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-ii- 

 

Tab 
No. 

JA 
Page 
Nos. 

Date Filer/Author Filing/Attachment Description 

VOLUME 1 – Tabs 1-2 

COMMISSION ORDER AND NOTICE OF INQUIRY 

1 1-160 Dec. 4, 
2019 FCC Resolution of Notice of Inquiry Order 

2 161-
363 

Mar. 
29, 
2013 

FCC Notice of Inquiry 

VOLUME 2 – Tabs 3 – 7 Part 1 

COMMENTS AND OTHER FILINGS 

3 364-
428 

Sep. 3, 
2013 

CTIA-The 
Wireless 
Association 

FCC; Comments of the CTIA - The 
Wireless Association, ET Docket No. 
13-84 

4 429-
467 

Nov 18, 
2013 

CTIA-The 
Wireless 
Association 

FCC; Reply Comments of the CTIA - 
The Wireless Association, ET Docket 
No. 13-84 

5 468-
572 

Sep. 3, 
2013 

Mobile 
Manufacturers 
Forum 

FCC; Mobile Manufacturers Forum 
Comments, ET Docket No. 13-84 

6 573-
588 

Nov. 18, 
2013 

Mobile 
Manufacturers 
Forum 

FCC; Mobile Manufacturers Forum 
Reply Comments, ET Docket No. 13-
84 
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Tab 
No. 

JA 
Page 
Nos. 

Date Filer/Author Filing/Attachment Description 

7 Part 
1 

589-
764 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD 

Research Compilation; Abstracts of 
over 2,100 studies published between 
1990 - 2017; Prof. Henry Lai. (Tab 7 
Part 1) 

VOLUME 3 – Tab 7 Part 2 

7 Part 
2 

765-
1164 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD 

Research Compilation; Abstracts of 
over 2,100 studies published between 
1990 - 2017; Prof. Henry Lai.(Tab 7 
Part 2) 

VOLUME 4 – Tab 7 Part 3 

7 Part 
3 

1165-
1564 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD 

Research Compilation; Abstracts of 
over 2,100 studies published between 
1990 - 2017; Prof. Henry Lai.(Tab 7 
Part 3) 

VOLUME 5 – Tabs 7 Part 4 – 8 Part 1 

7 Part 
4 

1565-
1602 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD 

Research Compilation; Abstracts of 
over 2,100 studies published between 
1990 - 2017; Prof. Henry Lai.(Tab 7 
Part 4) 

8 Part 
1 

1603-
1964 

Sep. 13, 
2019 

Joel M. 
Moskowitz 
PhD 

Research Compilation; Abstracts of 
Over 600 Studies Published Between 
August 2016- August 2019, Dr. Joel 
Moskowitz; 2019 (Tab 8 Part 1) 
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-iv- 

 

VOLUME 6 – Tabs 8 Part 2 - 10 

8 Part 
2 

1965-
2130 

Sep. 13, 
2019 

Joel M. 
Moskowitz 
PhD 

Research Compilation; Abstracts of 
Over 600 Studies Published Between 
August 2016- August 2019, Dr. Joel 
Moskowitz; 2019 (Tab 8 Part 2) 

9 2131-
2142 

Sep. 28, 
2016 

Gary C. 
Vesperman 

Research Compilation; Abstracts of 
15 New Studies, Dr. Joel Moskowitz 
PhD, 2016 

10 2143-
2378 

Jul. 7, 
2016 

Environmental 
Health Trust 

Research Compilation; Studies and 
Documents; City of Pinole, CA 

VOLUME 7 – Tabs 11 – 13 Part 1 

11 2379-
2389 

Jul. 7, 
2016 

Environmental 
Health Trust 

US Exposures Limits - A History of 
Their Creation, Comments and 
Explanations; Eng. Lloyd Morgan 

12 2390-
2439 

Aug. 26, 
2016 

Heidi M. 
Lumpkin 

Biosystem & Ecosystem; Birds, Bees 
and Mankind: Destroying Nature by 
‘Electrosmog’: Effects of Mobile 
Radio and Wireless Communication.  
Dr. Ulrich Warnke, Ph.D., 2007 

13 
Part 1 

2440-
2778 

Jul. 13, 
2016 

Parents for 
Safe 
Technology 

Cancer; IARC Monograph: Non-
Ionizing Radiation Part 2: RF EMFs, 
2013 (Tab 13 Part 1) 

VOLUME 8 – Tabs 13 Part 2 - 23 

13 
Part 2 

2779-
2920 

Jul. 13, 
2016 

Parents for 
Safe 
Technology 

Cancer; IARC Monograph: Non-
Ionizing Radiation Part 2: RF EMFs, 
2013 (Tab 13 Part 2) 
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14 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-
3065 

Aug. 27, 
2013 

Cindy Sage 
and David O. 
Carpenter 

BioInitiative Comments 

21 3066-
3080 

Nov. 18, 
2013 Kevin Mottus BioInitiative; 2012 Conclusions 

22 3081-
3126 

Nov. 18, 
2013 Kevin Mottus 

BioInitiative; Section 24: Key 
Scientific Evidence and Public Health 
Policy Recommendations; 2012 

23 3127-
3146 

Jul. 11, 
2016 

Cecelia 
Doucette 

BioInitiative; Section 1: Summary for 
the Public (2014 Supplement) 

VOLUME 9 – Tabs 24-27 

24 3147-
3218 

Sep. 30, 
2016 

Catherine 
Kleiber 

BioInitiative-Modulation; Section 15: 
Evidence for Disruption by 
Modulation Role of Physical and 
Biological Variables in Bioeffects of 
Non-Thermal Microwaves for 
Reproducibility, Cancer Risk and 
Safety Standards, (2012 Supplement) 

25 3219-
3319 

Sep. 3, 
2013 Kevin Mottus 

BioInitiative; Section 20, Findings in 
Autism, Consistent with 
Electromagnetic Fields (EMF) and 
Radiofrequency Radiation (RFR); 
2012 

26 3320-
3321 

Sep. 16, 
2019 

Joel 
Moskowitz 
PhD. 

BioInitiative-Neurological; Percent 
Comparison, Effect vs No Effect in 
Neurological Effect Studies; 2019 

27 3322-
3559 

Sep. 16, 
2019 

Joel 
Moskowitz 
PhD. 

BioInitiative-Neurological; Research 
Summaries, RFR Neurological 
Effects (Section 8), 2007-2017; 2017 

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 6 of 454



INDEX TO DEFERRED APPENDIX 

-vii- 

 

VOLUME 10 – Tabs 28-41 

28 3560-
3561 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD. 

BioInitiative-Mechanisms of Harm; 
Percent Comparison Showing Effect 
vs No Effect, DNA (Comet Assay), 
2017 and Free Radical (Oxidative 
Stress), 2019 

29 3562-
3602 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD. 

BioInitiative-Mechanisms of Harm; 
Research Summaries, DNA (Comet 
Assay) Studies; 76 Studies, 2017 

30 3603-
3721 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD. 

BioInitiative-Mechanisms of Harm; 
Research Summaries, Free Radicals 
(Oxidative Stress Effects), 225 
studies, 2019  

31 3722-
3749 

Apr. 11, 
2014 

Cindy Sage, 
MA 

BioInitiative Working Group; 
Preliminary Opinion on Potential 
Health Effects of Exposure to 
Electromagnetic Fields 
(EMF); 2014 

32 3750-
3755 

Sep. 16, 
2019 

Bioinitiative 
Working 
Group 

BioInitiative Working Group; 
Consistent Failure to Identify the 
Potential for Health Effects (Exhibit 
A); 2014 

33 3756-
3766 

Sep. 14, 
2019 

Biointiative 
Working 
Group 

BioInitiative Working Group; 
Reference List for Important Fertility 
and Reproduction Papers (Exhibit C); 
2014 

34 3767-
3771 

Apr. 14, 
2019 Cindy Sage 

BioInitiative Working Group; 
Mitochondrial Dysfunction and 
Disruption of Electrophysiology 
(Exhibit G); 2014 
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35 3772-
3779 

Apr. 14, 
2019 

Cindy Sage, 
MA 

BioInitiative Working Group; 
Epidemiological Studies, RF fields 
epidemiology, Comments by Drs. 
Lennart Hardell, Fredrik Soderqvist 
PhD. and Michael Carlberg, MSc. 
Section 3.5.1.1 Epidemiological 
Studies (Exhibit B); 2014 

36 3780-
3874 

Apr 11, 
2014 

Cindy Sage, 
MA 

BioInitiative Working Group; An 
Update on the Genetic Effects of 
Nonionizing Electromagnetic Fields 
by Prof. Henry Lai PhD; (Exhibit E); 
2014 

37 3875-
3896 

Apr. 11, 
2014 

Cindy Sage, 
MA 

BioInitiative Working Group; An 
Update on Physical and Biological 
Variables, Cancer and Safety 
Standards by Prof. Igor Belyaev Dr. 
Sc., (Exhibit F); 2014 

38 3897-
3904 

Sep. 30, 
2016 Maria Powell 

BioInitiative Co-Editor; Human 
Health Effects of EMFs: The Cost of 
Doing Nothing. IOPScience. (Prof. 
David Carpenter MD.); 2010  

39 3905-
3919 

Sep. 28, 
2016 Kevin Mottus BioInitiative Author; Statement of 

Prof. Martin Blank PhD., PhD.; 2016 

40 3920-
3945 

Aug 27, 
2013 

Sage Hardell 
Herbert 

BioInitiative Authors; Prof. Lennart 
Hardell MD. PhD., Prof. Martha 
Herbert MD. PhD. and Cindy Sage 
Comments 

41 3946-
3984 

Aug. 26, 
2013 

B. Blake 
Levitt & 
Henry Lai 

BioInitiatiive Author; Prof. Henry Lai 
PhD, and Blake Levitt Comments 
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VOLUME 11 – Tabs 42-59 

42 3985-
4072 

Sep. 3, 
2013 Paul Dart MD Dr. Paul Dart MD. (Petitioner) 

Comments 

43 4073-
4102 

Feb. 4, 
2013 

Dr. Andrew 
Goldsworthy 

The Biological Effects of Weak 
Electromagnetic Fields, Problems and 
Solutions, Prof. Andrew Goldsworthy; 
2012 

44 4103-
4106 

Sep. 4, 
2013 

Richard 
Meltzer 

Dr. Richard Meltzer Comments, 
Radio Frequency (RF) Exposure: A 
Cautionary Tale 

45 4107-
4112 

Feb. 6, 
2013 

Donald R. 
Maisch 

Dr. Donald R. Maisch PhD. 
Comments 

46 4113-
4129 

Nov. 18, 
2013 

Catherine 
Kleiber 

Biological Effects from RF Radiation 
at Low-Intensity Exposure, based on 
the BioInitiative 2012 Report, and the 
Implications for Smart Meters and 
Smart Appliances; Dr. Ron M. 
Powell, PhD.; 2013 

47 4130-
4137 

Aug. 20, 
2013 

Lawrence 
James Gust 

Eng. Lawrence James Gust 
Comments 

48 4138-
4146 

Feb. 25, 
2013 

Michael 
Schwaebe Eng. Michael Schwaebe Comments 

49 4147-
4178 

Mar. 18, 
2015 

Environmental 
Working 
Group 

Organizations; Environmental 
Working Group Reply Comments 

50 4179-
4195 

Nov. 18, 
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 οf 
Non-Ionizing 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 
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63 4535-
4540 

Sep. 29, 
2016 Kevin Mottus 

Organizations; California Medical 
Association, House of Delegates 
Resolution Wireless Standards 
(Resolution 107 - 14); 2014  

64 4541-
4543 

Sep. 3, 
2013 

Grassroots 
Environmental 
Education, 
Inc. o/b/o 
American 
Academy of 
Environmental 

Organizations; American Academy of 
Environmental Medicine, Letter to 
the Federal Communications 
Commission; 2013 

65 4544-
4561 

Sep. 29, 
2016 Kevin Mottus 

Organizations - Radiation Sickness; 
Austrian Medical Association, 
Guidelines for the Diagnosis and 
Treatment of EMF Related Health 
Problems and Illnesses (EMF 
Syndrome); 2011 

66 4562-
4590 

Sep. 28, 
2016 Kevin Mottus 

Organizations; International 
Association of Fire Fighters, Position 
on the Health Effects from Radio 
Frequency/Microwave Radiation in 
Fire Department Facilities from Base 
Stations for Antennas and Towers; 
2004 

67 4591-
4599 

Sep. 28, 
2016 Kevin Mottus Organizations; Cities of Boston and 

Philadelphia Reply Comments 

68 
Part 1 

4600-
4800 

Sep. 3, 
2013 

Environmental 
Working 
Group 

Organizations; Appeal to the FCC 
Signed by 26,000 People and 
Organized by the Environmental 
Working Group, 2013 (Tab 68 Part 1) 
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-xiii- 

 

VOLUME 13 – Tabs 68 Part 2 - 76 

68 
Part 2 

4801-
5171 

Sep. 3, 
2013 

Environmental 
Working 
Group 

Organizations; Appeal to the FCC 
Signed by 26,000 People and 
Organized by the Environmental 
Working Group, 2013 (Tab 68 Part 2) 

69 5172-
5186 

Aug. 25, 
2016 Kevin Mottus Organizations; Freiburger Appeal - 

Doctors Appeal; 2002 

70 5187-
5191 

Sep. 3, 
2013  

Grassroots 
Environmental 
Education, 
Inc. 

Organizations; Benevento Resolution, 
The International Commission for 
Electromagnetic Safety (ICEMS), 
2006  

71 5192-
5197 

Jul. 18, 
2016 

Environmental 
Health Trust 

Organizations; The Porto Alegre 
Resolution; 2009 

72 5198-
5204 

Feb. 6, 
2013 Kevin Mottus 

Organizations; Kaiser Permanente, 
Letter from Dr. De-Kun Li, Division 
of Research  

73 5205-
5210 

Sep. 3, 
2013 

American 
Association 
For Justice 

Organizations; American Association 
for Justice, Comments 

74 5211-
5219 

Feb. 6, 
2013 

Jonathan 
Libber 

Organizations; Maryland Smart Meter 
Awareness, Comments (filed by 
Jonathan Libber) 

75 5220-
5228 

Feb. 6, 
2013 

Electromagnetic 
Safety Alliance 

Organizations; Electromagnetic 
Safety Alliance, Comments 
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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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87 5416-
5435 

Nov. 18, 
2013 Kevin Mottus 

Autism and EMF? Plausibility of a 
pathophysiological link. 
Pathophysiology, Part I. (Herbert et 
al); 2013 

88 5436-
5460 

Nov. 18, 
2013 Kevin Mottus 

Autism and EMF? Plausibility of a 
pathophysiological link. 
Pathophysiology, Part II. (Herbert et 
al); 2013 

89 5461-
5486 

Sep. 3, 
2013 Kevin Mottus 

Fertility; Research Abstracts, List of 
References Reporting Fertility and/or 
Reproduction Effects from 
Electromagnetic Fields and/or 
Radiofrequency Radiation (66 
references) 

90 5487-
5499 

Sep. 3, 
2013 Paul Dart MD 

Fertility; Effects of Microwave RF 
Exposure on Fertility, Dr. Paul Dart 
MD. (Petitioner); 2013 

91 5500-
5506 

Sep. 3, 
2013 Paul Dart MD 

Hormonal; RF and Hormones, 
Alterations in Hormone Physiology; 
Dr. Paul Dart MD. (Petitioner); 2013 

92 5507-
5514 

Feb. 7, 
2013 Toni Stein  

Prenatal & Children; Fetal 
Radiofrequency Radiation Exposure 
From 800-1900 Mhz-Rated Cellular 
Telephones Affects 
Neurodevelopment and Behavior in 
Mice. Scientific Reports. (Aldad, 
Taylor et al); 2012 

93 5515-
5518 

Jul. 7, 
2016 

Environmental 
Health Trust 

Prenatal & Children; Fetal Exposures 
and Cell Phones. Studies List. Prof. 
Hugh Taylor MD.; 2015 
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94 5519-
5553 

Jul. 13, 
2016 

Parents for 
Safe 
Technology 

Prenatal and Children; Fetal Cell 
Phone Exposure: How Experimental 
Studies Guide Clinical Practice, Hugh 
S. Taylor MD. PhD., Chair of 
Obstetrics, Gynecology and 
Reproductive Sciences, Yale School 
of Medicine  

95 5554-
5559 

Sep. 3, 
2013 

Dr. Suleyman 
Kaplan 

Prenatal & Children; Dr. Suleyman 
Kaplan Comments 

96 5560-
5614 

Nov. 18, 
2013 Kevin Mottus 

Prenatal & Children; Amended 
Declaration of Dr. David O. 
Carpenter MD. (Dec. 20, 2011); 
Morrison et al v. Portland Schools, 
No. 3:11-cv-00739-MO (U.S.D.C. 
Oregon, Portland Div.) 

VOLUME 15 – Tabs 97-101 

97 5615-
5712 

Sep. 28, 
2016 Kevin Mottus Prenatal & Children; Doctors and 

Scientists Letters on Wi-Fi in Schools 

98 5713-
5895 

Jul. 11, 
2017 

Environmental 
Health Trust 

Dr. Devra Davis PhD., President of 
Environmental Health Trust 
(Petitioner) Comments 

99 5896-
5993 

Jun. 7, 
2017 

Environmental 
Health Trust 

Children; Letter to Montgomery 
County Schools, Prof. Martha Herbert 
MD., PhD.; 2015 

100 5994-
6007 

Apr. 29, 
2019 

Environmental 
Health Trust 

Neurological - Children; A 
Prospective Cohort Study of 
Adolescents’ Memory Performance 
and Individual Brain Dose of 
Microwave Radiation from Wireless 
Communication. Environ Health 
Perspect. (Foerster et al); 2018 
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101 6008-
6014 

Sep. 28, 
2016 Kevin Mottus 

Prenatal & Children; Cell phone use 
and behavioral problems in young 
children. J Epidemiol Community 
Health. (Divan et al); 2012 

VOLUME 16 - Tabs 102-126 

102 6015-
6026 

Jul. 7, 
2016 

Environmental 
Health Trust 

Prenatal & Children; “Cell Phones & 
WiFi – Are Children, Fetuses and 
Fertility at Risk?”; 2013 

103 6027-
6060 

Jul. 7, 
2016 

Environmental 
Health Trust 

Prenatal & Children; Safe Schools 
2012, Medical and Scientific Experts 
Call for Safe Technologies in Schools  

104 6061-
6067 

Sep. 3, 
2013 Kevin Mottus 

Prenatal & Children - Stem Cells; 
Microwaves from Mobile Phones 
Inhibit 53BP1 Focus Formation in 
Human Stem Cells More Strongly 
Than in Differentiated Cells: Possible 
Mechanistic Link to Cancer Risk. 
Environmental Health Perspectives 
(Markova, Belyaev et al); 2010 

105 6068-
6069 

Sep. 26, 
2016 Angela Tsaing Radiation Sickness - Children; 

Angela Tsiang Comments 

106 6070-
6071 

Mar. 5, 
2013 

Abigail 
DeSesa 

Radiation Sickness - Children; 
Abigail DeSesa Comments 

107 6072-
6111 

Sep. 28, 
2016 Kevin Mottus 

Cell Towers - Research Abstract 
Compilation; 78 Studies Showing 
Health Effects from Cell Tower 
Radio Frequency Radiation; 2016 

108 6112-
6122 

Sep. 3, 
2013 Paul Dart MD 

Cell Towers; Consequences of 
Chronic Microwave RF Exposure, Dr. 
Paul Dart MD. (Petitioner) 
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109 6123-
6132 

Jul. 11, 
2016 

Environmental 
Health Trust 

Cell Towers - Cancer; Meta-Analysis, 
Long-Term Exposure To Microwave 
Radiation Provokes Cancer Growth: 
Evidences From Radars And Mobile 
Communication Systems. 
(Yakymenko et al); 2011 

110 6133-
6148 

Sep. 3, 
2013 

Monnie 
Ramsell 

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 

111 6148-
6160 

Dec. 10, 
2018 

Environmental 
Health Trust 

Cell Towers - DNA; Impact of 
radiofrequency radiation on DNA 
damage and antioxidants in peripheral 
blood lymphocytes of humans 
residing in the vicinity of mobile 
phone base stations. Electromagnetic 
Biology and Medicine. (Zothansiama 
et al); 2017 

112 6161-
6169 

Dec. 10, 
2018 

Environmental 
Health Trust 

Cell Towers - Cancer; Environmental 
radiofrequency radiation at the 
Järntorget Square in Stockholm Old 
Town, Sweden in May, 2018 
compared with results on brain and 
heart tumour risks in rats exposed to 
1.8 GHz base station environmental 
emissions, World Academy of 
Sciences Journal. (Hardell et al); 2018 
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113 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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119 6325-
6341 

Sep. 30, 
2016 

Catherine 
Kleiber 

Cell Towers - Plants; Radiofrequency 
Radiation Injures Trees Around 
Mobile Phone Base Stations. Science 
of the Total Environment. 
(Waldmann-Selsam et al); 2016  

120 6342-
6349 

Apr. 8, 
2014 M.K. Hickcox 

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

121 6350-
6366 

Sep. 3, 
2013 

The EMR 
Policy 
Institute 

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

122 6367-
6379 

Oct. 1, 
2018 

Environmental 
Health Trust 

5G; 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 
5G 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. 
IEEExPlore. (Belyaev et al); 2000 
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125 6393-
6408 

Oct. 1, 
2018 

Environmental 
Health Trust 

5G; What You Need To Know About 
5G Wireless And “Small” Cells Top 
20 Facts About 5G; Environmental 
Health Trust  

126 6409-
6429 

Jan. 13, 
2015 NYU Wireless 

5G; Millimeter-Wave Cellular 
Wireless Networks: Potentials and 
Challenges, IEEE; (2014) 

VOLUME 17 – Tabs 127 – 142 Part 1 

127 6430-
6436 

Jul. 13, 
2016 Priscilla King 

5G; FCC Chairman Tom Wheeler 
‘The Future of Wireless: A Vision for 
U.S. Leadership in a 5G World’; 2016 

128 6437-
6447 

Jul. 14, 
2016 Angela Tsaing 

5G; Letter to House Subcommittee on 
Communications and Technology; 
Angela Tsiang; 2016 

129 6448-
6453 

Jan. 8, 
2019 

LeRoy 
Swicegood 

5G; Ask Congress to Vote No, We 
Are The Evidence Fact Sheet; 2016 

130 6454-
6510 

Jul. 13, 
2016 

Parents For 
Safe 
Technology 

5G; 5G Spectrum Frontiers -The Next 
Great Unknown Experiment On Our 
Children, Compilation of Letters to 
Congress; 2016 

131 6511-
6513 

Apr. 16, 
2018 

Theodora 
Scarato 

5G;What You Need To Know About 
5G Wireless and “Small” Cells 

132 6514-
6587 

Sep. 28, 
2016 Kevin Mottus 

Wi-Fi; 136 Studies Showing Health 
Effects from Wi-Fi Radio Frequency 
Radiation 
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133 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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139 6700-
6705 

Jul. 7, 
2016 

Environmental 
Health Trust 

Smart Meters - Radiation Sickness; 
Symptoms after Exposure to Smart 
Meter Radiation. Dr. Ron Powell 
PhD.; 2015 

140 6706-
6735 

Sep. 3, 
2013 Kit Weaver Kit Weaver, Comments 

141 6736- 
6740 

Feb. 6, 
2013 Joshua Hart Organizations - Radiation Sickness; 

StopSmartMeters, Comments 

142 
Part 1 

6741-
6850 

Sep. 28, 
2016 Kevin Mottus 

Cell Phones; Research Abstracts of 
Over 700 Studies Showing Health 
Effects from Cell Phone Radio 
Frequency Radiation; Prof. Henri Lai 
(Tab 142 Part 1) 

VOLUME 18 – Tabs 142 Part 2 - 153 

142 
Part 2 

6851-
7088 

Sep. 28, 
2016 Kevin Mottus 

Cell Phones; Research Abstracts of 
Over 700 Studies Showing Health 
Effects from Cell Phone Radio 
Frequency Radiation; Prof. Henri Lai 
(Tab 142 Part 2) 

143 7089-
7099 

Sep. 28, 
2016 Kevin Mottus 

Cancer - Brain Tumors; Using the 
Hill viewpoints from 1965 for 
evaluating strengths of evidence of 
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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149 7184-
7193 

Sep. 28, 
2016 Kevin Mottus 

Cancer - Brain Tumors; Pooled 
Analysis of Two Swedish Case-
Control Studies on the Use of Mobile 
and Cordless Telephones and the Risk 
of Brain Tumours Diagnosed During 
1997-2003.International Journal of 
Occupational Safety and Ergonomics 
(Mild, Hardell, Carlsberg); 2007 

150 7194-
7210 

Dec. 10, 
2018 

Environmental 
Health Trust 

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

151 7211-
7224 

Sep. 28, 
2016 Kevin Mottus 

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

152 7225-
7251 

Sep. 3, 
2013 Paul Dart MD 

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

153 7252-
7255 

Jan 31, 
2019 

Julian 
Gehman Jullian Gehman Esq. Comments 

VOLUME 19 – Tabs 154-168 

154 7256-
7371 

Nov. 5, 
2013 

Joel M. 
Moskowitz 
Ph.D. 

