comparison of the findings of INTERPHONE
and the Swedish studies

Because these two studies represent the most
robust evidence on risk of tumours of the brain
associated with wireless-phone use, the Working
Group compared the methods and findings of
the two studies, drawing on comparisons made
by the Swedish investigators - Hardell and
colleagues — published in 2008 and 2010. The data
were collected in overlapping calendar periods
(1997-2003 for Hardell et al., with separate anal-
yses available for 2000-2003, and 2000-2004 for
INTERPHONE) and had some shared design
features, e.g. collection of exposure information
via a comprehensive set of questions. The studies
differ in their general design, a single popula-
tion-based study in the case of Hardell et al. and
a multicentre study based in case ascertainment
through hospitals, although with backup case
ascertainment through cancer registries and
other sources. The INTERPHONE study is prob-
ably more affected by selection bias due to differ-
ential participation between cases and controls,
while the findings of both studies are subject to
information bias, probably comparable in direc-
tionality. The generally null findings in the two
large case—control studies for meningioma speak
against information bias providing a full expla-
nation for the associations reported for glioma.
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Overall, the Working Group reviewed all the
available evidence with regard to the use of wire-
less phones, including both mobile and cordless
phones, and the risk of glioma. Time trends were
considered, as were several early case-control
studies and one cohort study. The evidence from
these studies was considered less informative
than the results of the INTERPHONE study
and the Swedish case-control study. While both
of these are susceptible to bias, the Working
Group concluded that these findings could not
be dismissed as reflecting bias alone, and that a
causal interpretation was possible.

(b) Other tumours of the central nervous system:
acoustic neuroma

Several early case-control studies and one
cohort study from Denmark found no associa-
tion. The major sources of evidence for acoustic
neuroma were essentially the same as for
glioma, as was the general pattern of findings.
The case numbers, however, were substantially
smaller than for glioma. The study from Sweden
provided positive results with estimates quite
similar to those observed for glioma. The pattern
of findings from the INTERPHONE study also
paralleled that for glioma, with a decreased risk
overall, and an indication of a possibly increased
risk in the stratum with the longest cumulative
call time. A case—case study in Japan published
in 2011 also found some evidence of an increased
risk of acoustic neuroma associated with ipsi-
lateral mobile-phone use.

In considering the evidence on acoustic
neuroma, the Working Group considered the
same methodological concerns as for glioma, but
concluded that bias was not sufficient to explain
the positive findings, particularly those of the
study from Sweden.
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(c) Meningioma

For meningioma, the same two studies
mentioned above provided the key evidence.
Overall, in each, the findings generally indicated
no increase in risk.

(d) Leukaemia/lymphoma

The Working Group reviewed results of four
studies of mobile-phone use and leukaemia,
including two cohort and two case-control
studies. Two population-based case-control
studies addressed lymphoma. The Working
Group found the evidence to be insufficient to
reach a conclusion as to the potential associa-
tion of mobile-phone use and either leukaemia
or lymphoma.

(e) Other malignancies

Evidence to date does not point to a causal
association of mobile-phone use with the various
additional malignancies addressed, including
ocular or cutaneous melanoma, cancer of the
testis, cancer of the breast, or tumours of the
parotid gland. With the exception of cancer
of the breast, all these malignancies have been
investigated explicitly in one or more case-
control studies. No increased risk was observed
for the above-mentioned sites in the 2006 report
of the cohort study of Danish mobile-phone
subscribers.

5.2.2 Occupational exposure

(a) Tumours of the brain

Four independent case—control studies inves-
tigated the association of occupational expo-
sure to RF radiation with risk of brain tumours
through specific assessment of individual
RF exposure. One study was based on death
certificates, the others were population-based
studies. Two nested case—control studies (one
from the USA and another from Canada and
France) also investigated this association. For
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the category of highest exposure in each study
- determined with the best exposure measure
reported, i.e. some form of expert assessment of
work history in each case - the odds ratios were
above unity, but with wide confidence intervals,
thus suggesting that occupational exposure to
RF radiation might increase the risk of tumours
of the brain. Only two studies (a nested case-
control analysis from the USA and a case-control
study from Australia) provided dose-response
assessments, and neither of these showed more
than moderate evidence of a dose-response rela-
tionship. In addition, only two studies exam-
ined the possibility of confounding by other
occupational exposures. A study from Germany
adjusted the odds ratios for exposure to ionizing
radiation and a study from the USA, based on
death certificates, evaluated the sensitivity of the
observed positive association of exposure to RF
radiation with cancer of the brain with respect
to confounding with known coexposures: solder
fumes, lead and organic solvents. The observed
odds ratio of 1.7 (95% CI, 1.1-2.7) for classifica-
tion of RF exposure based on expert assessment
decreased to 1.4 (95% CI, 0.7-3.1) when men
exposed to solder fumes and lead were excluded
from the exposed group, and dropped further
to 0.4 when those exposed to organic solvents
were also removed (although only two exposed
cases and five exposed controls were left in the
analysis). Chance and/or confounding cannot be
ruled out as likely explanations for the observed
association between occupational exposure to
RF radiation and cancer of the brain.

Eight cohort studies (including the two
nested case—control studies mentioned above)
and a Polish cross-sectional study examined the
relationship between occupational exposure to
RF radiation and risk of tumours of the brain.
Relative risks for the categories of highest expo-
sure in all but three of the studies were close to
or below unity. Among the three exceptions, one
study from Italy was based on only one death
from cancer of the brain; the cross-sectional

study from Poland showed a relative risk of 1.91
(95% CI, 1.08-3.47) but had methodological limi-
tations that could explain the apparent increase
in risk; and an American study had only a weakly
increased relative risk (OR, 1.39; 95% CI, 0.93-
2.00). On balance, therefore, the cohort studies
did not suggest a positive association between
exposure to RF radiation and cancer of the brain.
Their exposure measures, however, were gener-
ally of less quality than those in the case-control
studies.

While the association of exposure to RF radi-
ation with cancer of the brain has been exam-
ined in a substantial number of studies, exposure
misclassification and insufficient attention to
possible confounding limit the interpretation of
the findings. Thus, there is no clear indication
of an association of occupational exposure to RF
radiation with risk of cancer of the brain.

(b) Leukaemia/lymphoma

Seven cohort studies and one cross-sectional
analysis examined the relationship between
occupational exposure to RF radiation and risk
of lymphoma and leukaemia. Most studies were
based on small numbers of cases and limited
exposure assessments. Increased standardized
mortality ratios (SMRs) were seen for lymphomas
and some leukaemias in a study of radio amateurs
in the USA, but there was no association with
an exposure-level surrogate (licence class). A
substantially increased risk was also seen among
Belgian military personnel who had worked with
moveable radar, based on 11 cases, but exposure
to RF radiation was not characterized individu-
ally and may have been confounded by ionizing
radiation. In addition, follow-up of the cohort
was problematic. The largest and most informa-
tive study was that of male United States navy
veterans of the Korean War. Increased relative
risks for leukaemia (in particular, acute myeloid
and acute non-lymphocytic leukaemia) were
seen among subjects with the highest compared
with the lowest exposure. The highest odds ratio
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was seen among technicians in aviation elec-
tronics, judged by the authors to be those with
highest potential exposure. There was, however,
no adjustment for potential confounders.

In summary, while there were weak sugges-
tions of a possible increase in risk of leukaemia
or lymphoma associated with occupational
exposure to RF radiation, the limited exposure
assessment and possible confounding make
these results difficult to interpret.

(c) Other malignancies

Studies of occupational groups with potential
exposure to RF radiation have addressed several
additional types of malignancy including uveal
melanoma, and cancers of the testis, breast, lung,
and skin. The Working Group noted that these
studies had methodological limitations and the
results were inconsistent.

5.2.3 Environmental exposure

(a) Cancer of the brain

Ecological studies and case-control studies
have been carried out to investigate potential
associations of brain cancer with RF emissions
from transmission antennae. These studies
are generally limited by reliance on measures
of geographical proximity to the antennae as
an exposure surrogate. Substantial exposure
misclassification is unavoidable.

Taken together, the ecological studies do not
suggest a positive association between RF emis-
sions from fixed transmission sources and cancer
of the brain.

There have been five case-control studies of
environmental exposure to RF radiation and risk
of cancer of brain. Cohort studies have not been
reported. In all of the case—control studies, expo-
sure estimation was based on residential prox-
imity to RF-transmitter antennae. Two of these
studies used estimates of exposure based on
recorded locations of subjects’ residences relative
to recorded locations of AM radio-transmitters
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or mobile-phone base-station antennae. Neither
found convincing indications of an increase in
risk of brain cancer with increasing estimated
exposure to RF radiation. A hospital-based
study from France depended on subjects’ recall
of the proximity of their residence to a mobile-
phone base station and found no evidence of an
increased risk with closer proximity. However,
the hospital-based controls may not represent
exposure in the general population. The fourth
study assessed proximity of subjects’ beds to base
stations of DECT cordless phones in the home.
It found a weak and imprecise increase in risk
of brain cancer associated with sleeping near a
base station. Another study found high risks for
brain, breast and other cancers associated with
the place of residence where the highest power
density from a nearby base-station antenna was
measured, but the results were imprecise and
based on only a few cases. Together, these studies
provide no indication that environmental expo-
sure to RF radiation increases the risk of brain
tumours.

(b) Leukaemia/lymphoma

Ecological studies in which distance was
taken as a proxy for exposure consistently showed
a pattern of increased risk of adult and childhood
leukaemia with closer proximity to the expo-
sure source, while studies that used analytical
designs and better exposure assessments (e.g.
measured and modelled) showed no increased
risk. In adults, the evidence of an association
indicating increased risk was weak at most, and
effect estimates were generally imprecise. There
was no evidence of an increased risk of child-
hood leukaemia. Consequently, from the limited
data available no conclusions could be drawn on
the risk of leukaemia or lymphoma from envi-
ronmental exposure to RF radiation.
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(c) Other malignancies

The Working Group identified five studies
that addressed other malignancies and environ-
mental exposure to RF radiation, and found the
available evidence uninformative.

5.3 Animal carcinogenicity data

Four classes of cancer bioassays in animals
were reviewed and assessed by the Working
Group. These studies involved a variety of animal
models, exposure metrics, durations of expo-
sure, and other criteria on which the evaluation
of carcinogenicity was based.

Seven two-year cancer bioassays of RF radia-
tion were reported, two in mice and five in
rats; six studies were performed to examine the
effects of exposure to mobile-phone RF metrics,
and one study involved exposure to pulsed RF
radiation. When compared with sham controls,
no statistically significant increases in the inci-
dence of benign or malignant neoplasms at any
organ site were identified in animals exposed to
mobile-phone RF radiation in any study. In the
study with exposure to pulsed RF radiation, an
increased incidence of total malignant tumours
(all sites combined) was observed in rats; however,
the Working Group considered this finding
to be of limited biological significance since it
resulted from pooling of non-significant changes
in tumour incidence at several sites. Exposure
to RF radiation did not increase total tumour
incidence in any of the other six studies that
were evaluated. The Working Group concluded
that the results of the 2-year cancer bioassays
provided no evidence that long-term exposure
to RF radiation increases the incidence of any
benign or malignant neoplasm in standard-bred
mice or rats.

The Working Group evaluated twelve studies
that used four different tumour-prone animal
models; two of these studies demonstrated an
increased incidence of tumours in animals

exposed to RF radiation. The first study with
positive results demonstrated an increased inci-
dence of lymphoma in Eu-PimI-transgenic mice
exposed to GSM mobile-phone RF radiation at
900 MHz; however, two subsequent studies by
other investigators using the same model system
failed to confirm this finding. In the second study
with positive results, an increased incidence of
tumours of the mammary gland was observed in
C3H/HeA mice exposed to RF radiation at 2450
MHz; although two later studies using the same
exposure metric did not confirm this finding,
these follow-on studies were performed at lower
levels of exposure. The Working Group concluded
that the results of studies in three tumour-prone
animal models (the Eu-Piml mouse model of
lymphoma, the AKR mouse model of lymphoma,
and the PatchedI*- mouse model of brain cancer)
do not support the hypothesis that the incidence
of tumours in the brain or lymphoid tissue would
increase as a result of exposure to RF radiation.

The Working Group evaluated 16 studies of
initiation and promotion that were performed
with animal models of tumorigenesis in skin,
mammary gland, brain, and lymphoid tissue.
None of the five studies in models of skin cancer
and none of the six studies in models of brain
cancer showed an association with exposure to
RF radiation. One of four studies with the model
of mammary-gland tumour in Sprague-Dawley
rats gave positive results; the other three studies
— one with a nearly identical protocol - did not
show an association, although they used the
same experimental model and the same condi-
tions of exposure to RF radiation. Likewise, the
study with the model of lymphoma was negative.
The Working Group concluded that the evidence
from these studies of initiation and promotion
failed to demonstrate a consistent pattern of
enhancement of carcinogenesis by exposure to
RF radiation in any of the tissues studied.

The Working Group evaluated six co-carcino-
genesis studies involving five different animal
models. Four positive responses were reported.
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Two studies giving positive results, one in Wistar
rats continuously exposed to drinking-water
containing MX - a by-product of water disin-
fection — and another study in pregnant B6C3F,
mice given a single dose of ethyl-nitrosourea,
involved exposures to mobile-phone RF radia-
tion at 900 and 1966 MHz, respectively. The
other two studies with positive results involved
coexposure of BALB/c mice to RF radiation at
2450 MHz and benzo[a]pyrene. Although the
value of two of these studies was weakened by
their unknown relevance to cancer in humans,
the Working Group concluded that they did
provide some additional evidence supporting the
carcinogenicity of RF radiation in experimental
animals.

5.4 Other relevant data

The data to evaluate the mechanisms by
which RF radiation may cause or enhance
carcinogenesis are extensive and diverse. Studies
in humans from occupational cohorts, mobile-
phone users and controlled exposures in experi-
mental settings provide information on effects
in various tissues, including blood and brain.
Studies in animals have been focused on a
variety of organs and tissues. Assays in vitro in
human cells, other mammalian cells, and cells
from other organisms provide the largest set of
data from which to evaluate mechanisms. Many
studies were confounded by significant increases
in the temperature of the cells, leading to thermal
effects that could not be dissociated from non-
thermal RF-induced changes. The conclusions
presented in this section for results in vivo and
in vitro pertain only to those studies for which
the Working Group concluded that thermal
confounding did not occur.
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5.4.1 Genetic and related effects of exposure

Multiple studies in humans were conducted
on the possible genetic damage associated with
exposure to RF radiation. Most of these studies
were of occupational exposure and the others
evaluated mobile-phone users. Several common
exposures to the general population that are likely
to be confounders were generally not considered,
including tobacco use and age. In addition, other
occupational exposures that might have contrib-
uted to the findings were rarely discussed. Most
of the occupational studies that suggested a
positive association of the effect with exposure
to RF radiation involved workers from the same
facility, included small numbers of subjects, and
provided no indication of the extent to which
the same individuals were sampled in multiple
studies. Virtually all the large studies did not
show an association with exposure to RF radia-
tion, for any type of genetic damage. Finally, there
were methodological flaws and weaknesses in
reporting in many studies, including the failure
to actually measure exposure to RF radiation,
the use of small numbers of cells for evaluating
genetic damage, the failure to use proper controls
while culturing cells, incomplete reporting, and
improper interpretation of results.

A few studies in Drosophila that addressed
mutagenicity after exposure to RF radiation gave
negative results.

Approximately half of the laboratory studies
of genetic damage in mammalian systems,
generally rats and mice, had limitations related
to reporting on the exposure system, small
sample sizes and exposures that induced thermal
effects, or that were so low as to be no challenge
to the animals. Of the remaining studies, many
were satisfactory and of comparable quality,
but showed contradictory results. Some were
attempts to repeat original laboratory findings.
Also these studies provided mixed and some-
times contradictory results. Some of the discrep-
ancies could be due to differences in species or
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exposure conditions, but others were in direct
contrast.

Roughly half of the studies of human cells in
vitro were done in lymphocytes cultured from
the blood of donors. Short-term, high-intensity
exposures to RF radiation resulted in consist-
ently positive results for DNA damage, but the
Working Group felt that thermal effects were the
likely cause of these effects. A large number of
studies on DNA strand breaks and the studies on
sister chromatid exchange generally gave nega-
tive results. Exposures to RF radiation in the
non-thermal range also generally gave negative
results.

The remaining in-vitro studies with human
cells and the in-vitro studies with non-human
cells also involved short-term, high-inten-
sity exposures that consistently gave positive
results for DNA damage. The Working Group
considered that these results were likely due to
thermal effects. There were acceptable reports
showing both positive and negative results in
the remaining studies with exposures in the
non-thermal range. In addition, studies showing
aneuploidy and spindle disturbances in human-
hamster hybrid A, cells, and studies at low expo-
sures showing DNA single-strand breaks were
of concern. While RF radiation has insufficient
energy to produce these types of direct genetic
damage, other changes such as oxidative stress
and production of reactive oxygen species may
explain these results.

The remaining few studies that gave posi-
tive results for genetic damage at lower doses
could not be replicated after multiple attempts in
different laboratories, raising serious questions
regarding the original findings. A single study
showing altered microtubule structures at low
exposures remains a concern.

Overall, the Working Group concluded that
there was weak evidence that RF radiation is
genotoxic, and no evidence for the mutagenicity
of RF radiation.

5.4.2 Reaction of the immune system after
exposure

Several studies assessed the effects of expo-
sure to RF radiation on indicators of immune
function in humans. In two studies, increased
concentrations of some immunoglobulins (Ig)
and changes in numbers of lymphocytes (T8,
natural killer [NK] cells) were observed in blood
samples from radar operators and workers at
television-transmission stations, but the results
were variable and the alterations seemed to be
within the normal variation. Two studies among
workers exposed to very high frequency RF radia-
tion showed asignificantincreasein IgGand IgM,
and a higher number of NK cells, respectively.
Patients with atopic eczema dermatitis showed
an increase in allergen-provoked production of
IgE when they had been exposed to RF radiation
from a mobile phone. Many of these studies used
small numbers of subjects and generally did not
control for possible confounders.

The available evidence from numerous
experimental studies in vivo that aimed to
assess effects of short-term and prolonged low-
level exposure to RF radiation on function and
status of the immune system, clearly indicates
that various shifts in number and/or activity of
immunocompetent cells are possible. However,
in some cases the same lymphocyte functions
are reported to be weakened or enhanced in
different single experiments, despite exposures
to RF radiation at similar intensities and under
similar exposure conditions. Short-term expo-
sure to weak RF fields may temporarily stimulate
certain humoral or cellular immune functions,
while prolonged irradiation inhibits the same
tunctions. Thus, even though there are indica-
tions that changes are occurring, the relevance of
these observations in relation to carcinogenicity
is unclear.

The effects of RF radiation on various types
of human lymphocytes in vitro are variable and
depend on the mitotic state of the cells during
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exposure. A difference was reported between
the effects of exposure to continuous-wave and
pulsed-wave RF radiation, the latter preferen-
tially stimulating the immunogenic and pro-
inflammatory activity of monocytes. Many of
these studies had weaknesses in the description
of experimental procedures and from lack of
detail on dosimetry.

Overall, the Working Group concluded that
there was insufficient evidence to determine that
alterations in immune function induced by exposure
to RF radiation affect carcinogenesis in humans.

5.4.3 Effects on genes, proteins and signalling
pathways

No studies assessing gene expression in
humans exposed to RF radiation were identified,
and only one pilot study assessed protein changes
in exposed human subjects.

Nearly 30 studies investigated gene/protein
changes in rodents exposed to RF radiation.
Many of these studies were unreliable due to defi-
ciencies in the exposure system or methodolog-
ical shortcomings. The data from the remaining
studies are limited and present mixed results
with no consistent pattern of response.

A large number of studies have assessed the
ability of RF radiation to affect gene/protein
expression and protein activation in human-
derived cell lines in vitro. The majority of studies
assessing effects of RF radiation on expression
and activity of heat-shock proteins reported no
effect. A limited number of studies assessed the
ability of RF radiation to influence the activity
of signal-transduction pathways in human cells
in vitro. Three studies found changes in MAPK
signalling, while another did not. The role of reac-
tive oxygen species in mediating these responses
is unclear.

A total of 16 studies used high-throughput
genomics/proteomics approaches to evaluate
the effect of exposure to RF radiation on human
cell lines in vitro. Many of these studies had
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serious methodological shortcomings related to
poor exposure conditions, inadequate statistical
analysis, and lack of validation of alternative
approaches. The remaining data were limited with
no consistent pattern of response, but some studies
demonstrated changes in both gene and protein
expression, for some proteins in some cell lines.
On the basis of the above considerations,
the Working Group concluded that data from
studies of genes, proteins and changes in cellular
signalling show weak evidence of effects from RF
radiation, but did not provide mechanistic infor-
mation relevant to carcinogenesis in humans.

5.4.4 Other mechanistic end-points

Several potential changes resulting from
exposure to RF radiation are summarized here.
With the exception of changes in cerebral blood
flow, many of the other studies reviewed by the
Working Group provided conflicting, nega-
tive or very limited information, which made it
difficult to draw conclusions, especially in rela-
tion to carcinogenesis. These studies focused on
electrical activity in the brain, cognitive func-
tion, general sensitivity to RF radiation and
alterations in brain biochemistry. Even though
the relationship between alterations in cerebral
blood flow during exposure to RF radiation
cannot be directly related to carcinogenesis, the
Working Group concluded that the available
data were sufficiently consistent to identify them
as important findings.

Some studies were conducted in experimental
animals to explore the possibility that exposure to
RF radiation in vivo may induce the production of
reactive oxygen species in multiple organs, most
frequently brain, but also kidney, liver and eye.
Markers of oxidative stress included increases in
the concentration of malondialdehyde (related
to lipid peroxidation) and nitric oxide, enhanced
activities of antioxidant enzymes (superoxide
dismutase, catalase, glutathione peroxidase)
and pro-oxidant enzymes, and reductions in
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glutathione. Many of these studies are weakened
by methodological shortcomings in design, such
as absence of sham-exposed or cage-control
groups, use of mobile phones as the exposure
source, and lack of dosimetry.

A few studies in human cells in vitro evalu-
ated the possible role of exposure to RF radia-
tion in altering levels of intracellular oxidants
or activities of antioxidant enzymes. One study
showed a marginal effect, while other studies
demonstrated an increase in activity with
increasing exposures. There were not enough
studies to make a reasonable assessment of the
consistency of these findings. Additional studies
addressed this issue in in-vitro systems with
non-human cells. While most of these did not
find changes, one study evaluated the formation
of DNA adducts from reactive oxygen species
(8-hydroxy-deoxyguanosine) and was able to
demonstrate reversal of this effect by melatonin.
While the overall evidence was inconclusive, the
results from in-vitro studies with animal models
raise some concern.

Overall, the Working Group concluded that
there was weak evidence that exposure to RF
radiation affects oxidative stress and alters the
levels of reactive oxygen species.

Numerous studies have assessed the function
of the blood-brain barrier in rodents exposed to
RF radiation at various intensities. Consistent
results from one laboratory suggest an increase
in the permeability of the blood-brain barrier,
but the majority of the studies, many of which
aimed at replicating published results, failed to
observe any effect on this point from exposure
to either continuous or pulsed RF radiation. The
evidence that exposure to RF radiation alters the
blood-brain barrier was considered weak.

A few studies dealt with alterations induced
by RF radiation in cell differentiation or induc-
tion of apoptosis in the brain or other organs.
While most of the studies showed an association,
the Working Group was not convinced that these
data were of sufficient scientific rigour to assess

apoptotic effects in these organs. An additional
14 studies focused on apoptosis in cultured
human cells. Only two studies demonstrated an
increase in apoptosis: one compared the results
observed in treated cells with controls that were
not subject to the same conditions as the exposed
cells, while thermal effects may have had an
impact in the other study. Finally, other in-vitro
studies with non-human cells gave essentially
negative results, with the exception of one study
that demonstrated mixed results. The evidence
that exposure to RF radiation alters apoptosis
was considered weak.

Multiple assays in vitro were conducted to
test proliferation of primary cells or established
cell lines by analysis of cell-cycle progression
and thymidine uptake, after exposure to various
intensities of RF radiation at various time inter-
vals. Many of these studies used small sample
sizes and description of experimental details
was lacking in several cases. Studies with positive
results showed increases and decreases in cellular
replication, and no consistent pattern could be
discerned. The evidence that RF radiation alters
cellular replication was considered weak.

Ornithine decarboxylase is an enzyme
involved in the metabolism of polyamines,
which are critical components of cellular repli-
cation and differentiation processes. The activity
of this enzyme was the object of several studies
in vitro in human and animal cells exposed to
GSM900 and GSM1800 signals. Some of these
studies showed significantly increased ornithine
decarboxylase activity. The result of one study
suggested that ornithine decarboxylase activi-
ties may be reduced. It was unclear how these
changes in activity relate to human cancer. There
was weak evidence from in-vitro studies that
exposure to RF radiation alters ornithine decar-
boxylase activity.

The evidence that exposure to RF radiation, at
intensities below the level of thermal effects, may
produce oxidative stress in brain tissue and may
affect neural functions was considered weak.
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6. EVALUATION

6.1 Cancer in humans

There is limited evidence in humans for the
carcinogenicity of radiofrequency radiation.
Positive associations have been observed between
exposure to radiofrequency radiation from wire-
less phones and glioma, and acoustic neuroma.

6.2 Cancer in experimental animals

There is limited evidence in experimental
animals for the carcinogenicity of radiofrequency
radiation.

6.3 Overall evaluation

Radiofrequency electromagnetic fields are
possibly carcinogenic to humans (Group 2B).

6.4 Rationale for the evaluation of the
epidemiological evidence

The human epidemiological evidence was
mixed. Several small early case-control studies
were considered to be largely uninformative. A
large cohort study showed no increase in risk of
relevant tumours, but it lacked information on
level of mobile-phone use and there were several
potential sources of misclassification of expo-
sure. The bulk of evidence came from reports
of the INTERPHONE study, a very large inter-
national, multicentre case-control study and a
separate large case—control study from Sweden
on gliomas and meningiomas of the brain and
acoustic neuromas. While affected by selection
bias and information bias to varying degrees,
these studies showed an association between

glioma and acoustic neuroma and mobile-phone
use; specifically in people with highest cumula-
tive use of mobile phones, in people who had used
mobile phones on the same side of the head as that
on which their tumour developed, and in people
whose tumour was in the temporal lobe of the
brain (the area of the brain that is most exposed
to RF radiation when a wireless phone is used at
the ear). The Swedish study found similar results
for cordless phones. The comparative weakness of
the associations in the INTERPHONE study and
inconsistencies between its results and those of
the Swedish study led to the evaluation of limited
evidence for glioma and acoustic neuroma, as
decided by the majority of the members of the
Working Group. A small, recently published
Japanese case—control study, which also observed
an association of acoustic neuroma with mobile-
phone use, contributed to the evaluation of
limited evidence for acoustic neuroma.

There was, however, a minority opinion that
current evidence in humans was inadequate,
therefore permitting no conclusion about a
causal association. This minority saw incon-
sistency between the two case-control studies
and a lack of exposure-response relationship
in the INTERPHONE study. The minority also
pointed to the fact that no increase in rates of
glioma or acoustic neuroma was seen in a nation-
wide Danish cohort study, and that up to now,
reported time trends in incidence rates of glioma
have not shown a trend parallel to time trends in
mobile-phone use.

419
JA 02869



USCA Case #20-1025 Document #1869749 Filed: 11/04/2020  Page 147 of 423

JA 02870



USCA Case #20-1025

Document #1869749

Filed: 11/04/2020  Page 148 of 423

GLOSSARY

Antenna: Device that serves as a transducer
between a guided wave (e.g. via a coaxial cable)
and a free space wave, or vice versa. It can be used
either to emit or to receive a radio signal.

Base station: Wireless communications
station installed at a fixed location and used to
transmit and receive radio signals to and from
mobile-phone users. Also used for DECT phones
at home.

Cell phone: See “Mobile phone”.

Cellular radio network: Fixed infrastruc-
ture comprising multiple base stations deployed
across a wide geographical area such that mobile-
phone users are able to communicate via the
base stations, with the radio signals associated
with their calls being transmitted from one base
station to another as the users move across cell
boundaries.

Conductivity: The ratio of the conduction-
current density in a medium to the electric field
strength. The unit of conductivity is siemens per
metre (S/m).

Cordless phone: (DECT, portable phone) A
wireless telephone that communicates via radio
waves with a base station connected to a fixed
telephone line, usually within a limited range of
itsbase station. The base station is on the premises
of the owner, and attached to the wired telephone
network in the same way as a corded telephone.

DECT phone: See “Cordless phone”

Effective radiated power (ERP) or equiva-
lent radiated power: is a standardized theoret-
ical measurement of radiofrequency (RF) energy
using the SI unit watts, and is determined by
substracting system losses and adding system
gains. ERP is similar to EIRP (see below), but
may use some other reference antenna than an
isotropic antenna, e.g. a half dipole.

Electric-field strength (E): Magnitude of a
field vector at a point that represents the force (F)
on a small test charge (q) divided by the charge:

E =

| T

The magnetic field strength is expressed in
units of volt per metre (V/m).

Equivalent isotropically radiated power
(EIRP) or effective isotropically radiated
power: The amount of power that a theoretical
isotropic antenna (which evenly distributes
power in all directions) would emit to produce
the peak power density observed in the direc-
tion of maximum antenna gain. EIRP can take
into account the losses in transmission line and
connectors and includes the gain of antenna. The
EIRP is often expressed in terms of decibels over a
reference power emitted by an isotropic radiator
with an equivalent signal strength. The EIRP
allows comparisons between different emitters
regardless of type, size or form. From the EIRP,
and with knowledge of a real antenna’s gain, it

421
JA 02871



USCA Case #20-1025
IARC MONOGRAPHS - 102

Document #1869749

Filed: 11/04/2020  Page 149 of 423

is possible to calculate real values for power and
field strength.

Equivalent plane-wave power density
(plane-wave equivalent power density) (S): A
commonly used term associated with any elec-
tromagnetic wave, equal in magnitude to the
power density of a plane wave having the same
electric- (E) or magnetic- (H) field strength.
Specifically, the normalized value of the square
of the electric- or the magnetic-field strength at
a point in the near field of a radiating source.
The unit of equivalent plane-wave power density
(according to the International System of Units,
SI) is the watt per square metre (W/m?) and is
computed as follows:

|E| 2
n

S = = nlH|?

where:

Eand Haretheroot-mean-square (rms) values
of the electric- and magnetic-field strengths,
respectively

1 is the wave impedance (= 377 ohms in free
space).

Note that most field-survey equipment uses
this relationship, although it does not apply to
the near field. In case of exposure assessment, the
independent measurement of E rms (or |E|?) and
H rms (or |HJ?) is preferred.

Synonym: equivalent plane-wave power flux
density.

Far-field region and near-field region: The
far-field region is defined when the fields can be
well approximated by the radiating fields, i.e.
the E-field vector is perpendicular to the H-field
vector, and both are orthogonal to the direction
of propagation whereby the ratio of the ampli-
tudes of the E- and H-fields is 377 ohm.

The near-field region is when the above condi-
tions are not met, i.e. when the field is dominated
by reactive field components.
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Frequency and wavelength: The intensity of
electric and magnetic fields can vary periodically
over time and space, following a sinusoidal func-
tion. In the time domain, the number of cycles of
oscillation per second is defined as the frequency,
f, of the field and is expressed in hertz (Hz). In the
spatial domain, the distance between two peaks
of one oscillation cycle is called the wavelength.
In free space, this is equivalent to:

C
1= -

where:
c is the velocity of light (= 3.10° m/s).

Magnetic-field strength (H): The magnitude
of a field vector in a point that results in a force
(F) on a charge g moving with the velocity v:

F = q (vxuH)

The magnetic-field strength is expressed in

units of ampere per metre (A/m).

Magnetic-flux density (B): The magnitude of
a field vector that is equal to the magnetic field
strength H multiplied by the permeability (n) of
the medium:

B = uH
Magnetic-flux density is expressed in units of
tesla (T).

Mobile phone: (cell phone, hand-held phone)
Electronic device used to make and receive
phone calls across a wide geographical area
allowing the user to be mobile. A mobile phone
is connected to a cellular network provided by a
mobile-network operator.

Modulation: The process, or result of the
process, whereby some characteristic of one
wave is varied in accordance with another wave
or signal. There are three canonical modulation

types:
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Glossary

o« AM (amplitude modulation): informa-
tion is imparted to an electromagnetic
wave by varying its amplitude

« FM (frequency modulation): information
is imparted to an electromagnetic wave
by varying its frequency

o ¢M (phase modulation): information is
imparted to an electromagnetic wave by
varying its phase

FM and ¢$M are actually closely related to each
other, e.g. both can be expressed mathematically
in terms of a phase modulation.

Multiple access, or channel multiple access:
Multiple-access methods are required to allow
multiple devices to operate simultaneously. The
following multiple-access methods are available
for transmitting a set of individual data streams:

« FDMA: frequency-division multiple
access splits the communication spec-
trum into different frequency domain
bands that are assigned to the different
data streams.

o« TDMA: time-division multiple access
splits the communication spectrum into
periodically repetitive time slots, each
terminal or data stream has a fixed peri-
odic time slot during which data may be
transmitted.

o« CDMA: code-division multiple access
allows multiple transmitters to send data
simultaneously, theoretically, in the same
frequency and time-domain channels.
Communication channels are separated
in the code domain by multiplying
(spreading) the data streams with mutu-
ally orthogonal code vectors. Applying
the same code vectors at the receiver
allows separation of multiple simultane-
ous data streams due to the orthogonality
of the codes.

o SDMA: space-division multiple access
separates different data streams in space.

A prominent example is directional radio
systems.

In principle, the same multiple-access
methods can be used to divide the forward and
return data stream between two terminals. In
practice however only time-division duplex
(TDD) and frequency-division duplex (FDD) are
applied.

Peak spatial SAR (psSAR): Peak spatial SAR
values describe the peak SAR of all sSAR (See

specific absorption rate [SAR] and spatially aver-
aged SAR [sSAR]).

Peak-to-average power ratio (PAPR): The
probability of peak signal power exceeding the
average power level by 0.1%. In the case of non-
statistical disruptions, PAPR is equivalent to the
crest factor, i.e. 2 for a sinusoidal signal, 8.7 for
GSM, 3.1-3.3 for UMTS-FDD, 10-20 for WLAN,
etc. In the case of pulsed signals, the peak pulse
amplitude is PAPR multiplied by the average
power.

Penetration depth: For a plane electro-
magnetic wave incident on the boundary of a
medium, the distance from the boundary into
the medium along the direction of propagation
in the medium, at which the field strengths of
the wave have been reduced to 1/e (around 37%)
of their boundary values. Penetration depth is
expressed in metres (m).

Permittivity: The ratio of the electric-flux
density in a medium to the electric-field strength
at a point. The permittivity of biological tissues
is dependent on frequency. Permittivity is
expressed in units of farad per metre (F/m).

Polarization: The property of a radiated elec-
tromagnetic wave describing the time-varying
direction and amplitude of the electric-field
vector; specifically, the figure traced as a func-
tion of time by the extremity of the E-field vector
at a fixed location in space, as observed along the
direction of propagation.
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Power density (Pd): The radiant power
incident perpendicular to a surface, divided
by the area of the surface. The power density
is expressed in units of watt per square metre
(W/m?). Power density can be determined from
the field strengths as follows:

2

- 2
3770 3770 H

P, =ExH-=

Also written as:

P, = E x H = E2|3770Q = 3770 H?

Radiation: The emission and propagation of
energy in the form of waves or particles through
space.

Radiofrequency: Any frequency in the range
of 30 MHz to 300 GHz.

Receiver: A device that detects radio signals
and extracts useful information that has been
encoded onto them through modulation, such as
speech, music, data or pictures.

Resonance: The tendency of an object to
oscillate with a larger amplitude at certain
frequencies.

Root-mean-square (rms): The rms value or
effective value is the square root of the mean of
the squares of a continuous function:

1 T2
e = = |,

where:

T is period

tis time

fis frequency

The rms values are important in the context
of expressing exposure values averaged over time
(see also specific absorption rate, SAR).

[f (©)]?dt

424

Root-sum-square (rss): The rss value is the
root of the sum of the squares of the components
of a vector.

Sidelobes: Antennae designed to radiate a
main beam in particular angular direction also
produce weaker beams known as sidelobes in
other angular directions.

Spatially averaged SAR (sSAR:): Spatially
averaged SAR (sSAR) values have been defined to
better characterize SAR with respect to potential
hazards. Technically, each location of the body
is represented with a spatially averaged SAR.
Different definitions have been proposed for
standard settings and are commonly applied:

o sSAR-1 g: spatially averaged SAR values
over a mass of 1 g of tissue in the shape
of a cube. Special evaluation conditions
are applied in case of air interfaces (IEEE
C95.3). In practice, each local SAR value
in the body is represented by the sSSAR-1 g
value whereby the cube is grown sym-
metrically around that location. At higher
frequencies, sSAR-1g is approximately
twice the value of sSAR-10 g due to the
reduced penetration depth.

« sSAR-10 g: spatially averaged SAR values
over a mass of 10 g of tissue in the shape
of a cube.

o sSAR-10gc: spatially averaged SAR
values over a mass of 10 g of contiguous
tissue.

Specific absorption rate (SAR): The time
derivative of the incremental energy (dW)
absorbed by (dissipated in) an incremental mass
(dm) contained in a volume element (dV) of given
density (p):

d

SAR = — (

° dW) d <dW)

dm) T dt \pdv

The SI unit of SAR is the watt per kilogram
(W/kg).
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Glossary

NOTE: SAR can be related to the electric field
at a point by:

olE|?
SAR =

where:

o is conductivity of the tissue (S/m)

p is mass density of the tissue (kg/m’)

E is rms electric field strength in tissue (V/m)

NOTE: SAR can be related to the increase in
temperature at a point by:

cAT

SAR = —
At

t=0

where:

AT is the change in temperature (°C)

At is the duration of exposure (s)

c is the specific heat capacity (J/kg °C)

This assumes that measurements are made
under “ideal” non-thermodynamic circum-
stances, i.e. no heat loss by thermal diffusion,
radiation, or thermoregulation (blood flow,
sweating, etc.). Therefore, the third equation is
only valid if the exposed body is in thermal equi-
librium or a steady thermal state at the begin-
ning of the exposure and either heat exchange
processes can be neglected during the measure-
ment interval or the processes are known and
corrected such that dT can be correspondingly
corrected.

In other words, SAR is proportional to the
absorbed energy, square of the induced E-fields
or induced current density. However, SAR is not

directly proportional to the induced magnetic
field.

Specific tissue-averaged SAR (stSAR): The
total electromagnetic power absorbed by an
organ or specific tissue.

Standing waves: Standing waves are formed
where RF fields are contained by reflection back
and forth. Energy is stored in the space where
reflection occurs, which leads to high field

strengths that are not associated with radiation.
Fields associated with standing waves generally
deposit much less energy in the body tissues than
radiation fields of the same strength.

Time-averaged SAR or temporal-averaged
SAR: SAR is usually reported as time-averaged
SAR, either over the periodicity of the signal or
over any 6 minutes.

Transceiver: A device containing both a
transmitter and a receiver, such that it forms one
terminal in a duplex communications link.

Transmitter: A device that generates and
amplifies a carrier wave, modulates it to carry
information, and radiates the resulting signal
from an antenna, such that it can be received
elsewhere.

UMTS (Universal Mobile Telecommunic-
ations System): a third-generation mobile tele-
communications technology that uses digitally
encoded signals to enable user access.

Whole-body SAR or whole-body averaged
SAR (WbSAR): The whole-body SAR is the
total electromagnetic power absorbed by a body
divided by its mass.

Wi-Fi: a wireless transmission technique for
use in local area networks that works in 2.4 GHz
and 5 GHz bands. It is a registered trademark of
the Wi-Fi Alliance.

WLAN (wireless local area network): a
short-range wireless data communications
network linking two or more devices.

WPAN (wireless personal area networks):
a short-range wireless communications network
for personal devices located near to the indi-
vidual, e.g. Bluetooth.
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LIST OF ABBREVIATIONS

AMPS advanced mobile phone system

CMB cosmic microwave background

CDMA code-division multiple access

Cw continuous wave

DAB digital audio broadcasting

D-AMPS digital advanced mobile phone system
DECT digital enhanced cordless telecommunications
DCS digital cellular system

DMH dimethylhydrazine

DTX discontinuous transmission

EIRP equivalent isotropically radiated power
EMF electromagnetic field

ENU N-ethyl-N-nitrosourea

ERP effective radiated power

FDD frequency-division duplex

FDMA frequency-division multiple access
FDTD finite-difference time-domain

FEM finite-element method

GPRS general packet radio service

GSH-Px glutathione peroxidase

GSM Global System for Mobile communications
HAN home area network

HF high frequency

ICNIRP International Council on Non-Ionizing Radiation Protection
iDEN integrated Digital Enhanced Network
IRP spherically-integrated radiated power
ISM industrial, scientific and medical

LAN local area network

LF low frequency

LPS lipopolysaccharide

LTE long-term evolution

MF medium frequency

MoM method of moment

MPE maximum permissible exposures

MRI magnetic resonance imaging
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MX
NAC
NO
0oDC
OFDM
PCI
PDC
PHA
PMA
PMR
PTT
pps
PVC
PW
MMC
NMT
RF
ROS
RTL
RT-PCR
SAM
SAR
SD
SMS
SOD
TAC
TACS
TCSE
TDMA
TEM
TETRA
TNF
TPA
UMTS
Vs
WCDMA
Wi-Fi
WiMax
WLAN
XO

428

3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone
N-acetyl cysteine

nitric oxide

ornithine decarboxylase

orthogonal frequency-division multiplexing
peripheral component interconnect

personal digital cellular

phytohaemagglutinin

phorbol 12-myristate 13-acetate

private mobile radio

push-to-talk

pulses per second

polyvinyl chloride

pulsed wave

mitomycin C

Nordic Mobile Telephony

radiofrequency

reactive oxygen species

radial transmission line

reverse-transcriptase polymerase chain reaction
specific anthropometric mannequin

specific absorption rate

standard deviation

short message service

superoxide dismutase

total antioxidant capacity

total-access communication systems

total cumulative specific energy

time-division multiple access

transverse electromagnetic

Terrestrial Trunked Radio

tumour necrosis factor
12-O-tetradecanoylphorbol-13-acetate
Universal Mobile Telecommunications System
versus

wideband code-division multiple access
standard wireless local area network (WLAN) technology
worldwide interoperability for microwave access
wireless local area network

xanthine oxidase
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CUMULATIVE CROSS INDEXTO
IARC MONOGRAPHS

The volume and year of publication are given. References to corrigenda are given in
parentheses.

A

A-O-C e e 40 (1986); Suppl. 7 (1987)
ACENAPNtNENE . .o e e e 92 (2010)
el 0 ) (=Y 1= 92 (2010)
Acetaldehyde ...... ..o 36 (1985) (corr. 42); Suppl. 7 (1987); 71 (1999)
Acetaldehyde associated with the consumption of alcoholic beverages.................. 100E (2012)
Acetaldehyde formylmethylhydrazone (see Gyromitrin)

Acetamide .....i i e 7 (1974); Suppl. 7 (1987); 71 (1999)
Acetaminophen (see Paracetamol)

ACICIOVIT « o e 76 (2000)

Acid mists (see Sulfuric acid and other strong inorganic acids, occupational exposures to mists and
vapours from)

ACHAINE OFANGE . ottt e e e e e e e e 16 (1978); Suppl. 7 (1987)
Acriflavinium chloride . ... e 13 (1977); Suppl. 7 (1987)
Acrolein. ... 19 (1979); 36 (1985); Suppl. 7 (1987); 63 (1995) (corr. 65)
Acrylamide. ... . 39 (1986); Suppl. 7 (1987); 60 (1994)
Acrylicacid. . ..o 19 (1979); Suppl. 7 (1987); 71 (1999)
ACrylic fibres . o e 19 (1979); Suppl. 7(1987)
Acrylonitrile. . ... e 19 (1979); Suppl. 7 (1987); 71 (1999)
Acrylonitrile-butadiene-styrene copolymers ......... ..., 19 (1979); Suppl. 7 (1987)
Actinolite (see Asbestos)

Actinomycin D (see also ACtiNOmMYCiNS). . ......oui i Suppl. 7 (1987)
ACTiNOMYCINS ..t ettt 10 (1976) (corr. 42)
AdIamMYCiN. ..o e 10 (1976); Suppl. 7 (1987)
AR -2 31 (1983); Suppl. 7 (1987)
Aflatoxins.............. 1(1972) (corr. 42); 10 (1976); Suppl. 7 (1987); 56 (1993); 82 (2002); 100F (2012)

Aflatoxin B, (see Aflatoxins)
Aflatoxin B, (see Aflatoxins)

429
JA 02879



USCA Case #20-1025 Document #1869749 Filed: 11/04/2020  Page 157 of 423
IARC MONOGRAPHS - 102

Aflatoxin G, (see Aflatoxins)
Aflatoxin G, (see Aflatoxins)
Aflatoxin M, (see Aflatoxins)

AQariting. . oot 31 (1983); Suppl. 7 (1987)
Alcohol consumption ... e 44 (1988); 96 (2010); ‘IOOE (2012)
AldICArD. . .o 3(1991)
AlOrIN . o 5(1974); SuppI 7(1987)
Allyl chloride. ... e 36 (1985); Suppl. 7 (1987); 71 (1999)
Allylisothiocyanate ......... ..o 36 (1985); Suppl. 7 (1987); 73 (1999)
Allylisovalerate ... e 36 (1985); Suppl. 7 (1987); 71 (1999)
Aluminium production.................ocoiiin.L. 34 (1984); Suppl. 7 (1987); 92 (2010); 100F (2012)
AMaAranth . .o 8 (1975); Suppl. 7 (1987)
5-Aminoacenaphthene. .. ... 16 (1978); Suppl. 7 (1987)
2-Aminoanthragquinone ......... ..ot e 27 (1982); Suppl. 7 (1987)
Para-AmMiNOazZODENZENE . . ..ttt e e 8 (1975); Suppl. 7 (1987)
ortho-Aminoazotoluene . ... ...t 8 (1975) (corr. 42); Suppl. 7 (1987)
para-Aminobenzoicacid. .......covriiii i e 16 (1978); Suppl. 7 (1987)
4-Aminobiphenyl ...... ... . 1(1972) (corr. 42); Suppl. 7 (1987); 100F (2012)
1-Amino-2,4-dibromoanthraquinone ....... ..ot e 101 (2012)

2-Amino-3,4-dimethylimidazo[4,5-flquinoline (see MelQ)
2-Amino-3,8-dimethylimidazo[4,5-flquinoxaline (see MelQx)
3-Amino-1,4-dimethyl-5H-pyrido[4,3-blindole (see Trp-P-1)

2-Aminodipyrido[1,2-a:3,2’-dlimidazole (see Glu-P-2)

1-Amino-2-methylanthraquinone.......... ... i i 27 (1982); Suppl. 7 (1987)
2-Amino-3-methylimidazo[4,5-flquinoline (see 1Q)

2-Amino-6-methyldipyrido[1,2-a:3,2"-dlimidazole (see Glu-P-1)
2-Amino-1-methyl-6-phenylimidazo([4,5-b]pyridine (see PhIP)
2-Amino-3-methyl-9H-pyrido[2,3-blindole (see MeA-a-C)

3-Amino-1-methyl-5H-pyrido[4,3-blindole (see Trp-P-2)

2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole .................. ...l 7 (1974); Suppl. 7 (1987)

2-AmMiNo-4-nitrophenol. .. ... 57 (1993)

2-Amino-5-Nitrophenol. .. ... 57 (1993)

4-AmMiNo-2-NitroPheNol. . .. ..o e 16 (1978); Suppl. 7 (1987)

2-AmMino-5-nitrothiazole. ... 31 (1983); Suppl. 7 (1987)

2-Amino-9H-pyrido[2,3-blindole (see A-a-C)

11-AmMIiNoundecanoiCacid. ..ot e e 39 (1986); Suppl. 7 (1987)

Amitrole ..o 7 (1974); 41 (1986) (corr. 52); Suppl. 7 (1987); 79 (2001)

Ammonium potassium selenide (see Selenium and selenium compounds)

Amorphoussilica (see also Silica) ....................... 42 (1987); Suppl. 7 (1987); 68 (1997) (corr. 81)

Amosite (see Asbestos)

AMPICIIIN . L e e 50 (1990)

AN S I NI ettt ettt ettt e 76 (2000)

Anabolic steroids (see Androgenic [anabolic] steroids)

Anaesthetics, volatile. ... 11 (1976); Suppl. 7 (1987)
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Analgesic mixtures containing phenacetin (see also Phenacetin)......... Suppl. 7 (1987); 100A (2012)
Androgenic (@nabolic) steroids .........o.iiii i e SuppI 7 (1987)
Angelicin and some synthetic derivatives (see also Angelicins).................ooooviia.L. 40 (1986)
Angelicin plus ultraviolet radiation .......... ... . i Suppl. 7 (1987)
(see also Angelicin and some synthetic derivatives)

ANGEIICINS. .t e Suppl. 7 (1987)
ANiliNe. .o 4 (1974) (corr. 42); 27 (1982); Suppl. 7 (1987)
Ortho-ANiISIAINe. . ..ot e 27 (1982); Suppl. 7 (1987); 73 (1999)
Para-Anisiding ... ... e 27 (1982); Suppl. 7 (1987)
Anthanthrene. ... e e 32(1983); Suppl. 7 (1987); 92 (2010)
Anthophyllite (see Asbestos)
ANTNIACENE .t 32(1983); Suppl. 7 (1987); 92 (2010)
Anthranilicacid ... ..o 16 (1978); Suppl. 7 (1987)
ANt agUINONE. ..ottt e e e e e 101 (2012)
Y 8 o Yo [0 11T 13 82 (2002)
ANtIMONY tHOXIE . . .o e e e e 47 (1989)
Antimony trisUfide. .. ... e 47 (1989)
ANTU (see 1-Naphthylthiourea)
APNOlatE. . e e e 9 (1975); Suppl. 7 (1987)
para-Aramid fIOrils . ... . e 68 (1997)
AT L ottt 5(1974); Suppl. 7 (1987)
Arecanut (seealsoBetel quid) ...t 85 (2004); 100E (2012)
Aristolochia species (see also Traditional herbal medicines).................... 82 (2002); 100A (2012)
AriStoloChIC ACIS. ..ot 82 (2002); 100A (2012)
Arsanilic acid (see Arsenic and arsenic compounds)
Arsenic and arsenic compounds ............ 1(1972); 2 (1973); 23 (1980); Suppl. 7 (1987); 100C (2012)
Arsenicin drinKiNg-Water. ... ..ooii i e e e 84 (2004)
Arsenic pentoxide (see Arsenic and arsenic compounds)
Arsenic trioxide (see Arsenic in drinking-water)
Arsenic trisulfide (see Arsenic in drinking-water)
Arsine (see Arsenic and arsenic compounds)
Asbestos................ 2 (1973) (corr. 42); 14 (1977) (corr. 42); Suppl. 7 (1987) (corr. 45); 100C (2012)
N A = 4 [ 1< 53(1991); 73 (1999)
Attapulgite (see Palygorskite)
Auramine, technical-grade................... ... ... 1(1972) (corr. 42); Suppl. 7 (1987); 100F (2012)
Auramine, manufacture of (see also Auramine, technical-grade) .......... Suppl. 7 (1987); 100F (2012)
AUrothioglucose . .....oi i e e 13 (1977); Suppl. 7 (1987)
AZaCitidiNg. . oottt e 26 (1981); Suppl. 7 (1987); 50 (1990)
5-Azacytidine (see Azacitidine)
A ZAS O N ettt ettt e 10 (1976) (corr. 42); Suppl. 7 (1987)
Azathioprine ... ...t 26 (1981); Suppl. 7 (1987); 100A (2012)
AZINAING .« ettt 9 (1975); Suppl. 7 (1987); 71 (1999)
2-(T-Aziridinylethanol. . ... ..o e 9 (1975); Suppl. 7 (1987)
Aziridyl benzoquinone . ... ...t 9 (1975); Suppl. 7 (1987)
AZODNZENE .t 8 (1975); Suppl. 7 (1987)
AZT (see Zidovudine)
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B
Barium chromate (see Chromium and chromium compounds)
Basic chromic sulfate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
11H-Benz[bclaceanthrylene ... ... e et 92 (2010)
Benz[jlaceanthrylene. ... i e 92 (2010)
Benz[flaceanthrylene. ... e 92 (2010)
Benz[alacridine ........ouiiiii 32 (1983); Suppl. 7 (1987)
Benz[clacridine. ..ot e 3(1973); 32 (1983); Suppl. 7 (1987)
Benzal chloride. ... ..o 29 (1982); Suppl. 7 (1987); 71 (1999)
(see also a-Chlorinated toluenes and benzoyl chloride)
Benz[alanthracene ...t 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzene ...t 7 (1974) (corr. 42); 29 (1982); Suppl. 7 (1987); 100F (2012)
Benzidine.......ooiiiiiiii 1(1972); 29 (1982); Suppl. 7 (1987); 100F (2012)
Benzidine-based dyes ... ..ot Suppl. 7 (1987); 100F (2012)
BeNzZO D ChrySeNe . ottt e 92 (2010)
BeNZO[gIChrySeNe . ottt e 92 (2010)
Benzolalfluoranthene . ... ... e e 92 (2010)
Benzo[blfluoranthene ..............ccoiiiiiiiiiiiin... 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzo[jlfluoranthene. ...l 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzolklfluoranthene ...t 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzo[ghilfluoranthene ...........ccooiiiiiiiii i 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzoldlfluorene. ........covriiiiii i 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzo[blfluorene. ..ot 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzo[clfluorene . .......coviriiii i 32 (1983); Suppl. 7 (1987); 92 (2010)
BN ZOfUIAN .. e e 63 (1995)
Benzo[ghilperylene . ... 32 (1983); Suppl. 7 (1987); 92 (2010)
Benzo[clphenanthrene ... 32 (1983); Suppl. 7 (1987); 92 (2010)
BENZOPENONE. . ..o i 101 (2012)
Benzolalpyrene .................. 3(1973); 32 (1983); (corr. 68); Suppl. 7 (1987); 92 (2010); 100F (2012)
Benzolelpyrene .. ..vuii i e 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
1,4-Benzoquinone (see para-Quinone)
1,4-BenzoquinonedioxXime .........oiiiiiiiiii i 29 (1982); Suppl. 7 (1987); 71 (1999)
Benzotrichloride ... 29 (1982); Suppl. 7 (1987); 71 (1999)
(see also a-Chlorinated toluenes and benzoyl chloride)
Benzoylchloride ... 29 (1982) (corr. 42); Suppl. 7 (1987); 71 (1999)
(see also a-Chlorinated toluenes and benzoyl chloride)
Benzoyl peroxide. .......vuiiiiiii 36 (1985); Suppl. 7 (1987); 71 (1999)
Benzylacetate .....c.viiini i 40 (1986); Suppl. 7 (1987); 71 (1999)
Benzyl chloride............oooviiiiiiin, 11 (1976) (corr. 42); 29 (1982); Suppl. 7 (1987); 71 (1999)
(see also a-Chlorinated toluenes and benzoyl chloride)
Benzyl Violet 4B . ..ot e 16 (1978); Suppl. 7 (1987)
Bertrandite (see Beryllium and beryllium compounds)
Beryllium and beryllium compounds........... 1(1972); 23 (1980) (corr. 42); Suppl. 7 (1987); 58 (1993);
100C (2012)
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Beryllium acetate (see Beryllium and beryllium compounds)

Beryllium acetate, basic (see Beryllium and beryllium compounds)

Beryllium-aluminium alloy (see Beryllium and beryllium compounds)

Beryllium carbonate (see Beryllium and beryllium compounds)

Beryllium chloride (see Beryllium and beryllium compounds)

Beryllium-copper alloy (see Beryllium and beryllium compounds)

Beryllium-copper-cobalt alloy (see Beryllium and beryllium compounds)

Beryllium fluoride (see Beryllium and beryllium compounds)

Beryllium hydroxide (see Beryllium and beryllium compounds)

Beryllium-nickel alloy (see Beryllium and beryllium compounds)

Beryllium oxide (see Beryllium and beryllium compounds)

Beryllium phosphate (see Beryllium and beryllium compounds)

Beryllium silicate (see Beryllium and beryllium compounds)

Beryllium sulfate (see Beryllium and beryllium compounds)

Beryl ore (see Beryllium and beryllium compounds)

Betel quid with added tobacco ..................... 37 (1985); Suppl. 7 (1987); 85 (2004); 100E (2012)
Betel quid without added tobacco................... 37 (1985); Suppl. 7 (1987); 85 (2004);100E (2012)
BHA (see Butylated hydroxyanisole)

BHT (see Butylated hydroxytoluene)

Biomass fuel (primarily wood), indoor emissions from household combustionof ............ 95 (2010)
Bis(1-aziridinyl)morpholinophosphine sulfide .................... ... oLl 9 (1975); Suppl 7 (1987)
2,2-Bis(bromomethyl)propane-1,3-diol. ..ottt 7 (2000)
Bis(2-chloroethyl)ether ........ ... 9 (1975); Suppl. 7 (1987); 71 (1999)
N,N-Bis(2-chloroethyl)-2-naphthylamine .............. 4 (1974) (corr. 42); Suppl. 7 (1987); 100A (2012)
Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas) .............. 26 (1981); Suppl. 7 (1987)
1,2-Bis(chloromethoxy)ethane...............ccooiiiiiiiii... 15 (1977); Suppl. 7 (1987); 71 (1999)
1,4-Bis(chloromethoxymethyl)benzene .......................... 15 (1977); Suppl. 7 (1987); 71 (1999)
Bis(chloromethyl)ether ............. ...t 4 (1974) (corr. 42); Suppl. 7 (1987); 100F (2012)
Bis(2-chloro-1-methylethyl)ether ...ttt 41 (1986); Suppl. 7 (1987); 71 (1999)
Bis(2,3-epoxycyclopentyl)ether . ... ... 47 (1 989) 1(1999)
Bisphenol A diglycidyl ether (see also Glycidyl ethers) ...........c.co it 1(1999)
Bisulfites (see Sulfur dioxide and some sulfites, bisulfites and metabisulfites)
BItUM NS e 35 (1985); Suppl. 7 (1987)
Bleomycins (see also Etoposide) .........coiiiiiiiiiiiii 26 (1981); Suppl. 7 (1987)
BIUE VRS .. .ottt et et e 16 (1978); Suppl. 7 (1987)
Boot and shoe manufacture and repair..........ccooiiiiiii i, 25(1981); Suppl. 7 (1987)
Bracken fern ..ot 40 (1986); Suppl. 7 (1987)
Brilliant Blue FCF, disodiumsalt...............cooiiiiiiiiiiin., 16 (1978) (corr. 42); Suppl. 7 (1987)
Bromochloroacetic acid ..ot 101 (2012)
Bromochloroacetonitrile (see also Halogenated acetonitriles)......................cooil 71 (1999)
Bromodichloromethane . ... e e 52(1991); 71 (1999)
BroOMOETNaNe . . 52(1991); 71 (1999)
BrOMO O oo 52(1991); 71 (1999)
Busulfan (see 1,4-Butanediol dimethanesulfonate)
1,3-Butadiene......... 39 (1986) (corr. 42); Suppl. 7 (1987); 54 (1992); 71 (1999); 97 (2008); 100F (2012)
1,4-Butanediol dimethanesulfonate............................ 4 (1974); Suppl. 7 (1987); 100A (2012)
433

JA 02883



USCA Case #20-1025 Document #1869749 Filed: 11/04/2020 Page 161 of 423
IARC MONOGRAPHS - 102