Dr. Joel Moskowitz PhD. Reply 
Comments, Why the FCC Must 
Strengthen Radiofrequency Radiation 
Limits in the U.S. 
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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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161 7442-
7445 

Apr. 29, 
2019 

Environmental 
Health Trust 

Testing – Children; Exposure Limits: 
The underestimation of absorbed cell 
phone radiation, especially in 
children. Electromagnetic Biology 
and Medicine (Gandhi et al); 2011 

162 7446-
7504 

Nov. 17, 
2013 

Pong Research 
Corporation 

Testing; Pong Research Corporation 
Reply Comments 

163 7505-
7514 

Aug. 19, 
2012 

Pong Research 
Corporation 

Testing; Pong Research Corporation, 
Letter to the FCC 

164 7515-
7602 

Nov. 17, 
2013 

L. Lloyd 
Morgan 

Environmental Health Trust, Reply 
Comments (Erroneous Comments 
Submitted to the FCC on Proposed 
Cellphone Radiation Standards and 
Testing by CTIA – September 3, 
2013) 

165 7603-
7614 

Sep. 3, 
2013 

Dr. Joel M. 
Moskowitz 
PhD 

“Comments on Notice of Inquiry, ET 
Docked No. 13-84” GAO Report | 
“Exposure and Testing Requirements 
for Mobile Phones Should Be 
Reassessed.” Dr. Joel Moskowitz 
PhD.; 2012 

166 7615-
7628 

Sep. 2, 
2013 

Consumers for 
Safe Cell 
Phones 

Organizations; Consumers for Safe 
Cell Phones Comments (Petitioner) 

167 7629-
7640 

Nov. 17, 
2013 

Consumers for 
Safe Cell 
Phones 

Consumers for Safe Cell Phone 
Comments (Reply to CTIA 
Comments from Sep. 13, 2013) 

168 7641-
7672 

Nov. 17, 
2013 

Environmental 
Working 
Group 

Organizations; Environmental 
Working Group, Reply Comments 
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VOLUME 20 - Tabs 169 – 172 Part 1 

169 7673-
7682 

Dec. 10, 
2018 

Environmental 
Health Trust 

Industry Influence; World Health 
Organization, Radiofrequency 
Radiation and Health - a Hard Nut to 
Crack (Review). International Journal 
of Oncology. Prof. Lennart Hardell 
MD. PhD.; 2017 

170 7683-
7716 

Nov. 18, 
2013 

Richard H. 
Conrad PhD 

Industry Influence; Business Bias As 
Usual: The Case Of Electromagnetic 
Pollution. Prof. Levis, Prof. Gennaro, 
Prof. Garbisa 

171 7717-
7719 

Sep. 3, 
2013 

The EMR 
Policy 
Institute 

Industry Influence; Prof. Martha 
Herbert MD PhD., Harvard Pediatric 
Neurologist Letter to Los Angeles 
Unified School District; 2013 

172 
Part 1 

7720-
8073 

Feb. 6, 
2013 

Dr. Donald R. 
Maisch PhD 

Industry Influence; The Procrustean 
Approach: Setting Exposure Standards 
for Telecommunications Frequency 
Electromagnetic Radiation, Dr. Donald 
Maisch PhD.; 2009 (Tab 172 Part 1) 

VOLUME 21 – Tabs 172 Part 2 - 185 

172 
Part 2 

8074-
8158 

Feb. 6, 
2013 

Dr. Donald R. 
Maisch PhD 

Industry Influence; The Procrustean 
Approach: Setting Exposure Standards 
for Telecommunications Frequency 
Electromagnetic Radiation, Dr. Donald 
Maisch PhD.; 2009 (Tab 172 Part 2) 

173 8159-
8167 

Sep. 29, 
2016 Kevin Mottus 

Industry Influence; Illusion and 
Escape: The Cell Phone Disease 
Quagmire. Dr. George L. Carlo PhD., 
JD.; 2008 
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174 8168-
8169 

Nov. 18, 
2013 Kevin Mottus 

Industry Influence; Quote of Prof. 
Henry Lai PhD from NY Times 
Article about Percent of Negative 
Studies Funded By Industry; 2013 

175 8170-
8177 

Nov 18, 
2013 Kevin Mottus 

Industry Influence; Warning: Your 
Cell Phone May Be Hazardous to 
Your Health. Christopher Ketcham, 
GQ; 2010 

176 8178-
8182 

Sep. 3, 
2013 

Monnie 
Ramsell 

Industry Influence; Radiation 
Protection in Conflict With Science; 
Dr. Franz Adlkofer PhD.; 2011  

177 8183-
8184 

Mar. 21, 
2019 

Office of 
Engineering 
and 
Technology 

US Agencies; Letter from the FCC’s 
OET Dept. to Dr. Shuren of the FDA 

178 8185-
8188 

Apr. 30, 
2019 

Center for 
Devices and 
Radiological 
Health 

US Agencies; Letter from Dr. Shuren 
of the FDA to the FCC’s OET Dept. 

179 8189-
8279 

Sep. 24, 
2013 

Grassroots 
Environmental 
Education, 
Inc. 

US Agencies - Radiation Sickness; 
US Access Board Acknowledgement 
of Radiation Sickness 
(Electromagnetic Sensitivities); 2002 

180 8280-
8377 

Sep. 24, 
2013 

Grassroots 
Environmental 
Education, 
Inc. 

US Agencies - Radiation Sickness; 
National Institute of Building 
Sciences (NIBS), IEQ Indoor 
Environmental Quality; 
Recommendations for 
Accommodation for Electromagnetic 
Sensitivity; 2005 
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181 
8378-
8386 

Sep. 29, 
2016 

Kevin Mottus 

US Agencies; US Department of 
Interior, Letter of the Director of 
Office of Environmental Policy and 
Compliance; 2014 

182 
8387-
8407 

Mar. 4, 
2013 

Susan 
Brinchman, 
CEP 

US Agencies; Department of the 
Army, Confidential Legal 
Correspondence, Dec. 13, 2006 

183 
8408-
8411 

Sep. 2, 
2013 

Kevin Mottus 
US Agencies; US Environmental 
Protection Agency (EPA) Letter to 
EMR Network; Jul. 6, 2002 

184 
8412-
8424 

Jul. 7, 
2016 

Environmental 
Health Trust 

US Agencies; EPA Letter to the FCC, 
Comments on FCC 93-142 
Environmental Effects of RF; 1993 

185 
Part 1 

8425-
8505 

Jul. 7, 
2016 

Environmental 
Health Trust 

US Agencies; US Naval Medical 
Research Institute. Bibliography of 
Reported Biological Phenomena 
(“Effects”) and Clinical 
Manifestations Attributed to 
Microwave and Radio-frequency 
Radiation; 1971 (Tab 185 Part 1) 

VOLUME 22 – Tabs 185 Part 2 - 238 

185 
Part 2 

8506-
8531 

Jul. 7, 
2016 

Environmental 
Health Trust 

US Agencies; US Naval Medical 
Research Institute. Bibliography of 
Reported Biological Phenomena 
(“Effects”) and Clinical 
Manifestations Attributed to 
Microwave and Radio-frequency 
Radiation; 1971 (Tab 185 Part 2) 

186 
8532-
8636 

Jul. 12, 
2015 

U.S. 
Department of 
Labor 

US Agencies; US Department of 
Labor Comment 
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187 
8537-
8539 

Sep. 29, 
2016 

Kevin Mottus 

Radiation Sickness; Exemption for 
Fire stations, California Assembly 
Bill No. 57 (2015), codified at Cal. 
Gov. Code 65964.1 

188 
8540-
8546 

Sep. 3, 
2013 

Susan D. 
Foster, MSW 

Radiation Sickness - Firefighters; 
Susan Foster Comments 

189 
8547-
8626 

Jul. 7, 
2016 

Environmental 
Health Trust 

Radiation Sickness; Electromagnetic 
Hypersensitivity, Dr. Erica Mallery-
Blythe; 2014 

190 
8627-
8628 

Sep. 16, 
2019 

Joel M. 
Moskowitz 
PhD. 

Radiation Sickness; Reliable disease 
biomarkers characterizing and 
identifying electrohypersensitivity 
and multiple chemical sensitivity as 
two etiopathogenic aspects of a 
unique pathological disorder. Rev 
Environ Health. (Prof. Belpomme et 
al); 2015  

191 
8629-
8637 

Sep.3, 
2013 

Kevin Mottus 

Radiation Sickness; Electromagnetic 
hypersensitivity: evidence for a novel 
neurological syndrome. Int J 
Neurosci. (McCarty et al); 2011 

192 
8638-
8641 

Nov. 18, 
2013 

Toril H. Jelter 
MD 

Radiation Sickness - Children; Dr. 
Torill Jelter MD. (Petitioner) 
Comments 

193 
8642-
8659 

Jul. 13, 
2016 

Deborah 
Kopald 

Radiation Sickness, Deborah Kopald 
Comments 

194 
8660-
8662 

Sep. 30, 
2016 

Ann Lee MD 
Radiation Sickness - Children; Dr. 
Ann Lee MD. (Petitioner) Comments 
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195 
8663-
8681 

Sep. 3. 
2013 

Paul Dart MD. 
Radiation Sickness; Health Effects of 
Microwave Radio Exposures. Dr. 
Paul Dart MD.(Petitioner) Comments 

196 
8682-
8683 

Sep. 4, 
2013 

Erica M. 
Elliott 

Radiation Sickness; Dr. Erica Elliott 
MD. Comments 

197 
8684-
8734 

Sep. 16, 
2019 

Dr. Joel M. 
Moskowitz 
PhD. 

Radiation Sickness; 
Electrohypersensitivity Abstracts; 
2017 

198 
8735-
8747 

Jul. 11, 
2016 

Environmental 
Health Trust 

Radiation Sickness; Could Myelin 
Damage from Radiofrequency 
Electromagnetic Field Exposure Help 
Explain the Functional Impairment 
Electrohypersensitivity? A Review of 
the Evidence. Journal of Toxicology 
and Environmental Health. 
(Redmayne and Johansson); 2014 

199 
8748-
8773 

Jul. 11, 
2016 

Kate Kheel 

Radiation Sickness; No Safe Place - 
shattered lives, healthcare set to crash 
− you can’t fix this fast enough; 
Letter to a Mayor, Olga Sheean, Jun. 
15, 2016 

200 
8774-
8778 

Aug. 26, 
2013 

Sarah Jane 
Berd 

Radiation Sickness; Sarah Jane Berd 
Comments 

201 
8779-
8782 

Feb. 4, 
2013 

Cynthia S 
Larson 

Radiation Sickness; Cynthia S. 
Larson Comments 

202 
8783-
8784 

Oct. 3, 
2016 

Josh Fisher 
Radiation Sickness; Josh Fisher 
Comments 

203 
8785-
8787 

Oct. 3, 
2016 

Paul Stanley 
Radiation Sickness; Paul Stanley 
(Petitioner) Comments 
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204 
8788-
8789 

Nov. 25, 
2013 

Lynnell 
Rosser 

Radiation Sickness; Lynnell Rosser 
Letter 

205 
8790-
8796 

Sep.12, 
2013 

Charyl Zehfus 
Radiation Sickness; Charyl Zehfus 
Reply Comments 

206 
8797-
8800 

Sep. 4, 
2013 

Annie Starr 
Radiation Sickness; Annie Starr 
Comments 

207 
8801-
8802 

Sep. 3, 
2013 

Rob Bland 
Radiation Sickness; Rob Bland 
Comments 

208 
8803-
8805 

Sep. 3, 
2013 

Nancy Rose 
Gerler 

Radiation Sickness; Nancy Rose 
Gerler Comments 

209 
8806-
8811 

Feb. 5, 
2013 

Monnie 
Ramsell 

Radiation Sickness; Monnie Ramsell 
Comments 

210 
8812-
8815 

Sep. 3 
2013 

Miriam D. 
Weber 

Radiation Sickness; Miriam D. Weber 
Comments 

211 
8816-
8818 

Sep. 3 
2013 

Junghie Elky 
Radiation Sickness; Junghie Elky 
Comments 

212 
8819-
8832 

Aug. 30, 
2013 

Catherine 
Kleiber 

Radiation Sickness; ADA/FHA 
Catherine Kleiber Comments 

213 
8833-
8837 

Sep. 3, 
2013 

Amanda & 
Ryan Rose 

Radiation Sickness; Amanda & Ryan 
Rose Comments 

214 
8838-
8842 

Sep. 3, 
2013 

Cindy 
Bowman 

Radiation Sickness; Cindy Bowman 
Comments 

215 
8843-
8844 

Sep. 3, 
2013 

Sue Martin 
Radiation Sickness; Sue Martin 
Comments 

216 
8845-
8846 

Sep. 3, 
2013 

Richard Gaul 
Radiation Sickness; Richard Gaul 
Comments 
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217 
8847-
8848 

Sep. 4 
2013 

Karen Strode 
Radiation Sickness; Karen Strode 
Comments 

218 
8849-
8850 

Sep. 3, 
2013 

Jaime 
Schunkewitz 

Radiation Sickness; Jaime 
Schunkewitz Comments 

219 
8851-
8854 

Aug. 13, 
2013 

Linda Bruce 
Radiation Sickness; Linda Bruce 
Comments 

220 
8855-
8858 

Feb. 19, 
2013 

Louise Kiehl 
Stanphill 

Radiation Sickness; Louise Kiehl 
Stanphill Reply Comments 

221 
8859-
8862 

Feb. 7, 
2013 

Diana LeRoss 
Radiation Sickness; Diana LeRoss 
Comments, Feb. 7, 2013 

222 
8863-
8866 

Jun. 17, 
2013 

Marc Sanzotta 
Radiation Sickness; Marc Sanzotta 
Comments 

223 
8867-
8868 

Aug.11, 
2016 

Barbara A. 
Savoie 

Radiation Sickness; Barbara A. 
Savoie Comments 

224 
8869-
8885 

Jul. 13, 
2016 

R. Kay Clark 
Radiation Sickness; R. Kay Clark 
Comments 

225 
8886-
8887 

Sep. 3, 
2013 

Steve & 
Juleen Ross 

Radiation Sickness; Steve & Juleen 
Ross Comments 

226 
8888-
8892 

Sep. 3, 
2013 

Kathy Ging 
Radiation Sickness; Kathy Ging 
Comments 

227 
8893-
8895 

Sep. 3, 
2013 

Jeraldine 
Peterson-Mark 

Radiation Sickness; Jeraldine 
Peterson-Mark Comments 

228 
8896-
8900 

Sep. 3, 
2013 

Edward G. 
Radiation Sickness; Edward G. 
Comments 

229 
8901-
8903 

Sep. 4, 
2013 

D. Yourovski 
Radiation Sickness; D. Yourovski 
Comments 
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230 
8904-
8907 

Sep. 3, 
2013 

Ellen K. 
Marks 

Radiation Sickness; Ellen K. Marks 
Comments 

231 
8908-
8911 

Sep. 3, 
2013 

Melo11dy 
Graves 

Radiation Sickness; Melody Graves 
Comments 

232 
8912-
8913 

Sep. 3, 
2013 

Bernadette 
Johnston 

Radiation Sickness; Bernadette 
Johnston Comments 

233 
8914-
8916 

Sep. 3, 
2013 

Shane 
Gregory 

Radiation Sickness; Shane Gregory 
Comments 

234 
8917-
8918 

Sep. 3, 
2013 

Layna Berman 
Radiation Sickness; Layna Berman 
Comments 

235 
8919-
8922 

Sep. 3, 
2013 

Linda 
Giannoni 

Radiation Sickness; Linda Giannoni 
Comments 

236 
8923-
8925 

Sep. 3, 
2013 

Jennifer Page 
Radiation Sickness; Jennifer Page 
Comments 

237 
8926-
8928 

Sep. 3, 
2013 

Jackie Seward 
Radiation Sickness; Jackie Seward 
Comments 

238 
8929-
8931 

Sep. 3, 
2013 

Elizabeth 
Feudale 

Radiation Sickness; Elizabeth 
Feudale Comments 

VOLUME 23 – Tabs 239-315 

239 
8932-
8933 

Sep. 3, 
2013 

Brent Dalton 
Radiation Sickness;  
Brent Dalton Comments 

240 
8934-
8937 

Sep. 3, 
2013 

Elizabeth 
Barris 

Radiation Sickness; Elizabeth Barris 
(Petitioner) Comments 

241 
8938-
8940 

Sep. 3, 
2013 

Olemara 
Radiation Sickness;  
Olemara Comments 

242 
8941-
8943 

Aug. 14, 
2013 

Melissa White 
Radiation Sickness; 
 Melissa White Comments 
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243 
8944-
8946 

Jun. 4, 
2013 

Carol Moore 
Radiation Sickness;  
Carol Moore Comments 

244 
8947-
8952 

Mar. 7, 
2013 

Michele Hertz 
Radiation Sickness; Michele Hertz 
(Petitioner) Comments 

245 
8953-
8955 

Mar. 4, 
2013 

B.J. Arvin 
Radiation Sickness; B.J. Arvin Reply 
Comments 

246 
8956-
8959 

Feb. 12, 
2013 

Suzanne D. 
Morris 

Radiation Sickness; Suzanne D. 
Morris Comments 

247 
8960-
8962 

Feb. 7, 
2013 

Tom Creed 
Radiation Sickness;  
Tom Creed Comments 

248 
8963-
8967 

Feb. 6, 
2013 

Julie Ostoich 
Radiation Sickness; 
 Julie Ostoich Comments 

249 
8968-
8981 

Feb. 6, 
2013 

Kathleen M. 
Sanchez 

Radiation Sickness;  
Kathleen M. Sanchez Comments 

250 
8982-
8985 

Feb. 6, 
2013 

John Edward 
Davie 

Radiation Sickness;  
John Edward Davie Comments 

251 
8986-
8989 

Feb. 6, 
2013 

Alison L. 
Denning 

Radiation Sickness; 
Alison L. Denning Comments 

252 
8990-
9012 

Feb. 6, 
2013 

Susan 
Brinchman, 
CEP 

Radiation Sickness;  
Susan Brinchman Comments 

253 
9013-
9016 

Feb. 6, 
2013 

Terilynn 
Langsev 

Radiation Sickness;  
Terilynn Langsev Comments 

254 
9017-
9020 

Feb. 6, 
2013 

Beth Ann 
Tomek 

Radiation Sickness;  
Beth Ann Tomek Comments 

255 
9021-
9025 

Feb. 5, 
2013 

Sandra 
Storwick 

Radiation Sickness;  
Sandra Storwick Comments 
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256 
9026-
9029 

Feb. 5, 
2013 

Odessa Rae 
Radiation Sickness;  
Odessa Rae Comments 

257 
9030-
9033 

Feb. 5, 
2013 

Kenneth 
Linoski 

Radiation Sickness;  
Kenneth Linoski Comments 

258 
9034-
9039 

Feb. 6, 
2013 

Elissa 
Michaud 

Radiation Sickness; 
 Elissa Michaud Comments 

259 
9040-
9043 

Feb. 5, 
2013 

Ella Elman 
Radiation Sickness;  
Ella Elman Comments 

260 
9044-
9047 

Feb. 5, 
2013 

Andrew 
Swerling 

Radiation Sickness;  
Andrew Swerling Comments 

261 
9048-
9051 

Feb. 5, 
2013 

Natalie Smith 
Radiation Sickness;  
Natalie Smith Comments 

262 
9052-
9055 

Feb. 4, 
2013 

Mana Iluna 
Radiation Sickness;  
Mana Iluna Comments 

263 
9056-
9059 

Feb. 4, 
2013 

Jayne G. 
Cagle 

Radiation Sickness;  
Jayne G. Cagle Comments 

264 
9060-
9063 

Feb. 4, 
2013 

Mark 
Summerlin 

Radiation Sickness;  
Mark Summerlin Comments 

265 
9064-
9067 

Feb. 4, 
2013 

Lashanda 
Summerlin 

Radiation Sickness; 
Lashanda Summerlin Comments 

266 
9068-
9071 

Feb. 4, 
2013 

Kath Mason 
Radiation Sickness;  
Kath Mason Comments 

267 
9072-
9084 

Nov. 1, 
2013 

Daniel Kleiber 
Radiation Sickness; Daniel Kleiber 
Reply Comments 

268 
9085-
9086 

Sep.3, 
2013 

Susan 
MacKay 

Radiation Sickness;  
Susan MacKay Comments 
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269 
9087-
9091 

Mar. 4, 
2013 

Theresa 
McCarthy 

Radiation Sickness; Theresa 
McCarthy Reply Comments 

270 
9092-
9093 

Jul. 11, 
2016 

L S Murphy 
Radiation Sickness;  
L S Murphy Comments 

271 
9094-
9096 

Aug. 30, 
2013 

Patricia B. 
Fisken 

Radiation Sickness;  
Patricia B. Fisken Comments 

272 
9097-
9098 

Sep. 3, 
2013 

Linda Hart 
Radiation Sickness;  
Linda Hart Comments 

273 
9099-
9101 

Aug. 19, 
2013 

E Renaud 
Radiation Sickness;  
E Renaud Comments 

274 
9102-
9108 

Aug. 13, 
2013 

Nicole Nevin 
Radiation Sickness;  
Nicole Nevin Comments 

275 
9109-
9110 

Sep. 30, 
2016 

Robert 
VanEchaute 

Radiation Sickness; Robert 
VanEchaute Comments 

276 
9111-
9112 

Sep. 6, 
2016 

Daniel 
Berman 

Radiation Sickness;  
Daniel Berman Comments 

277 
9113-
9116 

Sep. 3, 
2013 

Edna 
Willadsen 

Radiation Sickness;  
Edna Willadsen Comments 

278 
9117-
9118 

Aug. 30, 
2013 

Susan Molloy 
Radiation Sickness;  
Susan Molloy Comments 

279 
9119-
9120 

Sep. 3, 
2013 

Kathleen 
Christofferson 

Radiation Sickness; Kathleen 
Christofferson Comments 

280 
9121-
9122 

Sep. 3, 
2013 

Juli Johnson 
Radiation Sickness;  
Juli Johnson Comments 

281 
9123-
9124 

Sep. 3, 
2013 

Annalee Lake 
Radiation Sickness;  
Annalee Lake Comments 
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282 
9125-
9126 

Aug. 22, 
2013 

Alan Marks 
Radiation Sickness;  
Alan Marks Comments 

283 
9127-
9128 

Jun. 10, 
2013 

Peggy 
McDonald 

Radiation Sickness;  
Peggy McDonald Comments 

284 
9129-
9131 

Feb. 26, 
2013 

Mark Zehfus 
Radiation Sickness; Mark Zehfus 
Reply Comments 

285 
9132-
9137 

Feb. 6, 
2013 

Jennifer 
Zmarzlik 

Radiation Sickness; Jennifer Zmarzlik 
Comments 

286 
9138-
9142 

Feb. 6, 
2013 

Catherine E. 
Ryan 

Radiation Sickness;  
Catherine E. Ryan Comments 

287 
9143-
9148 

Feb. 6, 
2013 

L. Meade 
Radiation Sickness;  
L. Meade Comments 

288 
9149-
9150 

Sep. 3, 
2013 

Arthur 
Firstenberg 

Radiation Sickness;  
Arthur Firstenberg Comments 

289 
9151-
9152 

Mar. 5, 
2013 

Jeromy 
Johnson 

Radiation Sickness; Jeromy Johnson 
Reply Comments 

290 
9153-
9154 

Sep. 26, 
2016 

Jeanne 
Insenstein 

Radiation Sickness;  
Jeanne Insenstein Comments 

291 
9155-
9159 

Nov. 18, 
2013 

Angela Flynn 
Radiation Sickness; Angela Flynn 
Reply Comments 

292 
9160-
9162 

Sep. 4, 
2013 

Kathryn K. 
Wesson 

Radiation Sickness;  
Kathryn K. Wesson Comments 

293 
9163-
9165 

Sep. 3, 
2013 

Diane St. 
James 

Radiation Sickness;  
Diane St. James Comments 

294 
9166-
9168 

Sep. 3, 
2013 

Christine 
Hoch 

Radiation Sickness;  
Christine Hoch Comments 

295 
9169-
9180 

Sep. 3, 
2013 

Arlene Ring 
Radiation Sickness;  
Arlene Ring Comments 
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296 
9181-
9182 

Sep. 3, 
2013 

Victoria 
Jewett 

Radiation Sickness;  
Victoria Jewett Comments 

297 
9183-
9185 

Sep. 3, 
2013 

Michael J. 
Hazard 

Radiation Sickness;  
Michael J. Hazard Comments 

298 
9186-
9187 

Aug. 30, 
2013 

Melinda 
Wilson 

Radiation Sickness;  
Melinda Wilson Comments 

299 
9188-
9191 

Aug. 30, 
2013 

Maggi Garloff 
Radiation Sickness;  
Maggi Garloff Comments 

300 
9192-
9199 

Sep. 3, 
2013 

Holly Manion 
Radiation Sickness & ADA/FHA; 
Holly Manion Comments 

301 
9200-
9203 

Aug. 22, 
2013 

James Baker 
Radiation Sickness;  
James Baker Comments 

302 
9204-
9254 

Jul. 19, 
2013 

Deborah 
Cooney 

Radiation Sickness; Deborah Cooney, 
Verified Complaint, Cooney v. 
California Public Utilities 
Commission et al, No. 12-cv-06466-
CW, U.S.D.C. N.D. Cal. (Dec 17, 
2012) 

303 
9255-
9258 

Jun. 13, 
2013 

Mardel 
DeBuhr 

Radiation Sickness;  
Mardel DeBuhr Comments 

304 
9259-
9260 

Jun. 10, 
2013 

Richard 
Wolfson 

Radiation Sickness;  
Richard Wolfson Comments 

305 
9261-
9264 

Mar. 7, 
2013 

James E. 
Peden 

Radiation Sickness; James E. Peden 
Reply Comments 

306 
9265-
9266 

Mar. 5, 
2013 

Carl Hilliard 
Radiation Sickness;  
Carl Hilliard Comments 

307 
9267-
9268 

Mar. 4, 
2013 

Lisa Horn 
Radiation Sickness;  
Lisa Horn Comments 
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308 
9269-
9274 

Feb. 27, 
2013 

Alexandra 
Ansell 

Radiation Sickness; Alexandra Ansell 
Reply Comments 

309 
9275-
9278 

Feb. 25, 
2013 

Patricia A. 
Ormsby  

Radiation Sickness; Patricia A. 
Ormsby Reply Comments 

310 
9279-
9282 

Feb. 14, 
2013 

Annette 
Jewell-Ceder 

Radiation Sickness; Annette Jewell-
Ceder Reply Comments 

311 
9283-
9286 

Feb. 6, 
2013 

Max Feingold 
Radiation Sickness;  
Max Feingold Comments 

312 
9287-
9300 

Feb. 6, 
2013 

Annallys 
Goodwin-
Landher 

Radiation Sickness; Annallys 
Goodwin-Landher Comments 

313 
9301-
9316 

Feb. 4, 
2013 

Rebecca Morr 
Radiation Sickness;  
Rebecca Morr Comments 

314 
9317-
9320 

Feb. 5, 
2013 

Josh Finley 
Radiation Sickness; Alexandra Ansell 
Reply Comments 

315 
9321-
9331 

Feb. 5, 
2013 

Donna L. 
Bervinchak 

Radiation Sickness;  
Donna L. Bervinchak Comments 

VOLUME 24 – Tabs 316-377 

316 
9332-
9334 

Feb. 5, 
2013 

Catherine 
Morgan 

Radiation Sickness;  
Catherine Morgan Comments 

317 
9335-
9338 

Feb. 5, 
2013 

Angelica Rose 
Radiation Sickness;  
Angelica Rose Comments 

318 
9339-
9341 

Feb. 5, 
2013 

Brian J. 
Bender 

Radiation Sickness;  
Brian J. Bender Comments 

319 
9342-
9343 

Jul. 11, 
2016 

Maggie 
Connolly 

Radiation Sickness;  
Maggie Connolly Comments 
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320 
9344-
9345 

Sep. 3, 
2013 

Gregory 
Temmer 

Radiation Sickness;  
Gregory Temmer Comments 

321 
9346-
9347 

Sep. 3, 
2013 

Bernice 
Nathanson 

Radiation Sickness;  
Bernice Nathanson Comments 

322 
9348-
9350 

Sep. 3, 
2013 

Terry 
Losansky 

Radiation Sickness;  
Terry Losansky Comments 

323 
9351-
9352 

Sep. 3, 
2013 

Ronald Jorstad 
Radiation Sickness;  
Ronald Jorstad Comments 

324 
9353-
9354 

Jul. 8, 
2013 

Liz Menkes 
Radiation Sickness;  
Liz Menkes Comments 

325 
9355-
9356 

Sep. 3, 
2013 

Katie Mickey 
Radiation Sickness;  
Katie Mickey Comments 

326 
9357-
9360 

Sep. 3, 
2013 

Karen Nold 
Radiation Sickness; 
 Karen Nold Comments 

327 
9361-
9362 

Jul. 8, 
2013 

David DeBus, 
PhD. 

Radiation Sickness;  
David DeBus, Ph.D. Comments 

328 
9363-
9365 

Jun. 20, 
2013 

Jamie Lehman 
Radiation Sickness;  
Jamie Lehman Comments 

329 
9366-
9367 

Jun. 12, 
2013 

Jane van 
Tamelen 

Radiation Sickness;  
Jane van Tamelen Comments 

330 
9368-
9379 

Jun. 10, 
2013 

Sebastian 
Sanzotta 

Radiation Sickness;  
Sebastian Sanzotta Comments 

331 
9380-
9383 

Mar. 7, 
2013 

Taale Laafi 
Rosellini 

Radiation Sickness; Taale Laafi 
Rosellini Reply Comments 

332 
9384-
9387 

Mar. 7, 
2013 

Robert E. 
Peden 

Radiation Sickness; Robert E. Peden 
Reply Comments 
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333 
9388-
9391 

Mar. 7, 
2013 

Marilyn L. 
Peden 

Radiation Sickness; Marilyn L. Peden 
Reply Comments 

334 
9392-
9393 

Mar. 5, 
2013 

Doreen 
Almeida 

Radiation Sickness; Doreen Almeida 
Reply Comments 

335 
9394-
9395 

Mar. 5, 
2013 

Oriannah Paul 
Radiation Sickness;  
Oriannah Paul Comments 

336 
9396-
9397 

Sep. 3, 
2013 

Heather Lane 
Radiation Sickness;  
Heather Lane Comments 

337 
9398-
9399 

Aug. 15, 
2013 

John Grieco 
Radiation Sickness;  
John Grieco Comments 

338 
9400-
9401 

Sep. 29, 
2016 

Linda Kurtz 
Radiation Sickness & ADA/FHA; 
Linda Kurtz Comments 

339 
9402-
9406 

Feb. 5, 
2013 

Lisa Drodt-
Hemmele 

Radiation Sickness & ADA/FHA; 
Lisa Drodt-Hemmele Comments 

340 
9407-
9409 

Aug. 26, 
2013 

Robert S 
Weinhold 

Radiation Sickness & ADA/FHA; 
Robert S Weinhold Comments 

341 
9410-
9411 

Jul. 12, 
2016 

Dianne Black 
Radiation Sickness & ADA/FHA; 
Dianne Black Comments 

342 
9412-
9415 

Jul. 13, 
2016 

Derek C. 
Bishop 

Radiation Sickness & ADA/FHA; 
Derek C. Bishop Comments 

343 
9416-
9435 

Aug. 21, 
2013 

Steven Magee 
Radiation Sickness & ADA/FHA; 
Steven Magee Comments 

344 
9436-
9437 

Sep. 3, 
2013 

Melissa 
Chalmers 

Radiation Sickness & ADA/FHA; 
Melissa Chalmers Comments 
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345 
9438-
9440 

Aug. 30, 
2013 

Garril Page 
Radiation Sickness & ADA/FHA; 
Garril Page Comments 

346 
9441-
9444 

Sep. 5, 
2013 

Laddie W. 
Lawings 

Radiation Sickness & ADA/FHA; 
Laddie W. Lawings Comments 

347 
9445-
9446 

Sep. 4, 
2018 

Fern Damour 
Radiation Sickness & ADA/FHA; 
Fern Damour Comments 

348 
9447-
9449 

Aug. 28, 
2013 

Rebecca 
Rundquist 

Radiation Sickness & ADA/FHA; 
Rebecca Rundquist Comments 

349 
9450-
9451 

Sep. 3, 
2013 

JoAnn 
Gladson 

Radiation Sickness & ADA/FHA; 
JoAnn Gladson Comments 

350 
9452-
9453 

Jul. 13, 
2016 

Jonathan 
Mirin 

Radiation Sickness & ADA/FHA; 
Jonathan Mirin Comments 

351 
9454-
9455 

Jul. 12, 
2016 

Mary Adkins 
Radiation Sickness & ADA/FHA; 
Mary Adkins Comments 

352 
9456-
9458 

Sep. 3, 
2013 

Ian Greenberg 
Radiation Sickness & ADA/FHA; Ian 
Greenberg Comments 

353 
9459-
9462 

Sep. 3, 
2013 

Helen Sears 
Radiation Sickness & ADA/FHA; 
Helen Sears Comments 

354 
9463-
9464 

Mar. 4, 
2013 

Janet Johnson 
Radiation Sickness & ADA/FHA; 
Janet Johnson Comments 

355 
9465-
9467 

Aug. 20, 
2013 

Mr. and Mrs. 
Gammone 

Radiation Sickness & ADA/FHA; 
Mr. and Mrs. Gammone Comments 

356 
9468-
9475 

Sep. 10, 
2013 

Shelley 
Masters 

Radiation Sickness - Disability; 
Shelley Masters Comments 
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357 
9476-
9479 

Sep. 12, 
2016 

Tara Schell & 
Kathleen 
Bowman 

Radiation Sickness; Disability; Tara 
Schell & Kathleen Bowman 
Comments 

358 
9480-
9481 

Feb. 6, 
2013 

Patricia Burke 
Radiation Sickness; Disability; 
Patricia Burke Comments 

359 
9482-
9484 

Aug. 19, 
2013 

Deirdre 
Mazzetto 

Radiation Sickness; Disability; 
Deirdre Mazzetto Comments 

360 
9485-
9486 

Mar. 5, 
2013 

Jim and Jana 
May 

Radiation Sickness; Disability; Jim 
and Jana May Comments 

361 
9487-
9488 

Jun. 10, 
2013 

Lisa M. Stakes 
Radiation Sickness; Disability; Lisa 
M. Stakes Comments 

362 
9489-
9490 

Sep. 3, 
2013 

Veronica 
Zrnchik 

Radiation Sickness; Disability; 
Veronica Zrnchik Comments 

363 
9491-
9493 

Sep. 12, 
2013 

J.A. Wood 
Radiation Sickness; Disability; J.A. 
Wood Comments 

364 
9494-
9495 

Jul. 3, 
2016 

Sherry Lamb 
Radiation Sickness; Disability; Sherry 
Lamb Comments 

365 
9496-
9500 

Aug. 28, 
2013 

April 
Rundquist 

Radiation Sickness; Disability; April 
Rundquist Comments 

366 
9501-
9502 

Jul. 21, 
2016 

Charlene 
Bontrager 

Radiation Sickness; Disability; 
Charlene Bontrager Comments 

367 
9503-
9506 

Jun. 19, 
2013 

Michelle 
Miller 

Radiation Sickness; Disability; 
Michelle Miller Comments 
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368 
9507-
9514 

Sep. 3, 
2013 

James C. 
Barton 

Radiation Sickness; Disability; James 
C. Barton Comments 

369 
9515-
9526 

Sep. 3, 
2013 

Diane Schou 
Radiation Sickness; Disability; Diane 
Schou Comments 

370 
9527-
9532 

Jun. 24, 
2013 

Alison Price 
Radiation Sickness; Disability; Alison 
Price Comments 

371 
9533-
9535 

Sep. 10, 
2013 

Shari Anker 
Radiation Sickness; Disability; Shari 
Anker Comments 

372 
9536-
9538 

Aug. 30, 
2013 

Paul 
Vonharnish 

Radiation Sickness; Disability; Paul 
Vonharnish Comments 

373 
9539-
9548 

Aug. 26, 
2013 

Heidi 
Lumpkin 

Radiation Sickness; Disability; Heidi 
F. Lumpkin, Comments 

374 
9549-
9550 

Sep. 3, 
2013 

Kaitlin 
Losansky 

Radiation Sickness; Disability; 
Kaitlin Losansky Comments 

376 
9551-
9556 

Nov. 12, 
2012 

Monise 
Sheehan 

Radiation Sickness; Disability; 
Monise Sheehan Testimonial 

376 
9557-
9558 

Mar. 1, 
2013 

Ruthie 
Glavinich 

Radiation Sickness; Disability; Ruthie 
Glavinich Comments 

377 
9559-
9682 

Sep. 3, 
2013 

Ed Friedman 
Radiation Sickness; Testimonials of 
Nine People; 2013 

VOLUME 25 – Tabs 378-404 

378 
9683-
9771 

Sep. 3, 
2013 

Ed Friedman 
Radiation Sickness; Testimonials of 
Twelve People; 2013 

379 
9772-
9854 

Sep. 3, 
2013 

Ed Friedman 
Radiation Sickness; Testimonials of 
Nine People; 2013 
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380 
9855-
9936 

Sep. 28, 
2016 

Kevin Mottus 
Radiation Sickness; Testimonials of 
Twenty People, Collected by 
StopSmartMeters; 2013 

381 
9937-
9938 

Sep. 3, 
2013 

Amanda & 
Ryan Rose 

 Radiation Sickness: Doctor’s 
Diagnosis Letter for Peter Rose; 2010 

382 
9939-
9940 

Jun. 10, 
2013 

Steven Magee 
Radiation Sickness; Doctor’s 
Diagnosis Letter for Steven Magee 

383 
9941-
9964 

Sep. 30, 
2016 

Patricia Burke 
European Manifesto in support of a 
European Citizens’ Initiative (ECI) 

384 
9965-
10012 

Jul. 7, 
2016 

Environmental 
Health Trust 

ADA/FHA; Verified Complaint, G v. 
Fay Sch., Inc., No. 15-CV-40116-
TSH (U.S.D.C. Mass. Aug. 12, 2015) 

385 
10013-
10015 

Aug. 13, 
2013 

John Puccetti 
ADA/FHA; Organizations; American 
Academy of Environmental 
Medicine, Letter to the FCC 

386 
10016-
10018 

Feb. 5, 
2013 

Rachel 
Nummer 

ADA/FHA; Rachel Nummer 
Comments 

387 
10019- 
10023 

Feb. 5, 
2013 

Barbara 
Schnier 

ADA/FHA; Southern Californians for 
a Wired Solution to Smart Meters 
Comments 

388 
10024-
10057- 

Feb. 5, 
2013 

Barbara 
Schnier 

ADA/FHA; Opening Brief of 
Southern Californians for Wired 
Solutions to Smart Meters, 
Application 11-03-014 (July 19, 
2012) 

389 
10058-
10066 

Sep. 2, 
2013 

Barbara Li 
Santi 

ADA/FHA; Barbara Li Santi 
Comments 

390 
10067-
10077 

Oct. 22, 
2013 

Kit T. Weaver 
ADA/FHA; Kit T. Weaver, Reply 
Comments 
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391 
10078-
10086 

Mar. 3, 
2013 

Sandra 
Schmidt 

ADA/FHA; Sandra Schmidt Reply 
Comments 

392 
10087-
10099 

Feb. 11, 
2013 

Antoinette 
Stein 

ADA/FHA; Antoinette Stein 
Comments 

393 
10100- 
10103 

Feb. 5, 
2013 

David 
Morrison 

ADA/FHA; David Morrison 
Comments 

394 
10104-
10107 

Apr. 16, 
2014 

MK Hickox MK Hickox Reply Comments 

395 
10108-
10009 

Sep. 3, 
2013 

Annemarie 
Weibel 

ADA/FHA; Annemarie Weibel 
Comments 

396 
10110 -
10117 

Sep. 3, 
2013 

Omer Abid, 
MD, MPH 

Individual Rights; Dr. Omer Abid 
MD. MPH Comments 

397 
10118-
10120 

Sep. 2, 
2013 

John A. 
Holeton 

Individual Rights; John & Pauline 
Holeton Comments 

398 
10121-
10129 

Sep. 2, 
2013 

Grassroots 
Environmental 
Education, 
Inc. o/b/o 
Nancy Naylor 

Individual Rights; Nancy Naylor 
Comments 

399 
10130-
10143 

Sep. 2, 
2013 

Deborah M. 
Rubin 

Individual Rights; Deborah M. Rubin 
Comments 

400 
10,144-
10149 

Sep. 2, 
2013 

Kevin Mottus 
Individual Rights; Kevin Mottus 
Comments 

401 
10150 -
10157 

Aug. 30, 
2013 

Alexandra 
Ansell 

Individual Rights; Alexandra Ansell 
Comments 

402 
10158-
10161 

Aug. 25, 
2013 

Steen Hviid 
Individual Rights; Steen Hviid 
Comments 

403 
10162-
10165 

Aug. 21, 
2013 

Molly Hauck 
Individual Rights; Molly Hauck 
Comments 
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404 
10166-
10171 

Feb. 5, 
2013 

Olle 
Johansson 

Individual Rights; Prof. Olle 
Johansson PhD., Comments 

VOLUME 26 – Tabs 405-443 

405 
10172-
10174 

Mar. 4, 
2013 

R.Paul and 
Kathleen 
Sundmark 

Individual Rights; R. Paul and 
Kathleen Sundmark Reply Comments 

406 
10175-
10180 

Feb. 5, 
2013 

Cynthia 
Edwards 

Individual Rights & ADA;  
Cynthia Edwards Comments 

407 
10181-
10185 

Feb. 4, 
2013 

Diana 
Ostermann 

Individual Rights; Diana Ostermann 
Comments 

408 
10186-
10193 

Jul. 13, 
2016 

Chris Nubbe 
Individual Rights; Chris Nubbe 
Comments 

409 
10194-
10201 

Nov. 17, 
2013 

Katie Singer 
Individual Rights & ADA; Katie 
Singer Comments 

410 
10202-
10203 

Aug. 21, 
2013 

John Puccetti 
Individual Rights; BC Human Rights 
Tribunal approves smart meter class 
action, Citizens for Safe Technology 

411 
10204-
10207 

Sep. 30, 
2016 

Catherine 
Kleiber 

Individual Rights; Wireless 
Technology Violates Human Rights, 
Catherine Kleiber 

412 
10208-
10212 

Oct. 28, 
2013 

Kate Reese 
Hurd 

Individual Rights; Kate Reese Hurd 
Comments 

413 
10213-
10214 

Sep. 30, 
2016 

Patricia Burke 

Individual Rights; Wireless 
‘“Revolution” Must Be Supported by 
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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418 
10276-
10290 

Jul. 7, 
2016 

Environmental 
Health Trust 

Precautionary Principle; Wireless 
Devices, Standards, and Microwave 
Radiation in the Education 
Environment, Dr. Gary Brown, Ed.D. 
(Instructional Technologies and 
Distance Education) 

419 
10291-
10294 

Nov. 18, 
2013 

Richard H. 
Conrad, Ph.D. 

Precautionary Principle; Dr. Richard 
H. Conrad Reply Comments 

420 
10295-
10304 

Sep. 3, 
2013 

Holly Manion 

Precautionary Principle; Smart 
Meters-Firefighters; Letter from 
Susan Foster to San Diego Gas & 
Electric, California Public Utilities 
Commission; Nov. 8, 2011 

421 
10305-
10348 

Jul. 7, 
2016 

Environmental 
Health Trust 

Precautionary Principle; Letter to the 
Montgomery County Board of 
Education Members, Theodora 
Scarato 

422 
10349-
10352 

Oct. 30, 
2013 

Diane Hickey 
Precautionary Principle; Diane 
Hickey Comments 

423 
10353-
10356 

Sep. 3, 
2013 

Monnie 
Ramsell 

Precautionary Principle; Monnie 
Ramsell Comments 

424 
10357-
10409 

Aug. 29, 
2013 

Kevin Kunze 
Precautionary Principle; Kevin Kunze 
Comments 

425 
10410-
10429 

Feb. 6, 
2013 

Clara De La 
Torre  

Precautionary Principle; Clara de La 
Torre Comments 

426 
10430-
10431 

Sep. 30, 
2016 

Center for 
Safer Wireless 

Precautionary Principle; Center for 
Safer Wireless Comments 
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427 
10432-
10440 

Sep. 27, 
2016 

Gary C. 
Vesperman 

Precautionary Principle; Possible 
Hazards of Cell Phones and Towers, 
Wi-Fi, Smart Meters, and Wireless 
Computers, Printers, Laptops, Mice, 
Keyboards, and Routers Book Three, 
Gary Vesperman Comments 

428 
10441-
10443 

Jul. 11, 
2016 

Cecelia 
Doucette 

Precautionary Principle; Cecelia 
Doucette Comments 

429 
10444-
10446 

Aug. 31, 
2016 

Chuck 
Matzker 

Precautionary Principle; Chuck 
Matzker Comments 

430 
10447-
10460 

Sep. 3, 
2013 

Diane Schou 
Precautionary Principle; Dr. Diane 
Schou PhD, Dr. Bert Schou, PhD., 
Comments (letter sent to FCC’s OET) 

431 
10461-
10465 

Sep. 3, 
2013 

Evelyn 
Savarin 

Precautionary Principle; Evelyn 
Savarin Comments 

432 
10466-
10468 

Jun. 19, 
2013 

Jamie Lehman 
Precautionary Principle; Jamie 
Lehman, Comments 

433 
10469-
10470 

Mar. 7, 
2013 

Marlene 
Brenhouse 

Precautionary Principle; Marlene 
Brenhouse, Comments 

434 
10471-
10474 

Jul. 11, 
2016 

Lynn Beiber 
Precautionary Principle; Lynn Beiber 
Comments 

435 
10475-
10489 

Sep. 2, 
2013 

Kevin Mottus 
Precautionary Principle; Kevin 
Mottus Comments 

436 
10490-
10491 

Jul.13, 
2016 

Mary Paul 
Precautionary Principle;  
Mary Paul, Comments 

437 
10492-
10493 

Jul. 11, 
2016 

Stephanie 
McCarter 

Precautionary Principle; Stephanie 
McCarter Comments 
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438 
10494-
10496 

Feb. 4, 
2013 

Rebecca Morr 
Precautionary Principle; Rebecca 
Morr Comments 

439 
10497-
10505 

Feb. 3, 
2013 

Nancy Baer 
Precautionary Principle; Nancy Baer 
Comments 

440 
10506-
10507 

Sep. 2, 
2013 

Holly LeGros 
Precautionary Principle; Holly 
LeGros Comments 

441 
10508-
10509 

Aug. 18, 
2013 

Loe Griffith 
Precautionary Principle; Loe Griffith 
Comments 

442 
10510-
10555 

Nov. 18, 
2013 

EMR Policy 
Institute 

EMR Policy Institute Reply 
Comments 

443 
10566-
10572 

Sep. 3, 
2013 

Leslee Cooper Leslee Cooper Comments 
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Explanations; Eng. Lloyd Morgan 

JA 02379

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 55 of 454



US Exposures Limits 
A History of Their Creation 

Comments and Explanations 
Historical: ​ANSI C95.1­1982 Exposure­Limit Standard  
Existing:​ IEEE C95.1­1991 Exposure­Limit Standard 

Introduction 
More than four years ago the World Health Organization (WHO) declared cellphone radiation is 
a Group 2B (possible) Human Carcinogen substantially based on scientific studies which found 
statistically significant risks of brain cancer and a hearing never tumor called an acoustic 
neuroma. 
 
An industry consultant’s response: “Dr. Meir J. Stampfer, a professor at the Harvard School of 
Public Health and a consultant to the cellphone industry. ‘In science, unlike math, we can’t have 
absolute certainty, but in the scheme of things, this is not a health risk I would be concerned 
about at all.’” [NY Times, June 6, 2011] 
 
In 1985 the United States government adopted an exposure limit from the American National 
Standards Institute (ANSI­an industry & military organization), ANSI C95.1­1982 Exposure 
Limit Standard. In 1996 the U.S. government adopted (updated from the ANSI Standard) the 
IEEE C95.1­1991 Exposure Limit Standard.  IEEE, the Institute of Electrical and Electronic 
Engineers is substantially an industry and military organization.  
 
What follows is the history of how these two standards were created, based on the actual text of 
these two standards 
 
The History 
This page highlights important understandings gleaned from a review of the the ​ANSI 
C95.1­1982 Standard​ and ​the IEEE C95.1­1991 Standard​.  
 

Summary of Key Findings (within ANSI and IEEE Standards):  
● The authors understood that the mean (average) SAR value ignored “hotspots” 

which can be many­fold higher than the mean SAR.  
● The authors ​were aware ​of the existence of “modulation­specific effects,​ such as 

efflux of calcium ions” (resulting in harmful effects on cells), but because the authors 
were mostly military and/or associated with corporations with a vested interest in 
promoting microwave radiation, they ​chose​, in effect, to ignore these results.  
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●  The authors were aware that other characteristics of the exposure ​such as  
modulation frequency and peak intensity may pose a risk to health.  

● There is no 5­fold “safety level” for the general public.​With the IEEE Standards, the 
general public’s exposure was reduced 5­fold compared to electrical workers. 
However, the allowed averaging time was increased 5­fold for the general public 
compared to electrical workers and the end result was that the ​the total allowed 
absorbed radiation is identical. ​In effect this change ​negates​ the so­called 5­fold 
“safety level” for the general public. 

 

 
Part 1: Highlights from the ​ANSI C95.1­1982 Exposure Limit Standard 
 
Note: Pdf Pages 2­8 are missing in the OCR (Optical Character Recognition) version.  
 
Pdf page 3​ lists the “Co­Secretariat: Institute of Electrical and Electronic Engineers, US 
Department of the Navy (Naval Electronic Systems Command); 
 
Pdf page 5 is a Forward. However it states: “This Forward is not part of ANSI C95.1­1982, 
American National Standard Safety Levels with Respect to Human Exposure to Radio Frequency 
Electromagnetic Fields, 300 kHz to 100 GHz.” 
 
It should be noted, in spite of its official sounding name, ANSI is not an a governmental entity. 
  

1. 1. No medical organizations were included (beyond the military) nor any public 
health agency. ​Please note these Members of the Committee (a partial listing) which 
reviewed and approved this standard. (pdf page 6) : 

○ American Petroleum Institute 
○ DoD (Defense Nuclear Agency) 
○ International Microwave Power Institute 
○ Office of the Assistant Secretary of Defense 
○ US Department of Commerce 
○ US Department of the Air Force School of Aerospace Medicine 
○ US Department of the Air Force Office of the Surgeon General 
○ US Department of the Army, Army Material Command’ 
○ US Department of the Army, Army Environmental Hygiene Agency 
○ US Department of the Navy Bureau of Medicine and Surgery 
○ US Department of the Navy, Naval Sea System Command; 

JA 02381

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 57 of 454

http://eht.elevadev.org/wp-content/uploads/2015/11/ANSI-National-standards-1982-safety-levels-for-human-exposure.pdf
http://eht.elevadev.org/wp-content/uploads/2015/11/ANSI-National-standards-1982-safety-levels-for-human-exposure.pdf


2. Many Committee members were members of corporations and/or consultants to 
these corporations.​ (​See ANSI pdf page 6 ​to read the full list of organizations and the 
name of person representing these organizations who reviewed and approved the 
standard. ANSI ​Pdf page 7​ names the members of the committee at the time the standard 
was approved. 

3. The mean (average) SAR value ignored “hotspots”​ which can be many­fold higher 
than the mean SAR as noted by this statement.  

○ “​It is recognized, however, that a whole­body­averaged SAR is the mean of a 
distribution, the high side of which is an envelope of electrical hotspots.​” (page 
12) 

4. The exposure limit is based on an immediate (AKA acute) effect ​where hungry rats 
trained to find food ceased looking for food.  See the highlight below saying that a 
long­time (AKA chronic) exposure should be considered “an irreversible injury”. 

○ “​The assumption is that reversible disruption during an acute exposure is 
tantamount to irreversible injury during chronic exposure.​” (Page 13)  

5. The authors ​were aware ​of “modulation­specific effects, such as efflux of calcium 
ions”​ (resulting in harmful effects on cells), but because the authors were mostly military 
and/or associated with corporations with a vested interest in promoting microwave 
radiation, they ​chose​, in effect, to ignore these results. Nevertheless, they felt obligated to 
report  that ​there were effects.  ​This is extraordinarily important.   

○ “​In addition, modulation­specific effects, such as efflux of calcium ions from 
brain materials were not considered adverse because of the inability of the 
subcommittee's members to relate them to human health. The narrow ranges of 
power density and the low and narrow range of modulation frequencies associated 
with field­induced efflux of calcium ions, and the authors' findings that the 
phenomenon is reversible, are factors that entered into the subcommittee's 
deliberations.​” (Page 13, column 2) 

6. At a whole­body SAR​WB​=4 W/kg, a potentially deadly, short­term (AKA acute) 
effect was found​:  hungry rats trained to find food ceased eating.  As noted above, a 
long­term (AKA chronic) exposure is “tantamount to irreversible injury.” 

○ “​6.6 Safety Factor​. To ensure a wide margin of safety, an order­of­magnitude 
reduction in the permissible whole­body­averaged specific absorption rate (SAR) 
to 0.4 W /kg was invoked.  This decision was nearly unanimous; one biological 
scientist dissented on the grounds that a specific justification should be given for 
the power­of­ten reduction. Different biological scientists offered different 
reasons, but beyond the need for a wide margin of safety, no quantitative 
justification was advanced. None of the members of the subcommittee offered an 
argument to widen the margin of safety​ [​emphasis​ in original Pages 13­14].” 
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7. While it may appear that a 10­fold “Safety Factor” should be a sufficient reduction 
to provide protection against harm, Fig. A3 (page 24) contradicts this appearance​. 
See below: 

 
○ Fig A3 Explained (Page 24) 
○ The dashed line represents the 10­fold “safety” factor exposure level (SAR=0.40 

W/kg) from the SAR=4W/kg whose long­term exposure is tantamount to an 
irreversible injury. 

○ The references in this figure refer to studies found in the Appendix (pages 17­19). 
For example: “4a” refers to “A4. Teratology BERMAN, E., KIN, J. B. and 
CARTER, H. B.  Observations of Mouse Fetuses After Irradiation with 2.45 GHz 
Microwaves. Health Physics, 35, 1978, pp 791­801on page 18; “9d” refers to the 
4​th ​study in the section “A9. Thermoregulation and Metabolism,” “”LU, S. and T., 
LEBDA, N., MICHAELSON, S. M., PETTIT, S. and RIVERA, D. Thermal and 
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Endocrinological Effects of Protracted Irradiation of Rats by 2450 MHz 
Microwaves. Radio Science, 12(6S), 1977, pp 147­156.” Found on page 18. 

○ Note that there are 8 references far below the “safety” factor, some of these 
studies had exposures 100 times lower than the “safety factor.​  Reference 5 is 
one of these studies.  Its title is: “Induction of Calcium­Ion Efflux from Brain 
Tissue by Radio­Frequency Radiation: Effects of Modulation Frequency and 
Field Strength.”   

○ Calcium levels are critically important for the viability of human cells.  Efflux is 
defined as “the flowing out of a particular substance or particle.”   

○ The exposure level is on the order of a SAR=0.005 Wkg­­8­fold lower that the 
“safety” factor (AKA limit).  Why was the “safety” factor not set 10­times lower 
than the level where calcium flowed out of brain cells? That is, SAR=0.0005 
W/kg? 