2-BULOXYETNaNOl . . e 88 (2006)
T-tert-BUtOXYPropan-2-0l . . ...ttt e et e 88 (2006)
n-Butylacrylate ... 39 (1986); Suppl. 7 (1987); 71 (1999)
Butylated hydroxyanisole. ........ ..ot 40 (1986); Suppl. 7 (1987)
Butylated hydroxytoluene ........ ..ot 40 (1986); Suppl. 7 (1987)
Butyl benzyl phthalate ... 29 (1982) (corr. 42); Suppl. 7 (1987); 73 (1999)
B-Butyrolactone. ........ooiiiiiii 11 (1976); Suppl. 7 (1987); 71 (1999)
y-Butyrolactone...... ... 11 (1976); Suppl. 7 (1987); 71 (1999)
C
Cabinet-making (see Furniture and cabinet-making)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds ......... 2(1973); 11 (1976) (corr. 42); Suppl. 7 (1987); 58 (1993);
100C (2012)
Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulfate (see Cadmium and cadmium compounds)
Cadmium sulfide (see Cadmium and cadmium compounds)
Caffeic @Cid ..o 56 (1993)
affEine. e 51 (1991)
Calcium arsenate (see Arsenic in drinking-water)
Calcium carbide production ... ... e 92 (2010)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin .. ..o e e e 10 (1976); Suppl. 7 (1987)
Caprolactam .....................l. 19 (1979) (corr. 42); 39 (1986) (corr. 42); Suppl. 7 (1987); 71 (1999)
CaPtafOl o e e 53(1991)
(=T o) = o AP 30(1983); Suppl. 7 (1987)
Qarbaryl . e 12 (1976); Suppl. 7 (1987)
Carbazole. ... 32(1983); Suppl. 7 (1987); 71 (1999)
3-Carbethoxypsoralen....... ... 40,317 (1986); Suppl. 7, 59 (1987)
Carbonblack..........c.ooiiiiiiiiiiit, 3(1973); 33 (1984); Suppl.7 (1987); 65 (1996); 93, (2010)
Carbon electrode manufacture ... e 92 (2010)
Carbontetrachloride ...t 1(1972); 20 (1979); Suppl. 7 (1987); 71 (1999)
(= 03T 11 8 (1975); Suppl. 7 (1987)
Carpentry and JOINEIY .. ..ot e e 25 (1981); Suppl. 7 (1987)
CarmageeNan ..ottt e e 10 (1976) (corr. 42); 31 (1983); Suppl. 7 (1987)
Cassia occidentalis (see Traditional herbal medicines)
Catechol .. .o 15 (1977); Suppl. 7 (1987); 71 (1999)
CCNU (see 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea)
Ceramic fibres (see Man-made vitreous fibres)
Chemotherapy, combined, including alkylating agents
(see MOPP and other combined chemotherapy including alkylating agents)
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Chimney sweeps and other exposures to SOOt. .......cvvvvivinieieninenn... 92 (2010); 100F (2012)
Chloral (see also Chloral hydrate) ...........coiiiiiiiii e 63 (1995); 84 (2004)
Chloral hydrate. . . ..o e 63 (1995); 84 (2004)
Chlorambucil ... 9 (1975); 26 (1981); Suppl. 7 (1987); 1OOA (2012)
CRloramMINe .t 84 (2004)
Chloramphenicol. ... ..o 10 (1976); Suppl. 7 (1987); 50 (1990)
Chlordane (see also Chlordane and Heptachlor) ...t 20 (1979) (corr. 42)
Chlordane and Heptachlor............cooiiiii it Suppl. 7 (1987); 53 (1991); 79 (2001)
ChlordeCoNE . ..o 20 (1979); Suppl. 7 (1987)
Chlordimeform. ... e 30(1983); SuppI 7 (1987)
ChlorendiC aCid ..ottt e 48 (1990)
Chlorinated dibenzodioxins (otherthan TCDD) ..............coovviiin... 15 (1977); Suppl. 7 (1987)
(see also Polychlorinated dibenzo-para-dioxins)
Chlorinated drinking-wWater. . ... ..ot e e e 52(1991)
Chlorinated paraffins . ...t e e 48 (1990)
a-Chlorinated toluenes and benzoyl chloride......................ooill Suppl. 7 (1987); 71 (1999)
Chlormadinoneacetate ............cccovviiiiiinnnn.n.. 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)
Chlornaphazine (see N,N-Bis(2-chloroethyl)-2-naphthylamine)
Chloroacetonitrile (see also Halogenated acetonitriles) ..., 71 (1999)
Pard-Chloroaniling .. ... ...t e e e et 57 (1993)
Chlorobenzilate ..o e 5(1974); 30 (1983); Suppl. 7 (1987)
Chlorodibromomethane. . ... e i 52(1991); 71 (1999)
3-Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone ............c.cooviiiiiiiinenennn.. 84 (2004)
Chlorodifluoromethane ....................oooii.L. 41 (1986) (corr. 51); Suppl. 7 (1987); 71 (1999)
Chloroethane . ... e 52(1991); 71 (1999)
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea. ..................... 26 (1981) (corr. 42); Suppl. 7 (1987)
(see also Chloroethyl nitrosoureas)
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea ................. Suppl. 7 (1987); 100A (2012)
(see also Chloroethyl nitrosoureas)
Chloroethyl NItroSOUrEaS . . ..ottt e e e Suppl. 7 (1987)
Chlorofluoromethane ... 41 (1986); Suppl. 7 (1987); 71 (1999)
Chloroform ..o 1(1972); 20 (1979); Suppl. 7 (1987); 73(1999)
Chloromethyl methyl ether (technical-grade).................... 4 (1974); Suppl. 7 (1987); 100F (2012)

(see also Bis(chloromethyl)ether)
(4-Chloro-2-methylphenoxy)acetic acid (see MCPA)

1-Chloro-2-methylpropene . . ..o e e e 63 (1995)
3-Chloro-2-methylpropene . . ...ttt 63 (1995)
2-ChloronitrobENZENE . . ..o ot e e e 65 (1996)
3-ChloronitrobENZENE . . . ..ottt e e e 65 (1996)
A-ChloroNitrObENZENE . . ..\ttt e 65 (1996)
Chlorophenols (see also Polychlorophenols and their sodiumssalts) ................... Suppl 7 (1987)
Chlorophenols (occupational eXposuresto) ........ouvuiir ittt 41 (1986)
Chlorophenoxy herbicides. . ... ..ot e Suppl 7 (1987)
Chlorophenoxy herbicides (occupational exposuresto)...........vvviiiiiiiiiiinnenn... 41 (1986)
4-Chloro-ortho-phenylenediamine. ... 27 (1982); Suppl. 7 (1987)
4-Chloro-meta-phenylenediamine ..., 27 (1982); Suppl. 7 (1987)
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Chloroprene ... 19 (1979); Suppl. 7 (1987); 71 (1999)

Chloropropham . ..o e e e e e 12 (1976); Suppl. 7 (1987)

ChlorOgUINE .. e e e e e e e 13 (1977); Suppl. 7 (1987)

Chlorothalonil. ... ... 30(1983); Suppl. 7 (1987); 73 (1999)

para-Chloro-ortho-toluidine and its strong acid salts............. 16 (1978); 30 (1983); Suppl. 7 (1987);
(see also Chlordimeform) ........ooooii 48 (1990); 77 (2000)

4-Chloro-ortho-toluidine (see para-chloro-ortho-toluidine)

5-Chloro-ortho-tolUIdiNg . . . ..o e e i 77 (2000)

Chlorotrianisene (see also Nonsteroidal estrogens) ......................... 21 (1979); Suppl. 7 (1987)

2-Chloro-1,1,1-trifluoroethane.............cooiiiii .. 41 (1986); Suppl. 7 (1987); 71 (1999)

(@ 311 700 (o Yol 1S 0(1990)

Cholesterol. . ... 10(1976); 31 (1983); SuppI 7 (1987)

Chromic acetate (see Chromium and chromium compounds)

Chromic chloride (see Chromium and chromium compounds)

Chromic oxide (see Chromium and chromium compounds)

Chromic phosphate (see Chromium and chromium compounds)

Chromite ore (see Chromium and chromium compounds)

Chromium and chromium compounds........ 2 (1973); 23 (1980); Suppl. 7 (1987); 49 (1990) (corr. 51);
(seealso Implants, surgical) ....... ..o 100C (2012)

Chromium carbonyl (see Chromium and chromium compounds)

Chromium potassium sulfate (see Chromium and chromium compounds)

Chromium sulfate (see Chromium and chromium compounds)

Chromium trioxide (see Chromium and chromium compounds)

Chrysazin (see Dantron)

Chrysene. . ... 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)

Chrysoiding . ..o 8 (1975); Suppl. 7 (1987)

Chrysotile (see Asbestos)

[Tl o1 o 1o 50 (1990); 100A (2012)

(@ 1Yl O T g To 1= 57 (1993)

CLACIA REA 114 ot e e e e e e e e e 57 (1993)

ClBasic Red 9 (see alsO Magenta) . ....ouuuinini et e e 57 (1993)

L@ =Tt 1 =] 10T 57 (1993)

Cl Disperse Yellow 3 (see Disperse Yellow 3)

CIMEtidiNg . oo e e e e e e 50 (1990)

Cinnamyl anthranilate................. ... ..o ol 16 (1978); 31 (1983); Suppl. 7 (1987); 77 (2000)

ClPIgMENt Red 3. .t e e 57 (1993)

Cl Pigment Red 53:1 (see D&C Red No. 9)

Cisplatin (see also Etoposide) ......covuiiiiii e 26 (1981); Suppl. 7 (1987)

Gl e e e 40 (1986); Suppl. 7 (1987)

Gtrus ReA NO. 2 . oo e e 8 (1975) (corr. 42); Suppl. 7 (1987)

Clinoptilolite (see Zeolites)

Clofibrate . ... 24(1980); Suppl. 7 (1987); 66 (1996)

Clomiphene Citrate. .. ...i it e et 21 (1979); Suppl. 7 (1987)

Clonorchis sinensis, infection With ... i 61(1994); 100B (2012)

Coal, indoor emissions from household combustionof ........................ 95 (2010); 1OOE (2012)

C0al UST. .ttt e 68 (1997)
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Coal gasification...........oooviiii i 34 (1984); Suppl. 7 (1987); 92 (2010); 100F (2012)
Coal-tar distillation . ....cv i 92 (2010); 100F (2012)
Coal-tar pitches (see also Coal-tars) ..........ccovvviviiiiian... 35 (1985); Suppl. 7 (1987); 100F (2012)
Coal-arS . .ttt e 35 (1985); Suppl. 7 (1987); 100F (2012)

Cobalt[lll] acetate (see Cobalt and cobalt compounds)

Cobalt-aluminium-chromium spinel (see Cobalt and cobalt compounds)

Cobalt and cobalt compounds (see also Implants, surgical) ...............coooiiiatL. 52(1991)
Cobalt[ll] chloride (see Cobalt and cobalt compounds)

Cobalt-chromium alloy (see Chromium and chromium compounds)

Cobalt-chromium-molybdenum alloys (see Cobalt and cobalt compounds)

Cobalt metal powder (see Cobalt and cobalt compounds)

Cobalt metal with tungsten carbide. ... i 86 (2006)
Cobalt metal without tungsten carbide .......... ..o 86 (2006)
Cobalt naphthenate (see Cobalt and cobalt compounds)

Cobalt[ll] oxide (see Cobalt and cobalt compounds)

Cobalt(ll, 1] oxide (see Cobalt and cobalt compounds)

Cobalt sulfate and other soluble cobalt(Il)salts . .......ccoiiiii e 86 (2006)
Cobalt[ll] sulfide (see Cobalt and cobalt compounds)

Coconut oil diethanolamine condensate . ........o.viiii i 101 (2012)
(@0} 1 =] 51(1991) (corr. 52)
Cokeproduction ........ccoiiiiiiiiiiiii i, 34 (1984); Suppl. 7 (1987); 92 (2010); 100F (2012)
Combined estrogen—progestogen contraceptives. .. Suppl. 7 (1987); 72 (1999); 91 (2007); 100A (2012)
Combined estrogen—progestogen menopausal therapy......... Suppl. 7 (1987); 72 (1999); 91 (2007);

100A (2012)

Conjugated eqUINE ESTIOGENS .. ...ttt ettt e 72 (1999)
Conjugated estrogens (see also Steroidal estrogens)........................ 21 (1979); Suppl. 7 (1987)
Continuous glass filament (see Man-made vitreous fibres)

Copper 8-hydroxyquinoline ..........couiiiii i 15 (1977); Suppl. 7 (1987)
(@00 ] 0] 1<) 2 1= 32(1983); Suppl. 7 (1987); 92 (2010)
(0o ¥ o 7= | 5 10 (1976); Suppl. 7 (1987); 77 (2000)
Creosotes (see alsoCoal-tars) .......ooovviiiii i 35 (1985); Suppl. 7 (1987); 92 (2010)
MeEta-CreSidiNe . ..ottt e 27 (1982); Suppl. 7 (1987)
PAra-Cresiding ..ottt e e e 27 (1982); Suppl. 7 (1987)

Cristobalite (see Crystalline silica)
Crocidolite (see Asbestos)

Crotonaldehyde. . ... 63 (1995) (corr. 65)
CrUAE Ol . v e e e 45 (1989)
Crystalline silica (see also Silica)............ 42 (1987); Suppl. 7 (1987); 68 (1997) (corr. 81); 100C (2012)
UM BN ottt e e e 101 (2012)
Cycasin (see also Methylazoxymethanol)................. 1(1972) (corr.42); 10 (1976); Suppl. 7 (1987)
CyClamates. . ..ot 22 (1980); Suppl. 7 (1987); 73 (1999)
Cyclamic acid (see Cyclamates)
Cyclochloroting ... e 10 (1976); Suppl. 7 (1987)
CYCloNEXaNONE. . . .ttt e 47 (1989); 71 (1999)
Cyclohexylamine (see Cyclamates)
4-Cyclopentaldeflchrysene . ... ...t e e 92 (2010)
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Cyclopentalcdlpyrene . ..o e et 32(1983); Suppl. 7 (1987); 92 (2010)
5,6-Cyclopenteno-T1,2-benzanthracene. ... ... e 92 (2010)
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide..............ccoiviiiiin... 9(1975); 26 (1981); Suppl. 7 (1987); 100A (2012)
Cyproterone acetate. . ...t e 72 (1999)
D
e N 15(1977)
(see also Chlorophenoxy herbicides; Chlorophenoxy herbicides, occupational exposures to)
Dacarbazing ... .ot e e 26 (1981); Suppl. 7 (1987)
AN ON. L 50 (1990) (corr. 59)
DR&C REANO. 9. .\ttt e e e e 8 (1975); Suppl. 7 (1987); 57 (1993)
D= ] 0 1Yo T 24 (1980); Suppl. 7 (1987)
DaUNOMYCIN .« ettt et e et e e e e 10 (1976); Suppl. 7 (1987)
DDD (see DDT)
DDE (see DDT)
3 PP 5(1974) (corr. 42); Suppl. 7 (1987); 53 (1991)
Decabromodiphenyl oxide ....... ..ot 48 (1990); 71 (1999)
Deltamethrin. . ..o e 53 (1991)
Deoxynivalenol (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Diacetylaminoazotoluene ... ... ..ot 8 (1975); Suppl. 7 (1987)
N,N-Diacetylbenzidine . ....... ..ot e 16 (1978); Suppl. 7 (1987)
Diallate ..o 12 (1976); 30 (1983); Suppl. 7 (1987)
2,4-Diaminoanisole anditssalts........................ 16 (1978); 27 (1982); Suppl. 7 (1987); 79 (2001)
4,4-Diaminodiphenyl ether.......... ..o i 16 (1978); 29 (1982); Suppl. 7 (1987)
1,2-Diamino-4-nitrobenzene. . ...... ..o e e 16 (1978); Suppl. 7 (1987)
1,4-Diamino-2-nitrobenzene. ...t 16 (1978); Suppl. 7 (1987); 57 (1993)
2,6-Diamino-3-(phenylazo)pyridine (see Phenazopyridine hydrochloride)
2,4-Diaminotoluene (see also Toluene diisocyanates) ....................... 16 (1978); Suppl. 7 (1987)
2,5-Diaminotoluene (see also Toluene diisocyanates) ....................... 16 (1978); Suppl. 7 (1987)
ortho-Dianisidine (see 3,3’-Dimethoxybenzidine)
Diatomaceous earth, uncalcined (see Amorphous silica)
D= V=T o - ] o o1 13 (1977); Suppl. 7 (1987); 66 (1996)
Diazomethane ... ... e e 7 (1974); Suppl. 7 (1987)
Dibenz[a,hlacridine ..........coiiiiiiii e 3(1973); 32 (1983); Suppl. 7 (1987)
Dibenzla lacriding .......coouiiiiii i e 3(1973); 32 (1983); Suppl. 7 (1987)
Dibenz[a,clanthracene .............ccoviiiiiiiiiiiin... 32(1983) (corr. 42); Suppl. 7 (1987); 92 (2010)
Dibenz[a,h]lanthracene ........................ 3(1973) (corr. 43); 32 (1983); Suppl. 7 (1987); 92 (2010)
Dibenz[ajlanthracene...........c.ooiiiiiiii i 32(1983); Suppl. 7 (1987); 92 (2010)
7H-Dibenzo[cglcarbazole ... 3(1973); 32 (1983); Suppl. 7 (1987)
Dibenzodioxins, chlorinated, other than TCDD (see Chlorinated dibenzodioxins, other than TCDD)
Dibenzola,elfluoranthene ...t 32(1983); Suppl. 7 (1987); 92 (2010)
13H-DIbenzolad,glfluOrENe . . ..ot e e e e e e e 92 (2010)
Dibenzolh,rstlpentaphene. ... 3(1973); Suppl. 7 (1987); 92 (2010)
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Dibenzo[a,elpyrene .......covivieiiiiii i, 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
Dibenzo[a,hlpyrene .......oovivieiviiii i, 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
Dibenzo[a,lpyrene......couvinieiii i 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
Dibenzo[a,/Ipyrene . ......ouve i 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
D1 o= g Vo] K= | ) V74T o = 92 (2010)
DIbENZO-Para-dioXin . ... i e e e 69 (1997)
DibromoacetiC aCid. . ..ottt 101 (2012)
Dibromoacetonitrile (see also Halogenated acetonitriles)....................... 71(1999); 101 (2012)
1,2-Dibromo-3-chloropropane................coooutt. 15 (1977); 20 (1979); Suppl. 7 (1987); 71 (1999)
1,2-Dibromoethane (see Ethylene dibromide)

2,3-Dibromopropan-T-0l .. ...t e e 77 (2000)
Dichloroaceticacid . .....oouiiiint e e e 63 (1995); 84 (2004)
Dichloroacetonitrile (see also Halogenated acetonitriles) ..o, 71 (1999)
Dichloroacetylene. ... 39 (1986); Suppl. 7 (1987); 71 (1999)
ortho-Dichlorobenzene. ..., 7 (1974); 29 (1982); Suppl. 7 (1987); 73 (1999)
Meta-DichlorObeNzZENe . . ...t 73 (1999)
para-Dichlorobenzene. ..., 7 (1974); 29 (1982); Suppl. 7 (1987); 73 (1999)
3,3"-Dichlorobenzidine ... 4(1974); 29 (1982); Suppl. 7 (1987)
trans-1,4-Dichlorobutene........ ... 15 (1977); Suppl. 7 (1987); 71 (1999)
3,3'-Dichloro-4,4'-diaminodiphenyl ether .......... ... il 16 (1978); Suppl. 7 (1987)
1,2-Dichloroethane. ... 20(1979); Suppl. 7 (1987); 71 (1999)
Dichloromethane ..., 20(1979); 41 (1986); Suppl. 7 (1987); 71 (1999)

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols, occupational exposures to; Polychlorophenols
and their sodium salts)
(2,4-Dichlorophenoxy)acetic acid (see 2,4-D)

2,6-Dichloro-para-phenylenediamine............ccooiiiiiiiiiiiiiinnn.. 39 (1986); Suppl. 7 (1987)
1,2-Dichloropropane . ......ovvriii i 41 (1986); Suppl. 7 (1987); 71 (1999)
1,3-Dichloro-2-propanol. . ... i e e 101 (2012)
1,3-Dichloropropene, technical-grade............................ 41 (1986); Suppl. 7 (1987); 71 (1999)
DIchlorVos ..o 20 (1979); Suppl. 7 (1987); 53 (1991)
)] Teo ] (o] ISP 30(1983); Suppl. 7 (1987)
Dicyclohexylamine (see Cyclamates)
D] Te F=Y 7o 131 =0 76 (2000)
DIl . oot 5(1974); Suppl. 7 (1987)
Dienoestrol (see also Nonsteroidal estrogens) ..............ccooviviiiiin... 21 (1979); Suppl. 7 (1987)
Diepoxybutane (see also 1,3-Butadiene) ................ 11 (1976) (corr. 42); Suppl. 7 (1987); 71 (1999)
Diesel and gasoline engine eXhausts. ........o.iuiii i e et 46 (1989)
DiESel fUEBIS. . .ottt 45 (1989) (corr. 47)
Diethanolamine. . ...t 77 (2000); 101 (2012)
Diethyl ether (see Anaesthetics, volatile)
Di(2-ethylhexyl) adipate........coveviii e 29 (1982); Suppl. 7 (1987); 77 (2000)
Di(2-ethylhexyl) phthalate.................. 29 (1982) (corr. 42); Suppl. 7 (1987); 77 (2000); 101 (2012)
1,2-Diethylhydrazine ...........co i 4 (1974); Suppl. 7 (1987); 71 (1999)
Diethylstilbestrol ........................... 6 (1974); 21 (1979) (corr. 42); Suppl. 7 (1987); 100A (2012)
Diethylstilbestrol dipropionate (see Diethylstilbestrol)
Diethylsulfate. ... 4 (1974); Suppl. 7 (1987); 54 (1992); 71 (1999)
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N N-DiethylthioUrea. . . ..o e e e e et 79 (2001)
Diglycidyl resorcinolether......................ooiatt. 11 (1976); 36 (1985); Suppl. 7 (1987); 71 (1999)
Dihydrosafrole ... 1(1972); 10 (1976) Suppl. 7 (1987)
1,2-Dihydroaceanthrylene . ... ..o e e e 92 (2010)
1,8-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
1,3-Dihydroxy-2-hydroxymethylanthraquinone ......... ... .. it 82 (2002)
Dihydroxymethylfuratrizine.......... ... 24 (1980); Suppl. 7 (1987)
Diisopropyl sulfate ..o e 54(1992); 71 (1999)
Dimethisterone (see also Progestins; Sequential oral contraceptives).............. 6 (1974); 21 (1979))
DIMEtNOXANE ettt 15 (1977); Suppl. 7 (1987)
3,3"-Dimethoxybenzidine. ... ... e 4 (1974); Suppl. 7 (1987)
3,3'-Dimethoxybenzidine-4,4'-diisocyanate ..............ccoviiiiiiiiiin... 39 (1986); Suppl. 7 (1987)
para-Dimethylaminoazobenzene .......... ..o 8 (1975); Suppl. 7 (1987)
para-Dimethylaminoazobenzenediazo sodium sulfonate .................... 8 (1975); Suppl. 7 (1987)
trans-2-[(Dimethylamino)methylimino]-5-[2-(5-nitro-2-furyl)-vinyl]-1,3,4-oxadiazole.......... 7 (1974)
(corr. 42); Suppl. 7 (1987)
4,4’-Dimethylangelicin plus ultraviolet radiation............... .. ... Suppl. 7 (1987)
(see also Angelicin and some synthetic derivatives)
4,5'-Dimethylangelicin plus ultraviolet radiation................. ... Suppl. 7 (1987)
(see also Angelicin and some synthetic derivatives)
2,6-Dimethylaniline . ... e 57 (1993)
NN-Dimethylaniline. . .. ..o e e e e 57 (1993)
Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3-Dimethylbenzidine. ... 1(1972); Suppl. 7 (1987); 100F (2012)
Dimethylcarbamoyl chloride. ...............ccooiiiiiii ... 12 (1976); Suppl 7 (1987); 71 (1999)
Dimethylformamide. ... ... 47 (1989); 71 (1999)
1,1-Dimethylhydrazine ......... ... 4 (1974); Suppl. 7 (1987); 71 (1999)
1,2-Dimethylhydrazine ...l 4(1974) (corr. 42); Suppl. 7 (1987); 71 (1999)
Dimethyl hydrogen phosphite........ ..ot e 48 (1990); 71 (1999)
1,4-Dimethylphenanthrene............. .. ..o i 32(1983); Suppl. 7 (1987); 92 (2010)
Dimethylsulfate. ... 41 (1974); Suppl. 7 (1987); 71 (1999)
3,7-Dinitrofluoranthene ... 46 (1989); 65 (1996)
3,9-Dinitrofluoranthene ... 46 (1989); 65 (1996)
1,3-DINItropYreNne . ..o e e 46 (1989)
1,6-DINItrOPYIeNe . ..ot e e 46 (1989)
1,8-DIinitropyrene . ... ..o.uein i e e 33 (1984); Suppl. 7 (1987); 46 (1989)
Dinitrosopentamethylenetetramine .......... ..., 11 (1976); Suppl. 7 (1987)
2,4-DINItrotolUENE. . ..o 65 (1996) (corr. 66)
2,6-DiNitrotolUENE. . ..ot 65 (1996) (corr. 66)
3,5-DINItrOtOIUENE. . . oot 65 (1996)
TA-DIOXANE . . ettt 11 (1976); Suppl. 7 (1987); 71 (1999)
2,4-Diphenyldiamine. ... . ..o e 16 (1978); Suppl. 7 (1987)
Direct Black 38 (see also Benzidine-based dyes) ............cooviviiiiiiiiiiina.. 29 (1982) (corr. 42)
Direct Blue 6 (see also Benzidine-based dyes) ..........ooiiiiiiiiiiiiiiiii i, 29(1982)
Direct Brown 95 (see also Benzidine-based dyes) ..........c.oiiiiinieiiiiiii i, 29(1982)
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DISPEISE BlUE T. .ttt ittt e e e e e e e e 48 (1990)

Disperse Yellow 3. .. .o e 8 (1975); Suppl. 7 (1987); 48 (1990)

DISUIIrAM . e 12 (1976); Suppl. 7 (1987)

DIthranol . ... 13 (1977); Suppl. 7 (1987)

Divinyl ether (see Anaesthetics, volatile)

D03 0] =41 o -1 o o S 66 (1996)

DOXYIaMINE SUCCINATE . .ottt ettt e ettt e e 79 (2001)

[ 0] [0 41 £=1 1 1= 66 (1996)

D VAol 1= Yo Y0 63 (1995)

DUICIN et e 2 (1976); Suppl. 7 (1987)

ENArin o e e 5(1974); Suppl. 7 (1987)

Enflurane (see Anaesthetics, volatile)

BOSIN. e e e 15 (1977); Suppl. 7 (1987)

Epichlorohydrin..... ... 11 (1976) (corr. 42); Suppl. 7 (1987); 71 (1999)

1,2-EpOXYbULaNne . . .o 47 (1989); 71 (1999)

1-Epoxyethyl-3,4-epoxycyclohexane (see 4-Vinylcyclohexene diepoxide)

3,4-Epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methyl-cyclohexane carboxylate ....... 11(1976);

Suppl. 7 (1987); 71 (1999)

cis-9,10-Epoxystearicacid. ........ooiiiii i 11 (1976); Suppl. 7 (1987); 71 (1999)

Epstein-Barr Virus . ... e e 70 (1997); 1OOB (2012)

A-EQUILENIN o e e e e e 2(1999)

EQUIIN L e e 2(1999)

Erionite ..o 42 (1987); Suppl. 7 (1987); 1OOC (2012)

EStazolam. ... e 6 (1996)

Estradiol ... ..o 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)

Estradiol-17p (see Estradiol)

Estradiol 3-benzoate (see Estradiol)

Estradiol dipropionate (see Estradiol)

Estradiol mustard ... e e 9 (1975); Suppl. 7 (1987)

Estradiol valerate (see Estradiol)

EStriol. .o 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)

Estrogen replacement therapy (see Post-menopausal estrogen therapy)

Estrogens (see Estrogens, progestins and combinations)

Estrogens, conjugated (see Conjugated estrogens)

Estrogens, nonsteroidal (see Nonsteroidal estrogens)

Estrogens, progestins (progestogens) and combinations .......... 6 (1974); 21 (1979); Suppl. 7(1987);

72 (1999)

Estrogens, steroidal (see Steroidal estrogens)

Estrone ... ..o 6 (1974); 21 (1979) (corr. 42); Suppl. 7 (1987); 72 (1999)

Estrone benzoate (see Estrone)

Ethanol in alcoholicheverages. ...t e 41 (2010); 100E (2012)

Ethinyloestradiol ........ ... 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)
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Ethionamide ... ..o 13 (1977); Suppl. 7 (1987)
Ethylacrylate.........coiiii e 19 (1979); 39 (1986); Suppl. 7 (1987); 71 (1999)
Ethyl carbamate. ... 7 (1974); Suppl. 7 (1987); 96 (2010)
Ethylbenzene . ... e 77 (2000)
Ethylene ... ..o 19 (1979); Suppl. 7 (1987); 60 (1994); 71 (1999)
Ethylene dibromide ......... ... 15 (1977); Suppl. 7 (1987); 71 (1999)
Ethylene oxide ........ 1(1976); 36 (1985) (corr. 42); Suppl. 7 (1987); 60 (1994); 97 (2008); 100F (2012)
Ethylenesulfide ... ... e 11,257 (1976); Suppl. 7,63 (1987)
Ethylenethiourea...........oiiiiii i 7 (1974); Suppl. 7 (1987); 79 (2001)
2-Ethylhexylacrylate .. ..o e 60 (1994)
Ethyl methanesulfonate ........ ..o 7 (1974); Suppl. 7 (1987)
N-Ethyl-N-nitrosourea ........c..covviviniie i iiieiannnnn, 1(1972); 7(1978) Suppl. 7 (1987)
Ethyl selenac (see also Selenium and selenium compounds) ................ 2 (1976); Suppl. 7 (1987)
Ethyltellurac. .. ..o e 12(1976) Suppl. 7 (1987)
Ethynodiol diacetate ..., 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)
0 o Y0 e 76 (2000); T00A (2012)
BUGENOL. L 36 (1985); Suppl. 7 (1987)
EVans BIUE ..o 8 (1975); Suppl. 7 (1987)
Extremely low-frequency electricfields ....... ... 80 (2002)
Extremely low-frequency magneticfields ......... ..o 80 (2002)
F
Fast Green FCF ..o e e e e et et 16 (1978); Suppl. 7 (1987)
FENValerate ..ot e e i 53(1991)
Ferbam ..o e 12 (1976) (corr. 42); Suppl. 7 (1987)
FerTiC OXIE ottt e e e e e e e e 1(1972); Suppl. 7 (1987)
Ferrochromium (see Chromium and chromium compounds)
FIrefignting ..o e 98 (2010)
Fission products, mixtures of . ..... ... ittt 100D (2012)
FIUOMEtUION . . e e e e e e e e 30(1983); Suppl. 7 (1987)
Fluoranthene ...t e 32(1983); Suppl. 7 (1987); 92 (2010)
FIUOrENE . e e e e 32(1983); Suppl. 7 (1987); 92 (2010)
Fluorescent lighting, exposure to (see Ultraviolet radiation)
Fluorides, inorganic, used in drinking-water....................covia... 27 (1982); Suppl. 7 (1987)
S-FlUOIOUIAC] . .ot e e 26 (1981); Suppl. 7 (1987)
Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
FOreign DOdIEs . . oot e e 74 (1999)
Formaldehyde .......... 29 (1982); Suppl. 7 (1987); 62 (1995) (corr. 65; corr. 66); 88 (2006); 100F (2012)
2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazole................... 7 (1974) (corr. 42); Suppl. 7 (1987)
Frusemide (see Furosemide)
Frying, emissions from high-temperature .......... .. i 95 (2010)
Fuel oils (heating 0ils) . ....oouinii i e e e e e 45 (1989) (corr. 47)
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Fumonisin B1 (see also Toxins derived from Fusarium moniliforme) .......................... 82 (2002)
Fumonisin B2 (see Toxins derived from Fusarium moniliforme)

FUIAN o e 63 (1995)
FUrazolidone . . ..o e 31(1983); Suppl 7 (1987)
FUITUIAL . oo e e e 63 (1995)
Furniture and cabinet-making ....... ..o e 5(1981)
FUIOSEIMIAE .« . oot e e e 0(1990)

2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)

Fusarenon-X (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Fusarenone-X (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Fusarin C (see Toxins derived from Fusarium moniliforme)

G

Gallium arseNIde . .o e 86 (2006)
Gamma (Y)-radiation ... ..ot 75 (2000); 100D (2012)
GaSOlNE .o e 45 (1989) (corr. 47)
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)

GemMAIDIOZIl ... 66 (1996)
Glass fibres (see Man-made mineral fibres)

Glass manufacturing industry, occupational exposuresin............c.coiiiiiiiiiiininn... 58 (1993)

Glass wool (see Man-made vitreous fibres)
Glass filaments (see Man-made mineral fibres)

GlIU-P-T e 403 (1986); Suppl. 7 (1987)
GlIU-P-2 e 40 (1986); Suppl. 7 (1987)
L-Glutamic acid, 5-[2-(4-hydroxymethyl)phenylhydrazide] (see Agaritine)
Glycidaldehyde ... o i 11 (1976); Suppl. 7 (1987); 71 (1999)
GlY GOl . o e e 77 (2000)
Glycidyl ethers . ... 47 (1989); 71 (1999)
Glycidyloleate . .....o.ii e 1(1976); Suppl. 7 (1987)
Glycidyl stearate. ... ..ot e 1(1976); Suppl. 7 (1987)
GriseofulVin. . ... e 10 (1976); Suppl 7 (1987); 79 (2001)
GUINEA GIEEN B ..ot e e e e 16 (1978); Suppl. 7 (1987)
GY oMt et e 1(1983); Suppl. 7 (1987)
H
Haematite ... e e 1(1972); Suppl. 7 (1987)
Haematite and ferric oXide. ... ..ot e e e Suppl. 7 (1987)
Haematite mining, underground, with exposure to radon....... 1(1972); Suppl. 7 (1987); 100D (2012)
Hairdressers and barbers, occupational eXposure as ........cc.vviviii i iineiiennenennn. 7 (1993)
Hair dyes, epidemiology of . ...t 16 (1 978) 7(1982)
443

JA 02893



USCA Case #20-1025 Document #1869749 Filed: 11/04/2020 Page 171 of 423
IARC MONOGRAPHS - 102

Halogenated acetonitriles ...........oouiuiiii e 52(1991); 71 (1999)
Halothane (see Anaesthetics, volatile)

HO BIUE NO. T ottt e e e e e e e 57 (1993)
HO BIUE NO. 2 oottt e e e 57 (1993)

a-HCH (see Hexachlorocyclohexanes)
B-HCH (see Hexachlorocyclohexanes)
y-HCH (see Hexachlorocyclohexanes)

HC REA NO. B ettt it e e e e e e 57 (1993)
HCOYEllOW NO. 4 .o e e e e e 57 (1993)
Heating oils (see Fuel oils)

Helicobacter pylori, infectionwith ....... ... ... . i 61(1994); 100B (2012)
Hepatitis B VirUS. ... e e e e e 59(1994); 100B (2012)
Hepatitis CVirUS. ..o e e e e e e e 59 (1994); 100B5 (2012)
Hepatitis D VirUs. ..o e e e e e e e 59 (1994)
Heptachlor (see also Chlordane and Heptachlor) ..., 5(1974); 20 (1979)
Hexachlorobenzene. ...t 20 (1979); Suppl. 7 (1987); 79 (2001)
Hexachlorobutadiene ... 20 (1979); Suppl. 7 (1987); 73 (1999)
Hexachlorocyclohexanes .................ocoiiiiiiat. 5(1974); 20 (1979) (corr. 42); Suppl. 7 (1987)
Hexachlorocyclohexane, technical-grade (see Hexachlorocyclohexanes)

Hexachloroethane. ... 20 (1979); Suppl. 7 (1987); 73 (1999)
Hexachlorophene . ... ... e e 20 (1979); Suppl. 7 (1987)
Hexamethylphosphoramide................coiiiiiiiiiiiia.. 15 (1977); Suppl. 7 (1987); 71 (1999)
24-Hexadienal .. ... 101 (2012)
Hexestrol (see also Nonsteroidal estrogens) ..........cooiiiiiiin i, Suppl 7 (1987)
Hormonal contraceptives, progestogensonly ..., 72 (1999)
HUMAN MEIPESVIIUS 8. ittt e et e e et ettt ettt it ienaas 70 (1997)
Human immunodeficiency Viruses . ........viiiin i 67 (1996); 100B (2012)
Human papillomaviruses ...........c.cccoviiiii i, 64 (1995) (corr. 66); 90 (2007); 100B (2012)
Human T-cell lymphotropic viruses ...t aenes 67 (1996); 100B (2012)
Hycanthonemesylate ... e 13 (1977); Suppl. 7 (1987)
Hydralazine . ... e e 24 (1980); Suppl. 7, (1987)
Hydrazine. . ....ooe e e 4(1974); Suppl. 7 (1987); 71 (1999)
Hydrochloric acid . .....oii e e e e e 4(1992)
Hydrochlorothiazide ... e e e 0(1990)
Hydrogen peroxide. ........ooviiiiini e 36 (1985); Suppl. 7 (1987); 71 (1999)
Hydroquinone .......o.iiir e 15 (1977); Suppl. 7 (1987); 71 (1999)
T-Hydroxyanthragquinone. . . ..... .ot e e e et 82 (2002)
4-Hydroxyazobenzene ...........ouiuiiii it 8 (1975); Suppl. 7 (1987)
17a-Hydroxyprogesterone caproate (see also Progestins).......................... 21 (1979) (corr. 42)
8-Hydroxyquinoline ... ... 13 (1977); Suppl. 7 (1987)
8-Hydroxysenkirking ..........ooiiiiimi i 10 (1976); Suppl. 7 (1987)
[ 17 034 YU |- 76 (2000)
Hypochlorite salts . . ..... .o e e e e e e 52 (1991)
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I
IMPIANtS, SUFGICAl ..ot e e e e e e e 74 (1999)
Indeno([1,2,3-cdlpyrene. ......coovuvuiiiiiiiiininan... 3(1973); 32 (1983); Suppl. 7 (1987); 92 (2010)
INdium Phosphide ... e e e e 86 (2006)
Inorganic acids (see Sulfuric acid and other strong inorganic acids, occupational exposures to mists
and vapours from)
Inorganiclead compouNds ......ouiiiiii i e Suppl. 7 (1987); 87 (2006)
Insecticides, occupational exposures in spraying and applicationof......................... 53(1991)
Insulation glass wool (see Man-made vitreous fibres)
Involuntary smoking (see Tobacco, Second-hand smoke)
lonizing radiation (Al types) . .. ..ot 100D (2012)
L 40 (1986); Suppl. 7 (1987); 56 (1993)
Ironand steelfounding. ..., 34 (1984); Suppl. 7 (1987); 100F (2012)
Iron-dextran ComMPIeX . ....ori i e e e e e 2 (1973); Suppl. 7 (1987)
Iron-dextrin ComMPleX. . ..ot e e 2 (1973) (corr. 42); Suppl. 7 (1987)
Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citricacid complex ... e 2 (1973); Suppl. 7 (1987)
ISatidiNG .« ottt e e e 10 (1976); Suppl. 7 (1987)
Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide. ......... ..o 4 (1974); Suppl. 7 (1987)
[sophosphamide ... ..o e 6 (1 981) Suppl. 7 (1987)
LYo o (<] o T A 60 (1994); 71 (1999)
[SOPIOPANOL . ..ttt e e e e 5(1977); Suppl. 7 (1987); 71 (1999)
Isopropanol manufacture (strong-acid process) ............coovvivinnn... Suppl. 7 (1987); 100F (2012)
(see also Isopropanol; Sulfuric acid and other strong inorganic acids, occupational exposures to
mists and vapours from)
[SOPropyl Oils. . ..o e 15 (1977); Suppl. 7 (1987); 71 (1999)
1S0SAfrole . vt 1(1972); 10 (1976); Suppl. 7 (1987)
J
JACODINE 10 (1976); Suppl. 7 (1987)
JEtfUEL. o e 45 (1989)
Joinery (see Carpentry and joinery)
K
KaemPferol ..o e 31(1983); Suppl. 7 (1987)
Kaposi sarcoma herpesvirus . .......ouiriiii it 70 (1997); 100B (2012)
Kepone (see Chlordecone)
100 ) ol T o 79 (2001)
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L
7 1 T Y=Y o] 1 = 10 (1976); Suppl. 7 (1987)
Lauroyl peroxide ... ..ouvuiiuiiii i 36 (1985); Suppl. 7 (1987); 71 (1999)
Lead acetate (see Lead and lead compounds)
Lead and lead compounds (see also Foreign bodies)........... 1(1972) (corr. 421); 2 (1973); 12 (1976);
23 (1980); Suppl. 7 (1987); 87 (2006)
Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and lead compounds)
Lead chloride (see Lead and lead compounds)
Lead chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead compounds, inorganicand organic...........coviiiiiiiini .. Suppl. 7 (1987); 87 (2006)
Lead naphthenate (see Lead and lead compounds)
Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goods manufacture ..., 25 (1981); Suppl. 7 (1987); 100C (2012)
Leatherindustries. ... 25 (1981); Suppl. 7 (1987); 100C (2012)
Leather tanningand processing .........cooviiviiiivinennnn.. 25 (1981); Suppl. 7 (1987); 100C (2012)
Ledate (see also Lead and lead compounds). .......coiiiiiiiii e 2(1976)
LeVONOrgEStrel . . ettt e 72 (1999)
Light Green SF ... e e e e e e 16 (1978); Suppl. 7 (1987)
o T3 0 o) 1= o T 56 (1993); 73 (1999)
Lindane (see Hexachlorocyclohexanes)
Liver flukes (see Clonorchis sinensis; Opisthorchis felineus; and Opisthorchis viverrini)
Lucidin (see 1,3-Dihydro-2-hydroxymethylanthraquinone)
Lumber and sawmill industries (including logging) ..................... .t 25(1981); Suppl. 7 (1987)
LUTEOSKY TN .ottt e e e e e e e e 10 (1976); Suppl. 7 (1987)
Lynoestrenol. .. ..o 21 (1979); Suppl. 7 (1987); 72 (1999)
M
Madder root (see also Rubia tinCtorum). ..ot e i ia e 82 (2002)
Magenta........cooeviiiiiiiiiiiiii 4 (1974) (corr. 42); Suppl. 7 (1987); 57 (1993); 100F (2012)
Magenta, manufacture of (see also Magenta).................. Suppl. 7 (1987); 57 (1993); 100F (2012)
Malathion. ... .o e 30(1983); Suppl. 7 (1987)
Maleic hydrazide ... e e 4 (1974) (corr. 42); Suppl. 7 (1987)
Malonaldehyde ... e 36 (1985); Suppl. 7 (1987); 71 (1999)
Malondialdehyde (see Malonaldehyde)
=Y =T o 12 (1976); Suppl. 7 (1987)
Man-made mineral fibres (see Man-made vitreous fibres)
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Man-made VItreoUus filores . ...t e 43 (1988); 81 (2002)
ManNNOMUSEING. ... e e 9(1975); SuppI 7 (1987)
174 F= (S P 1(1991)
P e e 0(1983)
(see also Chlorophenoxy herbicides; Chlorophenoxy herbicides, occupational exposures to)
MEA-C-C .ottt e e e e 40,(1986); Suppl. 7 (1987)
Medphalan ... e 9 (1975); Suppl. 7 (1987)
Medroxyprogesterone acetate................. 6 (1974); 21 (1979) (corr. 42); Suppl. 7 (1987); 72 (1999)
Megestrolacetate . ......oovuirii Suppl. 7 (1987); 72 (1999)
MEIQ .ot 40 (1986); Suppl. 7 (1987); 56 (1993)
MEIQX ettt e 40 (1986); Suppl. 7 (1987) 56 (1993)
Melamine . ...t 39(1986); Suppl. 7 (1987); 73 (1999)
Melphalan ...... ..o 9 (1975); Suppl. 7 (1987); 100A (2012)
6-MerCapPlOPUIINGE. ..ot e e e 26 (1981); Suppl. 7(1987)
Mercuric chloride (see Mercury and mercury compounds)
Mercury and Mercury COMPOUNGS .. ...ttt ettt e e e e e ieieenas 58 (1993)
Merphalan . ... ..o e e 9 (1975); Suppl. 7 (1987)
Mestranol. ... 6 (1974); 21 (1979) (corr. 42); Suppl. 7 (1987); 72 (1999)
Metabisulfites (see Sulfur dioxide and some sulfites, bisulfites and metabisulfites)
Metallic mercury (see Mercury and mercury compounds)
Methanearsonic acid, disodium salt (see Arsenic and arsenic compounds)
Methanearsonic acid, monosodium salt (see Arsenic and arsenic compounds)
MeEthimazole. ..o e e e 79 (2001)
MethotreXate .. ...t e e e 267 (1981); Suppl. 7 (1987)
Methoxsalen (see 8-Methoxypsoralen)
MethoXychlor. ... e 5(1974); 20 (1979); Suppl. 7 (1987)
Methoxyflurane (see Anaesthetics, volatile)
5-Methoxypsoralen ...... ... 407 (1986); Suppl. 7 (1987)
8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet radiation) ................. 24 (1980)
8-Methoxypsoralen plus ultraviolet radiation........................... Suppl. 73 (1987); 100A (2012)
Methylacrylate. ... 19 (1979); 39 (1986); Suppl. 7 (1987); 71 (1999)
5-Methylangelicin plus ultraviolet radiation ... Suppl. 7 (1987)
(see also Angelicin and some synthetic derivatives)
2-Methylaziridine ..... ..o 9 (1975); Suppl. 7 (1987); 71 (1999)
Methylazoxymethanol acetate (see also Cycasin) .................. 1(1972); 10 (1976); Suppl. 7 (1987)
Methyl bromide..........cooiiiiiii 41 (1986) (corr. 45); Suppl. 7 (1987); 71 (1999)
Methyl tert-butyl ether . ... ... e e e 73 (1999)
Methyl carbamate. ... 12 (1976); Suppl. 7 (1987)
Methyl-CCNU (see 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea)
Methyl chloride ... ..o 41 (1986); Suppl. 7 (1987); 71 (1999)
1-,2-, 3-,4-, 5- and 6-Methylchrysenes ..................ccoona.. 32(1983); Suppl. 7 (1987); 92 (2010)
N-Methyl-N,4-dinitrosoaniline ......... ... i 1(1972); Suppl. 7 (1987)
4,4’-Methylene bis(2-chloroaniline) ......... 4(1974) (corr. 42); Suppl. 7 (1987); 57 (1993); 100F (2012)
4,4'-Methylene bis(N,N-dimethyl)benzenamine............................. 27 (1982); Suppl. 7 (1987)
4,4'-Methylene bis(2-methylaniline). ... 4(1974); Suppl. 7 (1987)
4,4'-Methylenedianiline ...l 4 (1974) (corr. 42); 39 (1986); Suppl. 7 (1987)
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4,4’-Methylenediphenyl diisocyanate ....................oiil 19 (1979); Suppl. 7 (1987); 71 (1999)
Methyleugenol. . ... ..o e e e e e e 101 (2012)
2-Methylfluoranthene ........... .o i 32(1983); Suppl. 7 (1987); 92 (2010)
3-Methylfluoranthene ... 32(1983); Suppl. 7 (1987); 92 (2010)
MethylglyoXal. . . ..o e e 1(1991)
2-Methylimidazole . ... ..o e e e e 101 (2012)
4-Methylimidazole . .....oooi e e e 101 (2012)
Methyliodide ..o 15(1977); 41 (1986); Suppl. 7 (1987); 71 (1999)
Methylisobutyl ketone . ... ... e 101 (2012)

Methylmercury chloride (see Mercury and mercury compounds)
Methylmercury compounds (see Mercury and mercury compounds)

Methyl methacrylate ... 19 (1979); Suppl. 7 (1987); 60 (1994)
Methyl methanesulfonate ... 7 (1974); Suppl. 7 (1987); 71 (1999)
2-Methyl-1-nitroanthraquinone. ............o i 27 (1982); Suppl. 7 (1987)
N-Methyl-N"-nitro-N-nitrosoguanidine ..............coiviiiiiiiiiiiiiian... 4 (1974); Suppl. 7 (1987)

3-Methylnitrosaminopropionaldehyde [see 3-(N-Nitrosomethylamino)-propionaldehyde]
3-Methylnitrosaminopropionitrile [see 3-(N-Nitrosomethylamino)-propionitrile]
4-(Methylnitrosamino)-4-(3-pyridyl)-1-butanal [see 4-(N-Nitrosomethyl-amino)-4-(3-pyridyl)-1-butanal]
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone [see 4-(N-Nitrosomethyl-amino)-1-(3-pyridyl)-1-butanone]

N-Methyl-N-nitrosourea ..........cooviviiiii i, 1(1972); 17 (1978); Suppl. 7 (1987)
N-Methyl-N-nitrosourethane. ... e 4 (1974); Suppl 7 (1987)
N-Methylolacrylamide. . ... e e e e e 60 (1994)
Methyl parathion. ... 30 (1983); Suppl. 7 (1987)
1-Methylphenanthrene........ ... 32(1983); Suppl. 7 (1987); 92 (2010)
7-Methylpyrido[3,4-clpsoralen. ......o.ui i 40 (1986); Suppl. 7 (1987)
Methylred .. ... 8 (1975); Suppl. 7 (1987)
Methyl selenac (see also Selenium and selenium compounds) .............. 2 (1976); Suppl. 7 (1987)
O-MeEthy ISty rENe. . .t e e e 101 (2012)
Methylthiouracil......... ..o 7 (1974); Suppl. 7 (1987); 79 (2001)
Metronidazole . ...t 13 (1977); Suppl 7 (1987)
MiICroCyStin-LR ... .o e 94 (2010)
MiICroCystis @XTracts . ... e 94 (2010)
Mineral oils .......cooviii 3(1973); 33 (1984) (corr. 42); Suppl. 7 (1987); 100F (2012)
MIEEX o e 5(1974); 20 (1979) (corr. 42); Suppl. 7 (1987)
Mists and vapours from sulfuric acid and other strong inorganic acids ......... 54 (1992); 100F (2012)
MItOMYCIN € .o e e e e 10 (1976); Suppl 7 (1987)
M OXAN T ONE . oottt et e ettt et e e 76 (2000)

MNNG (see N-Methyl-N"-nitro-N-nitrosoguanidine)
MOCA (see 4,4’-Methylene bis(2-chloroaniline))

Modacrylicfibres. ... ... 19 (1979); Suppl. 7 (1987)
Monochloramine (see Chloramine)

3-Monochloro-1,2-propanediol . ...... ..ot e e e 101 (2012)
MONOCIOtAlING . ..ttt e e 10 (1976); Suppl. 7 (1987)
1Y 10T 2 0 o o S 12 (1976); Suppl. 7 (1987); 53 (1991)
MOPP and other combined chemotherapy including alkylating agents .. Suppl. 7 (1987); T00A (2012)

Mordanite (see Zeolites)
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Morinda officinalis (see also Traditional herbal medicines) .............coviiiiiiii s, 82 (2002)
MOTPROIING e 47 (1989); 71 (1999)
5-(Morpholinomethyl)-3-[(5-nitrofurfurylidene)amino]-2-oxazolidinone. . ... . 7 (1974); Suppl. 7 (1987)
MUSK @MOIEtEE . . et e e 65 (1996)
MUSK XYIENE e e e e e e e e e e e 65 (1996)
Mustard gas. .. ..ovveeie e 9 (1975) (corr. 42); Suppl. 7 (1987); 100F (2012)
Myleran (see 1,4-Butanediol dimethanesulfonate)
N

NafENOPIN .« e e e e 4 (1980); Suppl 7 (1987)
Naphthalene. . ... e e e e e e 82 (2002)
1,5-Naphthalenediamine ... e 27 (1982); Suppl. 7 (1987)
1,5-Naphthalene diisocyanate ...t 19 (1979); Suppl. 7 (1987); 71 (1999)
Naphtho[1,2-bIfluoranthene. . ...t e ettt 92 (2010)
Naphtho[2,1-alfluoranthene. . ... e et 92 (2010)
NapPhtho[2,3-E]PYrENe . . o ettt e e et e 92,(2010)
1-Naphthylamine ... ... 4 (1974) (corr. 42); Suppl. 7 (1987)
2-Naphthylamine ...... ..o 4 (1974); Suppl. 7 (1987); 100F (2012)
1-Naphthylthiourea ...... ... e 30(1983); Suppl. 7 (1987)
Neutron radiation .. ..ot e 75 (2000); 100D (2012)

Nickel acetate (see Nickel and nickel compounds)

Nickel ammonium sulfate (see Nickel and nickel compounds)

Nickel and nickel compounds (see also Implants, surgical) ............... 2(1973) (corr. 42); 11 (1976);
Suppl. 7 (1987) (corr. 45); 49 (1990) (corr. 67); 100C (2012)

Nickel carbonate (see Nickel and nickel compounds)

Nickel carbonyl (see Nickel and nickel compounds)

Nickel chloride (see Nickel and nickel compounds)

Nickel-gallium alloy (see Nickel and nickel compounds)

Nickel hydroxide (see Nickel and nickel compounds)

Nickelocene (see Nickel and nickel compounds)

Nickel oxide (see Nickel and nickel compounds)

Nickel subsulfide (see Nickel and nickel compounds)

Nickel sulfate (see Nickel and nickel compounds)

NIFdazole. ..o e 13 (1977); Suppl. 7 (1987)
Nithiazide. ..o e e 31 (1983); Suppl. 7 (1987)
Nitrate or nitrite, ingested, under conditions that result in endogenous nitrosation.......... 94 (2010)
Nitrilotriaceticacid and itssalts...........coiiiiii i 48 (1990); 73 (1999)
Nitrite (see Nitrate or nitrite)
5-Nitroacenaphthene ........ ..o i 16 (1978); Suppl. 7 (1987)
5-Nitro-ortho-anisidine . ... et 27 (1982); Suppl 7 (1987)
2-NiItr0ANISOlE. . et e e e e 5(1996)
O-Nitroanthracene. . ..o e 33(1984); Suppl 7 (1987)
7-Nitrobenz[alanthracene . ... ..ot e e 46 (1989)
NI ENZENE .. et e e e e i 65 (1996)
449

JA 02899



USCA Case #20-1025 Document #1869749 Filed: 11/04/2020 Page 177 of 423
IARC MONOGRAPHS - 102

6-Nitrobenzo[alpyrene . ......vvvi vt 33 (1984); Suppl. 7 (1987); 46 (1989)
4-Nitrobiphenyl . ... i 4 (1974); Suppl. 7 (1987)
6-Nitrochrysene. .. ..o e 33 (1984); Suppl. 7 (1987); 46 (1989)
Nitrofen, technical-grade ........ ... 30(1983); Suppl. 7 (1987)
3-Nitrofluoranthene . . ..o e e e 33 (1984); Suppl. 7 (1987)
2-NItrOfIUOIENE. . et e e e e 46 (1989)
Nitrofural ... 7 (1974); Suppl. 7 (1987); 50 (1990)
5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
[N TR o) 10T =1 2 (e 1o YA 50 (1990)
Nitrofurazone (see Nitrofural)
1-[(5-Nitrofurfurylidene)amino]-2-imidazolidinone .......................... 7 (1974); Suppl. 7 (1987)
N-[4-(5-Nitro-2-furyl)-2-thiazolyllacetamide ........................ 1(1972); 7 (1974); Suppl. 7 (1987)
Nitrogen mustard . ... ..o e e 9 (1975); Suppl. 7 (1987)
Nitrogen mustard N-oXide . .......oviiiiui i e 9(1975); Suppl 7 (1987)
NItrOMETNANE . ..t e e 77 (2000)
T-Nitronaphthalene . ... ... e e e 46 (1989)
2-Nitronaphthalene . ... ..o i 46 (1989)
BN IO Y ENE . et e 46 (1989)
2-Nitro-para-phenylenediamine (see 1,4-Diamino-2-nitrobenzene)
2-NitrOPIOPANE ittt e e 29 (1982); Suppl. 7 (1987); 71 (1999)
T-NItrOPYIeNe . et e e 33 (1984); Suppl. 7 (1987); 46 (1989)
B LR 0] o)/ (=] o V< PP 46 (1989)
AL (o]0} = o = P 46 (1989)
N-Nitrosatable drugs ... ... e 24 (1980) (corr. 42)
N-Nitrosatable PestiCides . . .....ouiii i i e e e et 30(1983)
N’-Nitrosoanabasine (NAB). ..ot 37 (1985); Suppl. 7(1987); 89 (2007)
N’-Nitrosoanatabine (NAT) . ...t 37 (1985); Suppl. 7 (1987); 89 (2007)
N-Nitrosodi-n-butylamine ..............coo i 4(1974); 17 (1978); Suppl. 7 (1987)
N-Nitrosodiethanolamine. ..o 17 (1978); Suppl. 7 (1987); 77 (2000)
N-Nitrosodiethylamine ........................ 1(1972) (corr.42); 17 (1978) (corr. 42); Suppl. 7 (1987)
N-Nitrosodimethylamine .................. ... ... ... 1(1972); 17 (1978) (corr. 42); Suppl. 7 (1987)
N-Nitrosodiphenylamine ........ ..o 27 (1982); Suppl. 7 (1987)
para-Nitrosodiphenylamine ......... ... i, 27 (1982) (corr. 42); Suppl. 7 (1987)
N-Nitrosodi-n-propylamine . ..........coovuiiiii it 17 (1978); Suppl. 7 (1987)
N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid. . ...ouvii i e e e 17 (1978); Suppl. 7 (1987)
N-NItrosOgQUVACINe . ..ottt e eee e 37 (1985); Suppl. 7 (1987); 85 (2004)
N-Nitrosoguvacoline .........ooiiiiii i 37 (1985); Suppl. 7 (1987); 85 (2004)
N-Nitrosohydroxyproline ...........ooiiiii i 17 (1978); Suppl. 7 (1987)
3-(N-Nitrosomethylamino)propionaldehyde...................... 37 (1985); Suppl. 7 (1987); 85 (2004)
3-(N-Nitrosomethylamino)propionitrile .......................... 37 (1985); Suppl. 7 (1987); 85 (2004)
4-(N-Nitrosomethylamino)-4-(3-pyridyl)-1-butanal.......................... 37 (1985); Suppl. 7 (1987)
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK)....... 37 (1985); Suppl. 7 (1987); 89 (2007);
100E (2012)
N-Nitrosomethylethylamine ......... ... i 17 (1978); Suppl. 7 (1987)

N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
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N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)

N-Nitrosomethylvinylamine .......... ..o 17 (1978); Suppl. 7 (1987)
N-Nitrosomorpholine. ... ..o e 17 (1978); Suppl. 7 (1987)
N-Nitrosonornicotine (NNN).............. 17 (1978); 37 (1985); Suppl. 7 (1987); 89 (2007); 100E (2012)
N-Nitrosopiperiding .. ....oti i i ettt 17 (1978); Suppl. 7 (1987)
N-NItrosoproling . .....ooiui i e et et 17 (1978); Suppl. 7 (1987)
N-Nitrosopyrrolidine ........oooiiiii e 17 (1978); Suppl. 7 (1987)
N-NItrOS0OSaArCOSINE « ittt ittt e e e e e 17 (1978); Suppl. 7 (1987)
Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)

S-Nitro-0rtho-tolUIdING . . ..ot e e e e e 48 (1990)
2-NItrOtOIUBNE .« oo 65 (1996); 101 (2012)
B-NItrOTOIUBNE . oot e e e e e 65 (1996)
N o) (o) [V T=Y o T 65 (1996)
Nitrous oxide (see Anaesthetics, volatile)

NI TOVIN . oot e e 31 (1983); Suppl. 7 (1987)

Nivalenol (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
NNK (see 4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone)
NNN (see N-Nitrosonornicotine)

NOQUIAIINS « v vttt e e e e e e e e e e 94 (2010)
Nonsteroidal @Strogens. . .. ... v it e e Suppl. 7 (1987)
Norethisterone. ..., 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)
NOrethisteroNe aCetate . ...ttt e e e e e 72 (1999)
Norethynodrel ...t 6 (1974); 21 (1979) (corr. 42); Suppl. 7 (1987); 72 (1999)
Norgestrel ... ..ot 6 (1974); 21 (1979); Suppl. 7 (1987); 72 (1999)
NYION 6 ..ttt e e e e e 19 (1979); Suppl. 7 (1987)
O
Ochratoxin A. ... 10 (1976); 31 (1983) (corr. 42); Suppl. 7 (1987); 56 (1993)
Oil OraNgE S .ot e e e e 8 (1975); Suppl. 7 (1987)
Oestrogen and Oestrogen-type compounds (see Estrogen)
Opisthorchis felineus, infection With ........ ... o i e 61(1994)
Opisthorchis viverrini, infectionwith.......... ... ... . i i 61(1994); 100B (2012)
Oral contraceptives, sequential (see Sequential oral contraceptives)
OraNGE | i e e 8 (1975); Suppl. 7 (1987)
OraNGE G oottt e e e e e e 8 (1975); Suppl. 7 (1987)
Organic lead CoOmMPOUNdS. . ..ottt et Suppl. 7 (1987); 87 (2006)
Organolead compounds (see Organic lead compounds)
(@) =Y o - o o PP 13 (1977); Suppl. 7 (1987); 66 (1996)
Oxymetholone (see also Androgenic (anabolic) steroids) ..., 13 (1977)
OXyphenbutazone . .....o.in i e e 13 (1977); Suppl. 7 (1987)
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P
Paint manufacture and painting, occupational exposuresin ......... 47 (1989); 98 (2010); 100F (2012)
Palygorskite. . .ove e 42 (1987); Suppl. 7 (1987); 68 (1997)
Panfuran S (see also Dihydroxymethylfuratrizine)........................... 24 (1980); Suppl. 7 (1987)
Paper manufacture (see Pulp and paper manufacture)