8. Figure A3 shows that we knew ​more than 34 years ago​ that the “safety factor” does 
not protect us from biological effects!  

○ As we see in Fig. A3, a SAR​WB​=0.4 W/kg “safety” factor ignored studies which 
found adverse effects from below the “safety” factor established by 
ANSI­C95.1­1982.   

9. The authors were aware that other characteristics of the exposure could be a health 
risk.   

○ It is clearly stated that ​ ​modulation frequency and peak intensity may pose a risk 
to health. See the quote below:  

○ Other Factors​. It was recognized by the subcommittee that the specific 
absorption rate (SAR), which provides the basis for limiting power densities, does 
not contain all of the factors that could be of importance in establishing safe limits 
of exposure. First, ​other characteristics of an incident field such as modulation 
frequency and peak intensity may pose a risk to health​ [​emphasis​ in the original; 
emphasis​ added].” (Page 14, column 2) 

10.  ​It was well understood prior to 1982 that peak SARS can be far higher than 
averaged SARs.  

○ “​By implication and demonstration, peak SARs in a biological body can range 
more than an order of magnitude above the average SAR​ over a limited mass of 
the exposed tissue.​” (Page 15, column 2, ​emphasis​ added ) 

11. The Committee retained 6 minutes of averaged exposure relying on the false 
assumption that the only adverse biological effects from exposure to non­ionizing 
radiation (NIR) is heating.  

○ “​6.12 Time Averaging​. The subcommittee retained 0.1 h (6 min) as the 
significant period of time over which exposures, the values of specific absorption 
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rates (SAR) and input power are to be averaged.​” (Page 16, column 2. ​emphasis 
in the original ) 

 
Part 2: Highlights From The IEEE C95.1­1991 Standard​[1] 
 

1. Language in the second paragraph found on ​pdf page 2​ is of interest as the “wholly 
voluntary” wording appears to absolve the IEEE from any consequences. 
“Use of an IEEE Standard is ​wholly voluntary.​ The existence of an IEEE Standard does 
not imply that there are no other ways to produce, test, measure, purchase, market, or 
provide other goods and services related to the scope of the IEEE Standard. Furthermore, 
the viewpoint expressed at the time a standard is approved and issued [​emphasis​ added].” 

2. In essence IEEE took over from ANSI but the membership was nearly identical. See the 
Forward (​pdf page 3​) which states 

○ Prior to 1988, C95 standards were developed by an accredited standards 
committee C95,and submitted to ANSI for approval and issuance as ANSI C95 
standards. Between 1988 and 1990, the committee was converted to Standards 
Coordinating Committee 28 under the sponsorship of the IEEE Standards Board. 
In accordance with policies of the IEEE, C95 standards will be issued and 
developed as IEEE standards, as well as being submitted to ANSI for recognition. 

 
Major Changes From the ANSI c95.1­182 Standard 
A review of this document shows the following major changes (or lack of changes) from the 
previous ANSI C95.1­1982 standard were the following: 
 

1. The supposed creation of​ two exposure limit values​ has ​the end result of identical 
exposure limits​ in that the allowed Specific Absorption (SA)—in other words, 
despite the  two types of  limits­ ​the total allowed radiation absorption​—​is identical 
between electrical workers and the general public. 

 
How did this happen? Please note the following: 
 

● As will be seen below, the general public’s exposure was reduced 5­fold compared to 
electrical workers.  However, the allowed averaging time has increased 5­fold for the 
general public compared to electrical workers. 

● The introduction of “spatial­peak SAR” (SAR​SP​) was added in addition to the previous 
whole­body SAR (SAR​WB​).  The former occurs when the radiation source is close to the 
body such that only a portion of the body absorbed the radiation (e.g., holding a 
cellphone to the ear); the latter is when the radiation is far from the body such that the 
whole body absorbed the radiation (e.g., a cellphone tower). 
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● For both electrical workers and the general public the SAR​PS​ is 5­fold higher than the 
SAR​WB​.  

● For the general public the allowed SAR​WB​=0.08 W/kg and the allowed SAR​SP​=1.6 W/kg. 
 
In other words, the brain (and other similarly sensitive tissues) is allowed to absorb ​20 
times more radiation​ than was allowed by the ANSI C 95.1­1982 Standard. ​In addition a new 
exposure limit for the hands, wrists, feet and ankles was defined.​[2] 

  
Unlike the 1982 ANSI standard, this IEEE standard introduced the concept of Maximum 
Permissible Exposure (MPE).  Because the MPEs do not directly refer to the Specific Absorption 
Rate (SAR), but list values for the electric field, magnetic field, and power density, we will only 
focus on the SAR values along with the two exposure limits.  
 
Please note the following highlights from the text of the document.  
  

“​Abstract​: IEEE C95.1­1991 gives recommendations to prevent harmful effects in 
human beings exposed to electromagnetic fields in the frequency range from 3 kHz to 
300 GHz.​[3]​ The recommendations are intended to apply to exposures in controlled, as 
well as uncontrolled, environments.” (​Page 1) 

  
“​Also, a distinction is made between controlled and uncontrolled environments relative to 
safe ​exposure limits​ [​emphasis​ added].” (Page 4 ) 

  
From the “Definitions” section: 
 

“​continuous exposure​. Exposure for durations exceeding the corresponding averaging 
time.  Exposure for less than the averaging time is called short­term exposure​ [​emphasis 
in the original].” 

  
“​controlled environment​. Controlled environments are locations where there is exposure 
that may be incurred by persons who are aware of the potential for exposure as a 
concomitant of employment​ … [​emphasis​ in the original; ​emphasis​ added].” 

 
Concomitant of employment is that worker must accept higher exposure if they want to 
work. 

  
“​RF ‘hot spot’​. A highly localized area of relatively more intense radio­frequency 
radiation that manifests itself in two principal ways ​ [​emphasis ​in the original]​: 
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(1) The presence of intense electric or magnetic fields immediately adjacent to 
conductive objects that are immersed in lower intensity ambient fields (often 
referred to as re­radiation), and 

(2) Localized areas, not necessarily immediately close to conductive objects, in 
which there exists a concentration of radio­frequency fields caused by 
reflections and/or narrow beams produced by high­gain radiating antennas or 
other highly directional sources. In both cases, the fields are characterized by 
very rapid changes in field strength with distance. RF hot spots are normally 
associated with very nonuniform exposure of the body (partial body 
exposure). This is not to be confused with an actual thermal hot spot within 
the absorbing body​.” 

  
The reality that “hot spots” will exist is noted but it is interesting to note that no statement is 
made about exposure limits being applicable to “hot spot” regions. 
  

“​4.2.1 Controlled Environment​. At frequencies between 100 kHz and 6 GHz, the 
MPE in controlled environments for electromagnetic field strengths ​may be 
exceeded if​: 

(a) the exposure conditions can be shown by appropriate techniques to produce SARs 
below 0.4 W/kg as averaged over the whole­body and spatial peak SAR, not 
exceeding 8 W/kg as averaged over any 1 g of tissue (defined as a tissue volume 
in the shape of a cube), except for the hands, wrists, feet and ankles where the 
spatial peak SAR shall not exceed 20 W/kg, as averaged over any 10 g of tissue 
(defined as a tissue volume in the shape of a cube), … 

  
The SARs are averaged over any 6­min interval​ [​emphasis​ in the original].” (Page 

17) 
 
The end result of these changes is that:  
 

1. The spatial­peak SAR hands, wrists, feet and ankles​[4]​ was increased by 250% ​from 
SAR​SP​=8 W/kg to 20 W/kg, and the tissue volume was increased 10­fold from 1 gram to 
10 grams of tissue.  Because a 10­gram SAR can be up to 3­times higher within any 1 
gram of tissue, the effect was to ​increase the spatial­peak SAR 7.5­fold​ (2.5 x 3=7.5). For 
electrical workers who concomitant  to their employment must accept the 5­fold higher 
exposure. 

2. Uncontrolled environments allow a 5­fold lower exposure for the general public. 
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○ “​4​.2.2 Uncontrolled Environments ​At frequencies between 100 kHz and 6 GHz, 
the MPE in uncontrolled environments for electromagnetic field strengths ​may be 
exceeded if​: 

■ The exposure conditions can be shown by appropriate techniques to 
produce SARs below 0.08 W/kg, as averaged over the whole body, and 
spatial peak SAR values not exceeding 1.6 W/kg, as averaged over any 1 g 
of tissue (defined as a tissue volume in the shape of a cube), except for the 
hands, wrists, feet and ankles where the spatial peak SAR shall not exceed 
4 W/kg, as averaged over any 10 g of tissue (defined as a tissue volume in 
the shape of a cube)​ … [​emphasis​ in the original; ​emphasis​ added].” 
(Page 17) 

○ However, like for electrical workers, the spatial­peak SAR for hands, wrists, feet 
and ankles​[5]​ was increased by 250% from SAR​SP​=1.6W/kg to 4 W/kg, and the 
tissue volume was increased 10­fold from 1 gram to 10 grams of tissue.  Because 
a 10­gram SAR can be up to 3­times higher within any 1 gram of tissue, the effect 
was to increase the spatial­peak SAR 7.5­fold. 

■ The above limits are also applicable for the general public. 
■ “​For both pulsed and non­pulsed fields … the SARs, as applicable, are 

averaged over any 6­min or 30­min period​.” (Page 18) 
■ As noted in the ANSI section above, because for electrical workers the 

5­fold higher SARs are averaged over 6 minutes and for the general public 
the 5­fold lower SARs are averaged over a 5­fold longer time (30 
minutes), ​the total allowed absorbed radiation is identical.  

3. The document states that ​Non­thermal effects​, such as efflux of calcium ions from 
brain tissues, are  mentioned as potential health hazards: 

○ “​To some, it would ​appear attractive and logical​ to apply a larger, or different, 
safety factor to arrive at the guide for the general public. Supportive arguments 
claim subgroups of greater sensitivity (​infants, the aged, the ill and disabled​), 
potentially ​greater exposure durations​ (24­hr/day vs. 8­hr/day), ​adverse 
environmental conditions​ (excessive heat and/or humidity), ​voluntary vs. 
involuntary exposure​, and psychological/emotional factors that can range from 
anxiety to ignorance. ​Non­thermal effects​, such as efflux of calcium ions from 
brain tissues, are also mentioned as potential health hazards​ [​emphasis​ added].” 
(Page 23) 

4.  ​The document states that spatial peak SAR values can exceed a whole­body average 
value.   

○ “​It has been established through ​thermographic​ analyses of models of rats and 
man, and cadavers of rabbits, that spatial peak SAR values can exceed a 
whole­body average value by more than a factor of 20. Comparable findings have 
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been reported.  However, several factors preclude explicit use of peak SAR, such 
as the following: 

○ (1) The availability of data on distributive SARs is limited​ … [​emphasis​ added]” 
(​Pages 24­25) 

○ “[T]hermographic” (i.e., temperature change) analyses show a 20­fold higher 
SAR underestimates the instantaneous SAR value.  This is of critical importance, 
because virtually  all adverse biological effects reported since 1991 are 
non­thermal effects [e.g., various human cancers, deleterious effects on sperm (in 
vitro, in vivo, and human epidemiological studies), double­strand DNA breaks (in 
vivo studies)]. 

 
 
L. Lloyd Morgan 
Senior Research Fellow 
Environmental Health Trust 
 
More than four years ago the World Health Organization (WHO) declared cellphone radiation is 
a Group 2B (possible) Human Carcinogen substantially based on scientific studies which found 
statistically significant risks of brain cancer and a hearing never tumor called an acoustic 
neuroma. 
 
An industry consultant’s response: “Dr. Meir J. Stampfer, a professor at the Harvard School of 
Public Health ​and a consultant to the cellphone industry. ​‘In science, unlike math, we can’t have 
absolute certainty, but in the scheme of things, this is not a health risk I would be concerned 
about at all.’” [NY Times, June 6, 2011] 

 
[1]​ This became ANSI/IEEE C95.1­1992.  The only change was the American National Standards 
Institute (ANSI) ratified the IEEE C95.1­1991 Standard.  In 1996, the Federal Communications 
Commission (FCC) substantially adopted the ANSI/IEEE C95.1­1992 as the U.S. Government’s 
exposure limit regulation. 
[2]​ Recently the FCC defined the ear (AKA pinna) as an extremity like hands, wrists, feet and 
ankles. 
[3]​ 3 kHz to 300 GHz is the IEEE definition of the radio frequency (RF) spectrum range.  It is 
only a convenient definition for engineers.  Per se, there is no biological meaning.  
4​ ​Recently the FCC defined the ear (AKA pinna) as an extremity like hands, wrists, feet and ankles. 
4​ ​Recently the FCC defined the ear (AKA pinna) as an extremity like hands, wrists, feet and ankles. 
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Biosystem & Ecosystem; Birds, Bees and Mankind: Destroying Nature 
by 'Electrosmog': Effects of Mobile Radio and Wireless Communication. 
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mentally committed organisations. It 
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side). 
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information in mobile radio and 
wireless communication is biologically 
false information to living organisms – 
based on the state of the information 
of independent science and medicine. 

Purchase order: 
bestellung@aerzte-broschuere.de 
Price: € 5.00 
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Preamble 
 

1 

For different protection of mankind, environment and democracy 
 
Preamble by the publishers at the launch of the series of papers: Effects of Mobile Radio and Wireless 
Communication 
 
The bio-scientist Ulrich Warnke is 
more familiar with nature’s 
electromagnetic housekeeping than 
most. In this paper, he shows how 
wise and sensitive nature was about 
using electrical and magnetic fields in 
the creation of life. But he can for this 
reason also convincingly criticise the 
present foolish and irresponsible 
interference in nature’s house-
keeping. It is clear from his paper that 
the powers that be in politics, the 
economy and science are in the 
process of destroying what nature 
has built up over millions of years. 
The traces of this destruction have 
long been evident in our living 
environment. The paper shows, 
however, how short-sightedly we are 
treating not only our health and the 
economy, but especially also future 
generations’ right to life.1 All of the 
above is documented not as 
probabilities but based on 
reproducible effects. This should give 
pause also to those who regularly 
justify their actions with the argument 
that they are unaware of any proof of 
damage. 
 
Under the term “radio 
communication”, we combine all 
wireless communication technology, 
increasingly flooding our residential 
zones and the environment with 
electromagnetic fields. A recent, 
comprehensive research report by 
the BioInitiative Working Group, a 
consortium of renowned international 

scientists, shows how many of the 
damaging effects of such fields have 
already been proven 
(www.bioinitiative.org). The report 
evaluates the present limiting values 
as a useless edifice, protecting 
nobody. Based on this, the European 
Environment Agency (EEA), the top 
scientific environment authority of the 
EU, has warned of the possibility of 
looming environmental disasters 
following the increasing density of 
electromagnetic fields. And the 
coordinator of the European Reflex 
project, Prof. Franz Adlkofer, has 
informed the public on the new 
research results, proving the high 
degree of gene-toxicity of UMTS 
radiation. 
 
The public is little aware of these 
risks because they are hardly 
addressed in the “enlightenment” 
provided by officialdom and industry.  
The public is given the assurance that 
they are well-protected by the limits 
and the compliance-assuring 
measurements and that UMTS 
radiation is as harmless as GSM 
radiation – more antennae in 
residential areas are recommended in 
principle.2 And whilst Ulrich Warnke 
demonstrates how vulnerable man 
and environment are, we are told that 
we are more robustly organised than 
our machines.3 The original “radiation 
protection” has deteriorated to the 
protection of commercial interests. 
 

The involvement of government in 
industry and the high percentage of 
industry-financed research and 
industry-beholden panels and 
consultants, have spawned a 
questionable system of environment 
and consumer protection. Only that 
which does not seriously endanger 
common commercial interests is 
noted and supported. The rights of 
the citizen to protection and the 
suffering of the people are flatly 
ignored. Those with political 
responsibility have apparently still not 
realised that their negligent handling of 
the obligation to take precautions has 
long since been proven to be one of 
the main causes of past environmental 
disasters and scandals.4 
 
As a result of their quarrel with politics 
of carelessness, an interdisciplinary 
association of scientists and 
physicians founded the Competence 
Initiative for the Protection of 
Mankind, Environment and 
Democracy in May 2007 
(www.kompetenzinitiative.de). This 
paper is the first in a new scientific 
series. The reported results are 
intended as a correction to trivialising 
“enlightenment” that does not protect, 
but endangers. The series intends to 
maintain a high level of technical 
information, without being unreadable 
to the interested layman.

 

 

 
1 On injury to the health of children and the youth refer also to the collection published by Heike-Solweig Bleuel “Generation Handy... grenzenlos im Netz verführt”, 

St. Ingbert 2007. 
2 Quoting scientists of the Jacobs University Bremen-Grohn under Prof. Alexander Lerchl: “UMTS doch nicht schädlicher als GSM”, www.pcmagazin.de, 2.7.2007, 

and A. Lerchl at a presentation in Ritterhude acc. to a newspaper report of the Osterholzer Kreisblatt dated 16.6.2007: “More radio masts in the centre of town". 
Professor Lerchl appeals to all communities not to spend further tax money on mobile radio studies 

3 Statement at the end of a brochure: Mobilfunk und Funkwellen: Information, Fakten, Antworten; published by the Saarland Department of Justice, Health and Social 
matters, Saarbrucken 2005 (copy of a brochure of the LfU Baden-Wurtemberg). 

4 Compare the paper published by the European Environmental Agency and its German translation published by the Federal environmental office: “Späte Lehren 
aus frühen Warnungen: Das Vorsorgeprinzip 1896-2000”, Copenhagen and Berlin 2004. 

5 “Die große Gier. Korruption, Kartelle, Lustreisen: Warum unsere Wirtschaft eine neue Moral braucht”; Berlin 2007. 
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Placing economic interests above 
culture and morality has contributed 
significantly to turning Germany into 
a country of declining education. As 
the journalist Hans Leyendecker so 
tellingly describes in his book Die 
große Gier5, it started Germany too 
on a new career on the ladder of 
corruption. There is nothing that the 
business location Germany needs 
more, he concludes, than “new 
ethics”. But this also requires a 
different perception of progress. 
Whether we can watch TV via our 
mobile telephone, is irrelevant to our 
future. Our future will depend on 
whether we can return to more human, 
social and ethical values again in the 
shaping of our lives and our 
relationship with nature. 
Everyone who thinks beyond today 
and who inquires about what it means 
to be human is, in our opinion, called 
upon to contribute to this future: 
politicians guided by values rather 
than economical and tactical election 
issues; scientists and doctors more 
often remembering their obligation to 
the wellbeing of society and mankind; 
companies understanding, also in 
Germany, that profit and morality 
must be in harmony if they wish to 
remain successful in the long term. 
But what we need above all is critical 
citizens, who can spot the difference 
between technical progress and 
consumer foolishness: Citizens who, in 
both their roles as voters and 
consumers, remember that democracy 
once meant rule of the people, not 
ruling the people.

The dramatic escalation of recorded 
degradation challenges those with 
political responsibility to take to heart 
the protection directives of the 
constitution and the European 
Convention on Human Rights. To 
base your actions affecting millions of 
your protégés on a half truth, at best, 
appears to us a political crime affecting 
health and the future – considering the 
state of our knowledge. 
Religious and ethical cultures still 
profess to the mandate of 
conserving creation. But its actual 
treatment is guided by the pseudo 
culture of a new class of masters who 
ruthlessly exploit and manipulate the 
organisation, finally destroying it. 
Prof. Dr. Karl Hecht 
Dr. med. Markus Kern 
Prof. Dr. Karl Richter 
Dr. med. Hans-Christoph Scheiner 
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Electromagnetic fields as prerequisite and  
hazard to life 
 
Author’s introduction to this paper 
 
The question of causal effects and 
biological relevance of electrical and 
magnetic parameters is generally 
posed without simultaneous 
reference to their relevance to life’s 
organisation. These questions can-
not, however, be considered in 
isolation of each other. What role 
have the electrical and magnetic 
fields played in the evolution of life on 
earth? What role are they playing in the 
individual development and 
physiological capacities of an 
organism? Whoever investigates these 
questions must sooner or later 
conclude: Not only did the electrical 
and magnetic fields of our planet 
exist before all life, but they have had 
a decisive hand in the evolution of 
the species – in water, on land and in 
the near-earth atmosphere. Living 
creatures adapted to it in the 
development of their kind. 
 
Biological experience teaches us that 
life will use the energy pool in which 
it finds itself to its best advantage. 
Advantageous not only because the 
absorbed energy is a carrier of 
information, useful for orientation in 
the environment (see glossary; 
hereinafter GL). But advantageous 
also because the organism developed 
to make use of gravitational and 
electromagnetic interactions, creating 
decisive functionalities of life. The 
biological system expresses itself just 
as the environment does and unity 
and coordination with its environment 
is its guiding principle.  
 

But if bees and other insects 
disappear, if birds are no longer 
present in their traditional territories 
and humans suffer from inexplicable 
functional deficiencies, then each on 
its own may appear puzzling at first. 
The apparently unrelated and puzzling 
phenomena actually have a common 
trigger, however. Man-made 
technology created magnetic, 
electrical and electromagnetic 
transmitters which fundamentally 
changed the natural electromagnetic 
energies and forces on earth’s 
surface – radically changing million-
year-old pivotal controlling factors in 
biological evolution.  
 
This destruction of the foundations of 
life has already wiped out many 
species for ever. Since this extinction 
of species mostly affected ecological 
niches and hardly ever own life, most 
of us were not interested. But now, 
the endangerment of animals is also 
threatening the survival of man in a 
new and unexpected way.  
 
Animals that depend on the natural 
electrical, magnetic and electro-
magnetic fields for their orientation and 
navigation through earth’s atmosphere 
are confused by the much stronger 
and constantly changing artificial fields 
created by technology and fail to 
navigate back to their home 
environments. Most people would 
probably shrug this off, but it affects 
among other one of the most 
important insect species: the 
honeybee. 

Because the bee happens to be the 
indispensable prerequisite for 
fructification: without bees, the fruit, 
vegetable and agricultural crops will 
fall short. 
 
We are, however, not only affected by 
the economic consequences of our 
actions. It can also be proven that the 
mechanisms evidently affecting birds 
and bees are also affecting the human 
organism. An all-round unnatural 
radiation with an unprecedented 
power density (GL) is also harming 
human health in a novel way. 
 
But, unless mankind reminds itself of 
the basics of its existence and unless 
the politicians in charge put a stop to 
the present development, the damage 
to health and economic fundamentals 
is predictable and will fully manifest 
itself not now, but in the next 
generation. 
 
The reasons for this are explained in 
this paper. It endeavours to quantify 
natural electrical and magnetic 
signals provided to men and animals 
as guiding signals throughout 
evolution. The paper, however, 
places particular emphasis on what 
happens when these natural signal 
amplitudes are suppressed, changed 
and distorted on an unprecedented 
scale by technically generated 
artificial fields. Mankind can only take 
successful countermeasures if the 
damage mechanisms are understood. 
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The following analyses are intended 
to remain readable also for interested 
laymen. This approach has its limits 
where experimental fundamentals or 
specific technical descriptions must be 
included. The following text therefore 
offers three options for reading. In its 
totality, it is intended for readers with a 
scientific background. It has, however, 
also the interested layman in mind, by 
allowing him to skip identified parts 
containing specific technical 
justification and arguments. And the 
parts against a coloured background 
are intended as a first overview. 
 
I thank Prof. Dr. Karl Richter for the 
editorial supervision of the paper and 
Dipl.-Met. Walter Sönning, medical 
meteorologist, for his technical 
comments on the sferics question 
and the compilation of a glossary for 
the interested layman. 
 

If all the functions bees perform for natural life and its preservation are observed holistically, 
their importance cannot be overstated. Without the bees, we humans will also suffer major 
deficiencies. 
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1. The organisation of life underlying its vulnerability 

 
1.1 We should have known long 

ago 

The relationship between life and the 
physical parameters of earth’s 
surface and atmosphere have been 
known for many decades. Those 
responsible therefore had the 
opportunity long ago to question to 
what extent the excesses of 
technically created electrical and 
magnetic fields might have the 
potential to destroy nature’s 
housekeeping. 
 
There are only two types of energy 
capable of transmitting information 
over great distances: electromagnetic 
and gravitational energy. Any forces 
acting beyond the boundaries of an 
atom can be traced back to these two 
energies; ultimately they have an 
infinite reach. Both energies are 
universally present and can be 
modulated in many ways (GL). This is 
true, for instance for light, the earth’s 
magnetic field, cloud charges, 
atmospheric electric fields and 
changes in atmospheric pressure. 
Together with atmospheric moisture 
and olfactory particles, they are 
recognised as orientation aids to 
mobile organisms. 
 
In the natural environment, there are 
“oscillating” electromagnetic fields of 
many orders of magnitude and with 
frequencies ranging over a virtually 
unlimited spectrum covering many 
frequency decades. They manifest 
themselves as a continuous and 
enormous “hiss” – like an unlimited 
ocean, the surface of which is 
agitated by waves of any imaginable 
amplitude and extent. Nature has 
created senses that filter out very 
specific frequencies and intensities 
from this ocean of waves, analyse 
them and convert them to forces. 

These filtered frequencies identify a 
specific sphere of life for specific life 
forms. 
Only those energies that are 
important to the life of an animal are 
transformed. The forces generated 
from these energies control nerve cell 
membranes and protein structures 
such as enzymes – creating patterns, 
images and impressions that we call 
experience. Sensory organs are 
organs functioning as frequency 
analysers (GL), information amplifiers 
(GL) with gains up to a million, 
sometimes including contrast 
enhancement and noise suppression. 
Eyes, ears, sense of smell, taste, 
sensitivity of touch, light, warmth, 
chemical, electrical, magnetic and 
pain receptors. The living world 
perceives stimuli such as light 
(including ultraviolet and infrared), 
sound (including ultrasound and 
infrasound), electrical fields and 
currents, magnetic fields and also 
smells and water currents. And the 
sensory performance of animals is 
often comparable to our technical 
measurement apparatus, sometimes 
even far superior. Physiologists can 
prove this by some astounding 
numbers: Snakes, for instance, can 
sense temperature variations of a 
thousandth of a degree centigrade; 
long-horned grasshoppers and 
cockroaches can register mechanical 
surface vibrations with amplitudes 
(GL) down to 1/25th of the diameter of 
a hydrogen atom. 
 
 
The high “intelligence of the systems” 
is particularly obvious, however, with 
orientation, navigation and early 
warning systems. In this regard, the 
earth’s magnetic field has an 
important role to play. The local 
geographic position and time of day 
can be established from the density, 

direction and inclination of the field 
lines and their temporal variation. 
Every location, together with other 
physical information, has a specific 
identifiable pattern. The sensitive 
reception apparatus of animals use 
the magnetic field information for 
orientation and navigation, among 
other (WARNKE, 2006). 
 