Paracetamol ... e e 50 (1990); 73 (1999)
Parasorbicacid. ........oiiiii e 10 (1976) (corr. 42); Suppl. 7 (1987)
Parathion ... ... e 30 (1983); Suppl. 7 (1987)
Patulin. ... e 10 (1976); 40 (1986); Suppl 7 (1987)
Paving and roofing with coal-tarpitch ....... ... oo i 92 (2010)
Penicillicacid. ... e 10 (1976); Suppl. 7 (1987)
Pentachloroethane............co i 41 (1986); Suppl. 7 (1987); 71 (1999)
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol. ... ... i 20 (1979); 53 (1991)

(see also Chlorophenols; Chlorophenols, occupational exposures to; Polychlorophenols

and their sodium salts)
PRIt riN. L. e e 53(1991)
Perylene ..o 32 (1983); Suppl. 7 (1987); 92 (2010)
Petasitenineg. . ..o e 31(1983); Suppl 7 (1987)
Petasites japonicus (see also Pyrrolizidine alkaloids) ............cooiiii it 0(1976)
Petroleum refining, occupational exposuresin ..........cooviiiiiie it 45 (1989)
PetroleUmM SOIVENTS. ..ot e e e 47 (1989)
Phenacetin.........cooviiiiiin i 13 (1977); 24 (1980); Suppl. 7 (1987); T00A (2012)
Phenanthrene. ... e 32 (1983); Suppl. 7 (1987); 92 (2010)
Phenazopyridine hydrochloride.......................... 8 (1975); 24 (1980) (corr. 42); Suppl. 7 (1987)
Phenelzine sulfate. ... e 24 (1980); Suppl. 7 (1987)
Phenicarbazide. ...... ... 12 (1976); Suppl. 7 (1987)
Phenobarbital and its sodiumsalt................................ 13 (1977); Suppl. 7 (1987); 79 (2001)
PRENOL. . e e 47 (1989) (corr. 50); 71 (1999)
Phenolphthalein .. ... e e ettt 76 (2000)
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride...................coooiiiint, 9(1975); 24 (1980); Suppl. 7 (1987)
Phenylbutazone. ... . ..ot e 13 (1977); Suppl. 7 (1987)
meta-Phenylenediamine ....... ... 16 (1978); Suppl. 7 (1987)
para-Phenylenediamine ...... ...t 16 (1978); Suppl 7(1987)
Phenyl glycidyl ether (see also Glycidyl ethers) ....... ... 71(1999)
N-Phenyl-2-naphthylamine..............co it 16 (1978) (corr. 42); Suppl. 7 (1987)
ortho-Phenylphenol...... ... 30 (1983); Suppl. 7 (1987); 73 (1999)
Phenytoin. . ..o 13 (1977); Suppl. 7 (1987); 66 (1996)
Phillipsite (see Zeolites)
o 6 (1993)
Phosphorus-32 as phosphate . ... ... e 100D (2012)
PN ot e e e 92 (2010)
Pickled vegetables .. ..o e e e 6 (1993)
] ol [ - 4 3(1991)
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Piperazine oestrone sulfate (see Conjugated estrogens)

Piperonyl butoXide . .......ooviiiiri 30(1983); Suppl. 7 (1987)
Pitches, coal-tar (see Coal-tar pitches)

PIULONIUM= 230 . oottt e e e 100D (2012)
Polyacrylicacid. ......covniii 19 (1979); Suppl. 7 (1987)
Polybrominated biphenyls................ocooiiiiiii 18 (1978); 41 (1986); Suppl. 7 (1987)
Polychlorinated biphenyls..................ccooiiiat. 7 (1974); 18 (1978) (corr. 42); Suppl. 7 (1987)

Polychlorinated camphenes (see Toxaphene)
Polychlorinated dibenzo-para-dioxins

(other than 2,3,7,8-tetrachlorodibenzodioXin). .......c.oviiii e 69 (1997)
Polychlorinated dibenzofurans ......... ..ot e e 69 (1997)
Polychlorophenols and their sodiumsalts............cooo i 71 (1999)
POlyChloroprene .. ..o 19 (1979); Suppl. 7 (1987)
Polyestradiol phosphate (see Estradiol-17(3)
Polyethylene (see also Implants, surgical) ..., 19 (1979); Suppl. 7 (1987)
Poly(glycolic acid) (see Implants, surgical)
Polymethylene polyphenylisocyanate .............cooviviiiiiiiiiin... 19 (1979); Suppl. 7 (1987)
(see also 4,4’-Methylenediphenyl diisocyanate)
Polymethyl methacrylate (see also Implants, surgical) ...................... 9 (1979); Suppl. 7 (1987)
Polypropylene (see also Implants, surgical)................cooiiiiiiiiia.. 9 (1979); Suppl. 7 (1987)
Polystyrene (see also Implants, surgical)................oooiiiiiiiiiia.. 9 (1979); Suppl. 7 (1987)
Polytetrafluoroethylene (see also Implants, surgical)........................ 9 (1979); Suppl. 7 (1987)
Polyurethane foams (see also Implants, surgical) ........................... 9 (1979); Suppl. 7 (1987)
Polyvinyl acetate (see also Implants, surgical)...................oooiiiia.. 9 (1979); Suppl. 7 (1987)
Polyvinyl alcohol (see also Implants, surgical)..................cooiiia.. 9 (1979); Suppl. 7 (1987)
Polyvinyl chloride (see also Implants, surgical)..................... 7 (1974); 19 (1979); Suppl. 7 (1987)
Polyvinyl pyrrolidone. ........coviii 19 (1979); Suppl. 7 (1987); 71 (1999)
PONCEAU VX .o 8 (1975); Suppl. 7 (1987)
PONCEAU BR .. 8 (1975); Suppl. 7 (1987)
PONCEAU SX .t 8 (1975); Suppl. 7 (1987)
Post-menopausal estrogen therapy ........................... Suppl. 7 (1987); 72 (1999); 100A (2012)
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potassium bis(2-hydroxyethyl)dithiocarbamate ............................ 12 (1976); Suppl. 7 (1987)
Potassium bromate...........cooo i 40 (1986); Suppl. 7 (1987); 73 (1999)
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
o V4T o Y- o 66 (1996)
PredniMUSTING .ttt e 50 (1990)
PredniSONe. . ot 26 (1981); Suppl. 7 (1987)
Printing processes and printing inks . ..........o i e 65 (1996)
Procarbazine hydrochloride ....... ..ot 26 (1981); Suppl. 7 (1987)
Proflavine salts . ...t 24 (1980); Suppl. 7 (1987)
Progesterone (see also Progestins; Combined oral contraceptives)........ 6 (1974); 21 (1979) (corr. 42)
Progestins (see Progestogens)
PrOgeStOgENS .\ttt e Suppl. 7 (1987); 72 (1999)
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Pronetalol hydrochloride ... 13 (1977) (corr. 42); Suppl. 7 (1987)
1,3-Propanesultone...........coooiiiiiiiiiiiiii i 4 (1974) (corr. 42); Suppl. 7 (1987); 71 (1999)
PropNaM . . e e 12 (1976); Suppl. 7(1987)
B-Propiolactone.........cooviiiii 4(1974) (corr. 42); Suppl. 7 (1987); 71 (1999)
n-Propyl carbamate ....... ..o 12 (1976); Suppl. 7 (1987)
Propylene. .. ... 19 (1979); Suppl. 7 (1987); 60 (1994)
Propyleneimine (see 2-Methylaziridine)

Propyleneoxide..............cooviiiiiiil, 11 (1976); 36 (1985) (corr. 42); Suppl. 7 (1987); 60 (1994)
Propylthiouracil ... 7 (1974); Suppl. 7 (1987); 79 (2001)
Ptaquiloside (see also Brackenfern)...........ccooiiiiiiiiiiiiinnnnnn.. 40 (1986); Suppl. 7 (1987)
Pulp and paper manufacture ... 25(1981); Suppl. 7 (1987)
PYreNE . e 32(1983); Suppl. 7 (1987); 92 (2010)
P NG, L e e 77 (2000)
Pyrido[3,4-Clpsoralen. . ..ot 40 (1986); Suppl. 7 (1987)
Pyrimethamine. . ... ..o 13 (1977); Suppl. 7 (1987)

Pyrrolizidine alkaloids (see Hydroxysenkirkine; Isatidine; Jacobine; Lasiocarpine; Monocrotaline;
Retrorsine; Riddelliine; Seneciphylline; Senkirkine)

Q
Quartz (see Crystalline silica)
Quercetin (see also Brackenfern) ............ccooiiiiiiiiiiin... 31 (1983); Suppl. 7 (1987); 73 (1999)
PAra-QUINONE . ..ottt e 15 (1977); Suppl. 7 (1987); 71 (1999)
QUINTOZENE .« ottt e e e e e e e e e e 5(1974); Suppl. 7 (1987)
R
Radiation (see gamma-radiation, neutrons, ultraviolet radiation, X-radiation)
Radiofrequency electromagneticfields ... ... ..o i 102 (2013)
Radionuclides, internalized, that emit a-particles......................oooit 78 (2001); 100D (2012)
Radionuclides, internalized, that emit B-particles ............... ...t 78 (2001); 100D (2012)
Radioisotopes of iodine, short-lived, including lodine-131 ..o, 100D (2012)
Radium-224, radium-226, radium-228. .. ... ... e 100D (2012)
Radon-222 with its decay products ..........c.coiiiiiiiiiiiiia.. 43 (1988) (corr. 45); 100D (2012)
Refractory ceramic fibres (see Man-made vitreous fibres)
RESEIPINE . .ttt e 10 (1976); 24 (1980) (corr. 42); Suppl. 7 (1987)
RESOICINOL .o e 15 (1977); Suppl. 7 (1987); 71 (1990)
REtIOrSINE. ot e e 10 (1976); Suppl. 7 (1987)
Rhodaming B. ...t e e e e e e 16 (1978); Suppl. 7 (1987)
Rhodaming 6G ... ..ot e e e e et e e 16 (1978); Suppl. 7 (1987)
Riddelliine . ... 10 (1976); Suppl. 7 (1987); 82 (2002)
R aMICIN L e e e 24 (1980); Suppl 7 (1987)
(T o= =] o - 1 1o 1S P 66 (1996)
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Rock (stone) wool (see Man-made vitreous fibres)

Rubberindustry........c.ooviviiiiiiiii i, 28 (1982) (corr. 42); Suppl. 7 (1987) ; T00F (2012)
Rubia tinctorum (see also Madder root; Traditional herbal medicines)........................ 82 (2002)
RUGUIOSIN . . e e e 40 (1986); Suppl. 7 (1987)
S
Saccharated iron OXide . ..ot e e 2 (1973); Suppl. 7 (1987)
Saccharinanditssalts ...........cooiiiiiiii i, 22 (1980) (corr 42); Suppl. 7 (1987); 73 (1999)
SaAfrOlE . e e 1(1972); 10 (1976); Suppl. 7 (1987)
Salted fish, Chinese-style ... ..ot 56 (1993); 100E (2012)

Sawmill industry, including logging
(see Lumber and sawmill industry, including logging)

SCarlet Red. ..ot e 8 (1975); Suppl. 7 (1987)
Schistosoma haematobium, infectionwith.................. ... ... .. ... 61 (1994); 1OOB (2012)
Schistosoma japonicum, infection with ...... ... .. i i 61(1994)
Schistosoma mansoni, infection With ........ ... i i e 1(1994)
Selenium and selenium compounds ..o, 9 (1975) (corr. 42); Suppl 7 (1987)

Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)

Semicarbazide hydrochloride..............c.oooiiiiiil 12 (1976) (corr. 42); Suppl. 7 (1987)

Senecio jacobaea L. (see also Pyrrolizidine alkaloids) .............ccoiiiiii i, 10 (1976)

5eNnecioloNGilOBUS. . ..........ee e e e e e 10 (1976); 82 (2002)
(see also Pyrrolizidine alkaloids; Traditional herbal medicines)

Senecio riddellii (see also Traditional herbal medicines)..............ccooviiiiiiiiiiiiat. 82 (1982)

Seneciphylline .. ... 10 (1976); Suppl. 7 (1987)

SenKirking ... 10 (1976); 31 (1983); Suppl. 7 (1987)

1Y ] o] 11 42 (1987); Suppl. 7 (1987); 68 (1997)

Sequential oral CoONtracePtivesS. ... it e e Suppl. 7 (1987)
(see also Estrogens, progestins and combinations)

Shale-0ils . ... e 35 (1985); Suppl. 7 (1987); 100F (2012)

S EWOTK . .o e 98 (2010)

Shikimic acid (see also Brackenfern) ..., 40 (1986); Suppl. 7 (1987)

Shoe manufacture and repair (see Boot and shoe manufacture and repair)

Silica (see also Amorphous silica; Crystalline silica). ................ooooiiat. 42 (1987); 100C (2012)

Silicone (see Implants, surgical)

SIMAZING . e e 53(1991); 73 (1999)

Slag wool (see Man-made vitreous fibres)

Sodium arsenate (see Arsenic and arsenic compounds)

Sodium arsenite (see Arsenic and arsenic compounds)

Sodium cacodylate (see Arsenic and arsenic compounds)

SOdIUM ChlOKItE . .o e 52 (1991)
Sodium chromate (see Chromium and chromium compounds)

Sodium cyclamate (see Cyclamates)

Sodium dichromate (see Chromium and chromium compounds)
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Sodium diethyldithiocarbamate ........... .. ..o 12 (1976); Suppl. 7 (1987)

Sodium equilin sulfate (see Conjugated estrogens)

Sodium estrone sulfate (see Conjugated estrogens)

Sodium fluoride (see Fluorides)

Sodium monofluorophosphate (see Fluorides)

Sodium ortho-phenylphenate ..., 30 (1983); Suppl. 7 (1987); 73 (1999)
(see also ortho-Phenylphenol)

Sodium saccharin (see Saccharin)

Sodium selenate (see Selenium and selenium compounds)

Sodium selenite (see Selenium and selenium compounds)

Sodium silicofluoride (see Fluorides)

Solar radiation ... 55(1992); 100D (2012)
SO0 vt 3(1973); 35 (1985); Suppl. 7 (1987); 100F (2012)
Special-purpose glass fibres such as E-glass and ‘475’ glass fibres (see Man-made vitreous fibres)
SPIrONOlACtONE. . .ot e e 24 (1980); Suppl. 7 (1987); 79 (2001)
Stannous fluoride (see Fluorides)

Static electriC flelas. . oot e 80 (2002)
Static magnetic flelds. . ... e 80 (2002)

Steel founding (see Iron and steel founding)
Steel, stainless (see Implants, surgical)

Sterigmatocystin. ..o e 1(1972); 10(1976); Suppl. 7 (1987)
Steroidal @StrOgENS ...ttt e Suppl. 7 (1987)
StreptozotoCin . .ot e 4(1974); 17 (1978); Suppl. 7 (1987)

Strobane® (see Terpene polychlorinates)

Strong-inorganic-acid mists containing sulfuric acid (see Mists and vapours from sulfuric acid and
other strong inorganic acids)

Strontium chromate (see Chromium and chromium compounds)

Styrene ... 19 (1979) (corr. 42); Suppl. 7 (1987); 60 (1994) (corr. 65); 82 (2002)
Styrene-acrylonitrile copolymers ... ... 19 (1979); Suppl. 7 (1987)
Styrene-butadiene copolymers ... ..o 19 (1979); Suppl. 7 (1987)
Styrene-7,8-oxide ...l 11 (1976); 19 (1979); 36 (1985); Suppl. 7 (1987); 60 (1994)
Succinicanhydride . ... ..ot 15 (1977); Suppl. 7 (1987)
SUAAN | e e 8 (1975); Suppl. 7 (1987)
SUAAN Il e 8 (1975); Suppl. 7 (1987)
SUAAN Il oo 8 (1975); Suppl. 7 (1987)
SUdAN BroOWN RR. ..ot e e 8 (1975); Suppl. 7 (1987)
SUdAN Red 7B . oot e 8 (1975); Suppl. 7 (1987)
Sulfadimidine (see Sulfamethazine)

SUIfAfUIrAzZOlE . . .o 24 (1980); Suppl. 7 (1987)
SUIfAllAte. . oo 30(1983); Suppl. 7 (1987)
Sulfamethazine and its SOdiUM Salt ... ..ot e e e 79 (2001)
Sulfamethoxazole ..o 24 (1980); Suppl. 7 (1987); 79 (2001)
Sulfites (see Sulfur dioxide and some sulfites, bisulfites and metabisulfites)

Sulfur dioxide and some sulfites, bisulfites and metabisulfites. . ............... ..o oo 54 (1992)

Sulfur mustard (see Mustard gas)
Sulfuric acid and other strong inorganic acids, occupational exposures to mists and vapours from .54 (1992)
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SUIFUI B OXIT O .« o ettt e e e e e e e e 54 (1992)

Sulphisoxazole (see Sulfafurazole)

Sunset Yellow FCF ... e e 8 (1975); Suppl. 7 (1987)

SYMPNYINE L o e 31 (1983); Suppl. 7 (1987)
T

2, 5T e e 15(1977)

(see also Chlorophenoxy herbicides; Chlorophenoxy herbicides, occupational exposures to)

TalC . e e e 42 (1987); Suppl. 7 (1987)

Talc, inhaled, not containing asbestos or asbestiformfibres...................... ...l 93 (2010)

Talc-based body powder, perinealuse of . ... ... i 93 (2010)

TamOXIfEN. .. 66 (1996); 100A (2012)

TanNNiCaCid. ... e e e 10 (1976) (corr. 42); Suppl. 7 (1987)

Tannins (see alsoTannicacid) . .....oveiiit i e 10 (1976); Suppl. 7 (1987)

TCDD (see 2,3,7,8-Tetrachlorodibenzo-para-dioxin)

TDE (see DDT)

L TS 51(1991)

B =18 4= - o 0 66 (1996)

TN POS e . ettt e e e e i 76 (2000)

Terpene polychlorinates. ... ..o e 5(1974); Suppl. 7 (1987)

Testosterone (see also Androgenic (anabolic) steroids).................cooiiii. 6, (1974); 21 (1979)

Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)

2,2,5,5'-Tetrachlorobenzidine ... 27 (1982); Suppl. 7 (1987)
2,3,7,8-Tetrachlorodibenzo-para-dioxin ............. 15 (1977); Suppl. 7 (1987); 69 (1997); 100F (2012)
1,1,1,2-Tetrachloroethane. ...t 41 (1986); Suppl. 7 (1987); 71 (1999)
1,1,2,2-Tetrachloroethane. ...t 20 (1979); Suppl. 7 (1987); 71 (1999)
Tetrachloroethylene............coiiiiiiii ., 20 (1979); Suppl. 7 (1987); 63 (1995) (corr. 65)

2,3,4,6-Tetrachlorophenol (see Chlorophenols; Chlorophenols, occupational exposures to;
Polychlorophenols and their sodium salts)

Tetrachlorvinphos. . ... 30 (1983); Suppl. 7 (1987)
Tetraethyllead (see Lead and lead compounds)
Tetrafluoroethylene ... ... 19 (1979); Suppl. 7 (1987); 71 (1999)
Tetrakis(hydroxymethyl)phosphoniumsalts................c.ooiiiiiiiiatt, 48 (1990); 71 (1999)
Tetramethyllead (see Lead and lead compounds)
Tetranitromethane .. ..o e 5(1996)
Textile manufacturing industry, exposuresin .........c.coviiiiiiiiiiiiiiiinan.. 48 (1990) (corr 51)
ThEODIOMING ... e e 1(1991)
Theophylline. ... e e e e 1(1991)
Thiocacetamide ... ..ot e e et e 7 (1974); Suppl 7 (1987)
4.4-Thiodianiline. ...t e e 16 (1978); 27 (1982); Suppl. 7 (1987)
Thiotepa. ..o v e 9 (1975); Suppl. 7 (1987); 50 (1990); T00A (2012)
Thiouracil .. ..o e 7 (1974); Suppl. 7 (1987); 79 (2001)
1110101 7 (1974); Suppl. 7 (1987); 79 (2001)
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TR A . e et 12 (1976); Suppl. 7 (1987); 53 (1991)
Thorium-232 (@S TROFOTIAST) ..ottt e e et et e et 100D (2012)
Titanium (see Implants, surgical)
TitaNIUM diOXITE . . oottt e 47 (1989); 93 (2010)
Tobacco
—Second-hand tobaccosmoke. ... 83 (2004); 100E (2012)
- Smokeless tobacco................... 37 (1985) (corr. 42; 52); Suppl. 7 (1987); 89 (2007); 100E (2012)
—Tobaccosmoking ....................... 38 (1986) (corr. 42); Suppl. 7 (1987); 83 (2004); 100E (2012)
ortho-Tolidine (see 3,3’-Dimethylbenzidine)
2,4-Toluene diisocyanate (see also Toluene diisocyanates) ........................ 19 (1979); 39 (1986)
2,6-Toluene diisocyanate (see also Toluene diisocyanates) ........................ 19 (1979); 39 (1986)
o LU= 1= P 47 (1989); 71 (1999)
Toluene diisocyanates.........c.coviviiiiiiiiininn... 39 (1986) (corr. 42); Suppl. 7 (1987); 71 (1999)
Toluenes, a-chlorinated (see a-Chlorinated toluenes and benzoyl chloride)
ortho-Toluenesulfonamide (see Saccharin)
ortho-Toluidine.............coooiiiinn... 16 (1978); 27 (1982) (corr. 68); Suppl. 7 (1987); 77 (2000)
B KoY 0= 1811 =] 2 = 66 (1996)
TOXAPNENE . .t e 20 (1979); Suppl. 7 (1987); 79 (2001)
T-2 Toxin (see Toxins derived from Fusarium sporotrichioides)
Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense . ............. 11 (1976);
31,279 (1983); Suppl. 7 (1987); 56 (1993)
Toxins derived from Fusarium moniliforme. .......... ..., 56 (1993)
Toxins derived from Fusarium sporotrichioides .................... 31 (1983); Suppl. 7 (1987); 56 (1993)
Traditional herbal medicines. ...t e 82 (2002); 100A (2012)
Tremolite (see Asbestos)
TreoSUI AN ..ot 26 (1981); Suppl. 7 (1987); 100A (2012)
Triaziquone (see Tris(aziridinyl)-para-benzoquinone)
THChIOr ON . .o 30(1983); Suppl. 7 (1987)
Trichlormethine. ... e 9 (1975); Suppl. 7 (1987); 50 (1990)
Trichloroaceticacid. ..ot e 63 (1995) (corr. 65); 84 (2004)
Trichloroacetonitrile (see also Halogenated acetonitriles) ..., 71 (1999)
1,1,1-Trichloroethane. ... e 20 (1979); Suppl. 7 (1987); 71 (1999)
1,1,2-Trichloroethane............cooviiiiiiiii ... 20 (1979); Suppl. 7 (1987); 52 (1991); 71 (1999)
Trichloroethylene ......................oo... 11 (1976); 20 (1979); Suppl. 7 (1987); 63 (1995) (corr. 65)
2,4,5-Trichlorophenol. . . ..o e 20(1979)

(see also Chlorophenols; Chlorophenols, occupational exposures to; Polychlorophenols
and their sodium salts)
2,4,6-Trichlorophenol. . . ..o o e 20(1979)
(see also Chlorophenols; Chlorophenols, occupational exposures to; Polychlorophenols
and their sodium salts)
(2,4,5-Trichlorophenoxy)acetic acid (see 2,4,5-T)
1,2, 3-THCRIOrOPIOPANE .ttt e e e e e 63 (1995)
Trichlorotriethylamine-hydrochloride (see Trichlormethine)
T2-Trichothecene (see Toxins derived from Fusarium sporotrichioides)
Tridymite (see Crystalline silica)
THEthanNOlamMINe. . .o e 77 (2000)
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Triethylene glycol diglycidyl ether ...................ooiiit.. 11 (1976); Suppl. 7 (1987); 71 (1999)
T TURAIIN e 53(1991)
4,4,6-Trimethylangelicin plus ultraviolet radiation ............. ... .L. Suppl. 7 (1987)
(see also Angelicin and some synthetic derivatives)
2,4,5-Trimethylaniline ..... ... 27 (1982); Suppl. 7 (1987)
2,4,6-Trimethylaniline ....... ... 27 (1982); Suppl. 7 (1987)
4,5/8-Trimethylpsoralen ... i 40 (1986); Suppl. 7 (1987)
Trimustine hydrochloride (see Trichlormethine)
2,4, 6-THINIIOTOIUBNE. . ottt e e e e e 65 (1996)
Triphenylene. ... ..o 32(1983); Suppl. 7 (1987); 92 (2010)
Tris(aziridinyl)-para-benzoquinone. ...t 9 (1975); Suppl. 7 (1987)
Tris(1-aziridinyl)phosphine-oxide ............co i 9 (1975); Suppl. 7 (1987)
Tris(1-aziridinyl)phosphine-sulphide (see Thiotepa)
2,4,6-Tris(1-aziridinyl)-s-triazine . ... 9 (1975); Suppl. 7 (1987)
Tris(2-chloroethyl) phosphate. ..o 48 (1990); 71 (1999)
1,2,3-Tris(chloromethoxy)propane ............ccooviiiiiiiinen... 15 (1977); Suppl. 7 (1987); 71 (1999)
Tris(2,3-dibromopropyl) phosphate ..., 20(1979); Suppl. 7 (1987); 71 (1999)
Tris(2-methyl-1-aziridinyl)phosphine-oxide. ...t 9 (1975); Suppl. 7 (1987)
TP e 31(1983); Suppl. 7 (1987)
TP P2 e 31(1983); Suppl. 7 (1987)
Trypan blue . ... 8 (1975); Suppl 7 (1987)
Tussilago farfara L. (see also Pyrrolizidine alkaloids) ............coooiiiiiiii i 0(1976)
U
Ultraviolet radiation . ...ttt e 40 (1986); 55 (1992); 100D (2012)
Underground haematite mining with exposure to radon (see Haematite mining, underground)
Uracil MUSTArd ... e e 9 (1975); Suppl. 7 (1987)
Uranium, depleted (see Implants, surgical)
Urethane (see Ethyl carbamate)
UV-emitting tanning devices, Use Of ... .. ..ot 100D (2012)
\'}
VaNadium PENTOXIAE . .ttt e i e e e e e e i 86 (2006)
VAt YellOW 4 . o 48 (1990)
Vinblastinesulfate. ... 26 (1981) (corr. 42); Suppl. 7 (1987)
Vincristine sulfate ... ..o e 26 (1981); Suppl. 7 (1987)
Vinylacetate ... 19 (1979); 39 (1986); Suppl. 7, 73 (1987); 63, 443 (1995)
Vinylbromide............... ..ol 19 (1979); 39 (1986); Suppl. 7 (1987); 71 (1999); 97 (2008)
Vinyl chloride .................... 7 (1974); 19 (1979) (corr. 42); Suppl. 7 (1987); 97 (2008); 100F (2012)
Vinyl chloride-vinyl acetate copolymers.................. 7 (1976); 19 (1979) (corr. 42); Suppl. 7 (1987)
4-Vinylcyclohexene. ...t 11 (1976); 39 (1986) Suppl. 7 (1987); 60 (1994)
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4-Vinylcyclohexene diepoxide .........cooviiiiiiiiniiii i 11 (1976); Suppl. 7 (1987); 60 (1994)
Vinylfluoride. ... 39 (1986); Suppl. 7 (1987); 63 (1995); 97 (2008)
Vinylidene chloride. ...t 19 (1979); 39 (1986); Suppl. 7 (1987); 71 (1999)
Vinylidene chloride-vinyl chloride copolymers .................... 19 (1979) (corr. 42); Suppl. 7 (1987)
Vinylidene fluoride ... ..o 39 (1986); Suppl. 7 (1987); 71 (1999)
N-Vinyl-2-pyrrolidone ..ot 19 (1979); Suppl. 7 (1987); 71 (1999)
ViNYIEOIUBNE . . .o e 60 (1994)
Vitamin K sUDStaNCes . .. ..ot e e e 76 (2000)
w
EldiNg. ..o e e e 49 (1990) (corr. 52)
Wollastonite ......oriii i e e 42 (1987); Suppl. 7 (1987); 68 (1997)
WOoOd dUSE . .ot e 62 (1995); 100C (2012)
WoOod INAUSEIIES. . .ttt e e e et e 25 (1981); Suppl. 7 (1987)
X
XAradiation . ..ot e 75 (2000); 100D (2012)
XY NS e 47 (1989); 71 (1999)
2 A4-XYHdING ..o 16 (1978); Suppl. 7 (1987)
2,5-Xylidine ..o 16 (1978); Suppl. 7 (1987)
2,6-Xylidine (see 2,6-Dimethylaniline)
Y
Yl OW AB . o e 8 (1975); Suppl. 7 (1987)
Yl oW OB . et e 8 (1975); Suppl. 7 (1987)
y4
ZalCitabine. . o e 76 (2000)
Zearalenone (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
4=t 1 - | PP 12 (1976); Suppl. 7 (1987)
Zeolites other than erionite. ... ..o 68 (1997)
ZIdOVUING ..o e e e 76 (2000)
Zinc beryllium silicate (see Beryllium and beryllium compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium compounds)
Zinc potassium chromate (see Chromium and chromium compounds)
Zinc yellow (see Chromium and chromium compounds)
ZINED o e e 12 (1976); Suppl. 7 (1987)
A 1 o o T 12 (1976); Suppl. 7 (1987); 53 (1991)
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LIST OF JARC MONOGRAPHS

Volume 1

Some Inorganic Substances, Chlorinated
Hydrocarbons, Aromatic Amines,
N-Nitroso Compounds, and Natural
Products

1972; 184 pages (out-of-print)

Volume 2

Some Inorganic and Organometallic
Compounds
1973; 181 pages (out-of-print)

Volume 3

Certain Polycyclic Aromatic Hydrocarbons
and Heterocyclic Compounds
1973; 271 pages (out-of-print)

Volume 4

Some Aromatic Amines, Hydrazine
and Related Substances, N-Nitroso
Compounds and Miscellaneous
Alkylating Agents
1974; 286 pages (out-of-print)

Volume 5
Some Organochlorine Pesticides
1974; 241 pages (out-of-print)

Volume 6
Sex Hormones
1974; 243 pages (out-of-print)

Volume 7

Some Anti-Thyroid and Related Substances,
Nitrofurans and Industrial Chemicals

1974; 326 pages (out-of-print)

Volume 8
Some Aromatic Azo Compounds
1975; 357 pages (out-of-print)

Volume 9

Some Aziridines, N-, S- and O-Mustards and
Selenium

1975; 268 pages (out-of-print)

Volume 10
Some Naturally Occurring Substances
1976; 353 pages (out-of-print)
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Volume 11

Cadmium, Nickel, Some Epoxides,
Miscellaneous Industrial Chemicals
and General Considerations on Volatile
Anaesthetics

1976; 306 pages (out-of-print)

Volume 12

Some Carbamates, Thio- carbamates and
Carbazides

1976; 282 pages (out-of-print)

Volume 13

Some Miscellaneous Pharmaceutical
Substances

1977; 255 pages

Volume 14
Asbestos
1977; 106 pages (out-of-print)

Volume 15

Some Fumigants, the Herbicides 2,4-D and
2,4,5-T, Chlorinated Dibenzodioxins and
Miscellaneous Industrial Chemicals

1977; 354 pages (out-of-print)

Volume 16

Some Aromatic Amines and Related Nitro
Compounds—Hair Dyes, Colouring
Agents and Miscellaneous Industrial
Chemicals

1978; 400 pages

Volume 17

Some N-Nitroso Compounds
1978; 365 pages

Volume 18

Polychlorinated Biphenyls and
Polybrominated Biphenyls

1978; 140 pages (out-of-print)

Volume 19

Some Monomers, Plastics and Synthetic
Elastomers, and Acrolein

1979; 513 pages (out-of-print)

Volume 20
Some Halogenated Hydrocarbons
1979; 609 pages (out-of-print)

Volume 21
Sex Hormones (ll)
1979; 583 pages

Volume 22
Some Non-Nutritive Sweetening Agents
1980; 208 pages

Volume 23
Some Metals and Metallic Compounds
1980; 438 pages (out-of-print)
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Volume 24
Some Pharmaceutical Drugs
1980; 337 pages

Volume 25

Wood, Leather and Some Associated
Industries

1981; 412 pages

Volume 26

Some Antineoplastic and
Immunosuppressive Agents

1981; 411 pages (out-of-print)

Volume 27

Some Aromatic Amines, Anthraquinones
and Nitroso Compounds, and Inorganic
Fluorides Used in Drinking-water and
Dental Preparations

1982; 341 pages (out-of-print)

Volume 28
The Rubber Industry
1982; 486 pages (out-of-print)

Volume 29

Some Industrial Chemicals and Dyestuffs
1982; 416 pages (out-of-print)

Volume 30
Miscellaneous Pesticides
1983; 424 pages (out-of-print)

Volume 31

Some Food Additives, Feed Additives and
Naturally Occurring Substances
1983; 314 pages (out-of-print)

Volume 32

Polynuclear Aromatic Compounds, Part
1: Chemical, Environmental and
Experimental Data

1983; 477 pages (out-of-print)

Volume 33

Polynuclear Aromatic Compounds, Part 2:
Carbon Blacks, Mineral Oils and Some
Nitroarenes

1984; 245 pages (out-of-print)

Volume 34

Polynuclear Aromatic Compounds, Part
3:Industrial Exposures in Aluminium
Production, Coal Gasification, Coke
Production, and Iron and Steel Founding

1984; 219 pages (out-of-print)

Volume 35

Polynuclear Aromatic Compounds, Part
4: Bitumens, Coal-tars and Derived
Products, Shale-oils and Soots

1985; 271 pages

Volume 36

Allyl Compounds, Aldehydes, Epoxides and
Peroxides

1985; 369 pages
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Volume 37

Tobacco Habits Other than Smoking; Betel-
Quid and Areca-Nut Chewing; and Some
Related Nitrosamines

1985; 291 pages (out-of-print)

Volume 38
Tobacco Smoking
1986; 421 pages

Volume 39

Some Chemicals Used in Plastics and
Elastomers

1986; 403 pages (out-of-print)

Volume 40

Some Naturally Occurring and Synthetic
Food Components, Furocoumarins and
Ultraviolet Radiation

1986; 444 pages (out-of-print)

Volume 41

Some Halogenated Hydrocarbons and
Pesticide Exposures

1986; 434 pages (out-of-print)

Volume 42
Silica and Some Silicates
1987; 289 pages

Volume 43
Man-Made Mineral Fibres and Radon
1988; 300 pages (out-of-print)

Volume 44
Alcohol Drinking
1988; 416 pages

Volume 45

Occupational Exposures in Petroleum
Refining; Crude Oil and Major Petroleum
Fuels

1989; 322 pages

Volume 46

Diesel and Gasoline Engine Exhausts and
Some Nitroarenes
1989; 458 pages

Volume 47

Some Organic Solvents, Resin Monomers
and Related Compounds, Pigments
and Occupational Exposures in Paint
Manufacture and Painting

1989; 535 pages (out-of-print)

Volume 48

Some Flame Retardants and Textile
Chemicals, and Exposures in the Textile
Manufacturing Industry

1990; 345 pages

Volume 49
Chromium, Nickel and Welding
1990; 677 pages
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Volume 50
Pharmaceutical Drugs
1990; 415 pages

Volume 51

Coffee, Tea, Mate, Methylxanthines and
Methylglyoxal
1991; 513 pages

Volume 52

Chlorinated Drinking-water; Chlorination
By-products; Some Other Halogenated
Compounds; Cobalt and Cobalt
Compounds

1991; 544 pages

Volume 53

Occupational Exposures in Insecticide
Application, and Some Pesticides
1991; 612 pages

Volume 54

Occupational Exposures to Mists and
Vapours from Strong Inorganic Acids;
and Other Industrial Chemicals

1992; 336 pages

Volume 55
Solar and Ultraviolet Radiation
1992; 316 pages

Volume 56

Some Naturally Occurring Substances: Food
Items and Constituents, Heterocyclic
Aromatic Amines and Mycotoxins

1993; 599 pages

Volume 57

Occupational Exposures of Hairdressers
and Barbers and Personal Use of Hair
Colourants; Some Hair Dyes, Cosmetic
Colourants, Industrial Dyestuffs and
Aromatic Amines

1993; 428 pages

Volume 58

Beryllium, Cadmium, Mercury, and
Exposures in the Glass Manufacturing
Industry

1993; 444 pages

Volume 59

Hepatitis Viruses
1994; 286 pages

Volume 60
Some Industrial Chemicals
1994; 560 pages

Volume 61

Schistosomes, Liver Flukes and Helicobacter

pylori
1994; 270 pages
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Volume 62
Wood Dust and Formaldehyde
1995; 405 pages

Volume 63

Dry Cleaning, Some Chlorinated Solvents
and Other Industrial Chemicals

1995; 551 pages

Volume 64
Human Papillomaviruses
1995; 409 pages

Volume 65

Printing Processes and Printing Inks, Carbon
Black and Some Nitro Compounds

1996; 578 pages

Volume 66
Some Pharmaceutical Drugs
1996; 514 pages

Volume 67

Human Immunodeficiency Viruses and
Human T-Cell Lymphotropic Viruses

1996; 424 pages

Volume 68

Silica, Some Silicates, Coal Dust and para-
Aramid Fibrils

1997; 506 pages

Volume 69

Polychlorinated Dibenzo-para-Dioxins and
Polychlorinated Dibenzofurans

1997; 666 pages

Volume 70

Epstein-Barr Virus and Kaposi’s Sarcoma
Herpesvirus/Human Herpesvirus 8

1997; 524 pages

Volume 71

Re-evaluation of Some Organic Chemicals,
Hydrazine and Hydrogen Peroxide

1999; 1586 pages

Volume 72

Hormonal Contraception and Post-
menopausal Hormonal Therapy

1999; 660 pages

Volume 73

Some Chemicals that Cause Tumours of the
Kidney or Urinary Bladder in Rodents and
Some Other Substances

1999; 674 pages

Volume 74
Surgical Implants and Other Foreign Bodies
1999; 409 pages
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Volume 75

lonizing Radiation, Part 1, X-Radiation and
y-Radiation, and Neutrons

2000; 492 pages

Volume 76

Some Antiviral and Antineoplastic Drugs,
and Other Pharmaceutical Agents

2000; 522 pages

Volume 77
Some Industrial Chemicals
2000; 563 pages

Volume 78

lonizing Radiation, Part 2, Some Internally
Deposited Radionuclides

2001; 595 pages

Volume 79
Some Thyrotropic Agents
2001; 763 pages

Volume 80

Non-ionizing Radiation, Part 1: Static and
Extremely Low-frequency (ELF) Electric
and Magnetic Fields

2002; 429 pages

Volume 81
Man-made Vitreous Fibres
2002; 418 pages

Volume 82

Some Traditional Herbal Medicines, Some
Mycotoxins, Naphthalene and Styrene

2002; 590 pages

Volume 83

Tobacco Smoke and Involuntary Smoking
2004; 1452 pages

Volume 84

Some Drinking-Water Disinfectants and
Contaminants, including Arsenic
2004; 512 pages

Volume 85

Betel-quid and Areca-nut Chewing and
Some Areca-nut-derived Nitrosamines

2004; 334 pages

Volume 86

Cobalt in Hard Metals and Cobalt Sulfate,
Gallium Arsenide, Indium Phosphide and
Vanadium Pentoxide

2006; 330 pages

Volume 87
Inorganic and Organic Lead Compounds
2006; 506 pages

Volume 88

Formaldehyde, 2-Butoxyethanol and 1-tert-
Butoxypropan-2-ol
2006; 478 pages
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Volume 89

Smokeless Tobacco and Some Tobacco-
specific N- Nitrosamines

2007; 626 pages

Volume 90
Human Papillomaviruses
2007; 670 pages

Volume 91

Combined Estrogen- Progestogen
Contraceptives and Combined Estrogen-
Progestogen Menopausal Therapy

2007; 528 pages

Volume 92

Some Non-heterocyclic Polycyclic Aromatic
Hydrocarbons and Some Related
Exposures

2010; 853 pages

Volume 93
Carbon Black, Titanium Dioxide, and Talc
2010; 452 pages

Volume 94

Ingested Nitrate and Nitrite, and
Cyanobacterial Peptide Toxins

2010; 450 pages

Volume 95

Household Use of Solid Fuels and High-
temperature Frying

2010; 430 pages

Volume 96
Alcohol Consumption
2010; 1431 pages

Volume 97

1,3-Butadiene, Ethylene Oxide and Vinyl
Halides (Vinyl Fluoride, Vinyl Chloride
and Vinyl Bromide)

2008; 510 pages

Volume 98
Painting, Firefighting, and Shiftwork
2010; 806 pages

Volume 99

Some Aromatic Amines, Organic Dyes, and
Related Exposures

2010; 692 pages

Volume 100A
Pharmaceuticals
2012; 435 pages

Volume 100B
Biological Agents
2012; 475 pages

Volume 100C
Arsenic, Metals, Fibres, and Dusts
2012; 501 pages
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Volume 100D
Radiation
2012; 341 pages

Volume 100E
Personal Habits and Indoor Combustions
2012; 575 pages

Volume 100F
Chemical Agents and Related Occupations
2012; 599 pages

Volume 101

Some Chemicals Present in Industrial and
consumer products, food and drinking-
water

2013 (published online: 2012); 586 pages

Volume 102

Non-ionizing Radiation, Part 2:
Radiofrequency Electromagnetic Fields
2013; 460 pages

Supplement No. 1

Chemicals and Industrial Processes
Associated with Cancer in Humans (IARC
Monographs, Volumes 1 to 20)

1979; 71 pages (out-of-print)

Supplement No. 2

Long-term and Short-term Screening Assays
for Carcinogens: A Critical Appraisal

1980; 426 pages (out-of-print)

(updated as IARC Scientific Publications No.

83, 1986)

Supplement No. 3

Cross Index of Synonyms and Trade
Names in Volumes 1 to 26 of the IARC
Monographs

1982; 199 pages (out-of-print)

Supplement No. 4

Chemicals, Industrial Processes and
Industries Associated with Cancer in
Humans (IARC Monographs, Volumes 1
to29)

1982; 292 pages (out-of-print)

Supplement No. 5

Cross Index of Synonyms and Trade
Names in Volumes 1 to 36 of the IARC
Monographs

1985; 259 pages (out-of-print)

Supplement No. 6

Genetic and Related Effects: An Updating of
Selected IARC Monographs from Volumes
1to42

1987; 729 pages (out-of-print)

Supplement No. 7

Overall Evaluations of Carcinogenicity: An
Updating of IARC Monographs Volumes
1-42
1987; 440 pages (out-of-print)

Supplement No. 8

Cross Index of Synonyms and Trade
Names in Volumes 1 to 46 of the IARC
Monographs

1990; 346 pages (out-of-print)
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Cancer; IARC Press Release: IARC Classifies RF EMFs As Possibly
Carcinogenic to Humans, 2011
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77 ssearch on Cancer

PRESS RELEASE
N® 208

ARG C{ASSIF%E RADIOF : R@%AGNE?E{; F¥EL§3$ ASY

Lyon, France, May 31, 2011 -- The WHO/International Agency for Research on Cancer {IARC) has
classified radiofrequency electromagnetic fields as passibly carcinggenic to humans [Group 2B),
based on an increased risk for gligma, a malignant type of brain cancer’, associated with
wireless phone use. '

Background
Over the last few years, there has been mounting concern about the possibility of adverse

health effects resulting from exposure to radiofrequency electromagnetic fields, such as those
emitted by wireless communication devices. The number of mabile phone subscriptions is

estimated at 5 billion globally.

From May 24-31 2011, a Working Group of 31 scientisis from 14 countries has been meeting
at IARC in lyon, France, to assess the potential carcinogenic hazards from expesure to
radiofreguency glectromagnetic fields. These assessments will be published as Volume 102 of
the IARC Monographs, which will be the fifth volume in this series to focus on physical agents,
after Volume 55 (Solar Radiation), Velume 75 and Volume 78 on ionizing radiation {X-rays,
gamma-rays, heutrons, radio-nuclides), and ¥olumse 8¢ on_non-ionizing radiation {extremely
low-frequency electromagnetic fields}. '

The IARC Monograph Working Group discussed the possibility that these exposures might
induce long-term health effects, in particular an increased risk for cancer. This has relevance for
public health, particularly for users of mobhile phones, as the number of users is large and
growing, particularly among young adults and children.

The IARC Monograph Working Group discussed and evaluated the available literature on the
following exposure categories involving radiofrequency electromagnetic fields:

> occupational exposures to radar and to microwaves;

> environmental exposures associated with transmission of signals for radio, television and

wireless telecommunication; and
> personal exposures associated with the use of wireless telephones.

international experts shared the complex task of tackling the exposure dats, the studies of
cancer in humans, the studies of cancer in experimental animals, and the mechanistic and

other refevant data.

1 237 913 new cases of brain cancers (all types combined) occurred around the world in 2008 {gliomas represent
2/3 of these}. Source: Glghocan 2008
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Results
The evidence was reviewed critically, and overall evaluated as being limited” among users of

wireless telephones for glioma and acoustic neuroma, and inadeguate® to draw conciusions for
other types of cancers. The evidence from the occupational and environmental exposures
mentioned above was similarly judged inadequate. The Working Group did not quantitate the
risk; however, one study of past cell phone use (up to the year 2004), showed a 40% increased'}
risk for gliomas in the highest category of heavy users (reported average: 30 minutes per day
over a 10-year period). LR

Conclusions

Dr Jonathan Samet {University of Southern California, USA), overall Chairman of the Working
Group, indicated that “the evidence, while still accumulating, is strong enough to support a
conclusion and the 2B classification. The conclusion means that there could be some risk, and
therefore we need to keep a close watch for a link between cell phones and cancer risk."

"Given the potential conseguences for public health of this classification and findings," said IARC
Director Christopher Wild, "it is important that additional research be conducted into the long-
term, heavy use of mobile phones. Pending the availability of such information, it is important
to take pragmatic measures to reduce exposure such as hands-free devices or texting. "

The Working Group considered hundreds of scientific articles; the complete list will be published
" in the Monograph. it is noteworthy to mention that several recent in-press scientific articles®
resulting from the lnterphone study were made available to the working group shortly before it
was due to convene, reflecting their acceptance for publication at that time, and were included

in the evaluation.

A concise report summarizing the main conciusions of the IARC Working Group and the
evaluations of the carcinogenic hazard from radiofrequency electromagnetic fields (including
the use of mobile telephones} will be published in The Lancet Oncaiogg' in its July 1 issue, and in
a few days online.

* Limited evidence of carcinogenicity”: A positive association has been observed between expasure to the agent
and cancer for which a causal interpretation is considered by the Working Groug 1o be credible, but chance, bias or
confounding could nat be ruled out with reasonable confidence.

? '\inddequate evidence of carcinogenicity”. The available studies are of insufficient quality, consistency or statistical
power to permit a conclusion regarding the presence or absence of a causal association between exposure and
cancer, or no data on cancer in humans are available.

* a. 'Acoustic neuroma risk In relation to mobile telephone use: results of the INTERPHONE international case-

- control-stady’ {the interphone Study-Group; inCancerEpidemiology, ir-press) -
b. 'Estimation of RF energy absorbed in the brain from mobile phones in the Interphone study' (Cardis et al,,

Occupational and Environmental Medicine, in press)

¢. 'Risk of brain tumours in relation to estimated RF dose from mobile phones — results from five Interphone
countries' {Cardis et al., Occupational and Environmental Medicine, in press)

d. 'Location of Gliomas in Relation to Mobile Telephone Use: A Case-Case and Case-Spacular Analysis' {American
journai of Epidemiotogy, May 24, 2011. [Epub ahead of print].

" ARG, 150 Cours Albert Fhorvas, 89372 Lyon CEDEX 08: France - Tel +33 (D)4 727384 8% - Fax + 530 T2 738575 -
©IARC 2011 - All Rights Reserved.
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For more information, please contact

Dr Kurt Straif, IARC Monographs Section, at +33 472 738 511, or straif@iarc.fr; Br Robert Baan,
IARC Monoeraphs Section, at +33 472 738 659, or baan@larc.fr; or Nicolas Gaudin, IARC
Communications Group, at com@iarc.fr (+33 472 738 478)

Link to the audio file posted shortly after the briefing:
hitn://eerrance.who.int/mediacentrefaudiofpress briefings/

About IARC

The International Agency for Research on Cancer (IARC) is part of the World Health
Organization. s mission is to coordinate and conduct research on the causes of human cancer,
the mechanisms of carcinogenesis, and to develop scientific strategies for cancer control. The
Agency is involved in both epidemiological and laboratory research and disseminates scientific
information through publications, meetings, courses, and feliowships.

If you wish your name to be removed from our press release e-mailing list, please write to
com@lare.fr.

Nicolas Gaudin, Ph.D.

Head, IARC Communications

international Agency for Research on Cancer
World Health Organization

150, cours Albert-Thomas

63008 Lyon

France

Email com@iarc.fr
hitp:/ fwww.iarefrf

rance-< Teli438 {{3}4 #E ?3 B4 FE < Wax SO TE TR 85 5 -
F-Rights: Ressved.
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ABOUT THE 1ARC MONOGRAPHS

What are the JARL Monggranhs?

The IARC KMonographs identify environmental factors that can increase the risk of human
cancer. These include chemicals, complex mixtures, occupational exposures, physical and
biological agents, and lifestyle factors. National health agencies use this information as scientific
support for their actions to prevent exposure to potential carcinegens. Interdisciplinary working
groups of expert scientists review the published studies and evaluate the weight of the evidence
that an agent can increase the risk of cancer. The principles, procedures, and scientific criteria
that guide the evaluations are described in the Preamble to the IARC Monographs. '

Since 1971, more than 900 agents have been evaluated, of which approximately 400 have been
identified as carcinagenic or potentially carcinogenic to humans.

Definitions

Group 1: The agent is carcincgenic fo humans.

This category is used when there is sufficient evidence of coarcinogenicify in humans.
Exceptionaily, an agent may be placed in this category when evidence of carcinogenicity in
humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental
animals and strong evidence in exposed humans that the agent acts through a relevant
mechanism of carcinogenicity.

group 2.

This category includes agents for which, at one extreme, the degree of evidence of
carcinogenicity in humans is almost sufficient, as well as those for which, at the other extreme,
there are no human data but for which there is evidence of carcinogenicity in experimental
animals. Agents are assigned to either Group 2A (probably carcinogenic to humans) or Group 2B
(possibly carcinogenic to humans) on the basis of epidemiological and experimental evidence of
carcinogenicity and ‘mechanistic and other relevant data. The terms probably carcinogenic and
possibly carcinogenic have no quantitative significance and are used simply as descriptors of
different levels of evidence of human carcinogenicity, with probably carcinogenic signifying a
higher level of evidence than possibly carcinogenic.

Groun 2A: The agent is probably corcinogenic to humans.

This category is used when there is fimited evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals. in some cases, an agent may be classified in
this categary when there is inadeguate evidence of carcinogenicity in humans and sufficient
evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis
is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be
classified in this category solely on the basis of imited evidence of carcinogenicity in humans. An
agent may be assigned to this category H i clearly belongs, based on mechanistic
considerations, to a class of agents for which one or more members have been classified in
Group 1 or Group 2A.

© ARG, 150 Cours Albert Thothas, 88372 Lyon CEDEX 08, France-+ Tel: #33 (0474 73 84:85 - Fax #33: ([}}4 72 73 B85 ?’ﬁ
@ ARG 2011 - AlRIghts Reserved
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Groun 2B: The agent Is possibly corcinggenic to humans.

This category is used for agents for which there is /imited evidence of carcinogenicity in humans
and less than sufficient evidence of carcinogenicity in experimental animals. it may also be used
when there is inadequate evidence of corcinogenicity in humans but there is sufficient evidence
of carcinogenicity in experimental animals. In some instances, an agent for which there is
inadequate evidence of carcinogenicity in humans and less than sufficient evidence of
carcinogenicity in experimental animals together with supporting evidence from mechanistic
and other relevant data may be placed in this group. An agent may be classified in this category
solely on the basis of strong evidence from mechanistic and other relevant data.

Group 3: The agent is not classifiable as to its carcinogenicity to humans.

This category is used most commonly for agents for which the evidence of carcinogenicity is
inadequate in humans and inadeguate or limited in experimental animais.

Exceptionally, agents for which the evidence of carcinogenicity is inadequate in humans but
sufficient in experimental animals may be placed in this category when there is strong evidence
that the mechanism of carcinogenicity in experimental animals does not operate in humans.

Agents that do not fall into any other group are also placed in this category.

An evaluation in Group 3 is not a determination of hon-carcinogeniciw or overall safety. It often
means that further research is needed, especially when exposures are widespread or the cancer

data are consistent with differing interpretations.

o _
4: The agent is probably not carcinogenic o humans.

This category is used for agents for which there is evidence suggesting lack of carcinogenicity in
humans and in experimental animals. In some instances, agents for which there is inadeguote
evidence of carcinogenicity in humans but evidence suggesting lack of carcinogenicity in
experimental aniimals, consistently and strongly supported by a broad range of mechanistic and
other relevant data, may be classified in this group.

Déﬁnitions of evidence, as used in IARC Monographs for studies in humans

The evidence relevant to carcinogenicity from studies in humans is classified into one of the
following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal relationship
has been established between exposure to the agent and human cancer. That is, a positive
relationship has been observed between the exposure and cancer in studies in which chance,
bias and confounding could be ruled out with reasonable confidence. A statement that there is
sufficient evidence is followed by a separate sentence that identifies the target organ(s) or
tissue(s) where an increased risk of cancer was observed in humans. Identification of a specific
target organ or tissue does not precfude the possibility that the agent may cause cancer at other

sites.

’CEDE_),( 98.- Ffanﬂe Tel 58 (9)4 ik T 34 3‘5 FEX“ B30 '?"2 73 35 75
AltBihis Roserjed. -~

- JA 02926



USCA Case #20-1025 Document #1869749 Filed: 11/04/2020 Page 204 of 423
Page 6

IARC CLASSIFIES RADIOFREQUENCY ELECTROMAGHKETIC FIELDS AS
POSSIBLY CARCINOGENIC TO HUMANS

Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent and cancer for which a causal interpretation is considered by the Working
Group to be credible, but chance, bias or confounding could not be ruled out with reasonable

confidence.

Inadequate evidence of carcinogenicity: The available studies are of insufficient quality,
consistency or statistical power to permit a conclusion regarding the presence or absence of a
causal association between exposure and cancer, or no data en cancer in humans are available.

Fvidence suggesting lack of carcinogenicity: There are severai adeguate studies covering the
full range of levels of exposure that humans are known to encounter, which are mutually
consistent in not showing a positive association between exposure to the agent and any studied
cancer at any observed level of exposure. The results from these studies alone or combined
should have narrow confidence intervals with an upper limit close to the null value (e.g. a
relative risk of 1.0}. Bias and confounding should be ruled out with reasonable confidence, and
the studies should have an adequate length of follow-up. A conclusion of evidence suggesting
lack of carcinogenicity is inevitably limited to the cancer sites, conditions and levels of exposure,
and length of observation covered by the available studies. In addition, the possibility of a very
small risk at the levels of exposure studied can never be excluded.

In some instances, the above categories may be used to classify the degree of evidence related
to carcinogenicity in specific organs or tissues.

ARG, 153 Soursiibart Thomds, 68372 Lyon CEDEX 08, France - Tel +33. (034 7278 8485 < Fax 9-33 oy 72 73 BE ?5
® ARC 2011 -:All Rightts Reserved,
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Abstract

The US National Toxicology Program (NTP) has carried out extensive rodent toxicology and
carcinogenesis studies of radiofrequency radiation (RFR) at frequencies and modulations used in
the US telecommunications industry. This report presents partial findings from these studies. The
occurrences of two tumor types in male Harlan Sprague Dawley rats exposed to RFR, malignant
gliomas in the brain and schwannomas of the heart, were considered of particular interest, and
are the subject of this report. The findings in this report were reviewed by expert peer reviewers
selected by the NTP and National Institutes of Health (NIH). These reviews and responses to
comments are included as appendices to this report, and revisions to the current document have
incorporated and addressed these comments. Supplemental information in the form of 4
additional manuscripts has or will soon be submitted for publication. These manuscripts describe
in detail the designs and performance of the RFR exposure system, the dosimetry of RFR
exposures in rats and mice, the results to a series of pilot studies establishing the ability of the

animals to thermoregulate during RFR exposures, and studies of DNA damage.

Capstick M, Kuster N, Kiihn S, Berdinas-Torres V, Wilson P, Ladbury J, Koepke G, McCormick
D, Gauger J, Melnick R. A radio frequency radiation reverberation chamber exposure system for

rodents

Yijian G, Capstick M, McCormick D, Gauger J, Horn T, Wilson P, Melnick RL and Kuster N.

Life time dosimetric assessment for mice and rats exposed to cell phone radiation
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Wyde ME, Horn TL, Capstick M, Ladbury J, Koepke G, Wilson P, Stout MD, Kuster N,
Melnick R, Bucher JR, and McCormick D. Pilot studies of the National Toxicology Program’s

cell phone radiofrequency radiation reverberation chamber exposure system

Smith-Roe SL, Wyde ME, Stout MD, Winters J, Hobbs CA, Shepard KG, Green A, Kissling
GE, Tice RR, Bucher JR, Witt KL. Evaluation of the genotoxicity of cell phone radiofrequency

radiation in male and female rats and mice following subchronic exposure
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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

SUMMARY

The purpose of this communication is to report partial findings from a series of radiofrequency
radiation (RFR) cancer studies in rats performed under the auspices of the U.S. National
Toxicology Program (NTP).! This report contains peer-reviewed, neoplastic and hyperplastic
findings only in the brain and heart of Hsd:Sprague Dawley” SD® (HSD) rats exposed to RFR
starting in utero and continuing throughout their lifetimes. These studies found low incidences of
malignant gliomas in the brain and schwannomas in the heart of male rats exposed to RFR of the
two types [Code Division Multiple Access (CDMA) and Global System for Mobile
Communications (GSM)] currently used in U.S. wireless networks. Potentially preneoplastic

lesions were also observed in the brain and heart of male rats exposed to RFR.

The review of partial study data in this report has been prompted by several factors. Given the
widespread global usage of mobile communications among users of all ages, even a very small
increase in the incidence of disease resulting from exposure to RFR could have broad
implications for public health. There is a high level of public and media interest regarding the

safety of cell phone RFR and the specific results of these NTP studies.

"NTP is a federal, interagency program, headquartered at the National Institute of Environmental Health Sciences,
part of the National Institutes of Health, whose goal is to safeguard the public by identifying substances in the
environment that may affect human health. For more information about NTP and its programs, visit
http://ntp.niehs.nih.gov
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Lastly, the tumors in the brain and heart observed at low incidence in male rats exposed to GSM-
and CDMA-modulated cell phone RFR in this study are of a type similar to tumors observed in
some epidemiology studies of cell phone use. These findings appear to support the International
Agency for Research on Cancer (IARC) conclusions regarding the possible carcinogenic

potential of RFR.?

It is important to note that this document reviews only the findings from the brain and heart and
is not a complete report of all findings from the NTP’s studies. Additional data from these
studies in Hsd:Sprague Dawley® SD® (Harlan) rats and similar studies conducted in B6C3F,/N
mice are currently under evaluation and will be reported together with the current findings in two

forthcoming NTP Technical Reports.

STUDY RATIONALE

Cell phones and other commonly used wireless communication devices transmit information via
non-ionizing radiofrequency radiation (RFR). In 2013, TARC classified RFR as a possible human
carcinogen based on “limited evidence” of an association between exposure to RFR from heavy
wireless phone use and glioma and acoustic neuroma (vestibular schwannoma) in human
epidemiology studies, and “limited evidence” for the carcinogenicity of RFR in experimental
animals. While ionizing radiation is a well-accepted human carcinogen, theoretical arguments
have been raised against the possibility that non-ionizing radiation could induce tumors

(discussed in TARC, 2013). Given the extremely large number of people who use wireless

2 JARC (International Agency for Research on Cancer). 2013. Non-lonizing Radiation, Part 2: Radiofrequency
Electromagnetic Fields. IARC Monogr Eval Carcinog Risk Hum 102. Available:
http://monographs.iarc.ft/ENG/Monographs/vol102/mono102.pdf [accessed 26 May 2016].
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communication devices, even a very small increase in the incidence of disease resulting from

exposure to the RFR generated by those devices could have broad implications for public health.