 

1.1.1 Magnetic fields as global 
parameter for space and time 
orientation of all life 

To the best of our present knowledge, 
biological organisms depend less on 
static magnetic fields than on the very 
important intensity variations of 
sufficiently high frequency. If we take 
a closer look at such variations, the 
earth’s magnetic field cannot be 
considered in isolation. Other 
magnetic fields must also be included 
in the analysis: such as the 
ionospheric field, for instance, and 
the field of the Van Allen belt – a 
radiation belt of very high intensity 
with rotational symmetry around the 
magnetic axis and mirror symmetry 
around the magnetic equator around 
the earth. Both the ionosphere and 
the Van Allen belt are held together by 
earth’s magnetic field. The protons 
and electrons captured from the 
cosmic radiation or the solar wind (= 
stream of ionised particles emanating 
from the sun) by earth’s magnetic 
field, create a protective shield for all 
life on earth – the Van Allen radiation 
belt. 
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The external magnetic fields act as 
moderators (GL) on the earth’s 
magnetic field. They exhibit both a 
pronounced solar and also a lunar 
(moon-dependent) diurnal variation. 
The reason for the solar-induced 
variation lies in the diurnal warming 
of the atmosphere through solar 
radiation. This is accompanied by 
horizontal eddy currents with 
amplitudes up to 90 000 Ampere in 
the ionosphere, that generate 
magnetic fields again. These daily 
variations also have a pronounced 
annual cycle. 
 
The moon-dependent variations are 
furthermore only evident during the 
day. These are also generated by 
electrical currents at about 100 km 
altitude, but they have current 
amplitudes of “only” 10 000 Ampere. 
These eddy currents cannot be 
explained by temperature gradients 
as with the solar effects, but they are 
influenced by the gravitational remote 
action of the moon. The earth’s 
atmosphere is rocked to and fro 
inside the earth’s magnetic field in 
the rhythm of the tides, inducing 
electrical currents in the ionised 
layers of the upper atmosphere 
where the conductivity is high 
through the presence of the 
negatively and positively charged 
particles (ions). It appears that the 
conductivity of the ionosphere is too low 
at night to maintain induction processes 
(GL) – due to reduced ion densities 
(WARNKE 1993). 
 
 
Within the realm of the conventional variations 
of the magnetic field that have been explained 
so far, electromagnetic oscillations that occur 
in mainly two frequency bands also deserve to 
be mentioned: 10 Hz and 10-25 kHz. On the 
one hand, there is a resonating electromagnetic 
oscillation between earth and ionosphere in the 
10 Hz region (Schumann resonance, 7.83 Hz) 
and on the other, thunderstorm activities on 
earth constantly reinforce certain electro-
magnetic oscillations. The dominant frequency 
of approximately 10 kHz generated by vertical 
lightning flashes corresponds to a transmitter 
dipole of cloud-to-earth length, whilst horizontal 
cloud-to-cloud lighting generates about 20 kHz. 

These characteristics may be exploited for the 
design of thunderstorm warning apparatus. 
Our device measures the thunderstorm activity 
in a range of at least 800 km and 
simultaneously also the activity within a range 
of 200 km .Under favourable conditions, we 
can therefore register thunderstorms over the 
Mediterranean from our location in 
Saarbrücken. 
 
Lightning also simultaneously generates very 
low frequency electromagnetic oscillations. 
Under certain conditions, these oscillations are 
all guided through the ionosphere along the 
magnetic filed lines, travel far into space and 
return to earth along the opposite magnetic 
field lines. They are reflected at the ground and 
the waves travel the same way again and again 
until their energy is dissipated. The higher 
frequencies are propagated somewhat faster 
than the lower ones. If this process is made 
audible through an amplifier, a whistling noise 
is heard, continuously decreasing in frequency 
down to a hum, as in a switched-off siren, but 
much faster, typically for approx. 1/3 of a 
second. This phenomenon was therefore 
called “Whistler”. 
 
The so-called earth-magnetic storms (magnetic 
induction ß~ 1µT) are triggered by the magnetic 
shock waves escaping from the solar flare 
region at 2000 km/sec and still have a speed of 
100 km/sec as they reach earth. This induces 
unusually high currents in the earth’s magnetic 
field, which in turn change the earth’s magnetic 
field and generate secondary currents. Such 
currents manifest themselves in long 
conductive paths such as pipelines, 
transmission lines etc. and routinely cause 
technical headaches. 
 
The most important parameters, constant over 
millions of years, are: earth’s static magnetic 
field: 31 µT (geomagnetic equator); resultant 
diurnal variation of the earth’s field: 60 nT; 
magnetic storms: 500 nT; sferics field strengths: 
0.25 – 3.6 pT per √Hz. 
 
The natural high frequency radiation sources 
have far less energy than the technically 
generated transmission powers and energies. 
This is a precondition for transmission of news 
and communication. 
 
The integrated power density over all 
frequencies up to 300 GHz is 600-800 pW/m2 
at the earth’s surface. The power density of the 
microwave solar radiation is about 0.1 µW/m2, 
escalating to several 100 µW/m2 during solar 
flares. 
 
 

 

 
 
Fig. 1 Top: The “midnight phenomenon”. 
The activity of the electromagnetic 
impulses (shown on 5 different days) 
abruptly ends at midnight. 
Ref. Hans Baumer: (1987) Sferics. Die 
Entdeckung der Wetterstrahlung. Rowohlt, 
Hamburg 
 
Bottom: Our original recorded activity 
cycles of 20 caged bees in a laboratory 
experiment. The vertical axis (ordinate) 
shows the total electrical field arising from the 
electrostatic charging of the wings. It is clear 
that the bees suddenly all come to rest at 
midnight. 
Acc. to Warnke (1982), published in Baumer’s 
book (1987) 
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1.1.2 Examples of the utilisation of 
earth’s magnetic field parameters 

For a period of millions to a billion 
years, life on earth had the time in the 
evolution of the species to adapt to 
the magnetic and electromagnetic 
conditions of their environment. They 
learned to use the natural magnetic 
field parameters also as conveyors or 
carriers of a diversity of information: 
- The geographic location can be 

established by the density of the 
field lines, their direction and 
variation in time. 

- Time of day and annual seasons 
can be deciphered in the daily, 
lunar and solar periodic magnetic 
signals. 

- Frontal weather systems and air 
mass movements transmit 
characteristic electromagnetic 
signals, the so-called sferics. These 
are short oscillations comprising 
just a few cycles (= impulses) in the 
range between approx. 3 kHz and 
60 kHz (= very low frequency) with 
a repetition frequency of up to 
100/sec or more, depending on the 
intensity and type of atmospheric 
processes. 

 
The biosphere at the earth’s surface 
is in contact with the electromagnetic 
fields of the universe via two narrow 
frequency windows through the 
atmosphere. One of these windows is 
in the narrow medium to long 
wavelength UV radiation region, 
including the visible light spectrum and 
the near (short wave) infrared radiation 
(average 1milliwatt/m2); another 
window is in the high frequency 
radiation region at wavelengths of 
0.1 to 100 m (average 1 nanowatt/m2 
up to 1 milliwatt/m2 (GL) during solar 
flares).  
 
Effects of the earth’s field and of its 
compensation or effects of weak 
artificial fields have been detected in 
life at all levels of development: with 
bacteria, single and multi-cellular 
algae, higher plants, protozoa, 
flatworms, insects, snails and 
vertebrates: 

- Magneto bacteria (Aquaspirillum 
magnetotacticum) in the bottom 
sludge of the oceans utilise the 
intensity of the earth’s magnetic field 
for orientation. Magnetite crystals 
(Fe304) in their bodies form a chain of 
“compass needles” creating a 
magnetic moment that the bacteria 
align against the thermal movement 
of the water molecules. (The earth’s 
magnetic field applies an energy of 
1.4 x 10-18 J (GL) to the bacteria – 
200 times greater than the energy of 
the thermal movement at 22°C). 
- Fish navigate in the earth’s 

magnetic field. When sharks and 
stingrays, for instance, move in 
earth’s magnetic field, they 
experience induced electrical fields 
of varying strength. The field 
strength is a function of the 
direction of movement relative to 
the direction of the magnetic field. 
Local physical water currents also 
generate direction-dependent 
electrical fields that can be 
detected. The sensory organ for 
electrical fields is highly sensitive. 
(So-called Lorenzian ampoules 
responding to voltage gradients of 
less than 0.1 microvolt/m). 

- Compass termites (Amitermes) 
build their metre-high mounds in a 
north-south direction. With other 
termites and the woodlouse, the 
feeding activity is subject to natural 
magnetic alternating fields (sferics) 
and the earth’s magnetic field. 

- Bees make use of the earth’s 
magnetic field and its daily 
fluctuations for their orientation and 
communication. They also gain 
information on weather 
developments through the natural 
impulse signals in the atmosphere, 
i.e. the sferics already mentioned 
above. 

- Whales can sense the magnetic 
field of the earth. 

- Carrier pigeons are affected by 
variations in the earth’s magnetic 
field down to flux densities in the 
nano-Tesla region. 

- Migratory birds have a mechanism 
acting like a compass.

- Humans react to atmospheric 
alternating electromagnetic fields 
between 10 and 50 kHz through 
various symptoms of the central 
nervous system. There are also 
correlations between activities in 
earth’s magnetic field and sleep-
affecting factors, circadian rhythms 
(HECHT 2005, 2006, 2007), 
enzyme conversion and hormone 
production in the central nervous 
system, the vitamin level in the 
blood serum, the average skin 
temperature, vision in half-light and 
iron content in the blood serum.  
 
All the examples support the 
existence and the vital control 
functions of biologically active 
magnetic and electromagnetic 
fields with a specific frequency 
structure and corresponding 
information content, “arranged” to 
suit biological systems. 

 
 
 
They are characterised by, among other: 
- specific flux densities and gradients 

(“amplitude windows”), i.e. weak fields 
may have a greater effect than strong 
fields,  

- specific impulse frequencies and 
impulse sequences (“frequency 
window”), 

- specific impulse shapes and a certain 
complexity of the impulse spectrum, 

- specific vector characteristics with 
respect to the body, 

- minimum effective duration of 
coherency and specific co-factors, e.g. 
light. 

 
Life forms, even of the same species, 
may be quite differently organised, but 
coordinated in a collective or social group 
(fish shoals and flocks of birds). In an 
isolated form of life, the instantaneous 
interaction with its environment is 
therefore exceedingly varied. 
Reproducible magneto experiments in or 
between individuals are therefore unlikely 
in the case of complex organisms, 
including humans; the specific 
metabolism parameters are, for instance, 
also too varied. None of these parameters 
can be kept as constant as required for 
reproducibility. “Proof”, in the sense of 
classical scientific criteria, is therefore 
illusory. 
 
 

JA 02401
I 

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 77 of 454



The organisation of life underlying its vulnerability 
 

8 

1.1.3 Technical wireless com-
munication is only possible because 
the transmission is stronger than the 
natural high-frequency radiation  

Technical wireless communication 
such as mobile radio, radio, TV and 
satellite communication is only 
possible because the power density 
of the utilised technical high 
frequency spectrum far exceeds that 
of natural radiation. Natural radiation 
at the surface of the earth in the 
300 MHz to 300 GHz range is 
approximately 0.001 microwatt/m2 
(=0.001 µW/m2); today’s typical 
technically created radiation level in 
cities is 10 000 µW/ m2. And the legal 
German limits even allow values up 
to 4.5 million µW/m2 for the D-grid, up 
to 9 million µW/m2 for the E-grid and 
up to 9.8 million µW/m2 for UMTS.  
 
As we evolved, we were of course 
also exposed at times to strong static 
and low-frequency electrical fields 
(typical voltages: cloud electricity up 
to 10 000 V, volcano electricity up to 
20 000 V, lightning 500 000 V, sferics 
10 V), in addition to constant static 
and low-frequency magnetic fields 
(earth’s field, lonospheric field, cosmic 
field, lightning). But there were never 
fields as constant and with as many 
superpositions of different frequencies 
from different sources as we are now 
generating with our technology.  
 

1.1.4 Radiation by organisms 
themselves could be established in 
the evolution, because there was no 
interference by continuously 
changing external radiation 

The same high frequency radiation 
that technology utilises for 
communication is also copiously 
generated inside our bodies. The 
body also requires it for 
communication purposes: for 
biological communication through 
functional oscillation of our 
molecules.

Provided there is no interfering 
external radiation, the body can 
utilise its built-in frequencies for its 
internal organisation. 
 
The body internally radiates 
frequencies in the 1 to 1 000 gigahertz 
(GHz) range at power densities of 
about 0.1 µW/m2, i.e. lower than those 
of average solar radiation. If we add 
up the total range of high frequencies 
(HF and VHF) present within our 
organism, we arrive at natural power 
densities of about 10 000 µW/m2. 
The power generated by our internal 
electromagnetic oscillations, that we 
describe as heat (wavelengths 
around 3 – 10 µm), corresponds 
approximately to that of a 100 Watt 
globe. 
 
To understand the natural oscillation 
of our functional molecules (enzymes 
and other proteins, nucleic acids, 
hormones and many more) it is 
important to realise that what we 
generally describe as "chemistry" is 
actually pure physics. All the bonds 
and their modulations (changes) 
between atoms on the one hand and 
molecules on the other are based on 
physical phenomena. In this context, 
the electrostatic Coulomb forces (= 
force between different electrical 
charges) and the electromagnetic force 
(e.g. van der Waal force = force 
between dipoles with different 
moments and fast oscillations) are 
prominent. DNA and all the enzymes, 
for instance, can only carry out their 
functions through their natural 
electromagnetic oscillations. 
 
Resonances are of particular 
importance here. Chain molecules, 
for instance, can be excited to so-
called wring-resonances by high-
frequency electromagnetic fields. 
Proteins exhibit such natural 
resonances in the range of 
1 - 10 GHz; DNA resonates at 
10 MHz to 10 GHz. Both of these 
therefore fall into the spectrum of 
common mobile radio frequencies. 

Wring frequencies (modes) cause 
wringing of the molecular chains that 
directly affect the structure of the 
individual molecules. The structure of 
the molecules (conformance and 
configuration) is essential, however, 
for their specific functionality. Even 
minor displacements render the 
molecule useless. The chains may 
even break apart under energetic 
external influences.  
 
 
Biological systems are obviously very 
sensitive in their reaction to 
microwave fields. For instance, 
Belyaev et al, 1996, reported 
resonance effects on the DNA 
structure at extremely low power 
densities of 0.000001 µW/m2 in the 
40 – 50 GHz frequency range. This 
surprising result must still be confirmed 
by other working groups. 
Nevertheless, it must be stated that: 
The ultra-weak, but biologically very 
effective natural electromagnetic 
fields are contrasting strangely with 
the technical radiation fields permitted 
in Germany. On recommendation by 
the ICNIRP association (Munich), 
technical radiation fields up to power 
densities of 10 000 000 µW/m2 were 
legalised – still considered as 
harmless by the experts. The 
population, animals and plants may 
therefore be legally subjected to 
radiation in the critical frequency 
spectrum that is more than 10 orders 
of magnitude higher than the natural 
fields. 
 
But organisms are not only sensitive 
to high frequencies; the following 
examples show that very high 
sensitivities evolved also in the low 
frequency ranges. 
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2. About the disappearing bees and birds 

2.1 The bees as evolutionary 
force and indispensable economic 
factor 

Honeybees existed on earth from 
about 40 million years ago; a “primal” 
honeybee encased in amber was 
found on the coast of the Baltic Sea. 
Man soon realised the usefulness of 
animals. And we know today that the 
enormous development of earth’s 
vegetation, comprising about 200 000 
species of a variety of flowering plants, 
is based on animals.  Because about 
85% of these flowers are pollinated 
mainly by bees and propagate 
through the formation of fruit and 
seeds. 
 
Since also fruit trees (such as cherry, 
apple, pear and plum) and agricultural 
crops (such as rap, sunflower, red 
clover, lucerne, horse bean as well as 
vegetables such as tomato, cucumber, 
pumpkin) fall under these, it is not 
difficult to understand that bees are 
one of mankind’s most important 
production animals. 
 
In central Europe the commercial 
benefit of bees is estimated at 
4 billion euros per annum, in the US 
it is estimated at over 15 billion 
dollars. These figures are from the 
New York Times. It quotes estimates 
by Cornell University, New York 
State. This included the pollination of 
fruit and vegetable plants, almond 
trees and fodder such as clover. That 
said, however, even the global honey 
production of 25 000 tons per annum 
is an important economic factor 
already.

 
But if we aggregate all the functions 
the bees are performing for nature’s 
life and the preservation thereof, their 
significance can hardly be 
overestimated. Their industry cannot 
be substituted either by other insects 
or by technical measures. If the bees 
should disappear, we humans will 
also suffer major deficiencies. 
 

2.2 No chance of survival: Colony 
Collapse Disorder (CCD) 

In some countries there are reports of 
mysteriously dying bees. It appears as 
if the losses are at their worst in the 
northern American states and in 
neighbouring Canada. 25% to 50% of 
the American bee-keepers report 
losses through “Colony Collapse 
Disorder” (New Scientist, 2007). They 
reported 50% to 90% of their bees to 
have disappeared within the previous 
6 months, and the remaining bee 
colonies were said to be so weak they 
can produce hardly any honey (CNN, 
2007). 
 
But unusual losses are also reported 
in Germany, Switzerland, Austria, 
South Tyrol, Spain, Poland and New 
Zealand. In Germany, for instance, 
the beekeeper associations last 
winter recorded a loss of about 13% 
in over 7 000 bee colonies - double 
the previous year’s figure 
(http://orf.at/070416-11296/-
index.html). In accordance with a 
report in the Stern magazine edition 
34/2007, German bee monitoring did 
not confirm this number, only 
acknowledging an average loss of just 
on 8%. A 10% loss over the winter 
months is not regarded as unusual. 

 
What is completely unusual, 
however, is the statement by the 
president of the DBIB (German 
Federation of Occupational and 
Purchasing Beekeepers), Manfred 
Hederer, in the Deutschlandradio 
Kultur, on the Federal territory: “The 
beehives are empty.” He paints a 
picture of bee colonies reduced by 
25% - in some cases even 80% 
(Spiegel 12/2007). 
 
In 2006, the Swiss federal research 
institute for production animals and 
dairy farming, Agroscope, (Federal 
office for agriculture), reported that 
also all of Switzerland was affected 
by bee deaths, to a regionally more 
or less severe degree 
(Zürichseezeitung, 5. May 2006). 
Roughly 30 percent of the bees were 
lost without a trace after winter – 
about half a billion animals in this 
year alone (http://www.heute-online.  
ch/wissen/play/artikel 60601). 
 
Beekeepers from Styria are also 
reporting a mysterious disappearance 
of bees. Beekeepers in Vienna 
estimate a 30% loss. They agree on 
the following: “The bees are not 
developing properly anymore. They 
do survive the winter, but in spring 
they disappear as if by magic. The 
hives are simply empty.” (This 
according to beekeeper Hermann 
Elsasser of Fladnitz in the Raab valley; 
http://oesterreich.orf.at/steiermark/stories/
184609/). Only the brood remains in 
the hives, and without the care of the 
older bees, they will die. 
 
Ferdinand Ruzicka, scientist and 
beekeeper himself, reports: “I 
observed a pronounced restlessness 
in my bee colonies (initially about 40) 
and a greatly increased urge to 
swarm. As a frame-hive beekeeper, I 
use a so-called high floor, the bees 
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did not build their combs in this 
space in the manner prescribed by 
the frames, but in random fashion. In 
the summer, bee colonies collapsed 
without obvious cause. In the winter, I 
observed that the bees went foraging 
despite snow and temperatures below 
zero and died of cold next to the hive. 
Colonies that exhibited this behaviour 
collapsed, even though they were 
strong, healthy colonies with active 
queens before winter. They were 
provided with adequate additional 
food and the available pollen was 
more than adequate in autumn. The 
problems only materialised from the 
time that several transmitters were 
erected in the immediate vicinity of 
my beehives" (RUZICKA, 2003).  
 
Ruzicka organised a survey through 
the magazine Der Bienenvater 
(2003/9): 
- Is there a mobile radio antenna 

within 300 m of your beehives? - 
This was confirmed in 20 replies 
(100%). 

- Are you observing increased 
aggressiveness of the bees 
compared to the time before the 
transmitters were in operation? 

      - 37.5% confirmed this. 
- Is there a greater tendency to 

swarm? – 25% confirmed. 
-  Are colonies inexplicably 

collapsing? - 65% confirmed. 
 
Such colony collapses, heralded by 
“angry” swarming of the bees, were also 
reported in New Zealand (FIR-
STENBERG, 2007). 
 
Other reasons possibly explaining the 
disappearance of the bees are also 
under discussion: Monocultures, 
pesticides, the Varroa mite, migratory 
beekeeping, dressed seed, winters 
too severe, genetically modified 
plants. There is no doubt that some 
problems can be attributed to this. But 
the fairly sudden and country-
spanning appearance two to three 
years ago of the dying bees 
 

 
 
phenomenon cannot be convincingly 
explained by any of the 
aforementioned causes. Should the 
bees simply be too weak or ill, they 
should also die in or near the hive. 
But no ill bees were found in the 
research into this phenomenon. 
 

2.3 Some bird species are 
disappearing 

But not only are bees and other 
insects disappearing – birds as well. 
The house sparrow, for instance, has 
become clearly scarcer in England 
and some western European 
countries. An investigation carried out 
between October 2002 and May 2006 
in Valladolid in Spain, was launched 
to examine whether this decline in the 
sparrow population was related to 
electromagnetic radiation by mobile 
base stations. The result showed with 
a high decree of statistical 
confidence that the number of 
sparrows was reduced when the 
electrical field strengths of the 
antennae exceeded certain values. 
(BALMORI, HALLBERG, 2007). 

 
 
A similar investigation was carried out 
in Belgium. The numbers of house 
sparrows were counted in the vicinity 
of several mobile radio base stations, 
during their breeding season. This 
confirmed a significant relationship 
between the electrical field strength 
in the 900 and 1 800 MHz bands and 
the diminishing numbers of birds 
(EVERAERT et al. 2007). 
 
It was noticed even earlier that storks 
that built their nests within a 
200 metre radius of base stations 
could not rear any chicks, remaining 
without offspring. The results 
improved at distances of 200 to 
300 metres. From a distance 
exceeding 300 m, the storks bred with 
a success rate of 96.7%. The 
electrical field strength at a distance 
of 200 metres averaged 2.36 ± 0.82 
V/m, and only 0.53 ± 0.82 V/m at 300 
metres. From their results, the 
authors concluded that the electrical 
fields of base stations are damaging 
to the reproduction of the white stork 
(BALMORI, 2005). 
 
 

 
 
About 85% of these flowers are pollinated mainly by bees and propagate through the 
formation of fruit and seeds. We have the utility of animals to thank for the enormous 
development of earth’s vegetation, comprising about 200 000 species of a variety of flowering 
plants. 
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3. Mechanisms of disorientation and damage 

3.1 Magnetic field sensitivity in 
the animal world 

Birds, insects, fish and snails are 
assumed to have a specific organ for 
sensing magnetic forces. It is 
questionable, however, whether it is 
always necessary to assume such a 
specific magnetic sense. Electrical 
fields do not penetrate deep into 
living organisms and currents follow 
only certain paths. A magnetic field, 
however, fully penetrates the 
organism, without major changes. It is 
too short-sighted to conclude from this 
that such fields have no effect because 
they are not absorbed. To start off with, 
even weak magnetic fields in the body 
are more energetic than strong 
electrical fields. As such, the energy in 
earth’s magnetic field inside us is 
10 000 times stronger than the 
strongest possible electrical field in 
the atmosphere (3 Megavolt/m; 
WEISS, 1991). Such penetrating 
forces as the quasi-static magnetic 
field and the low-frequency 
electromagnetic field do not 
theoretically need an own amplifying 
reception organ. Inside the organism, 
they can also directly couple into 
aggregates of orderly paramagnetic 
molecules or into the electro-
mechanical (photon-phonon) code of 
the endogenous information 
transmission and storage. 
 
Magnetite was found in all animals 
that can navigate using their own 
compass, sometimes in the form of 
ferritin-proteins (KIRSCHVINK et al. 
1981). But it is also present in our 
brains (KIRSCHVINK et al. 1992).  
And it reinforces the external 
magnetic fields in both cases. In the 
tissue of birds, bees, fish and whales 
(WALKER et al. 1992), the magnetite 
concentration exceeds that in the 
human brain. Most areas of our brain 
nevertheless contain about 5 million 
magnetite crystals per gram   

and even 100 million in the brain 
membrane. 
 
Because magnetite reacts about 
10 000 000 times stronger to external 
magnetic fields than normal dia- and 
para-magnetic tissue, the trans-
mission of information separate from 
the neurons must be considered. 
Oscillating magnetite excited by ELF 
fields could, for instance, play a role 
in transport channels or cell-
interconnection channels, raising the 
possibility of interference by 
communication and other negative 
effects of technically created electro-
/magneto-smog. 
 
 
It is easy to prove mechanically acting forces in 
insects subjected to relatively strong magnets. 
Own experiments with bees and flies yielded the 
following results (WARNKE, not published):  
- A newly captured swarm of bees is 

exceptionally sensitive to magnetic forces. If 
a magnet with only a few mT field strengths 
is brought close to the swarm in a dark 
wooden hive, the entire swarm becomes 
excited. 

- Captive bees assume a horizontal rest 
position at night, aligned to an artificial 
magnetic field of several mT in the 
environment. 

- Dead bees, flies and a range of other insects 
can be made to float on an electrostatically 
neutral water surface and in this condition an 
electrostatically neutral strong magnet can be 
used to attract them, drag them across the 
surface and in some cases repel them. 

 
In the laboratory, bees can sense not only the 
compass direction but also the intensity and 
the gradient of this magnetic field (SCHMITT et 
al. 1993). It was found in a 1982 publication 
(KUTERBACH et al. 1982) already that the 
magnetite found in bees is the source of this 
sensitivity to magnetic fields, and this theory 
was recently checked and finally confirmed 
(HSU et al. 2007). 
We also found ferrite particles together with 
pollen lodged in the bristles of the body 
surface; these might also be responsible for 
the abovementioned magnetic moment. 
 
It has been demonstrated that the birds’ 
magnetic compass only functions in a certain 
range of intensities between 43 µT and 56 µT – 
precisely in the range of the earth’s magnetic 
field intensity. After a three-day adaptation 

period the animals could, however, also 
orientate themselves in fields of 16 µT and 150  
µT (SCHNEIDER et al. 1992) – interpreted as an 
adaptation to the environment. 
 
The platypus of Australia (Ornit-horhynchus 
anatinus) has the electrical receptors for 
detecting its prey, in its bill. The receptors can 
sense direct and alternating voltages in the 
range of 20 mV and have a connection to the 
Trigeminus nerve. Fish with similar receptors 
use the acoustical nerve for transmission of the 
electrical stimulus. This shows that evolution 
exploited the electrical and magnetic 
environment in different ways. The Lorenzian 
ampoules of fish are capable of distinguishing 
between stimuli of magnetical or electrical 
origin (BROWN et al. 1978). It has not been 
established whether the receptors of platypus 
also have this capability. This question is of 
interest because ducks also have bill 
receptors. Although these are specialised to 
react to mechanical stimuli, they are so 
sensitive that the mechanical Coulomb forces 
accompanying electrical fields might well be 
detectable as well. 
 
When magnetic fields penetrate an organism, 
two fundamentally different aspects must be 
clarified: 
1. Is the organism merely subjected to a large 

increase in energy - or 
2. does the organism gain information? 
 
In various insect species we are aware of a 
time function based on magnetic field 
variations. In particular, the feeding habit of 
termites is correlated with the 27-day solar 
cycle (BECKER, 1973), and there is also an 
increased building activity for a few days 
around new and full moon in laboratory 
experiments – as it is with bees. It is also 
known that termites show directional behaviour 
under the influence of extremely low field 
strengths (BECKER 1976, 1979). Time triggers 
via similar channels sensing sun and moon 
appears a reasonable assumption.  
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The changes to the circadian activity rhythm of 
the house sparrow (Passer domesticus) can 
be correlated with cyclical changes of the 
earth’s magnetic field. The sparrow reacts 
down to 200 nT in laboratory experiments. 
 
Without doubt, light is the dominant timing 
mechanism of life. But also the earth’s 
magnetic field is meanwhile recognised as a 
timing mechanism. 
 

3.2 Bees and other small life 
forms under investigation 

 
Insects have many aids for their 
navigation and orientation in space: 
sunlight, also polarised (WARNKE, 
1975), gravity, aromatic molecules, 
colour as electromagnetic oscillation in 
a specific frequency range, variations 
in air pressure, occasionally also the 
degree of ionisation of the air (ALT-
MANN et al. 1971, WARNKE, 1976). 
Many species, however, cannot do 
without the magnetic field. 
 
In this respect, bees are welcome 
objects for experimentation. Because 
different modalities of their 
orientation are inseparably linked to 
the magnetic field of the earth and to 
electromagnetic oscillations 
(LINDAUER and MARTIN 1968; 
HÜSING et al. 1959, SCHUA 1952, 
WARNKE, 1976). 
 
In our working group, we recorded 
the directional behaviour of captive 
bees in an artificial field and during 
the night. A preference to assume rest 
positions with the body either parallel 
or orthogonal to the field lines was 
evident. 
 
They share this alignment reaction 
with other insects such as various 
termites (BECKER, 1963), diptera 
(BECKER et al. 1964) and Drosophila 
(WEHNER et al. 1970). 
The behaviour of termites (BEKKER, 
1963) was studied particularly 
intensively in Germany, that of the 
Christmas beetle (SCHNEIDER, 1961, 
1963) in Switzerland and that of 
insects, worms, snails, snakes and 
other small creatures in the USA. The  

 
investigations concentrated on the 
influence of cosmic physical fields in 
which the magnetic field time and 
again played a pivotal role. All 
experiments confirmed the existing 
relationships. They also all showed, 
however, that constant laboratory 
conditions are impossible in practise, 
because cosmic influences change 
the magnetic component in any 
normal room and cage, thereby 
affecting the orientation behaviour of 
the animals. 
 
 
The experiments with Christmas beetles and 
termites may be termed spectacular. In 
accordance with the above literature, 
Christmas beetles not only determine their rest 
position by magnetic and electrostatic fields, 
but also by interference patterns of 
gravitational waves of terrestrial and cosmic 
matter. In the final analysis, the evidence 
points to the influence of a physical field or 
radiation, varying in space and time in 
accordance with an unknown programme, that 
is registered through an unknown organ in the 
Christmas beetle for an unknown purpose, but 
the existence of which physicists doubt 
because it cannot be measured by any 
instrument. The Christmas beetle therefore 
becomes the instrument for measuring this 
unknown agent. The effect is often intimately 
coupled to that of the magnetic fields 
(SCHNEIDER, 1974). The orientation at rest is 
based on the Christmas beetle choosing the 
position of least or most symmetrical stimuli 
when awakening from the rigor of cold. Using 
interference patterns and models resonating 
with gravitational Earth-Sun waves, complex 
combinations of dynamic stimuli were 
constructed, to which the Christmas beetle 
responded by changing its position 
(SCHNEIDER, 1972). 
 
Also termites (Isoptera), whose feeding activity 
and 02 consumption are important indicators, 
react to more than just magnetic components. 
Their communication modes also include 
natural electromagnetic sferics impulse 
patterns, gravitational influences and electrical 
fields. The statistical correlation between the 
feeding activity of termites in the laboratory and 
the number of deaths in Berlin is described in 
detail; the consequences of this are as yet 
unfathomable. There is an increased frequency 
of human deaths on the days on which termites 
feed less. 
The authors point to the magnetic field of the 
earth and its variation with solar influences as 
the common factor linking the apparently 
unconnected facts. Further down, other and 
earlier literature is cited in which an increased 
incidence of human death is described during 
unusual variations in the magnetic field. 
 

3.3 Birds as prototypes of 
magnetic field orientation 

This research shows that birds’ 
orientation by magnetic fields has 
been a frequently discussed topic for 
decades. Thanks to the thorough and 
meticulous work of a number of 
researchers (WILTSCHKO, WALCOTT, 
MERBEL), it is today beyond doubt that 
several species of birds sense the 
earth’s magnetic field and use it to 
establish their position during 
migration. As described for insects and 
snails, some species of birds are also 
particularly sensitive to a range of 
magnetic field strengths corresponding 
exactly to the earth’s magnetic field – 
the robin, for instance. When the field is 
attenuated or amplified, the birds 
become disoriented. Setting on a 
certain field range could, however, 
change through adaptation. 
 
The mechanism by which birds sense 
magnetic fields has meanwhile been 
largely explained. An area with iron-
containing tissue was discovered in the 
skull of pigeons. Strangely, only one 
half of the skull contains material that is 
permanently magnetic. But opposite to 
this, material was found that is only 
very weakly permanently magnetic. 
Measurements indicate magnetite 
inclusions - the same crystal that was 
found in bees, bacteria, snails, 
whales and humans. The magnetite-
containing tissue of the pigeons is 
even supplied with nerve ends that 
can sense the orientation changes 
signalled by the crystals (WARNKE, 
1993). 
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It could be demonstrated at the 
Zoological institute of the University of 
Frankfurt/Main that the top half of the 
pigeon’s bill has three magnetite-
containing bodies, with a neuron ending 
at each of these. They constitute a 
three-channel system enabling the 
brain to construct a spatial picture of 
the surrounding magnetic field the 
pigeon can use to orientate itself in 
flight (source: TV programme Planet 
Wissen in BR on 18.09.2007 at 16.15 
on carrier pigeons. Reference by W. 
Sönning). 
 
Birds also have magnetite in the 
edge of the bill. In addition, light and 
magnetic fields result in an increase 
of certain free radicals in the eye, the 
concentration of which can obviously 
be accurately registered by the 
animals (WARNKE, 1995). This 
relationship will be dealt with again 
further on. 
 

3.4 Animals with a navigation 
system are extremely sensitive to 
electrical and magnetic fields 

Birds having a navigation system are 
extremely sensitive to the weather.  A 
thunderstorm changes the magnetic 
field, light and many other 
characteristics – potentially causing 
the orientation to collapse. Birds and 
other animals are particularly sensitive 
to a solar eclipse. They exhibit an 
abnormally changed behaviour: 
sometimes lethargic, sometimes 
restless. Research attributes the 
reactions to the suddenly occurring 
electromagnetic long and medium 
wave radiation, typical for night time, 
but surprising with the suddenly 
occurring darkness of a solar eclipse. 
The lack of ionisation in the 
ionosphere by light has the effect of 
many oscillating impulses propagating 
100 times better on the surface of the 
earth. 
 
This unexpected electromagnetic 
impulse effect may also, in principle, 
explain the early warning system 
animals have for earthquakes. 

The so-called sensitivity to weather 
or inclement weather, traceable to 
short electromagnetic impulses with a 
certain frequency content and rapidly 
decreasing amplitudes, has also 
been known for a long time. 
 
These impulses originate at frontal 
weather systems, where colder air 
from sub-polar regions undercuts 
warm subtropical air masses. In the 
regions where warm or cold fronts 
mix, thermodynamically driven 
turbulent air currents with vertical and 
horizontal components are created. 
This is in essence where the 
abovementioned natural electro-
magnetic impulse radiation of the 
atmosphere, also known as sferics, is 
created. Many life forms such as 
insects, frogs, birds and various 
mammals react to this 
meteorologically based impulse 
activity in the atmosphere. By 
receiving and frequency-analysing 
these “weather code” signals of 
changes in the weather or 
approaching thunder-storms, they can 
then dive for cover or fly around these 
thunderstorm regions (WARNKE, 
2006).   
 
Walter Sönning: “These weather signals or 
sferics are indicators of unstable processes in 
the troposphere – the weather-creating layer of 
the atmosphere -, since their source is in the 
weather centre. They originate in invisible 
discharges between positive and negative 
space charge clouds, created and maintained 
by different processes of ionisation such as 
cosmic radiation, UV radiation, natural 
radioactivity or the Lenard effect (= spray 
electrification or break-up of droplets or ice 
crystals with opposite charges). In terms of 
physics, our air could therefore also be 
described as a “plasma” gas. When differing 
space charges of possibly predetermined 
magnitude are electrically equalised, the ion-
front of this basic plasma or gas discharge 
propagates at velocities of about 200 km/s 
along a tubular channel of about 40 cm 
diameter in the direction of the maximum 
potential difference, covering distances 
between 40 and 100 metres, until the electrical 
potentials are equalised. If the ion density in 
the air is sufficiently high, the following 
discharge impulse follows immediately. Each 
of these invisible and “quiet” discharges that 
occur at varying intensities in all weather 
conditions, is the source of an electro-
magnetic, three-dimensional impulse or space 
wave, a so-called EMP or primal impulse, 
similar in its waveform to impulses from other 
sources (nerves, atmospheric nuclear  

explosions etc.). This 3-dimensional wave 
propagates at the speed of light. When 
recorded on an oscilloscope, for instance, it 
vaguely resembles a sinusoidal half-wave, but 
has a steeper rise time and an exponential 
decay of the amplitude. In a Fourier analysis, it 
is therefore not equivalent to a sine wave of a 
certain frequency. 
 
Depending on the meteorological and 
atmospheric electrical propagation conditions, 
these EMP’s are dampened at a distance of 60 
to 100 km from the source to lower frequency 
sinusoidal Fourier components with a 
continuous spectrum between approx. 3 kHz 
and 60 kHz.  True to their origin in an impulse 
discharge, these “impulses” have waveshapes 
of a few oscillations with rapidly decaying 
amplitudes from a maximum down to zero. 
Particularly well-defined impulse shapes in the 
total collection of atmospheric impulses 
convey, through their resonating sinusoidal 
oscillations at certain frequencies and also in 
the subsequent impulse frequencies up to 
100 Hz, the meteorological information on their 
origin and propagation conditions – like a kind 
of code. These impulses can be displayed 
after suitable electronic filtering and are known 
in the technical literature as CD sferics a.t.B. 
(CD = convective discharge, i.e. created in 
atmospheric convection or turbulence without 
luminosity; a.t.B. = according to BAUMER). 
They gained special significance, however, at 
the beginning of the eighties in the context of 
industrial four-colour copper gravure printing. 
In this context, their highly differentiated 
effectiveness in the diffusion capability of bio-
chemical biological membrane systems, in 
dependence on characteristic weather 
processes, was also shown. 
 
The signals of visible lightning, occurring over 
the period of the main lightning discharge 
comprising of virtually uninterrupted 
sequences of such EMP’s, together showing 
impulse periods up to tenths of seconds with a 
continuous spectrum into the MHz range, are a 
strictly different phenomenon. 
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As such, however, they are suitable as a 
special weather or thunderstorm signal for the 
animal and possibly the plant world, i.e. for any 
organism fitted with the corresponding 
reception sensors. 
 
Sferics or atmospherics of the various kinds 
could therefore deliver an almost complete 
picture of the weather of the day, including 
prognostic clues, for a biological strategy, 
considering that the sferics propagate from a 
weather front at the speed of light and are 
travelling for hundreds of kilometres, always 
clearly recognisable as encoded weather to 
those who have the reception sensors. This 
can be proven by the example of the reactions 
of the biochemical membrane system of 
dichromate gelatine. Also: throughout 
evolutionary time, both the constant impulse 
frequency spectrum of the CD sferics a.t.B. 
and the daily excursions, constant in their 
climatological average, have provided a wealth 
of precision information on the meteorological 
and geophysical environment to those 
equipped with the receptors for the signals and 
the experience; which is more than today’s 
weather services can achieve with the most 
modern high-tech equipment.” (End of the 
contribution by Walter Sönning). 
 
Animals have a typical electrical charge 
pattern for each weather phase. Since all 
movement of charge is associated with forces, 
animals can analyse the approaching weather 
via the electrical quantities, even long before 
the arrival of a thunderstorm. 
 
 
As a function of special electrical 
weather events, the bodies of the 
animals are therefore affected 
through a complicated interaction of 
different components: charged, 
reverse charged, discharged, 
dielectrically polarised. Polarisation is 
by a natural electrical DC field. It can 
be shown that animals are slowly 
electrically charged in good weather, 
whilst approaching thunderstorms 
cause a rapid discharge due to a high 
concentration of small ions in the 
atmosphere and charging changes 
rapidly between positive and negative 
as the thunderstorm approaches. 
 

 
 
Insects such as bees receive these 
oscillations and recognise them as 
storm warnings. We were able to 
show that bees return in great 
numbers when these oscillations are 
simulated and transmitted, using a 
highly amplified signal generator 
signal. If the amplitudes of the 
artificial oscillations overlap with the 
natural signals, however, the return 
rate rapidly decreases. The bees fail 
to find their way home. 
 

 

 
 
The sensitivity of the honeybee to weather is 
based mainly on electromagnetic information. 
When an approaching thunderstorm threatens 
the bees, flying bees return en masse when 
the natural 10 – 20 kHz component of the 
sferics activity increases within a radius of 
approx. 200 km (WARNKE 1973). The suction 
performance of the bees also correlates with 
the approach of the front and the associated 
sferics (SCHUA, 1952).  
 
And ultimately, bees even use the receptor 
channel for electromagnetic waves for 
communication. Russian researchers found in 
1975 already that bees generate 
electromagnetic signals with a modulation 
frequency between 180 and 250 Hz as they 
perform their communication dance. Hungry 
bees react to the frequencies by holding their 
antennae erect (ESKOV et al. 1976). 
 
Such electromagnetic communication impulses 
of the antennae when touching another bee 
can be measured with an oscilloscope 
(WARNKE, 1989). 
 

 
Fig. 2: Top sketch: The electrical charging of the insects changes typically as the weather 
parameters change. The bottom curve shows the changes in the electrical field of a freely 
flying bee as a function of the weather condition. 
Warnke 1989, Copyright Ulrich Warnke 
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Some bird species, such as carrier 
pigeons, are sensitive to exactly the 
same electromagnetic oscillation 
amplitudes as the bees. Birds, 
particularly species of duck, also 
communicate by means of electrical 
fields (WARNKE, 1989). This 
interesting aspect will be dealt with in 
more detail below.  

3.5  Humans are also sensitive to 
weather through electro-magnetic 
pulses 

The interest in sferics and their effect 
was greater in the sixties than it is 
today. In those days, a number of 
valuable overviews were compiled of 
their effects on the organism (REITER, 
1960; ASSMANN, 1963). 
 
Mammals and man are also influenced 
by sferics. 
 

 
 
 

Sferics impulses change the tissue 
pH independent of the amplitude of 
the field. This is true in the minimal 
field strengths occurring in nature and 
also in the laboratory with simulated 
impulses and increased field 
strengths. Especially in the frequency 
band between 2 and 20 kHz, in which the 
energy of the atmospheric-electrical 
waves is at a peak, the effect is the 
strongest. Pain associated with 
amputations and with brain injury 
also correlates with the presence of 
sferics both in the laboratory and in 
nature (REITER, 1960). The paper by 
Reiter also contains notes on the 
triggering of bronchial asthma, heart 
and circulatory disorders, insomnia, 
headaches, glaucoma, gall and urinary 
convulsions, heart attacks and strokes 
– among other by sferics. 

 
Fig. 5: Significant linear correlation between electromagnetic very long wave activity and 
average reaction times of exhibition visitors. 
Reiter, R. 1960 Meteorobiologie und Elektrizität der Atmosphäre. Akademische Verlagsges. Geest & 
Portig, Leipzig 
 
 
 
 

 
 
Fig. 3: Bees communicate via electrical 
“switching” when their antennae touch. 
Warnke 1989, Copyright Ulrich Warnke 
 
 

 
 
 
Fig. 4: Oscillogram of the electrical field of 
a bee flying past (1). The field strength 
rises as it approaches a receiver (2) and 
drops again at a distance from the receiver 
(3). 
König, H. Unsichtbare Umwelt. Heinz Moos 
Publishers, Munich 1973. Copyright Ulrich 
Warnke 
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It has been known for a long time that certain 
weather conditions give rise to thromboses, 
heart attacks and embolisms; the correlation is 
statistically significant (ARNOLD, 1969; 
BREZOWSKY, 1965). A significant increase in 
platelet adhesion could be shown with certain 
electromagnetic oscillations such as those 
generated by exchange of electrical charge in 
the frontal regions of the atmosphere. These 
long-wave sferics easily penetrate into 
buildings. The mean impulse repetition 
frequency is in the region of 5-15 imp/sec, i.e. 
in the biologically active window. Thrombocyte 
adhesion was measured in subjects in a 
controlled laboratory study using a sferics 
stimulator (JACOBI et al. 1975). The result was 
a highly significant (p < 0.0005) increase in 
adhesive property at a carrier frequency of 
10 kHz and an impulse repetition frequency of 
10 Hz. The thrombocyte adhesiveness was 
reduced at repetition frequencies of 2.5 and 
20 Hz and with no electrical signals. Pharmaka 
(75 mg Dipyridamol plus 300 mg Acetyl 
salicylic acid) prevents sferics-related 
thrombocyte adhesiveness. Mentally unstable 
subjects were more affected by the change in 
adhesiveness than stable ones. 
 
The daily work performance is also correlated 
with diurnal sferics activity (RANTSCHT-
FROEMSDORF, 1962). 
 
After further investigation by Jacobi (1977), the 
physiologic detector location was found to be 
in the head. If the head is largely screened 
from sferics, the thrombocyte adhesiveness 
disappears under otherwise equal 
experimental conditions – a result that is not in 
agreement with the effects of screening found 
by other researchers. 
 
The fundamental sferics frequency is 7.5 Hz, 
considering the speed of propagation of the 
electromagnetic oscillations generated by the 
lightning discharge and the resonant path 
given by the circumference of the earth 
between the earth’s surface and the 
ionosphere. The bandwidth of the fields is 
several kHz. 
 
The correlation between heart attacks and 
weak magnetic field variations has been 
described in 1979 in Nature, one of the 
foremost scientific magazines. 
 
This result is not an isolated case. Other 
experiments even found a correlation between 
the average number of deaths and earth’s 
magnetic activity. 
 
 
 
 

 
 
 

 
 
 
 

 
 
Fig. 6: Significant synchronicity of very long waves and contracting poliomyelitis. The black 
bars show days of low (bars downward) or high (bars upward) sferics activity and the 
superimposed curves show the correlated levels of poliomyelitis contraction in the fifties. 
Reiter, R. 1960 Meteorobiologie und Elektrizität der Atmosphäre. Akademische Verlagsges. Geest & 
Portig, Leipzig 
 

 
 
Fig. 7: Daily emergency hospital admissions for heart attacks as monthly average (bottom 
curve) and geomagnetic activity (top curve)  
Malin SRC, Srivastava BJ. Correlation between heart attacks and magnetic activity. Nature 1979;277:646-
648 
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 3.6 Bees transmit electrical fields 

Electrical fields with high amplitudes 
are always in evidence when the 
unipolar charge accumulations 
creating the fields cannot be 
repeatedly neutralised. Charges are 
easily neutralised when they are highly 
mobile. 
 
All land-based insects with rigid body 
shells (cuticula) and also animals 
with scales, shields, feathers and hair 
have used these structures to form 
surfaces that have excellent electrical 
insulating properties. These body 
parts have semi-conducting properties 
and are piezo-electric and pyro-electric 
– distortion and temperature changes 
therefore both create electrical effects.  
The conductivities are therefore 
subject to the well-known laws of 
semiconductor theory: temperature 
changes, light effects, microwave 
effects, changes to atmospheric ion 
concentration – all these parameters 
change the conductivity pattern. 
 
The areas of different conductivity 
can be shown in a visually impressive 
way – demonstrated here on a bee’s 
wing - by using a scanning electron 
microscope with sample current 
imaging. 
 
In terms of electrostatic charging, it is 
also important whether the animals 
are in flight or on the ground. Animals 
having sweat, scent and adhesion 
glands afford excellent galvanic 
contact. Animals walking on hoofs, 
toes or claws are largely isolated 
from earth, however. 
 
There is a salient point about 
different insects. Flies, bees and 
others have a glandular adhesive pad 
(arolium) between two toes on their 
feet. This adhesive pad can be folded 
in or folded out when walking. 
 
 

 
 
Fig. 8: Magnetic storms (bottom) and fatalities from nervous and cardiovascular illnesses. 
Weiß 1991 
 

 
 
Fig. 9: Wing of a bee under a scanning electron microscope. The electrical current pattern 
was recorded. All the white regions have high electron mobility, whilst the darker areas are 
highly electrostatically charged due to low electron mobility. Discharge is very difficult. 
Warnke 1989, Copyright Ulrich Warnke 
 

A
ve

ra
ge

 n
um

be
r o

f 
de

at
hs

 

E
ar

th
-m

ag
ne

tic
 a

ct
iv

ity
 

5 days 

JA 02411

16 -

15 -

14 -

13 - 1,3 

1,1 

0,9 

0,7 

0,5 

- 10 - 5 0 + 

■ 

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 87 of 454



Mechanisms of disorientation and damage 
 

18 

 

When the arolium is folded in, the animals walk on their 
claws, insulating them electrically from the environment 
allowing them to get statically highly charged up. If the 
arolium is folded out and touches the surface on which it is 
walking, however, the insect is instantly discharged, 
assuming the electrical potential of the surface. In bees, 
this happens just prior to taking off from a flower, in which 
case certain parts of the animal are discharged or obtain a 
different charge or sometimes even reverse polarity. Since 
flowers normally are at earth potential, the “arolium 
switch” effectively standardises the insect’s potential to 
zero. When the bees arrive at the hive, they carry 
different charges that they picked up in flight and that 
cannot dissipate that fast (WARNKE, 1977).  
 
 
 
When two surfaces make contact on the molecular level (10 to the 
power of minus 10 m), positive and negative charges are separated at 
the point of contact through charge transfer. Many such points are 
activated in a short space of time by friction. Frictional electricity is one 
of man’s oldest observations and has lent its name to the entire 
electrical discipline (electron: Greek for amber). It is therefore surprising 
that we thus far hardly spared a thought for the significance of electricity 
in animals. 
 
Especially in flight, animals could become statically highly charged 
through friction between air molecules and body tissue – up to electrical 
field strengths in excess of 1 000 V/cm. 

 
Fig. 10: Every bee landing at the hive carries a specific charge (circle 
with cross) thereby changing its pattern of charge at the hive entrance, 
determined by the total electrical charge of the colony. Every departing 
bee carries with it electrical charge from the hive (circle). 
Warnke 1989, Copyright Ulrich Warnke 
 

 
Fig. 11: A bee in an electrical field; top: a construction, bottom: an 
experiment. It is shown how the field strength increases around certain 
surface structures. 
Warnke 1989, Copyright Ulrich Warnke 
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Fig. 14: Oscillogram of the alternating electrical field around bees 
(top) and pigeons (bottom) in a wind tunnel. 
Warnke 1989, Copyright Ulrich Warnke 
 
To increase these field strengths, animals have various aids such 
as protruding spikes on insect wings, but especially the field 
focussing effect of insects’ antennae is measurable, developing 
appreciable Coulomb forces. 
 

 
Fig. 14.1: Representation of a measurable “dipole effect” on the 
antennae of the honeybee. Bees are able to change the polarity of 
their antennae at will (e.g. from positive to negative charge) – within 
a second. The dotted lines are an indication of the forces in the 
field. 
Warnke 1989, Copyright Ulrich Warnke 
 

 
Fig. 12: Bee in flight in an electric field. The fields around the 
antennae are particularly strong. 
Warnke 1986, Copyright Ulrich Warnke 
 

 
Fig. 13: Wing movement and the electrical field – with reference to 
the wing – are in phase. 
Warnke 1989, Copyright Ulrich Warnke 
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3.7 Effects of technically 
generated fields on bees 

We investigated the reaction of bees 
to artificially created electrical fields in 
the laboratory (WARNKE 1975, 1976, 
WARNKE et al. 1976) and found the 
following: 50 Hz AC fields with field 
strengths of 110 V/cm cause 
significant restlessness of the bees in 
their enclosure. The colony 
temperature increases greatly. The 
defence of the social territory is 
uncontrollably increased to the point 
where individuals in a colony stab one 
other to death. They no longer 
recognise one other. 
 
After a few days in the field, the bees 
tear their brood from the cells; no new 
brood is reared. Honey and pollen are 
also depleted and then no longer 
collected. Bees that were newly 
established in their hives shortly 
before the start of the experiment 
always abandon the hive again and 
disappear when the electrical field is 
switched on. Bees that have lived in 
their hive for a long time, plug all the 
cracks and holes with propolis, 
including the entrance. This otherwise 
only happens in winter in a cold 
draught. 
 
Since an acute lack of oxygen develops 
when the cracks and the entrance are 
plugged, the bees attempt to introduce 
air by intensive fanning. In this 
process, the wing muscles generate 
temperatures high enough to melt the 
wax. The animals attempt to fight the 
temperature increase by more 
fanning. In the end, the colony burns 
itself out. This implies the death of all 
members of the colony – which we 
could obviously prevent in future. 
 
With very sensitive colonies, the 
reaction signal was measurable from 
field strengths of 1 V/cm and 
frequencies between 30 Hz and 
40 kHz.  When the field is switched on, 
the animals suddenly move their wings 
and buzz at frequencies of 100–150 Hz 
(WARNKE 1973, 1976, WARNKE et 
al. 1976).

 
 
With signals in the frequency range 
of 10 to 20 kHz, the aggressiveness 
was increased and the homing ability 
much reduced even though the 
natural meteorological and 
electromagnetic environment was 
intact in the flight space (WARNKE, 
1973). 
 
Scientists from the University of 
Koblenz-Landau conducted several 
experiments, looking at different 
aspects and questions, to measure 
the homing behaviour of bees (Apis 
mellifera carnica) as well as the 
development of mass and area of the 
combs under the influence of 
electromagnetic radiation (KUHN et 
al. 2001, 2002, STEVER et al. 2003, 
2005, HARST et al. 2006). 
 
They recorded an increase in agility, 
an increased swarming drive and no 
winter clustering when under the 
influence of EM radiation of cordless 
telephones. 