DESCRIPTION OF THE NTP CELL PHONE RFR PROGRAM

RFR emitted by wireless communication devices, especially cell phones, was nominated to the
NTP for toxicology and carcinogenicity testing by the U.S. Food and Drug Administration
(FDA). After careful and extensive evaluation of the published literature and experimental
efforts already underway at that time, the NTP concluded that additional studies were warranted
to more clearly define any potential health hazard to the U.S. population. Due to the technical
complexity of such studies, NTP staff worked closely with RFR experts from the National
Institute of Standards and Technology (NIST). With support from NTP, engineers at NIST
evaluated various types of RFR exposure systems and demonstrated the feasibility of using a
specially designed exposure system (reverberation chambers), which resolved the inherent

limitations identified in existing systems.

In general, NTP chronic toxicity/carcinogenicity studies expose laboratory rodents to a test
article for up to 2 years and are designed to determine the potential for the agent tested to be
hazardous and/or carcinogenic to humans.® For cell phone RFR, a program of study was
designed to evaluate potential, long-term health effects of whole-body exposures. These studies
were conducted in three phases: (1) a series of pilot studies to establish field strengths that do not
raise body temperature, (2) 28-day toxicology studies in rodents exposed to various low-level
field strengths, and (3) chronic toxicology and carcinogenicity studies. The studies were carried

out under contract at IIT Research Institute (IITRI) in Chicago, IL following Good Laboratory

3 Specifications for the Conduct of NTP Studies, http://ntp.niehs.nih.gov/ntp/test _info/finalntp toxcarspecsjan2011.pdf
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Practices (GLP). These studies were conducted in rats and mice using a reverberation chamber
exposure system with two signal modulations [Code Division Multiple Access (CDMA) and
Global System for Mobile Communications (GSM)] at two frequencies (900 MHz for rats and
1900 MHz for mice), the modulations and frequency bands that are primarily used in the United

States.

STUDY DESIGN

Hsd:Sprague Dawley® SD® (Harlan) rats were housed in custom-designed reverberation
chambers and exposed to cell phone RFR. Experimentally generated 900 MHz RF fields with
either GSM or CDMA modulation were continuously monitored in real-time during all exposure
periods via RF sensors located in each exposure chamber that recorded RF field strength (V/m).
Animal exposure levels are reported as whole-body specific absorption rate (SAR), a biological
measure of exposure based on the deposition of RF energy into an absorbing organism or tissue.
SAR is defined as the energy (watts) absorbed per mass of tissue (kilograms). Rats were exposed
to GSM- or CDMA-modulated RFR at 900 MHz with whole-body SAR exposures of 0, 1.5, 3, or
6 W/kg. RFR field strengths were frequently adjusted based on changes in body weight to

maintain desired SAR levels.

Exposures to RFR were initiated in utero beginning with the exposure of pregnant dams
(approximately 11-14 weeks of age) on Gestation Day (GD) 5 and continuing throughout
gestation. After birth, dams and pups were exposed in the same cage through weaning on
postnatal day (PND) 21, at which point the dams were removed and exposure of 90 pups per sex
per group was continued for up to 106 weeks. Pups remained group-housed from PND 21 until

they were individually housed on PND 35. Control and treatment groups were populated with no
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more than 3 pups per sex per litter. All RF exposures were conducted over a period of
approximately 18 hours using a continuous cycle of 10 minutes on (exposed) and 10 minutes off
(not exposed), for a total daily exposure time of approximately 9 hours a day, 7 days/week. A
single, common group of unexposed animals of each sex served as controls for both RFR
modulations. These control rats were housed in identical reverberation chambers with no RF
signal generation. Each chamber was maintained on a 12-hour light/dark cycle, within a
temperature range of 72 + 3°F, a humidity range of 50 = 15%, and with at least 10 air changes

per hour. Throughout the studies, all animals were provided ad libitum access to feed and water.

RESULTS

In pregnant rats exposed to 900 MHz GSM- or CDMA-modulated RFR, no exposure-related
effects were observed on the percent of dams littering, litter size, or sex distribution of pups.
Small, exposure-level-dependent reductions (up to 7%) in body weights compared to controls
were observed throughout gestation and lactation in dams exposed to GSM- or CDMA-
modulated RFR. In the offspring, litter weights tended to be lower (up to 9%) in GSM and
CDMA RFR-exposed groups compared to controls. Early in the lactation phase, body weights of
male and female pups were lower in the GSM-modulated (8%) and CDMA-modulated (15%)
RFR groups at 6 W/kg compared to controls. These weight differences in the offspring for both
GSM and CDMA exposures tended to lessen (6% and 10%, respectively) as lactation progressed.
Throughout the remainder of the chronic study, no RFR exposure-related effects on body

weights were observed in male and female rats exposed to RFR, regardless of modulation.
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At the end of the 2-year study, survival was lower in the control group of males than in all
groups of male rats exposed to GSM-modulated RFR. Survival was also slightly lower in control
females than in females exposed to 1.5 or 6 W/kg GSM-modulated RFR. In rats exposed to
CDMA-modulated RFR, survival was higher in all groups of exposed males and in the 6 W/kg

females compared to controls.

Brain

A low incidence of malignant gliomas and glial cell hyperplasia was observed in all groups of
male rats exposed to GSM-modulated RFR (Table 1). In males exposed to CDMA-modulated
RFR, a low incidence of malignant gliomas occurred in rats exposed to 6 W/kg (Table 1). Glial
cell hyperplasia was also observed in the 1.5 W/kg and 6 W/kg CDMA-modulated exposure
groups. No malignant gliomas or glial cell hyperplasias were observed in controls. There was not
a statistically significant difference between the incidences of lesions in exposed male rats
compared to control males for any of the GSM- or CDMA-modulated RFR groups. However,
there was a statistically significant positive trend in the incidence of malignant glioma (p < 0.05)
for CDMA-modulated RFR exposures.

Table 1. Incidence of brain lesions in male Hsd:Sprague Dawley” SD® (Harlan) rats exposed to
GSM- or CDMA-modulated RFR?

Control GSM CDMA
0 1.5 3 6 1.5 3 6
W/kg W/kg W/kg W/kg W/kg W/kg W/kg
Number examined 90 90 90 90 90 90 90
Malignant glioma ' * 0" 3(33%) 3(33%) 2(22%) 0 0 3 (3.3%)
Glial cell hyperplasia 0 222%) 33B3% 1(1.1%) 2 (2.2%) 0 2 (2.2%)

¥ Data presented as number of animals per group with lesions (percentage of animals per group with lesions).

’ Significant SAR-dependent trend for CDMA exposures by poly-6 (p < 0.05). See appendix B

t Poly-6 survival adjusted rates for malignant gliomas were 0/53.48 in controls; GSM: 3/67.96 (4.4%), 3/72.10
(4.2%), and 2/72.65 (2.8%) in the 1.5, 3, and 6 W/kg groups, respectively; CDMA: 0/65.94, 0/73.08, and

- 3/57.49 (5.2%) for the 1.5, 3, and 6 W/kg groups, respectively.

* Historical control incidence in NTP studies: 11/550 (2.0%), range 0-8%
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2 In females exposed to GSM-modulated RFR, a malignant glioma was observed in a single rat

3 exposed to 6 W/kg, and glial cell hyperplasia was observed in a single rat exposed to 3 W/kg

4  (Table 2). In females exposed to CDMA-modulated RFR, malignant gliomas were observed in

5  two rats exposed to 1.5 W/kg. Glial cell hyperplasia was observed in one female in each of the

6 CDMA-modulation exposure groups (1.5, 3, and 6 W/kg). There was no glial cell hyperplasia or
7  malignant glioma observed in any of the control females. Detailed descriptions of the malignant

8 gliomas and glial cell hyperplasias are presented in Appendix C.

9
10 Table 2. Incidence of brain lesions in female Hsd:Sprague Dawley” SD® (Harlan) rats exposed to
11 GSM- or CDMA-modulated RFR?
12
Control GSM CDMA
0 1.5 3 6 1.5 3 W/kg 6
W/kg W/kg W/kg W/kg W/kg W/kg
Number examined 90 90 90 90 90 90 90
Malignant glioma t 0 0 0 1 (1.1%) 2 (2.2%) 0 0
Glial cell hyperplasia 0 0 1 (1.1%) 0 1(1.1%) 10.1%) 11.1%)
13 ¥ Data presented as number of animals per group with lesions (percentage of animals per group with lesions).
14 ! Historical control incidence in NTP studies: 1/540 (0.18%), range 0-2%
15
16  Heart

17  Cardiac schwannomas were observed in male rats in all exposed groups of both GSM- and

18  CDMA-modulated RFR, while none were observed in controls (Table 3). For both modulations
19 (GSM and CDMA), there was a significant positive trend in the incidence of schwannomas of
20 the heart with respect to exposure SAR. Additionally, the incidence of schwannomas in the 6

21 W/kg males was significantly higher in CDMA-modulated RFR-exposed males compared to

22 controls. The incidence of schwannomas in the 6 W/kg GSM-modulated RFR-exposed males

23 was higher, but not statistically significant (p = 0.052) compared to controls. Schwann cell

10
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hyperplasia of the heart was also observed in three males exposed to 6 W/kg CDMA-modulated
RFR. In the GSM-modulation exposure groups, a single incidence of Schwann cell hyperplasia

was observed in a 1.5 W/kg male.

Table 3. Incidence of heart lesions in male Hsd:Sprague Dawley® SD® (Harlan) rats exposed to
GSM- or CDMA-modulated cell phone RER®
Control GSM CDMA
0 1.5 3 6 1.5 3 6
W/kg W/kg W/kg W/kg W/kg W/kg W/kg

Number examined 90 90 90 90 90 90 90
Schwannoma " 0° 222%) 1(1.1%) 5(5.5%) 2(22%) 3(33%) 6(6.6%)
Schwann cell hyperplasia 0 1 (1.1%) 0 2 (2.2%) 0 0 3 (3.3%)

¥ Data presented as number of animals per group with lesions (percentage of animals per group with lesions).

’ Significant SAR level-dependent trend for GSM and CDMA by poly-3 (p < 0.05). See appendix B

™ Significantly higher than controls by poly-3 (p < 0.05)

t Poly-3 survival adjusted rates for schwannomas were 0/65.47 in controls; GSM: 2/74.87 (2.7%), 1/77.89 (1.3%), and
5/78.48 (6.4%) in the 1.5, 3, and 6 W/kg groups, respectively; CDMA: 2/74.05 (2.7%), 3/78.67 (3.8%), and 6/67.94
(8.8%) for the 1.5, 3, and 6 W/kg groups, respectively.

* Historical control incidence in NTP studies: 9/699 (1.3%) range 0-6%

In females, schwannomas of the heart were also observed at 3 W/kg GSM-modulated RFR and
1.5 and 6 W/kg CDMA-modulated RFR. Schwann cell hyperplasia was observed in one female

in each of the CDMA-modulation exposure groups (1.5, 3, and 6 W/kg).

Table 4. Incidence of heart lesions in female Hsd:Sprague Dawley® SD® (Harlan) rats exposed to
GSM- or CDMA-modulated cell phone RFR®
Control GSM CDMA
0 1.5 3 6 1.5 3 6
W/kg W/kg W/kg W/kg W/kg W/kg W/kg
Number examined 90 90 90 90 90 90 90
Schwannoma? 0 0 222%) 0 2 (2.2%) 0 2 (2.2%)
Schwann cell hyperplasia 0 0 0 0 1(1.1%) 1(1.1%) 11.1%)

¥ Data presented as number of animals per group with tumors (percentage of animals per group with tumors).
* Historical control incidence in NTP studies: 4/699 (0.6 %), range 0-4%

1"
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Schwann cells are present in the peripheral nervous system and are distributed throughout the
whole body, not just in the heart. Therefore, organs other than the heart were examined for
schwannomas and Schwann cell hyperplasia. Several occurrences of schwannomas were
observed in the head, neck, and other sites throughout the body of control and GSM and CDMA
RFR-exposed male rats. In contrast to the significant increase in the incidence of schwannomas
in the heart of exposed males, the incidence of schwannomas observed in other tissue sites of
exposed males (GSM and CDMA modulations) was not significantly different than in controls
(Table 5). Additionally, Schwann cell hyperplasia was not observed in any tissues other than the
heart. The combined incidence of schwannomas from all sites was generally higher in GSM- and
CDMA-modulated RFR exposed males, but not significantly different than in controls. The

Schwann cell response to RFR appears to be specific to the heart of male rats.

Table 5. Incidence of schwannomas in male Hsd:Sprague Dawley” SD® (Harlan) rats exposed to
GSM- or CDMA-modulated RFR*

Control GSM CDMA
0 1.5 3 6 1.5 3 6
W/kg W/kg W/kg W/kg W/kg W/kg W/kg
Number examined 90 90 90 90 90 90 90
Heart* 0" 222%) 1(1.1%)  5(5.5%) 2(22%) 333%)  6(6.6%)
Other sites’ 3 (3.3%) 1(1.1%) 4 (44%) 2Q2.2%) 222%) 11.1%) 1 (1.1%)

All sites (total) 3 (3.3%) 3(33%) 5(5.5%) 7(1.7%) 4(44%) 4 (44%) T (1.7%)

% Data presented as number of animals per group with tumors (percentage of animals per group with tumors).
: Significant SAR level-dependent trend for GSM and CDMA, poly 3 test (p < 0.05)

** Significantly higher than controls, poly-3 test (p < 0.05)

* Historical control incidence in NTP studies: 9/699 (1.3%), range 0-6%

t Mediastinum, thymus, and fat

In female rats, there was no statistically significant or apparent exposure-related effect on the
incidence of schwannomas in the heart or the combined incidence in the heart or other sites

(Table 6).

12
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Table 6. Incidence of schwannomas in female Hsd:Sprague Dawley® SD® (Harlan) rats exposed to
GSM- or CDMA-modulated RFR*

Control GSM CDMA
Sch " 0 1.5 3 6 1.5 3 6
chwahnomastte v, Wke W/ke W/kg Wke W/ke W/ke
Number examined 90 90 90 90 90 90 90
Heart* 0 0 2 (2.2%) 0 2 (2.2%) 0 2 (2.2%)
Other sites’ 4 (4.4%) 1(1.1%) 3(33%) 1(1.1%) 0 2022%) 2 (2.2%)

All sites (total) 4 (4.4%) 1(1.1%)  5(5.5%) 2(2.2%) 2022%) 2(22%) 4(4.4%)

? Data presented as number of animals per group with tumors (percentage of animals per group with tumors).
* Historical control incidence in NTP studies: 4/699 (0.6%), range 0-4%
t Ovary, uterus, vagina, thymus, abdomen, and clitoral gland

DISCUSSION

The two tumor types, which are the focus of this report, are malignant gliomas of the brain and
schwannomas of the heart. Glial cells are a collection of specialized, non-neuronal, support cells
whose functions include maintenance of homeostasis, formation of myelin, and providing
support and protection for neurons of the peripheral nervous system (PNS) and the central
nervous system (CNS). In the CNS, glial cells include astrocytes, oligodendrogliocytes,
microglial cells, and ependymal cells. Schwann cells are classified as glial cells of the PNS. In
the PNS, Schwann cells produce myelin and are analogous to oligodendrocytes of the CNS.
Generally, glial neoplasms in the rat are aggressive, poorly differentiated, and usually classified

as malignant.

In the heart, exposure to GSM or CDMA modulations of RFR in male rats resulted in a
statistically significant, positive trend in the incidence of schwannomas. There was also a
statistically significant, pairwise increase at the highest CDMA exposure level tested compared

to controls. Schwann cell hyperplasias also occurred at the highest exposure level of CDMA-

13
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modulated RFR. Schwann cell hyperplasia in the heart may progress to cardiac schwannomas.
No Schwann cell hyperplasias or schwannomas of the heart were observed in the single,
common control group of male rats. The historical control rate of schwannomas of the heart in
male Harlan Sprague Dawley rats is 1.30% (7/539) and ranges from 0-6% for individual NTP
studies (Table D2, Appendix D). The 5.5-6.6% observed in the 6 W/kg GSM- and CDMA-
modulated RFR groups exceeds the historical incidence, and approaches or exceeds the highest
rate observed in a single study (6%). The increase in the incidence of schwannomas in the heart
of male rats in this study is likely the result of whole-body exposures to GSM- or CDMA -

modulated RFR.

In the brain, there was a significant, positive trend in the incidences of malignant gliomas in
males exposed to CDMA-modulated RFR, and a low incidence was observed in males at all
exposure levels of GSM-modulated RFR that was not statistically different than in control males.
Glial cell hyperplasia, a preneoplastic lesion distinctly different from gliosis, was also observed
at low incidences in rats exposed to either GSM or CDMA modulation. Glial cell hyperplasia
may progress to malignant glioma. Neither of these lesions was observed in the control group of
male rats. Although not observed in the current control group, malignant gliomas have been
observed in control male Harlan Sprague Dawley rats from other completed NTP studies.
Currently in males, the historical control rate of malignant glioma for those studies is 2.0%
(11/550) and ranges from 0-8% for individual studies (Table D1, Appendix D). The 2.2-3.3%
observed in all of the GSM-modulation groups and in the 6 W/kg CDMA-modulated group only

slightly exceeds the mean historical control rate and falls within the observed range.
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The survival of the control group of male rats in the current study (28%) was relatively low
compared to other recent NTP studies in Hsd:Sprague Dawley” SD® (Harlan) rats (average 47%,
range 24-72%). If malignant gliomas or schwannomas are late-developing tumors, the absence of
these lesions in control males in the current study could conceivably be related to the shorter
longevity of control rats in this study. Appendix E lists the time on study for each animal with a
malignant glioma or heart schwannoma. Most of the gliomas were observed in animals that died
late in the study, or at the terminal sacrifice. However, a relatively high number of the heart
schwannomas in exposed groups were observed by 90 weeks into the study, a time when

approximately 60 of the 90 control male rats remained alive and at risk for developing a tumor.

CONCLUSIONS

Under the conditions of these 2-year studies, the hyperplastic lesions and glial cell neoplasms of
the heart and brain observed in male rats are considered likely the result of whole-body
exposures to GSM- or CDMA-modulated RFR. There is higher confidence in the association
between RFR exposure and the neoplastic lesions in the heart than in the brain. No biologically

significant effects were observed in the brain or heart of female rats regardless of modulation.

NEXT STEPS

The results reported here are limited to select findings of concern in the brain and heart and do
not represent a complete reporting of all findings from these studies of cell phone RFR. The
complete results for all NTP studies on the toxicity and carcinogenicity of GSM and CDMA-
modulated RFR are currently being reviewed and evaluated according to the established NTP

process and will be reported together with the current findings in two forthcoming NTP

15
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Technical Reports. Given the large scale and scope of these studies, completion of this process is
anticipated by fall 2017, and the draft NTP Technical Reports are expected to be available for
peer review and public comment by the end of 2017. We anticipate that the results from a series
of initial studies investigating the tolerance to various power levels of RFR, including
measurements of body temperatures in both sexes of young and old rats and mice and in

pregnant female rats, will be published in the peer-reviewed literature later in 2016.
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APPENDIX B — STATISTICAL ANALYSIS

The Poly-k test (Bailer and Portier, 1988; Portier and Bailer, 1989; Piegorsch and Bailer, 1997)
was used to assess neoplasm prevalence. This test is a survival-adjusted quantal-response
procedure that modifies the Cochran-Armitage linear trend test to take survival differences into
account. More specifically, this method modifies the denominator in the quantal estimate of
lesion incidence to approximate more closely the total number of animal years at risk. For
analysis of lesion incidence at a given site, each animal is assigned a risk weight. This value is
one if the animal had a lesion at that site or if it survived until terminal sacrifice; if the animal
died prior to terminal sacrifice and did not have a lesion at that site, its risk weight is the fraction
of the entire study time that it survived, raised to the kth power. This method yields a lesion
prevalence rate that depends only upon the choice of a shape parameter, k, for a Weibull hazard
function describing cumulative lesion incidence over time (Bailer and Portier, 1988). A further

advantage of the Poly-k method is that it does not require lesion lethality assumptions.

Unless otherwise specified, the NTP uses a value of k=3 in the analysis of site-specific lesions
(Portier et al., 1986). Bailer and Portier (1988) showed that the Poly-3 test gives valid results if
the true value of k is anywhere in the range from 1 to 5. In addition, Portier et al. (1986) modeled
a collection of relatively common tumors observed in control animals from two-year NTP rodent
carcinogenicity studies, showing that the Weibull distribution with values of k ranging between 1
and 5 was a reasonable fit to tumor incidence in most cases. In cases of early tumor onset or late
tumor onset, however, k=3 may not be the optimal choice. Tumors with early onset would
require a value of k much less than 3, while tumors with late onset would require a value of k
much greater than 3. In the current studies, malignant brain gliomas occurred only in animals
surviving more than 88% of the length of the study. For these brain tumors, a Weibull
distribution with k=6 is a better fit to survival time than with k=3 (Portier, 1986). Malignant
schwannomas of the heart occurred in animals surviving at least 65% of the length of the study; a
Weibull distribution with k=3 adequately fits these heart tumor incidences. Therefore, poly-6

tests were used for analyses of brain tumors and poly-3 tests were used for schwannomas.
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Variation introduced by the use of risk weights, which reflect differential mortality, was
accommodated by adjusting the variance of the Poly-k statistic as recommended by Bieler and

Williams (1993) and a continuity correction modified from Thomas et al. (1977) was applied.

Tests of significance for tumors and nonneoplastic lesions included pairwise comparisons of
each dosed group with controls and a test for an overall dose-related trend. Continuity-corrected

Poly-k tests were used in the analysis of lesion incidence, and reported P values are one sided.

Body weights and litter weights were compared to the control group using analysis of variance
and Dunnett’s test (1955). The probability of survival was estimated by the product-limit
procedure of Kaplan and Meier (1958). Statistical analyses for possible exposure-related effects
on survival used Cox’s (1972) method for testing two groups for equality and Tarone’s (1975)

life table test to identify exposure-related trends. Survival analysis p-values are two-sided.
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APPENDIX C - PATHOLOGY

Pathology data presented in this report on cell phone RFR were subjected to a rigorous peer
review process. The primary goal of the NTP peer-review process is to reach consensus
agreement on treatment-related findings, confirm the diagnosis of all neoplasms, and confirm
any unusual lesions. At study termination, a complete necropsy and histopathology evaluation
was conducted on every animal. The initial pathology examination was performed by a
veterinary pathologist, who recorded all neoplastic and nonneoplastic lesions. This examination
identified several potential treatment-related lesions in target organs of concern (brain and heart),
which were chosen for immediate review.' The initial findings of glial cell tumors and
hyperplasias in the brain and schwannomas, Schwann call hyperplasia, and schwannomas from
all sites were subjected to an expedited, multilevel NTP pathology peer-review process. The data
were locked” prior to receipt of the finalized, study-laboratory reports to ensure that the raw data

did not change during the review.

The pathology peer review consisted of a quality assessment (QA) review of all slides with
tissues from the central nervous system (7 sections of brain and 3 sections of spinal cord),
trigeminal nerve and ganglion, and heart. Additionally, the schwannomas of the head and neck
region were reviewed. The QA review of the central nervous system and head and neck
schwannomas was performed by Dr. Margarita Gruebbel of Experimental Pathology
Laboratories, Inc. (EPL), and the QA review of the hearts and trigeminal nerves and ganglia was

performed by Dr. Cynthia Shackelford, EPL.

The QA review pathologists then met with Dr. Mark Cesta, NTP pathologist for these studies,
and Dr. David Malarkey, head of the NTP Pathology Group, to review lesions and select slides
for the Pathology Working Group (PWG) reviews. All PWG reviews were conducted blinded

with respect to treatment group and only identified the test articles as “test agent A” or “test

! Pathology peer review of remaining lesions from the cell phone RFR studies continues and is not addressed in this
report.

? Locking data refers to restricting access to the computer database so the data for a particular study cannot be
changed.
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agent B”. Due to the large number of slides for review, the PWG was held in three separate
sessions:

e January 29, 2016, for review of glial lesions in the brain and Schwann cell lesions in the
heart

* February 11, 2016, for review of schwannomas of the head and neck

* February 12, 2016, for review of granular cell lesions of the brain

The reviewing PWG pathologists largely agreed on the diagnostic criteria for the lesions and on
the diagnoses of schwannomas in the head and neck, and granular cell lesions in the brain.
However, there was much discussion on the criteria for differentiating glial cell hyperplasia from
malignant glioma and Schwann cell hyperplasia from schwannoma. The lack of PWG agreement
on definitive criteria for the glial cell and Schwann cell lesions, and the requirement for a high
level of confidence in the diagnoses prompted NTP to convene two additional PWGs (organized

and conducted by the NTP pathologist, Dr. Mark Cesta) with selected experts in the organ under

review. These second level PWG reviews were also conducted as noted above and held in two

separate sessions:

* February 25, 2016, for review of glial lesions in the brain
* March 3, 2016, for review of cardiac schwannomas, schwannomas in other organs
(except the head and neck), and right ventricular degeneration

In both PWGs, the participants came to consensus on the diagnoses of the lesions and the criteria

used for those diagnoses. Participants of the individual PWGs are listed below.

Table C-1. NTP Pathology Working Group (PWG) Attendees

PWG member

Affiliation

January 29, 2016 - Evaluated glial lesions in the brain and Schwann cell lesions in the heart

A.E. Brix, D.V.M., Ph.D.
M.F. Cesta, D.V.M., Ph.D.

S.A. Elmore, D.V.M., MS

G.P. Flake, M.D.

R.H. Garman, D.V.M.

M.M. Gruebbel, D.V.M., Ph.D.
R.A. Herbert, D.V.M., Ph.D.
J.S. Hoane, D.V.M.

K.S. Janardhan, BVSc, MV Sc¢, Ph.D.

R. Kovi, BVSc, MVSc, Ph.D.
D.E. Malarkey, D.V.M., Ph.D.
R.A. Miller, D.V.M., Ph.D.
J.P. Morrison, D.V.M.

Experimental Pathology Laboratories, Inc. RTP, NC

National Institute of Environmental Health Sciences

(NTP study pathologist)

National Institute of Environmental Health Sciences

National Institute of Environmental Health Sciences
Consultants in Veterinary Pathology, Inc. Monroeville, PA
Experimental Pathology Laboratories, Inc. RTP, NC (observer)
National Institute of Environmental Health Sciences

Charles River Laboratories, Inc. Durham, NC (contract study pathologist)
Integrated Laboratory System

Experimental Pathology Laboratories, Inc. RTP, NC (observer)
National Institute of Environmental Health Sciences
Experimental Pathology Laboratories, Inc. RTP, NC

Charles River Laboratories, Inc. Durham, NC
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PWG member

A.R. Pandiri, BVSc & AH, Ph.D.
C.C. Shackelford, D.V.M., Ph.D.
J.A. Swenberg, D.V.M., Ph.D.
G. Willson, BVMS, Dip RC
Path, FRC Path, MRCVS

Affiliation

National Institute of Environmental Health Sciences

Experimental Pathology Laboratories, Inc. RTP, NC (observer)
University of North Carolina — Chapel Hill, NC

Experimental Pathology Laboratories, Inc. RTP, NC (PWG coordinator)

February 11, 2016 - Evaluated schwannomas of the head and neck

A.E. Brix, D.V.M., Ph.D.
M.F. Cesta, D.V.M., Ph.D.

S.A. Elmore, D.V.M., MS

G.P. Flake, M.D.

M.M. Gruebbel, D.V.M., Ph.D.,
K.S. Janardhan, BVSc, MV Sc, Ph.D.
D.E. Malarkey, D.V.M., Ph.D.

A.R. Pandiri, BVSc & AH, Ph.D.
R.R. Maronpot, D.V.M.

Experimental Pathology Laboratories, Inc. RTP, NC

National Institute of Environmental Health Sciences (NTP study
pathologist)

National Institute of Environmental Health Sciences

National Institute of Environmental Health Sciences

Experimental Pathology Laboratories, Inc. RTP, NC (PWG coordinator)
Integrated Laboratory System RTP, NC

National Institute of Environmental Health Sciences

National Institute of Environmental Health Sciences

Experimental Pathology Laboratories, Inc. RTP, NC

February 12, 2016 - Evaluated granular cell lesions of the brain

A.E. Brix, D.V.M., Ph.D.
M.F. Cesta, D.V.M., Ph.D.

S.A. Elmore, D.V.M., MS

M.M. Gruebbel, D.V.M., Ph.D.,

J.S. Hoane, D.V.M.

K.S. Janardhan, BVSc, MVSc, Ph.D.
A.R. Pandiri, BVSc. & AH, Ph.D.
R.R. Moore, D.V.M.

Experimental Pathology Laboratories, Inc. RTP, NC

National Institute of Environmental Health Sciences (NTP study
pathologist)

National Institute of Environmental Health Sciences

Experimental Pathology Laboratories, Inc. RTP, NC (PWG coordinator)
Charles River Laboratories, Inc. Durham, NC (contract study pathologist)
Integrated Laboratory System RTP, NC

National Institute of Environmental Health Sciences

Integrated Laboratory System RTP, NC

February 25, 2016 - Evaluated glial lesions in the brain

D. Bigner, M.D., Ph.D.

B. Bolon, D.V.M., MS, Ph.D.
V. Chen, D.V.M., Ph.D.
M.F. Cesta, D.V.M., Ph.D.

S.A. Elmore, D.V.M., MS

G.P. Flake, M.D.

J.S. Hardisty, D.V.M.

R.A. Herbert, D.V.M., Ph.D.,

R. Kovi, BVSc, MVSc, Ph.D.

P.B. Little, D.V.M.

D.E. Malarkey, D.V.M., Ph.D.

J.P. Morrison, D.V.M., Ph.D.

A. Sharma, BVSc, MVSc, MS, Ph.D.

Duke University Durham, NC

GEMpath, Inc. Longmont, CO

National Institute of Environmental Health Sciences (observer)
National Institute of Environmental Health Sciences (PWG coordinator,
NTP study pathologist)

National Institute of Environmental Health Sciences (observer)
National Institute of Environmental Health Sciences (observer)
Experimental Pathology Laboratories, Inc. RTP, NC

National Institute of Environmental Health Sciences (observer)
Experimental Pathology Laboratories, Inc. (observer)
Experimental Pathology Laboratories, Inc.

National Institute of Environmental Health Sciences

Charles River Laboratories, Inc.