 

 
In other experiments with base station 
fields of the DECT cordless 
telephones (1 880-1 900 MHz, 250 
mW EIRP, 100 Hz pulsed, 50 m range, 
permanent exposure), the weight and 
area development of the colonies was 
slower compared to the colonies that 
were not exposed to a field. 
   
The homing ability of the bees was 
tested from five days after the DECT 
telephones were introduced. There 
were significant differences in the 
return times of the colonies that were 
in the field and those that were not. No 
more than six of the bees exposed to 
the field ever returned – sometimes 
none returned. With the bees not 
exposed to a field, there were 
returning bees at any point in time of 
the experiment. 

 
Fig. 15: Wing section of bees enlarged with scanning electron microscope. Observe the 
special structures serving to focus the electrical field. 
Warnke 1989, Copyright Ulrich Warnke 
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Fig. 18: Mass and surface development of combs of bees in and 
outside of a field.  
Harst et al. 2006 
 
 
 
 
 
 
 

 
 
Fig. 19: Significant difference in the homing behaviour of bees 
subjected to a field and others. A higher index indicates more 
returned bees and/or shorter return times. 
Harst et al. 2006 
 
 

 
 
Fig. 16: Estimated diagnosis radio field strength in the four beehives 
with and four without DECT telephone installations at the University 
Koblenz-Landau. The beehives were not electromagnetically 
screened, implying that the control colonies were also subjected to 
some field strength. 
Diagnosefunk, http://www.diagnose-funk.ch/impressum.php 
 
 
 

 
 
Fig. 17: Top left and right: return times of bees not subjected to a 
field; bottom: return times and non-return when subjected to a field. 
Of the bees from hives not exposed to a field, 40% returned in total, 
of those subjected to a field only 7% returned.  
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Two earlier NASA financed studies by 
one of their working groups found 
neither an increased fatality rate of 
bees in high frequency fields (2.45 
GHz, CW) nor diminished orientation 
(WESTERDAHL et al. 1981a/b). 
 

3.8 The highly sensitive region for 
interference of bees  

If a new food source is discovered 
within 80-100 m, the bee performs a 
circular dance on the comb in the 
hive. If the food source is further 
away, communication is by means of 
a waggle dance. This waggle dance 
of the honeybee communicates 
information on the direction and 
distance of the new food source 
relative to the hive. In this dance, the 
returning worker bee initially traces a 
straight line and then dances sideways 
and down in a semi-circle. She then 
again starts along the straight and 
dances a semi-circle downwards 
again, but to the opposite side. The 
distance to the food source is given by 
the number of deflections of the 
abdomen on the straight (waggling). 
These waggles can also be measured in 
the form of electrical and magnetic 
alternating fields. 
 
The distance to the food source is 
registered by reference to optical 
features of the landscape over which 
the bees are flying. The information 
on the direction to the food source is 
given by the angle between the 
straight line to the food source and 
the azimuth of the sun in each case. 
This angle is conveyed in the 
darkness of the hive via the direction 
of the dance with respect to the 
vertical (gravitational vector). 
 
All this can be proven. The credit for 
discovering this evolved strategy of 
bee communication goes to the 
Austrian Karl von Frisch (FRISCH von, 
1967). But we know in the meantime 
that the communication processes are 
associated with far more complicated 
mechanisms.  

 
 
Fig. 20: Starting with the same comb mass, the average values of the total mass of the 
colonies subjected to a field and those that were not, were 1326g and 1045g at the end of 
the test. The difference is therefore 281g (21.1%) 
Harst et al. 2006 
 
 

 
 
Fig. 21: The waggle dance of the bees generates electrical oscillating fields. 
Warnke 1989, Copyright Ulrich Warnke 
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Apart from the position of the sun, the 
bees can also identify polarisation of 
the light. And in case of overcast 
skies, the positions of permanent 
landmarks are memorised (DYER, 
1981). 
 
Navigation to the food sources and 
back to the hive makes use of other 
physical quantities, however: these 
are exactly those quantities that have 
existed on the surface of the earth for 
millions of years –taking us back to our 
subject. How does the bee know the 
azimuth of the sun at any given 
moment? 
 
She needs this information to 
recognise the time of day. And she 
needs to know about time because 
many flowers only open at a particular 
time of day and because navigation is 
coded via the position of the sun. 
 
The answer to this question 
illustrates how finely nature has 
analysed the naturally occurring 
energies and forces, making these 
available to the organism. The higher 
the sun in the sky, the more the 
atmosphere heats up. The higher the 
atmospheric temperature, the faster the 
atmospheric molecules move. The 
faster the molecules, the more 
energetic the collisions between 
them. The larger the collision forces, 
the larger the air volume and the more 
intense the turbulences manifesting 
themselves also as eddies. These 
eddies ultimately also affect the 
ionosphere. The increased movement 
of ions in the ionosphere generates 
huge electrical currents. These 
directional electrical mass-flow 
currents in turn generate strong 
magnetic fields. 

These magnetic fields reach the 
earth’s surface and have a typical 
diurnal pattern – analogous to the 
described effect of solar radiation. 
They are characteristic diurnal 
magnetic field variations, 
superimposed on the largely uniform 
magnetic field of the earth. Exactly 
these variations can be measured by 
the bees. And they use these 
measurements to calculate the azimuth 
of the sun and the time of day. 
 
In the experiments on navigation and 
orientation, this magnetic field 
component is recognised as a so-
called “precision error” in the 
performance of the waggle dance. 
The expression “precision error” was 
created when a deviation of the dance 
direction from the principle described 
above was noticed, but the influence of 
the magnetic field was as yet unknown. 
Since a few decades we now know: 
the reason lies in the consideration of 
the magnetic field variation which 
modulates the direction angle of the 
waggle dance (KIRSCHVINK, 1981). 
The “remaining precision error” in the 
dance disappears if the entire 
magnetic field is compensated to 0-
4%. 
 
The maximum sensitivity of the bee 
to earth’s magnetic variations is 
around 26 nT. It must be emphasised 
here already that the system is 
particularly sensitive in the naturally 
existing physical range. Significantly 
amplifying the magnetic field 
compared to the normal biological 
range, causes a stronger variation in 
direction communication. If the field is 
amplified to 10-times that of the earth’s 
magnetic field, the colony swarms, 
away from its hive. 

The question of how bees sense 
these magnetic field variations has 
been investigated in a number of 
studies (GOULD et al. 1978, 1980, 
GOULD 1986, FRIER et al. 1996, HSU 
et al. 1994, KALMIJN et al. 1978, 
KIRSCHVINK 1992, KIRSCHVINK et al. 
1981, 1991, 1997, WALKER et al. 
1985, 1989 a/b/c, COLLETT et al. 
1994). 
 
To summarise, it may be said that 
(HSU et al. 2007): The construction of 
combs and the homing capability of 
bees change if the bees are subjected 
to magnetic fields superimposed on 
the earth’s magnetic field. Bees in 
free flight can sense extremely slight 
variations of the magnetic field 
intensity - in the range of 26 nT. They 
can be trained to magnetic anomalies, 
but only provided the changes remain 
stable for a longer period. 
 
 
Many experiments proved that an accumulation 
of bio-magnetite particles (Fe304) serves as 
receptor of the magnetic field. These iron 
granules are arranged in a band in the 
abdomen of the bee. They have a diameter of 
only about 0.5 µm and are located in special 
cells, the trophocytes. Magnetite has the effect 
of amplifying the magnetic variations. If 30% of 
the intensity of the horizontal earth field 
component is modulated, the activity of the 
neurons in the ganglion of the abdomen 
changes (SCHIFF, 1991). 
 
Apart from super-paramagnetic magnetite, 
FeOOH was also found in the abdomen. 
Magnetic material was also shown to be 
present in the antennae, head and claws of 
stingless bees. 
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The iron granulates are enclosed in small 
vesicles, touched by a cell framework. As in 
higher organisms, microscopic filaments 
(micro-tubules) serve as the cell framework. 
The vesicles also contain some phosphorus 
and calcium together with the iron. The density 
of the iron granules is 1.25g/cm3, that of the 
Fe304 magnetite is 5.24glcm3. 
 
Where does the magnetic material come from? 
Most of the iron originates from pollen (approx. 
0.16 µg/mg) (BOYAIN-GOITIA et al. 2003). If 
an additional magnetic field is applied to the 
bee, the size and shape of the biomagnetic 
granula changes (HSU et al. 2007). These 
changes are detected by the micro-tubules and 
micro filaments, and the trophocytes thereafter 
secrete more Ca2+. The fat cells of the bee also 
show this effect, but much less so than the 
trophocytes. It has been known for a long time 
that cells secrete Ca2+ under the influence of a 
weak magnetic field; macrophages, for 
instance (FLIPO et al. 1998), astrocytoma cells 
(PESSINA et al. 2001, ALDI-NUCCI 2000) and 
chrome-affine cells (MORGADO-VALLE et al. 
1998). 
 
It is also known that the Ca2+ secretion can be 
triggered by many different cell changes such 
as changes to the structure of membranes, 
changes to the electrical membrane and cell 
surface potential and changes to the structure 
and distribution of protein within the 
membrane. The magnetic field can stimulate 
two mechanisms for increasing the Ca2+ 
content in the cells: firstly by opening Ca2+ 
channels and by increased flow of external 
molecules into the cell; secondly by an 
increased release of Ca2+ from storage inside 
the cell (IKEHARAA et al. 2005, PETERSEN 
1996). This explains the increased accumulation 
of Ca2+ in fat cells. 
 
The magnetite mechanism amplifies the 
effects tremendously (SCHIFF, 1991). The 
property of the granules, to expand in an 
external magnetic filed, turns them into 
magnetic field sensors (TOWNE et al. 1985).   
The affected micro filaments make contact 
with the cell membrane (HSU et al. 1993, 
1994), affecting signal transfer into the cell. 
 
If the colchicine and latrunculin B toxic 
substances, known to shut down the micro-
tubules and micro filaments, are administered, 
then an additionally applied magnetic field will 
not increase the Ca2+ in the cells. 
 
A model of the magnetic field orientation is 
therefore as follows: If the bee flies parallel to 
the magnetic field lines, the magnetic granule 
vesicles will expand; if she flies vertically to the 
field lines, the granules contract. This change 
of shape is sensed by the cyto-framework and 
communicated to the membrane. 

 

 
 
Fig. 22: Variations in earth’s magnetic field: Sensitivity of the measurements increased 
a 1000 times in each case. Diurnal rhythms and micro-pulsations are visible, utilised 
by bees and other organisms for orientation in space and time. 
Warnke 1978 
 

 
 
 
Fig. 23: 
A) Iron granules in the trophocytes of the honeybee (bar: 1 µm) 
B) Iron granules enclosed in lipid membranes (bar: 100 nm) 
C) and D) Energy dispersing radiation analysis of the granules; they contain calcium, 
phosphorus and iron. 
E) Histogram of the granule sizes. 
Copyright by: HSU, C, KO, F., LI, C, LUE,1 Magnetoreception System in Honeybees (Apis 
mellifera) PLoS ONE 2007;2(4): e395 
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That is where Ca2+ channels are 
correspondingly opened or closed. This signal 
transfer results in a magnetic field map for the 
duration of a flight, that can be used for 
orientation – particularly also for returning 
home, by reversing the time sequence of the 
magnetic field (RILEYet al. 2005, MENZEL et 
al. 2005). It is extraordinary that, in this 
process, variations of 26 nT can be sensed 
against the background of earth’s 45 000 nT. 
 
This model explains: 
1. The flight from the hive to the food source 

must be in a straight line. Bees navigate by 
means of a memory map (RILEY et al. 
2005, MENZEL et al. 2005). 

2. During the known circular orientation 
flights, the magnetic field is mapped over 
360°. It is known that the orientation flight 
is indispensable for successful return to 
the hive (BECKER 1958, CAPALDI et al. 
2000, WINSTON 1987). Nature arranged 
this similarly to the pigeons, who also 
circle several times before flying towards 
their goal. 
 
 

 

 
 
 
 

3.9 Constant change in the 
magnetic environment makes 
learning impossible for the bees 

 
Bees learn the patterns of the 
landscape they fly over and also use 
the magnetic field to differentiate. This 
is always the case when other 
orientation aids such as sunlight are 
covered by clouds. The optical 
patterns are therefore also associated 
with a magnetic coordinate (FRIER 
et al. 1996). 
 
Bees may be conditioned to 
magnetic deviations from the normal 
earth magnetic field (WALKER et al. 
1989a); they can also be trained to 
recognise small changes in the 
earth’s magnetic field (WALKER et al. 
1989b). It is a prerequisite that the 
change in the magnetic field remains 
constant over the learning period. If 
the field varies continuously, learning 
becomes impossible. 

But this is exactly the situation the 
bees find themselves in, with wireless 
communication fields. The magnetic 
component is continuously changing 
– during the day and at night. 
 
 

3.9.1 HAARP changes the natural 
diurnal variation of the magnetic 
fields 

 
The information on the HAARP 
project is thanks to Guy Cramer 
(USA); it was made available to me 
by Joris Everaert (Belgium). 
 
HAARP (High-frequency Active 
Auroral Research Project) is the 
abbreviation for a military project of 
the US Air Force and Navy. 180 
towers have been erected in an 
uninhabited area near the city of 
Gakona in Alaska, together 
constituting an antenna complex. The 
frequency is around 2.5-10 MHz and 
the power is extremely high at 
3 million Watt ("high power, high 
frequency phased array radio 
transmitter”). This is the strongest 
technical transmitter on earth. Its 
effectiveness is increased by linking 
the antenna array with another 
antenna array in Alaska, via HIPAS 
(High Power Auroral Stimulation). The 
transmitters communicate with 
submarines deep in the ocean and 
scan the horizon as a type of deep 
earth radar. 
 
But the frequencies are also absorbed 
by the ionosphere. They heat up 
certain layers, creating ion 
turbulences by day, that are 
modulated onto the earth magnetic 
field as unnatural magnetic fields. 
This masks the regular effects the sun 
has on the ionosphere. As such, the 
bees lose an orientation that served 
them for millions of years as a reliable 
indicator of the time of day – encoded 
in the regular variations of the 
magnetic field changes as the sun 
rises and the ionosphere temperature 
rises. 

 
 
Fig. 24: Schematic of the magnetic field orientation of a bee through use of the magnetic 
granules.  
Copyright by: HSU, C, K0, F., LI, C, LUE, J. Magnetoreception System in Honeybees (Apis melliferal 
PLoS ONE 2007;2(4): e395 
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The effects of the HAARP transmitter 
activity should be further investigated 
especially in Canada, the USA and 
Europe. Since the disappearance of 
the bees was first documented in 
precisely these countries, a causal 
relationship can no longer be 
excluded. The following simultaneous 
events tend to confirm this: In 2006, 
the increase of the transmitting power 
from 960 000 Watt to four times that 
power (3 600 000 Watt), was 
approved for the first time. Exactly in 
this year, reports originated in all the 
"scanned" transmission regions of the 
disrupted homing ability of bees. 
 
Another disruptive effect may play a 
role. Through the irregular heating of 
the ionosphere, the air at great heights 
begins to “glow”, with visible 
frequencies in the near infrared region 
(630 nm) and the associated magnetic 
field can be detected at the earth’s 
surface (PEDERSEN et al. 2003, 
RODRIGUEZ et al. 1998). 
 
Since the bees use not only the UV 
component of sunlight for orientation, 
but also the longer infrared 
wavelengths (EDRICH et al. 1979, 
VAN DER GLAS 1977) the new light 
in the sky may also be a new 
disrupting stimulus to them. 
 

3.10 Disrupted NO system 
damages learning ability, olfactory 
orientation and the immune 
system 

In following, we will further detail the 
significance of the (NO) system and 
the consequences of its disruption – 
in other experimental animals and 
particularly also in humans. The 
salient fact is that the NO system is 
affected by magnetic and 

 
electromagnetic oscillations and may 
in the worst case become totally 
disrupted - finally destroying molecular 
functions. 
 
As in mammals, nitric oxide (NO) 
normally acts as a carrier of 
information in insects as well. The 
synthesis and excretion of NO is 
particularly high in the insect brain.  In 
bees, NO plays a role in the ability to 
smell and in learning processes 
(MÜLLER, 1997). 
 
As proven in humans, if the NO 
system of bees is disrupted through 
the effect of technical magnetic fields, 
they lose the ability to orientate 
themselves by smell and the vital 
learning programme also becomes 
defunct.  But since NO also materially 
controls the immune system, 
disruptions to the NO household 
always affect the immune defences of 
the organism as well. 
 
Dennis van Engelsdorp of the American 
Association of Professional 
Apiculturists (University of 
Pennsylvania), in his report on the 
investigation into the disappearance of 
bees, says: 

 
“We have never seen so many 
different viruses together. We also 
found fungi, flagellates and other 
micro-organisms. This multiplicity of 
pathogens is confusing.” It is also 
striking that the excretion organs of 
the bees are affected. Dennis van 
Engelsdorp suspects that a 
weakened immune system may be 
behind the mysterious phenomena 
(VAN ENGELSDORP 2007). But he 
rightly asks: “Are these agents the 
causative stress factor or the 
consequences of a totally different 
stress?” 
 
Diana Cox-Foster, a member of the 
CCD working group, says: "It is very 
alarming that the deaths are 
associated with symptoms that have 
never been described before". It 
appeared that the immune system of 
the animals had collapsed and some 
bees suffered from five or six infections 
simultaneously. But dead bees are 
nowhere to be found (Spiegel 
12/2007). 

 
 
Fig. 25: HAARP location and construction. 
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3.11 Birds sense high frequency 
transmitters 

Birds also sense high frequency 
transmitters very clearly and belong 
to the group of animal species that 
reacts very sensitively to 
electromagnetic fields. They absorb 
the impinging energy particularly 
intensively via the feathers of their 
wings (CHOU et al. 1985, VAN DAM 
et al. 1970, BIGU-DEL-BLANCO et al. 
1975 a/b). 
 
How sensitively and promptly they 
react can be demonstrated by an 
example. Chicks exposed to a high 
power microwave field flee within 
seconds (TANNER, 1966). 
Investigations have, in particular, also 
shown how strongly microwave 
radiated fields affect the behaviour 
within a flock (WASSERMANN et al. 
1984). It has repeatedly been 
observed that flocks of migratory birds 
split up when nearing a power station, 
to circumvent the station as if avoiding 
an invisible obstacle, only to re-unite 
again in flight afterwards. Technical 
disturbances in the frequency range of 
natural sferics, but with higher 
amplitudes, cause massive loss of 
orientation in migrating birds. The V-
formation of cranes, for instance, is 
disrupted as they fly over transmitter 
stations. This phenomenon is 
particularly pronounced over water 
surfaces parallel to the flight path, 
which reflect electromagnetic waves. 
 
Researchers have for a long time 
been pondering on how flocks of birds 
and also insect swarms and schools 
of fish stay together. It is surprising, 
for instance, that large flocks of 
starlings in an area of an estimated 
500 m2 or more, packed with birds, 
can perform complex flying 
manoeuvres within 5 milliseconds. 
But how can the animals, each at a 
different location in the flock, receive 
and react to signals in a short time? 
Transmission by sound would require 
more time and visual observation of a 
lead animal is blocked by other 
animals.

 
 
A hypothesis that the flying 
manoeuvres were coordinated by 
electromagnetic signals therefore 
appeared reasonable. Such a signal, 
propagating at approximately the 
speed of light, could reach all 
individuals at the same time and 
independent of their position. This 
hypothesis appears more plausible 
when taking into consideration that the 
flying animals are highly 
electrostatically charged. 
 
We were able to record by 
oscilloscope that the electrical field 
caused by the aggregation of animals 
resulted in a predominantly positive 
overall electrostatic field. The figure 
also shows the very small wing beat 
modulation compared to the total 
electrical field. This modulation can be 
explained as a “beat” resulting from all 
the individual wing beats.    

 

 
 
This beat frequency is always smaller 
than the wing beat frequency of an 
individual. The maximum beat 
amplitude is always much larger than 
the individual wing beat amplitude, 
however. The measured values are 
dependent on meteorological 
conditions and the geometry around 
the measurement. 
 
These data allow us to conclude that 
flocks of small birds flying at a height 
of about 40 metres are electrically 
charged to more than 6 000 Volt. We 
can only speculate about the type of 
coded signals given for direction 
changing manoeuvres. It appears that 
each individual bird has a set beat 
frequency and amplitude that is 
corrected immediately it weakens, by 
changing the direction of flight. 
 
There are presently two theories 
explaining the typical wedge-shaped 
flight formation of larger birds: 

 
 
Fig. 26: Electrical field of a passing flock of birds. The small superimposed 
oscillation is interpreted as interference by the beat of individual wings. 
Warnke 1989, Copyright Ulrich Warnke 
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One of these assumes unhindered 
contact and simultaneously minimum 
danger of collision. The other relates 
aerodynamic advantage to energy 
economy. The first theory is based on 
experience with formation flying of 
military aircraft; the second is based 
mainly on calculations. 
 
Both theories leave a couple of 
questions unanswered, however. How 
sensitive is the system to cross-
winds? When a critical wind speed is 
exceeded – should turbulences behind 
the wings not distort the formation or 
even break up the flock? Why do the 
members of the flock not permanently 
remain in the minimum energy zone? 
And why is there never a formation in 
reverse – open to the front? Can the 
recognisable geometric particularities 
of the total formation, considering 
species-specific bird size and typical 
distances, be explained by wing-
induced updrafts? 
 
In the following, our theory of 
biologically sensible formations, 
published 25 years ago, is repeated. 
It describes a functional system of 
nature that is largely immune to 
meteorological interference 
parameters. Electrical and magnetic 
external fields can, however, 
completely destroy the formation by 
superposition on the biological 
system’s own fields. 
 
The system we are discussing 
allocates a position to each animal, but 
also considers all the flying members 
of the formation. It could also be 
identified by the analysis of 
formations filmed in nature. Let us 
inspect some facts in more detail. 
 
Bird species flying in formation 
generally maintain a typical order, 
even in the case of only two birds 
flying: 

 
 
The second bird flies laterally 
displaced behind the first. The 
electrical force relationships in space 
are in agreement with the electrical 
forces determined experimentally 
and depicted schematically in Fig 27. 
The highest field strengths are at the 
bill, the tail and the wing tips. 
Referring to the bird at the back, the 
bill-head region is charged in the 
alternating field of the wings of the first 
bird, creating an increased force field. 
Simultaneously, however, the 
wingbeat of the bird at the back 
induces charges in the tail region or 
the extremities facing backwards and 
resting against the body of the first 
bird. There is therefore a force field 
between these body parts as well. The 
respective induced charges are 
coupled - as shown in the model – by 
the electrical field. The balancing

 

 
 
 
charges of opposite polarity, released 
from the former equilibrium, are free 
to move. They generate an effective 
new and measurable field. The bird 
under consideration, i.e. the second 
one, therefore not only received 
induced charges from the first bird but 
also indirectly - i.e. via the tail end of 
the first bird – originating from itself. 
 
The field strength diminishes 
approximately as the square of the 
distance from the inducing charges. 
The magnitude of the active forces is 
therefore a function of the distances. 
Each bird is connected to every other 
bird via electrical fields of a certain 
amplitude and direction. These fields 
can be calculated for each species of 
bird – yielding the typical formation. 

 
 
Fig. 27: Birds use electrical fields for formation flying. Top left: Two geese in 
formation flight. Bottom left: Experimental model to visualise the electrical field 
forced between these birds. Top right: Vector diagram of the field distribution. 
Bottom right: Calculation of the position of the bird behind with reducing degrees of 
freedom a-d. 
Warnke 1989, Copyright Ulrich Warnke 
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It is significant that long necked birds in 
particular, tend to fly in formation. Their 
long neck offers the advantage that 
the detectors in the head region – 
such as the highly sensitive 
mechanoreceptors, which also 
respond to the electrical field forces, 
can receive signals in flight largely free 
from the interference of their own 
body. Observations of their flight 
behaviour show that the head region 
compensates for all the movements of 
the body itself, thereby not having any 
own oscillations. 
 
Electromagnetic fields therefore have 
a role to play in formation flying of 
birds as well. They serve as 
orientation and navigation aid and 
determine the position of a single 
animal in the flock. Depending 
especially on wing width, wing span 
and body length, our observations and 

 

 
 
 
calculations show that the biophysical 
relationships influence the species-
typical V-formation flying of flocks. 
Computer calculations of the flight 
order allow us to predict natural 
formation flights. And photographic 
records, vice-versa, also agree well 
with computer simulations. 
 
The observations demonstrate a 
unique information and orientation 
system of the animal kingdom. But 
they also explain why this is 
destroyed by the interference of 
technically generated electrical and 
magnetic fields.  
 
 
 
 
Due to interference, it would not be possible to 
measure the magnetic field of the earth inside 
a flock of birds and its periodic variations 
caused by the individuals. The reason lies in 

the moving electrical wing charges, not only 
generating a weak magnetic field component 
(induction B approx. 0.01 pT), but also 
inducing voltages in neighbouring matter – like 
an AC generator. Only the bird flying at the tip 
of the formation will perceive a largely 
undisturbed earth magnetic field component 
for navigation, independent of changing 
superpositions - provided it is sufficiently far 
removed from its compatriots. The remaining 
animals must therefore do without own 
navigation mechanisms and couple themselves 
to the birds flying in front via an 
electromechanical reception channel. 
 
The birds fly straight ahead, i.e. in the desired 
migration direction, if the direction of the total 
electrical force corresponds to the direction of 
the connection to the head of the bird flying in 
front. The connecting line between heads is 
visible by day and can be localised by night 
through calls. 
 
The recognition of direction and magnitude of 
the electrical total force vector is by highly 
sensitive mechanoreceptors at the 
circumferential edge of the bill. Magnetite was 
also found here: Through ferromagnetic 
resonance, magnetite is an excellent absorber 
of microwaves in the 0.5-10.0 GHz band. 
Superimposed modulations can be 
transformed into acoustic vibrations via the 
magneto-acoustic effect (KIRSCHVINK, 1996). 
 
Correspondence of the direction of the 
electrical force with the head-head line assigns 
to each bird a prescribed position in his flock; 
this position can be mathematically expressed 
and accurately calculated. All the results of the 
22 formations investigated so far confirm the 
theory. It may be concluded from these data that 
the birds’ electrical characteristics have an 
important biological function for transfer of 
information (WARNKE, 1978, 1984, 1986, 
1989). 
 
 

3.12 Magnetite and free radicals as 
a magnetic compass 

Artificial oscillating magnetic fields 
deny migrating birds the possibility to 
orientate themselves. The 
investigation covered the effect of 
either an electromagnetic frequency 
band of 0.1 – 10 MHz, or a single 
frequency of 7 MHz, both 
superimposed vertically on earth’s 
magnetic field. These investigations 
again showed that not only magnetite 
was required for orientation and 
navigation but that other mechanisms 
such as free radicals, played an 
important role as well. 