Covance

March 3, 2016 - Evaluated heart lesions, and schwannomas in other organs (except head and neck)

B. Berridge, D.V.M., Ph.D.
M.C. Boyle, D.V.M., Ph.D.
V. Chen, D.V.M., Ph.D.

M.F. Cesta, D.V.M., Ph.D.

S.A. Elmore, D.V.M., MS
M. Elwell, D.V.M., Ph.D.

GlaxoSmithKline RTP, NC

Amgen Thousand Oaks, CA

National Institute of Environmental Health Sciences (observer)
National Institute of Environmental Health Sciences (PWG coordinator,
NTP study pathologist)

National Institute of Environmental Health Sciences (observer)
Covance Chantilly, VA
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PWG member Affiliation
J.R. Hailey, D.V.M. Covance Chantilly, VA
M. Novilla, D.V.M., MS, Ph.D. SNBL Everett, WA
LESION DESCRIPTIONS
Brain

Malignant gliomas were infiltrative lesions, usually of modest size, with indistinct tumor
margins. The neoplastic cells were typically very densely packed with more cells than neuropil.
The cells were typically small and had round to oval, hyperchromatic nuclei. Mitoses were
infrequent. In some of the neoplasms, invasion of the meninges, areas of necrosis surrounded by
palisading neoplastic cells, cuffing of blood vessels, and neuronal satellitosis were observed. The

malignant gliomas did not appear to arise from any specific anatomic subsite of the brain.

Glial cell hyperplasia consisted of small, proliferative, and poorly demarcated foci of poorly
differentiated glial cells that accumulated and invaded into the surrounding parenchyma. In some
cases, there was a small amount of perivascular cuffing. The hyperplastic cells appeared
morphologically identical to those in the gliomas but were typically less dense with more
neuropil than glial cells. There were no necrotic or degenerative elements present, so there was

no evidence that the increased number of glial cells was a reaction to brain injury.

Heart

The intracardiac schwannomas were either endocardial or myocardial (intramural). The
endocardial schwannomas lined the ventricles and atria and invaded into the myocardium. Two
morphologic cell types were observed, but indistinct cell margins and eosinophilic cytoplasm
were common to both types. Groups of cells with widely spaced small, round nuclei and
moderate amounts of cytoplasm were interspersed among bands or sheets of parallel, elongated
cells with thin, spindle-shaped, hyperchromatic nuclei. The myocardial schwannomas were
typically less densely cellular and infiltrated amid, sometimes replacing, the cardiomyocytes.
The cell types described for the endocardial neoplasms were both present, but in fewer numbers.
In both subtypes of schwannomas, there was a minimal amount of cellular pleomorphism. In

some larger neoplasms, Antoni type A and B patterns were present.
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1 The Schwann cell hyperplasias were similar in appearance to the schwannomas, but were smaller
2 and had less pleomorphism of the cells. In the case of the endocardial Schwann cell hyperplasia,

3 there was no invasion of the myocardium.

25

JA 02953


http://dx.doi.org/10.1101/055699
http://creativecommons.org/licenses/by/4.0/

u b w N =

O 00 YN O

bioRxiv preprint first posted online May. 26, 2016; doi: http://dx.doi.org/10.1101/055699. The copyright holder for this preprint (which was not
peer-reviewed) is the author/funder. It is made available under a CC-BY 4.0 International license.

USCA Case #20-1025 Document #1869749 Filed: 11/04/2020 Page 231 of 423

APPENDIX D — HISTORICAL CONTROLS

Table D1. Incidence of astrocytoma, glioma, and/or oligodendroglioma in brains of male Harlan
Sprague Dawley rats in NTP studies

Chemical First dose N Control incidence
Dibutylphthalate 8/30/2010 49 4%
2-Hydroxy-4-methoxybenzophenone 11/8/2010 50 0%
p-Chloro-a,a,a-trifluorotoluene 1/17/2011 50 4%
Di-(2-ethylhexyl)phthalate 2/17/2011 50 8%
Di-(2-ethylhexyl)phthalate (perinatal) 6/27/2011 50 0%
Tris (chloroisopropyl) phosphate 12/12/2011 50 0%
Sodium tungstate 12/23/2011 50 4%
Resveratrol 5/7/2012 50 0%
Black cohosh 7/2/2012 50 2%
Radiofrequency radiation (GSM/CDMA) 9/16/2012 90 0%

Historical control rate: 11/550 (2.0%)

Table D2. Incidence of schwannoma in the heart of male Harlan Sprague Dawley rats in NTP studies

Chemical First dose N Control incidence
Indole-3-carbinol 3/14/2007 50 2%
Perfluorooctanoic acid 6/19/2009 50 0%
Dietary zinc 9/3/2009 50 0%
Dibutylphthalate 8/30/2010 49 4%
2-Hydroxy-4-methoxybenzophenone 11/8/2010 50 2%
p-Chloro-a,a,a-trifluorotoluene 1/17/2011 50 0%
Di-(2-ethylhexyl)phthalate 2/17/2011 50 6%
Di-(2-ethylhexyl)phthalate (perinatal) 6/27/2011 50 4%
Tris (chloroisopropyl) phosphate 12/12/2011 50 0%
Sodium tungstate 12/23/2011 50 0%
Resveratrol 5/7/2012 50 0%
Black Cohosh 7/2/2012 50 0%
Radiofrequency radiation (GSM/CDMA) 9/16/2012 90 0%

Historical control rate: 9/699 (1.30%)
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APPENDIX E — TIME ON STUDY TO APPEARANCE OF TUMORS

Malignant Glioma

SAR (W/kg) | Animal ID number | Time on study (weeks)

GSM-modulated exposed males

1.5 717 105
735 102
786 104
3.0 924 101
943 105
1014 93
6.0 1135 104
1137 102

CDMA-modulated exposed males

6.0 1795 105
1799 104
1852 105

GSM-modulated exposed females
6.0 | 1246 | 96

CDMA-modulated exposed females
1.5 1463 105
1474 105
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SAR (W/kg) | Animal ID number | Length of survival (weeks)
GSM-modulated exposed males

1.5 758 104
801 105

3.0 931 105

6.0 1149 83
1155 105
1187 104
1206 104
1230 91

CDMA-modulated exposed males

1.5 1364 105
1352 105

3.0 1559 92
1617 105
1622 104

6.0 1801 76
1821 70
1829 104
1833 89
1849 104
1860 105

GSM-modulated exposed females

3.0 1037 105

1077 83
CDMA-modulated exposed females

1.5 1461 106
1480 93

6.0 1888 105
1965 106
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APPENDIX F - REVIEWER’S COMMENTS
National Toxicology Program

Peer Review Charge and Summary Comments

Purpose: To provide independent peer review of an initial draft of this partial report. The peer
reviewers were blind to the test agents under study. Introductory materials on RFR and details of
the methods dealing with the field generation and animal housing were redacted from the version
sent to the reviewers. The reviewers were provided a study data package, also blinded to test
agents, containing basic in life study information such as body weight and survival curves and

information concerning the generation of pups from the in utero exposures.

Report Title: Draft Report of Partial Findings from the National Toxicology Program
Carcinogenesis Studies of Test Articles A and B (and associated Study Data Package)

Reviewers’ Names:

David Dorman, D.V.M., Ph.D., North Carolina State University
Russell Cattley, D.V.M., Ph.D., Auburn University
Michael Pino, D.V.M., Ph.D., Pathology consultant

Charge: To peer review the draft report and comment on whether the scientific evidence supports
NTP’s conclusion(s) for the study findings.
1. Scientific criticisms:
a. Please comment on whether the information presented in the draft report, including
presentation of data in any tables, is clearly and objectively presented. Please suggest any

improvements.

All three reviewers found the results to be clearly and objectively presented, although
there were suggestions to provide historical control information for brain and heart
lesions for female Harlan Sprague Dawley rats, clarify statements about the specific

statistical tests used and the presence or lack of statistical significance of the brain
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gliomas in the Results, and expand the conclusions statements to clarify the basis for the

conclusions.

Please comment on whether NTP’s scientific interpretations of the data are objective and

reasonable. Please explain why or why not.

The reviewers stated that the NTP had performed an adequate and objective peer review
of the pathology data, and the statistical approaches used were consistent with other NTP
studies. The methods were described as objective and reasonable. The interpretations of
the data, including the limitations, were also reasonable and objective. One reviewer
found the data on schwannomas of the heart to be more compelling with respect to an
association with treatment than the brain gliomas. This reviewer summarized the findings

as:

“In the heart the evidence for a carcinogenic effect can be based on 1) the
presence of the tumors in all six of the test article groups versus none in the
controls 2) the statistically significant trend for schwannomas with both
compounds and the statistically significant increase in incidence in the 4X (top)
dose for test article B; 3) the fact that the incidence of the tumors in both 4X dose
groups approaches or exceeds the high end of the historical control range; and 4)
the tumors in the 4X group of test article B are accompanied by a higher
incidence of Schwann cell hyperplasia. Using the NTP’s guide for levels of
evidence for carcinogenic activity, I would consider the heart schwannomas as

‘Some Evidence’ of carcinogenic activity.

The proliferative lesions in the brain are more difficult to interpret because 1)
their low incidence that was well within the historical control range, 2) lack of
clear dose response; and 3) lack of statistical significance (except for the
significant exposure-dependent trend for test article B. . . . However, the presence
of malignant gliomas and/or foci of glial cell hyperplasia in 5 of 6 test article

groups for both sexes vs none in controls of either sex is suggestive of a test
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article effect. . . .I would consider the malignant gliomas as ‘Equivocal Evidence’

of carcinogenic activity.”

2. Please identify any Information that should be added or deleted:

One reviewer suggested that more information be given on the time when tumors were
observed (e.g., at terminal necropsy, or early in the study) to help assess the possible impact
of the decreased survival times in the control animals on tumor incidence. This reviewer also
suggested a discussion of how the survival of control male rats in this study compared to the
historical control data. There was also concern that the diagnostic criteria developed by the
PWG and used in the current study would impact the historical control incidence rates

reported in Table D.

The scientific evidence supports NTP’s conclusion(s) for the study findings:

The NTP’s overall draft conclusion was as follows: “Under the conditions of these studies,
the observed hyperplastic lesions and neoplasms outlined in this partial report are considered
likely the result of exposures to test article A and test article B. The findings in the heart were

statistically stronger than the findings in the brain.”

The reviewers had the option of agreeing, agreeing in principle, or disagreeing with the draft

conclusions. All three reviewers agreed in principle, reiterating issues discussed above.
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APPENDIX G — NIH REVIEWER’S COMMENTS
National Institutes of Health

Peer Review Charge and Reviewer’s Comments

Purpose: To provide independent peer review of the pathology diagnoses and statistical
evaluation of the partial findings from NTP’s studies. Background materials included the draft
NTP report, introductory materials on RFR, and details on the methods dealing with the field
generation and statistical analyses references and guidance. The reviewers were provided a study
data package, containing basic in life study information such as body weight and survival curves,
information concerning the generation of pups from the in utero exposures, and raw pathology

data.

Report Title: Draft Report of Partial Findings from the National Toxicology Program
Carcinogenesis Studies of Test Articles A and B (and associated Study Data Package)

Reviewers’ Names:

Diana C. Haines, D.V.M., Frederick National Laboratory

Michael S. Lauer, M.D., Office of Extramural Research, NIH

Maxwell P. Lee, Ph.D., Laboratory of Cancer Biology and Genetics, NCI,

Aleksandra M. Michalowski, M.Sc., Ph.D., Laboratory of Cancer Biology and Genetics, NCI

R. Mark Simpson, D.V.M., Ph.D., Laboratory of Cancer Biology and Genetics, NCI
[Sixth reviewer's name and comments are withheld.]

Charge: To peer review the draft report, statistical analyses, and pathology data and comment on

whether the scientific evidence supports NTP’s conclusion(s) for the study findings.

Reviewer’s comments and NTP responses to the comments are provided.
* Appendix G1: Reviewer’s comments

* Appendix G2: NTP’s responses to NIH reviewer’s comments
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Reviewer: Diana C. Haines, D.V.M., Frederick National Laboratory

33

JA 02961


http://dx.doi.org/10.1101/055699
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint first posted online May. 26, 2016; doi: http://dx.doi.org/10.1101/055699. The copyright holder for this preprint (which was not
peer-reviewed) is the author/funder. It is made available under a CC-BY 4.0 International license.

USCA Case #20-1025 Document #1869749 Filed: 11/04/2020 Page 239 of 423

April 5, 2016
Dr. Tabak,

I’'ve always relied on experts, not myself, for statistical analysis, and so do not feel qualified to address
the statistical methods used. My training and experience has been in veterinary pathology, including QA
review of NTP studies, and serving on PWGs, so will give my opinion on the pathology interpretation
(biological significance rather than statistical significance).

Having perused the 3 RFR Draft Report and the raw data, all appears to be in order, including QA of the
histopathology (technique) as well as PWG review (diagnosis). Looking at the data, | agree with the
report’s conclusion: Under the conditions of these studies, the hyperplastic lesions and neoplasms
observed in male rats are considered likely the result of exposures to GSM- an CDMA-modulated RFR.
The findings in the heart were statistically stronger than the findings in the brain. But note, it is
“considered likely” not “definitely is”.

There may be also several caveats relating to “under the conditions of these studies”, including how well
the conditions recapitulate actual human exposure: whole body exposure from in utero to old age; 18.5
hours/day (10 min on/10 min off, for total of 9hr actual exposure); and dose®. I’'m not physicist, so
have to presume experts analyzed and accepted concept of the reverberation chamber, including

»nA

“doses”” as being relevant to human exposure.

” Dosimetric Assessment paper: “As could be expected in a study following NTP protocols, the exposure
levels for the rodents in this project exceed the limits for the wbSAR and psSAR defined in the IEEE Std
C95.1-2005 safety standard for human exposure to mobile phone radiation. In the low dose exposure
group the exposure level in the organs exceeds or is close to the localized SAR limit for the general
public, except for a few low-water content tissues. More specifically, the psSAR over 1 g in the human
head, is limited by the safety standards to <2W/kg, whereas, in the low dose rodents the SAR averaged
over the whole brain is >2.4 W/kg for mice, and >1.3 W/kg for rats, hence similar to the limit.
Furthermore, the psSAR and oSAR have larger uncertainty compared to the wbSAR. Deviations of the
exposure level from the target dose, especially during the early exposure period, should be carefully
evaluated in the interpretation of the final biological studies.

Results from the companion mouse study will hopefully add some insight.

Diana Copeland Haines, DVM

Diplomate, American College of Veterinary Pathologists
Senior Staff Pathologist, Pathology Section
Pathology/Histotechnology Laboratory
Leidos Biomedical Research, Inc.
Frederick National Laboratory for Cancer Research
P.O. Box B, Frederick, MD 21702
Phone: 301-846-5921  Fax: 301-846-1953
Diana.Haines@fnlcr.nih.gov
http://ncifrederick.cancer.gov/rtp/lasp/phl/
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Appendix G1: Reviewer's comments

Reviewer: Michael S. Lauer, M.D., Office of Extramural Research, NIH
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Michael S Lauer, MD (OER)

Review of NTP paper: “Report of Partial Findings from the National Toxicology Program
Carcinogenesis Studies of Cell Phone Radiofrequency Radiation (Whole Body Exposures)”
March 20, 2016

Summary of findings:

This is a partial report, a report which is presumably part of a larger set of studies involving 2
species (mice and rats), 2 sexes (male, female), and multiple tissue types, all based on 90-week
studies of two different types (GSM and CDMA) of cell phone radiofrequency radiation (RFR).
In this partial report, we are given findings regarding brain gliomas and heart schwannomas in
male and female Harlan Sprague Dawley rats which were exposed exposed to control or 3
different levels (1.5, 3.0, 6.0) of two types (GSM and CDMA) of RFR. There were 90 rats in each
group. Using the poly-3 test with the Bieler-Williams variance adjustment, the authors found a
statistically significant increase in the rate of brain gliomas in males exposed to COMA RFR.
Using the poly-6 test, the authors found a statistically significant increase in the rates of heart
schwannomas in males exposed to GSM and CDMA. There were no statistically significant
differences in rates of gliomas or schwannomas in females; also there was no statistically
significant increase in rates of gliomas in males exposed to GSM RFR.

Comments:

1) Why aren’t we being told, at least at a high level, of the results of other experiments
(i.e., male and female mice, tissues other than heart and brain, tumors other than
glioma and schwannoma)? Given the multiple comparisons inherent in this kind of work
(see pages 27-30 and Table 13 of the FDA guidance document), there is a high risk of
false positive discoveries. In the absence of knowing other findings, we must worry
about selective reporting bias.

2) | was able to reproduce the authors’ positive P-value findings (see Appendix 1, R code)
using the MCPAN R package. However, I'm getting slightly different values for adjusted
denominators (also in Appendix 1).

3) I was able to reproduce the authors’ findings of longer survival with RFR (see Appendix
1, R code).

4) | have a number of questions about the study design:

a. Were control rats selected in utero like the exposed rats were?

b. Were pregnant dams assigned to different groups by formal randomization? If
not, why not?

c. Why were pups in the same litter included? Did the authors take any steps in
their analyses to account for the resulting absence of i.i.d?

d. The authors state that at most 3 pups were chosen per litter. How were the 3
pups chosen (and the others presumably not used for this experiment)? Were
the 3 pups that were chosen selected by formal randomization? If not, why not?
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e. Were all analyses based on the intent-to-treat principle? Were there any
crossovers? Were all rats accounted for by the end of the experiment and were
all rats who started in the experiment included in the final analyses?

f. Blinding: The authors state that “All PWG reviewer were conducted blinded with
respect to treatment group,” but in the very next phrase write “only identifying
the test articles as ‘test agent A’ or ‘test agent B.”” Why was this information
(test agent A or B) given? The blinding was not complete.

5) Sample size:

a. Did the authors perform a prospective (that is before initiation of the work)
sample size calculation? If so, what were the prior assumptions? In other words,
why did the authors choose to study 90 rats in each group and why did they set
the maximum duration to 90 weeks (instead of 104 weeks)?

b. 1 used a publicly available simulation package® to calculate the study power for
male rats based on the following (see Appendix 2, power calculation simulation
studies):

i. Control tumor rate of ~1.5%.

ii. Risk ratio 2.5 in the group receiving the highest dose

iii. 2-sided Alpha =0.005 (based on Table 13 of the FDA guidance
document). Note this low alpha of 0.005 for poly-k trend tests is
recommended to minimize the risk of false positive discoveries.

iv. Sample size of 90 for each group with one planned sacrifice.

v. Low lethality with lethality parameters set according to study duration
and Weibull shape parameter (see Table 3 of Moon et al'). When I re-ran
the simulations using intermediate lethality, results were not materially
changed.

vi. Study duration 90 weeks

vii. 5000 simulations
viii. Note — | used dose levels of 0,1,2, and 4 because | was unable to adjust
these on the web site (despite trying 3 different browsers).

c. Based on these inputs, the recommendations in Table 13 of the FDA guidance
document, and a sample size of 90 rats in each group, | find very low power
(<5%, see Appendix 2). Even allowing for a risk ratio of 5.0 (a level that is
clinically unlikely), the power for 2-sided alpha=0.005, k=3 and low lethality is
only ~14% (see Appendix 2).

d. The low power implies that there is a high risk of false positive findings?,
especially since the epidemiological literature questions the purported
association between cell phone exposure and cancer.’

6) Summary: | am unable to accept the authors’ conclusions:

a. We need to know all other findings of these experiments (mice, other tumor
types) given the risk of false positive findings and reporting bias. It would be
helpful to have a copy of the authors’ statistical code.

b. We need to know whether randomization was employed to assign dams to
specific groups (control and intervention).
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c. We need to know whether randomization was employed to determine which
pups from each litter were chosen for continued participation in the experiment.

d. We need to know whether there was a formal power/sample size calculation
performed prior to initiation of the experiment. If not, why not? If yes, we need
to see the details. In particular, we need to know whether the authors followed
the recommendations of the FDA guidance document (in particular Table 13).

e. |suspect that this experiment is substantially underpowered and that the few
positive results found reflect false positive findings.? The higher survival with
RFR, along with the prior epidemiological literature, leaves me even more
skeptical of the authors’ claims.

References:

1. Moon H, Lee JJ, Ahn H, Nikolova RG. A Web-based Simulator for Sample Size and Power
Estimation in Animal Carcinogenicity Studies. J Stat Software; Vol 1, Issue 13 . 2002.
do0i:10.18637/jss.v007.i13.

2. loannidis JPA. Why most published research findings are false. Jantsch W, Schaffler F,
eds. PLoS Med. 2005;2(8):e124. doi:10.1371/journal.pmed.0020124.

3. Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schiiz J. Use of mobile
phones and risk of brain tumours: update of Danish cohort study. BMJ. 2011;343.
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Appendix 1: Attempted replication of positive findings

# Review of NTP paper on cell phone RFR and certain cancers

# Attempt to reproduce the positive findings

# Data from Larry Tabak

# Code by Mike Lauer

setwd("~/Desktop/Files to save")

library(MCPAN)

library(rms)

library(Hmisc)

# Read in CDMA NTP data

CDMA <- read.csv("~/Desktop/Files to save/NTP CDMA Raw Tumor Data.csv")
# Survival and treatment group, adjusting for sex, by Cox proportional hazards
CDMASstatus<-1

CDMASS<-Surv(CDMASRemoval.Day, CDMASstatus)
f<-cph(S~Treatment+Sex, data=CDMA)

f

# Survival greater (better) for 3.0W, P=0.0157, for 6.0W, P=0.0260

# Table 1 -- Poly-3 test for malignant glioma in males CDMA

males_CDMA<-subset(CDMA, Sex=='M")

poly3test(time=males_CDMASRemoval.Day, status=males_CDMASBrain.Glioma.Malignant,
f=males_CDMASDose, k=3, type='Williams', method='BW', alternative='greater’)

# P=0.039

poly3ci(time=males_CDMASRemoval.Day, status=males_CDMASBrain.Glioma.Malignant,
f=males_CDMASDose, k=3, type='Williams', method='BW', alternative='greater")

Call result:
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Sample estimates, using poly- 3 -adjustment

0 15 3 6
X 0.0000 0.0000 0.0000 3.0000
n 90.0000 90.0000 90.0000 90.0000
adjusted n 63.8258 72.3688 76.6821 64.8154
adjusted estimate 0.0000 0.0000 0.0000 0.0463

# Table 3 -- Poly-6 test for malignant Schwannoma in males CDMA

poly3test(time=males_CDMASRemoval.Day,
status=males_ CDMASHeart.Schwannoma.Malignant, f=males_CDMASDose, k=6,
type='Williams', method='BW', alternative='greater")

# P=0.0005

poly3ci(time=males_CDMASRemoval.Day,
status=males_CDMASHeart.Schwannoma.Malignant,f=males_ CDMASDose,
k=3,type='Williams', method='"BW')

Call result:

Sample estimates, using poly- 3 -adjustment

0 15 3 6

X 0.0000 2.0000 3.0000 6.0000

n 90.0000 90.0000 90.0000 90.0000

adjusted n 63.8258 72.3971 77.0575 66.5582

adjusted estimate 0.0000 0.0276 0.0389 0.0901

# Read in GSM NTP data

GSM <- read.csv("~/Desktop/Files to save/NTP GSM Raw Tumor data.csv")

# Survival and treatment group, adjusting for sex, by Cox proportional hazards

GSMSstatus<-1

GSMS$S<-Surv(GSMSRemoval.Day, GSMSstatus)

f<-cph(S~Treatment+Sex, data=GSM)

f

# Survival greater (better) for 6.0W, P=0.0048

males_GSM<-subset(GSM, Sex=='M')

# Table 3 -- Poly-6 test for malignant Schwannomas in males GSM
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poly3test(time=males_GSMSRemoval.Day, status=males_GSMSHeart.Schwannoma.Malignant,
f=males_CDMASDose, k=6, type='Williams', method='"BW', alternative='greater")

# P=0.004

poly3ci(time=males_GSMSRemoval.Day, status=males_GSMSHeart.Schwannoma.Malignant,
f=males_CDMASDose, k=3, type='Williams', method='BW/', alternative='greater")

Call result:

Sample estimates, using poly- 3 -adjustment

0 15 3 6
X 0.0000 2.0000 1.0000 5.0000
n 90.0000 90.0000 90.0000 90.0000
adjusted n 63.8258 73.1547 76.1127 77.0723
adjusted estimate 0.0000 0.0273 0.0131 0.0649
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Appendix 2: Simulations for power calculations

Power Simulations for NTP Cell Phone RFR paper (from
https://biostatistics.mdanderson.org/acss/Login.aspx and
https://www.jstatsoft.org/article/view/v007i13)*
Michael Lauer, MD (OER)

March 19, 2016

1) For malignant gliomas (Table 1), P = 0.005, HR = 2.5, k=3

The University of Texas M. D. Anderson Cancer Center
Sample Size and Power Estimation for Animal Carcinogenicity Studies

Reference: "A Web-based Simulator for Sample Size and Power
Estimation in Animal Carcinogenicity Studies."
Hojin Moon, J. Jack Lee, Hongshik Ahn and Rumiana G. Nikolova,
Journal of Statistical Software. (2002)*

*** Input Parameters ***

Selected Seed = 3000

Number of Groups =4

Dose metric of each group:

0.00 1.00 2.00 4.00

Number of animals in each group

90 90 90 90

Number of sacrifices including a terminal sacrifice = 1
Sacrifice time points in weeks:

Study duration = 90 weeks

Number of INTERIM sacrificed animals in each interval:
Background tumor onset probability at the end of the study = 0.01
Tumor onset distribution assumed: Weibull with a shape parameter 3.00
Hazard ratio(s) of dose vs. control group

1.50 2.00 2.50

Competing Risks Survival Rate (CRSR) for each group:

0.70 0.70 0.70 0.70

Tumor lethality parameter entered = 23.00

Level of the test = 0.01

One-sided or two-sided test = 2 sided test

Number of simulation runs = 5000
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*** Simulation Results ***

dose group O:

average tumor rate = 0.0149

average competing risks survival rate = 0.6990
average lethality = 0.0816

sacrifice time d al bl a2 b2

45 0.0000 0.0000 0.0060 0.0000 0.0000
67 0.0002 0.0002 0.0334 0.0000 0.0000
78 0.0003 0.0005 0.0729 0.0000 0.0000
90 0.0005 0.0023 0.1855 0.0094 0.6887

dose group 1:

average tumor rate = 0.0225

average competing risks survival rate = 0.7000
average lethality = 0.0784

sacrifice time d al bl a2 b2

45 0.0001 0.0000 0.0059 0.0000 0.0000
67 0.0003 0.0002 0.0325 0.0000 0.0000
78 0.0004 0.0008 0.0720 0.0000 0.0000
90 0.0007 0.0034 0.1851 0.0145 0.6842

dose group 2:

average tumor rate = 0.0297

average competing risks survival rate = 0.6997
average lethality = 0.0772

sacrifice time d al bl a2 b2

45 0.0001 0.0000 0.0059 0.0000 0.0000
67 0.0004 0.0003 0.0331 0.0000 0.0000
78 0.0005 0.0012 0.0721 0.0000 0.0000
90 0.0010 0.0045 0.1829 0.0191 0.6790

dose group 3:

average tumor rate = 0.0366

average competing risks survival rate = 0.7007
average lethality = 0.0772

sacrifice time d al bl a2 b2

45 0.0001 0.0000 0.0059 0.0000 0.0000
67 0.0005 0.0003 0.0330 0.0000 0.0000
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78 0.0006 0.0013 0.0716 0.0000 0.0000
90 0.0012 0.0054 0.1812 0.0238 0.6749
Positive Trend (Power): 0.0238

2) For malignant Schwannomas (Table 3), P = 0.005, HR = 2.5, k=6

The University of Texas M. D. Anderson Cancer Center
Sample Size and Power Estimation for Animal Carcinogenicity Studies

Reference: "A Web-based Simulator for Sample Size and Power
Estimation in Animal Carcinogenicity Studies."
Hojin Moon, J. Jack Lee, Hongshik Ahn and Rumiana G. Nikolova,
Journal of Statistical Software. (2002)*

*** Input Parameters ***

Selected Seed = 3000

Number of Groups =4

Dose metric of each group:

0.00 1.00 2.00 4.00

Number of animals in each group

90 90 90 90

Number of sacrifices including a terminal sacrifice = 1
Sacrifice time points in weeks:

Study duration = 90 weeks

Number of INTERIM sacrificed animals in each interval:
Background tumor onset probability at the end of the study = 0.01
Tumor onset distribution assumed: Weibull with a shape parameter 6.00
Hazard ratio(s) of dose vs. control group

1.50 2.00 2.50

Competing Risks Survival Rate (CRSR) for each group:

0.70 0.70 0.70 0.70

Tumor lethality parameter entered = 45.00

Level of the test = 0.01

One-sided or two-sided test = 2 sided test

Number of simulation runs = 5000

*** Simulation Results ***
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dose group O:

average tumor rate = 0.0149

average competing risks survival rate = 0.6990
average lethality = 0.0631

sacrifice time d al bl a2 b2

45 0.0000 0.0000 0.0060 0.0000 0.0000
67 0.0001 0.0001 0.0335 0.0000 0.0000
78 0.0002 0.0003 0.0732 0.0000 0.0000
90 0.0005 0.0019 0.1859 0.0096 0.6887

dose group 1:

average tumor rate = 0.0225

average competing risks survival rate = 0.7000
average lethality = 0.0602

sacrifice time d al bl a2 b2

45 0.0000 0.0000 0.0059 0.0000 0.0000
67 0.0001 0.0001 0.0326 0.0000 0.0000
78 0.0003 0.0005 0.0723 0.0000 0.0000
90 0.0006 0.0029 0.1856 0.0148 0.6842

dose group 2:

average tumor rate = 0.0297

average competing risks survival rate = 0.6997
average lethality = 0.0582

sacrifice time d al bl a2 b2

45 0.0000 0.0000 0.0059 0.0000 0.0000
67 0.0002 0.0001 0.0333 0.0000 0.0000
78 0.0004 0.0007 0.0726 0.0000 0.0000
90 0.0009 0.0038 0.1837 0.0195 0.6790

dose group 3:

average tumor rate = 0.0366

average competing risks survival rate = 0.7007
average lethality = 0.0588

sacrifice time d al bl a2 b2

45 0.0000 0.0000 0.0059 0.0000 0.0000
67 0.0003 0.0001 0.0332 0.0000 0.0000
78 0.0005 0.0007 0.0722 0.0000 0.0000
a0 0.0011 0.0046 0.1821 0.0243 0.6749
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