 
 
Fig. 28: V-formations can be constructed by means of an equation that I developed 
on the basis of physical laws. Comparisons with photographs of natural bird 
formations show that the assumptions are correct: The formations are given by the 
Coulomb forces between birds that are electrically charged in flight. 
Warnke 1989, Copyright Ulrich Warnke 
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Because the frequencies used in the 
experiments correspond to the 
transition energy from singlet to triplet in 
free radicals. The animals can 
obviously utilise this mechanism for 
orientation by targeted control (RITZ 
et al 2004). 
 
The following overall picture 
emerges: The magnetite crystals 
found in the bill of the animals 
indicate the intensity of the magnetic 
field. But the animals receive 
complementary information on the 
direction of orientation via the free 
radical levels. Using these data, they 
are able to know at each stage of 
their flight what their instantaneous 
location is with reference to their 
biological magnetic field 
(WILTSCHKO etal. 2005) map. 
 
If migrating birds are subjected to a 
stronger magnetic impulse, they will 
change their direction of flight. They 
can even be sent in the exact 
opposite direction with artificial fields 
superimposed on earth's magnetic 
field. Magnetic impulses convey 
information on the direction of 
migration; generated false impulses 
can also corrupt the migration 
direction (WILTSCHKO et al 2006). 
 
Summary  
Bees and other insects, also birds, 
utilise the magnetic field of the earth 
and electromagnetic high frequency 
energy such as light. Through free 
radicals and simultaneously reacting 
magnetite conglomerates they can 
orientate themselves and navigate. 
Technically generated 
electromagnetic oscillations in the 
MHz region and low frequency 
magnetic impulses consistently 
disrupt the natural orientation and 
navigation mechanisms they were 
given through evolution. 

 
The following can be concluded from 
the results of studies by other working 
groups and from own investigations:  
 
1. The chitin shell of bees’ and birds’ 

feathers are semi-conducting and 
have piezo- and pyro- electrical 
properties. These body parts 
transform pulse-modulated high 
frequency into mechanical acoustic 
oscillation frequency. One of its 
important functions is the dielectric 
sensitivity to electromagnetic fields 
in the microwave region. 

 
2. The presence of magnetite 

particles in the nano-range was 
shown in the abdomen of bees and 
the head region of birds. Through 
ferromagnetic resonance, 
magnetite is an excellent receiver of 
microwave radiated fields in the 0.5 
to 10.0 GHz frequency range. In 
this way, pulsed microwave energy 
is transformed into acoustical 
vibrations (magneto-acoustic 
effect). 

 
3. It was shown that free flying bees 

are capable of detecting 
magnetostatic fluctuations and 
extremely low-frequency magnetic 
fields with very weak inductions 
(from 26 nT) against the 
background of the 30 000 – 
50 000 nT magnetic field of the 
earth.  

 
4. Magnetic field impulses oriented 

parallel to earth’s magnetic field 
lines, with repetition frequencies in 
the region of 250/sec. are 
responsible for clear precision 
errors of up to +10% in the 
orientation dances of bees.

 
5. The levels of magnetic induction in 

today’s technically distorted 
environment are generally between 
1 nT and 170 000 nT in the low 
frequency region and between 
some nT and a few thousand nT in 
the high frequency region. These 
values therefore generally exceed 
the threshold sensitivity of bees for 
magnetic field changes. 

 
6. In honeybees, the NO system in the 

antennae has a function in the 
sense of smell and in learning 
processes. Disruptions of NO 
production through magnetic fields 
and electromagnetic oscillations 
have thus far been proven only in 
mammals. Expectations are, 
however, that the mechanism of 
disruption is the same in insects.  In 
this case, the sense of smell and 
learning processes in the orientation 
of bees would be severely impaired. 

 
In any event, if all the scientifically 
proven facts are considered, it is 
clear why wireless communication 
technologies, with their overall 
density of superimposed electrical, 
magnetic and electromagnetic fields, 
should disrupt the orientation and 
navigation of many birds and insects 
– above all, that of the bees.  
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4. Humans suffer functionality disorders  

 

 
 
Humans do not have sensory organs 
via which electrical and magnetic 
energies can be detected. But these 
energies nevertheless envelop 
humans as a tightly woven net of 
electromagnetic oscillations and 
radiating fields.  
 
We recognised the problem in the 
seventies already in connection with 
our bee experiments and called it, in 
our laboratory jargon, “electrosmog”. 
The name has established itself, also 
via the media. 
 
It has in the meantime been proven 
that humans too can transform the 
specific energies and forces into 
information, without having a specific 
sensory organ to do this. But the 
question up to now has always been: 
How do they do it? And to what 
extent can the fields damage our 
health? 
 

 
Let us first ask what the direct effect 
is on humans of the high frequency 
energy that is spread almost 
uniformly across the globe for 
communication purposes, and then 
investigate whether the subjectively 
frequently repeated claim that this is 
damaging our health can possibly be 
true. 
 
This requires the following steps: 
 
1. Finding trends: Do we have 

scientific literature causally 
correlating the epidemiologically 
recorded data on functional 
disorders and symptoms of disease 
in a human study group with the 
exposure to electromagnetic fields 
in the mobile radio and wireless 
communication range?

 
2. Finding a causal mechanism: 

Can a plausible mechanism be 
found that can explain functional 
disorders and disease systems as 
the result of exposure to these 
electromagnetic fields? 

 
3. Proof of health disorder and 

subsequent damage: Can the 
function disorder as described be 
scientifically proven to be the result 
of subjectively described disease 
symptoms? 

 
4. Excluding a nocebo effect 

(unfounded expectations that 
negatively affect health): Do we have 
sound scientific procedures, such 
as the double-blind method, 
showing that the symptoms of 
illness are not “imaginary” and are 
generally rapidly reversible after the 
physical stress fields have been 
“switched off”? 

 
The answer to these four questions 
will determine whether subjectively 
described symptoms of illness can be 
ascribed to a collective nocebo effect 
or whether those responsible are 
required to face consequences. 
 

4.1 On the question of finding 
trends 

Do we have scientific literature 
causally correlating the 
epidemiologically recorded data on 
functional disorders and symptoms of 
disease of an organism with the 
exposure to electromagnetic fields in 
the mobile radio and wireless 
communication range? 
 
The answer is not treated in detail 
here, because it has been dealt with 
on several occasions elsewhere 
(WARNKE, 2005). 

 
Fig. 29: All flying organisms and also other animals, including humans, are caught 
up in an “impenetrable” network of electromagnetic oscillations and fields. The 
superpositions illustrated in this model result in points of particularly high power 
density or field strengths. 
Copyright Ulrich Warnke 
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To summarise, it must be noted: There 
is a body of differentiated scientific 
literature that identified a causal 
correlation between epidemiologically 
recorded data on functional disorders 
and symptoms of illness of the 
human organism, and exposure to 
electromagnetic fields in the range of 
mobile radio and wireless 
communication. We therefore have 
an unassailable trend result. 
 

4.2 On the effective mechanism 

Can we identify a plausible effective 
mechanism that causally explains 
functional disorders and symptoms of 
illness as the result of exposure to 
electromagnetic fields?  
 
The answer to this question does not 
only affect humans but analogously 
also birds and bees in many 
respects. It exposes an effective 
mechanism that has attracted our 
attention on several occasions 
before: The disruption of the nitrogen 
monoxide (NO) system. There are 
probably other effective mechanisms 
as well. But we shall only differentiate 
and elucidate the effective 
relationships of this mechanism at 
this point.   
 
Nitrogen monoxide (NO) is a gas and 
free radical (contains unpaired 
electrons) that evolution has 
deployed as a regulator of vitality 
very early already – even in bacteria. 
This extremely important and 
indispensable gas is only beneficial 
to the organism, provided a) a certain 
concentration is not exceeded and b) 
there is no degeneration to so-called 
reactive nitrogens and reactive 
oxidative species (RNS and ROS) – 
i.e. no cascade-like release of newly 
formed free radicals and poisonous 
substances.  

 
 
4.2.1 Disruption of the redox 

balance 

The NO system is closely related to 
the so-called redox system, which is 
extremely important to our molecular 
functions. What does this mean? 
Every organism needs a balanced 
ratio of electron excess and electron 
deficiency. This is also called redox 
balance. Oxygen compounds 
neutralise electron charges, causing 
“oxidant stress”. Oxidant stress is 
particularly intensive if free radicals 
and reactive oxygen species (ROS) 
(e.g. superoxide anion, hydrogen-
peroxide) and reactive nitrosative 
species (RNS) (e.g. peroxinitrite) 
largely prevent the antioxidative 
processes from re-establishing an 
adequate electron charge. 

 
 
Shifting the redox balance towards 
oxidation may now result in cell 
damage. Oxidation may, for instance, 
damage unsaturated fatty acids, 
proteins and DNA, but particularly 
also the membrane – with serious 
consequences for heredity, energy 
creation and immune response. 
 
Exposure to electrical, magnetic and 
electromagnetic fields disrupts the 
redox balance through oxidant/ 
nitrosative stress. This can no longer 
be denied in the face of many in vitro 
and in vivo experiments – also in 
humans. 
 

 
 

Fig. 30: Substances with an excess of electrons are indispensible for metabolism if 
humans and many animals want to remain healthy. Electromagnetic oscillations destroy 
this electron excess and form nitrosative-oxidative species (RNS/ROS). The situation is 
fatal to a person if anti-oxidants are also absent in the diet. 
Copyright Ulrich Warnke 
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Latest results on the creation of 
oxidant/nitrosative stress through 
mobile radio frequencies 
 
Human blood cells exposed to mobile radio in 
standby mode show increased quantities of 
free radicals, resulting in lipid peroxidation 
(MOUSTAFA et al. 2001).  
 
In rabbits and cells of other origin, the activity 
of the SOD enzyme, which neutralises free 
radicals, increases when exposed to mobile 
radio (IRMAK et al. 2002, STOPCZYK et al. 
2002). 
 
The damaging oxidative processes and NO 
are increased in rat brains exposed to mobile 
radio fields; they can be alleviated again by 
administering antioxidants (Ginko biloba) 
(ILHAN et al. 2004). 
 
The damaging oxidative activity is increased in 
the skin tissue of rats exposed to mobile radio 
fields; this can be alleviated by administering 
the melatonin hormone (AYATA et al. 2004). 
 
Acute exposure to unmodulated 930 MHz 
electromagnetic fields in vitro, increases the 
oxidant stress level in rat lymphocytes treated 
with iron ions (ZMYSLONY et al. 2004). 
 
Kidney tissue of rats shows increased levels of 
free radicals when exposed to mobile radio 
fields. The damaging effects can be alleviated 
through various antioxidants (OZGUNER et al. 
2005). The destructive effect can be 
neutralised by administering melatonin 
hormone (OKTEM et al. 2005). 
 
Heart tissue exposed to mobile radio fields 
shows an increase in the activity of free 
radicals. This can be reduced through 
antioxidants (OZGUNER et al. 2005). 
 
When exposed to mobile radio fields, eyes 
show an increased activity of free radicals; this 
can be alleviated through administering 
antioxidants and melatonin hormone 
(OZGUNER et al. 2006). 
 
Melatonin can limit the lipid peroxidation 
caused by 900 MHz mobile radio fields in the 
hippocampus of rats, but not in the cortex 
(KOYLU et al. 2006).  
 
When exposed to mobile radio fields of base 
stations (SAR 11.3 mW/kg), the oxidant stress 
level increases; the neutralising enzyme 
activity is simultaneously reduced (YUREKLI et 
al. 2006).  
 
Compared to controls, the mobile radio signal 
(GSM-DTX 2W/kg) creates increased oxidative 
species levels in immuno-relevant human cells 
(LANTOW et al. 2006). 
 
 
 
 

Electromagnetic high frequencies and 
magnetic low frequencies create stress 
symptoms in lymphocytes that are similar, but 
not identical to heat shock (BELYAEV et al. 
2005). 
 
The effect of a 890-915 MHz mobile radio field 
(with 217/sec. impulse rate, 2 W max. power, 
SAR 0.95 W/kg) was tested on guinea pigs. 
The setting was on 11hr 45min stand-by and 
15 min talk mode. The malonaldialdehyde 
(MDA), Glutathion (GSH), Retinol (Vitamin A), 
Vitamin D3, Vitamin E und catalase enzyme 
activity (CAT) content in the brain tissue and in 
the blood was chosen as the effective 
indicator. The MDA level rose in the brain 
tissue; the GSH level and CAT activity were 
reduced. In the blood, the MDA levels 
increased, as did the Vitamin A, E and D3 
levels, and the CAT activity rose. The GSH 
level simultaneously decreased here as well. 
The authors conclude from this that mobile 
radio produces oxidant stress in the brain 
tissue of test animals (MERAL et al. 2007). 
 
These results are also confirmed for the kidney 
in a further study (TOHUMOGLU et al. 2007). 
 
Stimulation of the nitrogen monoxide NO free 
radical by electrical, magnetic and 
electromagnetic fields, observed for a long 
time, is of importance in these effects. A 
chronological listing below: 
 
Electromagnetic and magnetic radiated 
fields promote the production of nitrogen 
monoxide (NO) in organisms. A 
chronological literature compilation 
 
WARNKE 1979, 1980, 1984, 1993, 1994 
Weak pulsating magnetic fields create an 
immediate effect and stimulate NO production 
in humans. 
 
MIURA et al. 1993 
NO increases when a weak field of high 
frequency radio signals is switched on; 
measured directly in the brain. 
 
LAI AND SINGH 1996 
DNA destroyed through electromagnetic 
influence; later (2004) traced back to NO 
stimulation. 
 
BAWIN et al. 1996 
Magnetic fields (1 or 60 Hz, 5.6, 56, µT) had 
no effect when the NO synthase enzyme was 
pharmacologically inhibited. The effect could, 
on the other hand, be forced by binding NO to 
haemoglobin. 
 
ADEY 1997 
NO is a normal regulator of EEG rhythms and, 
in pathological cases, of epilepsy. 
 
 
 
 
 
 

Weak magnetic fields (1 Hz, 100 µT), 
modulate the NO action. 
 
KAVALIERS et al. 1998 
A 60 Hz, 141 µT magnetic field affects the NO 
and NO synthase actions. 
 
SEAMAN et al. 1999 and SEAMAN et al. 2002  
Provided the body has sufficient supplies of 
nitrite, rapid increase of NO production when 
exposed to radio frequency pulses (SAR of 
0.106 W/kg). 
 
ENGSTRÖM et al. 2000 
NO plays a role in the pathophysiology of 
oxidative stress, including Parkinson and 
Alzheimer disease through electromagnetic 
impulses. 
 
YOSHIKAWA et al. 2000 
A low frequency electromagnetic field 
increases the generation of NO. 
 
PAREDI u.a. 2001 
The production of NO also increases under 
exposure to the electromagnetic fields of 
mobile phones. 
 
DINIZ et al. 2002 
The increased proliferation of cells exposed to 
pulsating electromagnetic fields is caused by 
NO. 
 
KIM et al. 2002 
Pulsating electromagnetic fields amplify the 
neuronal NO synthase expression. 
 
LAI AND SINGH 2004 
Inhibitor of NO synthase (7-nitroindazol) blocks 
the effects of weak magnetic alternating fields 
(60 Hz, 10 µT). 
 
ILHAN et al. 2004 
Frequencies used by mobile radio (900 MHz) 
cause increased activity of NO levels, increase 
malondialdehyde, increase xanthin oxidase, 
decrease superoxide dismutase and 
glutathione peroxidise - thereby destroying the 
brain of rats. Antioxidants (Ginkgo biloba) 
counter this. 
 
YARIKTAS et al. 2005 
The NO level in the mucosa of the nose 
increases when exposed to mobile radio fields 
(900 MHz). 
 
AKDAG et al. 2007 
The long-term effect (2 hours per day for 10 
months) of a low frequency pulsed magnetic 
field on rats reduces the NO production below 
the nominal values. 
 
It has been known for many decades already 
that weak low frequency magnetic fields 
increase the levels of free radicals. It is 
therefore not necessary to quote further 
literature at this point. 
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4.2.2 Primary mechanism found: 
Enzymes transferring electrons are 
magneto-sensitive 

Stimulation of free radicals – 
including NO – through physical 
fields and radiated fields is therefore 
scientifically and reliably proven. But 
viewed critically, this is no proof of 
damage unless the underlying 
primary mechanism is identified. 
For this reason, we searched for a long 
time for a link to explain the damaging 
effect. And we have found it in one of 
the latest studies: The NADH oxidase 
enzyme exhibits a high – and quite 
reproducible – sensitivity for magnetic 
and electromagnetic fields of mobile 
phones (FRIEDMAN et al. 2007). 
 
 
This sensitivity had been known for quite some 
time in connection with other oxidases such as 
cytochrome oxidase (BLANK et al. 1998, 2001 
a/b). For a long time, it was believed that 
NADH oxidase was active only in certain cells 
such a phagocytes. But it was known for quite 
some time that it was sensitive to gravitation 
(NASA, 2006). In the meantime, homologues 
of NADH oxidase were discovered in various 
tissues and were collectively included in the 
NOX family (NOX1, N0X3, N0X4, N0X5, 
DUOX1 and DU0X2). 
 
The NOX family is also responsible for a large 
range of pathological processes, especially 
neurodegeneration and heart diseases 
(BEDARD et al. 2007). 
 
These oxidase enzymes are magnetically 
sensitive due to their capability of shepherding 
electrons through plasma membranes. When 
electrons move, an electrical current flows that 
in turn builds up its own magnetic field and 
also generates electromagnetic high frequency 
oscillations through acceleration and 
deceleration of electron movement. All these 
processes create sensitivity to external fields. 
 
The electron transfer is finally responsible for 
the production of superoxide radicals and 
other reactive oxygen species (ROS). The 
consequences of this are far reaching in 
completely different areas, because radicals 
and ROS are very aggressive. In this way, the 
destruction of viruses and bacteria is promoted, 
the creation of proteins is forced through 
reinforced gene expression and finally cell 
proliferation is supported at the cost of cell 
differentiation. 

 
Over-stimulation is a threat. It is analogous to 
a drug or medicine: Dosed correctly, the 
substance can be beneficial; but overdosing 
can be poisonous. This is exactly what 
happens with permanent exposure to magnetic 
and electromagnetic fields. 
 
In detail, this process is as follows: It is a fact 
that the NADH oxidase enzyme also produces 
the superoxide anion (02-°) free radical. 
Superoxide anion is damaging to the NO 
budget, among other. NO may be deactivated 
and may subsequently degrade, negatively 
affecting various vital parameters 
(WARNHOLTZ et al. 1999). 
 
What is new is the realisation that NADH 
oxidase also forces the generation of NO by 
stimulating the eNOS enzyme (SUZUKI et al. 
2006, RACASAN et al. 2005).  This stimulation 
of eNOS then becomes a further source of 
increased superoxide anion radical generation 
(SEINOSUKE et al. 2004).  This is not the end 
of the list in this fatal loop of overstimulation, 
because the NADH oxidase system also 
stimulates the formation of toxic hydrogen 
peroxide (H202), which also increases NO 
production by up to 100% (LI et al. 2002). 
These two additional NO stimulants explain 
the abovementioned increased NO production 
under the influence of magnetic fields and 
electromagnetic radiated fields – also through 
mobile radio communication. 
 
But this is the start of a vicious circle. Because 
overstimulation of the eNOS enzyme, that in 
the final analysis is also an agent for increased 
NO production, also increases superoxide 
anion radicals on its own (SEINOSUKE et al. 
2004).  Nature, however, also has a cleverly 
devised countermeasure against excessive 
and dangerous NO production threatening 
overproduction of a radical:  The more 
stimulated hydrogen peroxide, which also 
increases the NO production, is an agent for 
de-activating eNOS co-factors, which finally 
prevents the NO production by affecting the 
membrane receptor (JAMES et al. 2001). Such 
a reduction of NO has also been found before 
under long-term exposure to stronger magnetic 
fields (AKDAG et al. 2007). Even if the NO now 
appears to be regulated, the damaging effects 
of ROS remain intact. 
 
The real pathological effects arise afterwards. 
We have to consider, in addition, that both the 
NO and ROS, which includes superoxide 
anion, are important modulators of the vascular 
tonus and are architects of the adhesive 
interaction of leucocytes, platelets and 
endothelium. The two molecules of NO and of 
superoxide anion, however, have opposite 
effects: NO is normally beneficial in a healthy 
life cycle; ROS, however, prepares the system 
for special regulation when disruptions occur. 

 
The functions are thereby flexibly adjusted. 
This allocation of functions disappears, 
however, under the influence of an external 
magnetic and electromagnetic field: NO and 
ROS now react together. In this event, their 
specific effective potential is destroyed and 
toxic substances are created, such as 
peroxinitrite (0N00-) (MÜNZEL et al. 1999). 
This peroxinitrite in turn reacts with hydrogens, 
creating more hydrogen peroxide. 
 
 
Because this mechanism is so 
important, we shall summarise it in 
one sentence: The serious 
pathological disruption is caused by 
exposure to magnetic and radiated 
fields resulting in the creation of 
additional reactive oxygen species 
(ROS) such as superoxide radicals 
and hydrogen peroxide, that combine 
with the increasingly produced NO to 
form extremely toxic peroxinitrite, that 
in turn reacts with hydrogens to form 
more hydrogen peroxide. The 
consequences of the pathological 
process are listed further down. 
 
Many vital substances, required for 
functioning of the body, are rendered 
useless.  
 
If the cascade of effects is disrupted, 
the normal and healthy effects of NO 
are restored (HORNIG et al. 2001). 
 
The NADH oxidase is important in 
another sense as well. It is also found 
in the cell nucleus where it can – 
depending on the redox system – 
control the gene expression, but can 
also damage genes (MASUKA, 2006). 
 
Let us therefore state in response to 
the question of a conclusive effective 
mechanism: The existing scientific 
literature abundantly documents 
disruptions of the redox balance in 
organisms through reactive oxidative 
and nitrogenous species (ROS/RNS), 
causally connected to the exposure 
to electromagnetic fields of mobile 
radio and wireless communication. 
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An unambiguous effective damaging 
mechanism has therefore been 
found. 
 

4.3 On the question of de-
terioration of health and damage 

Can the functional disruptions thus 
explained be considered the 
scientifically proven reasons for the 
subjectively described symptoms of 
disease? 
 
The proven effective mechanism is 
important also because it shows that 
the subjective ailments of many people 
are based on biological facts that can 
be explained. If you are aware of the 
cascades of effects described 
hereunder, you will better understand 
why “electrosmog” is damaging. 
 
 

4.3.1 Functional disruptions and 
symptoms of disease 

Electromagnetically induced 
excessive ROS/RNS stimulation may 
be differentiated into three effective 
phases that are passed through 
sequentially: 
1. Stimulation of free radicals, 
2. Stimulation of highly toxic 
peroxinitrite, 
3. Stimulation of highly toxic peroxide 
radical. 
 
The following processes are serious: 
Cell components are destroyed; the 
antioxidants absorbed with the food 
and the substances with excess 
electrons produced by the organism 
itself are spent; the harmful 
cholesterine increases. People feel 
tired, tense, battle various 
inflammations. 

 
Pain is felt in places. More detail on 
the individual steps is given below. 
 
 
First complex: Stimulation of free radicals 
such as superoxide 02-° and NO leads to 

- activation of protooncogenes 
- damage to the mitochondria genome 
- damage to the cell nucleus genome 
- damage to the membranes 
- oxidation of the polyene fatty acids of the 

membranes; release of cardiolipins (auto 
antibody formation) 

- oxidation of SH groups, causing enzyme 
blocking 

- activation of proteases (cell damage) 
- activation of transcription factors. 

 
Second complex: Stimulation of highly 
toxic peroxinitrite from superoxide anion 
02° together with NO (02° -+ NO = ONOO°) 
NO has three times the affinity for superoxide 
02

-° that 02
-° has for the neutralising 

superoxide dismutase; the peroxinitrite 
- oxidises vitamin C 
- oxidises uric acid 
- oxidises cholesterine 
- oxidises sulfhydryl groups (destroys 

thioles) 
- oxidises polyene fatty acids of the 

membranes (initiates lipid peroxidation) 
- causes DNA breaks 
- activates kinases (phosphor lipase 2) 
- activates polymerase (PAPP); this 

destroys NAD+, leading to a cellular 
energetic catastrophy. 

NO and peroxinitrite react to form 
nitrogendioxide (NO2); this deactivates 
superoxide dismutase (MnSOD), i.e. inhibiting 
the neutralising enzymes of the mitochondria 
(mt-Mn-SOD). These reactions alone result in 
massive metabolism disruptions already. 

 
Third complex: Stimulation of highly toxic 
peroxide radical (H02°-) from superoxide 
and peroxinitrite with the involvement of 
hydrogen 
Peroxide H00° has a redox potential of +1000 
mV, making it highly oxidising.. An addition to 
the listing in complex 2, peroxide also oxidises: 

- Polyene fatty acids 
- Tocopherol (Vit E) 
- Lycopene 
- Co-enzyme Q 10 

 
 
The functional disruptions are 
manifest in disease symptoms, as 
described in more detail below.  

4.3.2 The “Acquired Energy 
Dyssymbiosis Syndrome” (AEDS) 

 
The clinical picture of the “Acquired 
Energy Dyssymbiosis Syndrome” 
describes a deficiency of cell energy – 
with simultaneous derailment of the cell 
environment. This leads to 
“mitochondropathy”: energy creation 
is blocked; the power generators for 
cell energy are transformed into 
copious sources of free radicals. 
 
The changes have serious 
consequences: 
 
1. Inflammation processes spread 

and release further substances 
that are harmful when overdosed 
(tumour necrosis factor TNFα and 
time and again nitrogen 
monoxide). We must also not 
forget that inflammations are on 
the increase in our industrial 
society and that arteriosclerosis 
and heart attacks – the primary 
cause of death – are ultimately 
caused by inflammations. This 
point of view has already been 
accepted among the scientifically 
active medical fraternity today. 

 
2. Aerobic glycolysis (glycolysis 

despite the presence of oxygen) is 
activated as “emergency power 
generator” – which is in turn 
associated with: 

 

 stimulation of proto-oncogenes 
(precursors to cancer genes) 
 increased release of superoxide 
radicals 
 lactate acidosis (excessive 
acidification) 
 

3. The mitichondric genome finally 
mutates. But especially this 
pathological change can be 
hereditary via the female gender. 
It burdens the progeny for the 
generations to come. 
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Catalogue of symptoms and 
diseases (excerpt), derived from 
the known effective mechanisms 
of nitrosative/oxidative stress 
- Sleep disorders 
- High level of fatigue: no 

relaxation, recuperation times 
ineffective 

- Psychosomatic performance 
lapses 

- Major phases of restlessness and 
“panic disorder” 

- Corpulence  
- Chronic hypoglycemia 
- Increased cholesterine and 

triglycerid values 
- Lactate acidosis 
- Fibromyalgy FMS (nitroso 

serotonin auto-antibody formation)  
- Autoimmune diseases 
- Arteriosclerosis 
- M. Parkinson 
- Chronic inflammation processes, 

especially in the nervous system, 
with multiple sclerosis and 
amyotropic lateral sclerosis 

- Haem synthesis disruptions 
(porphyria) 

- Lactose intolerance 
- Pathological energy deficit PED 

(WARNKE, 1989) 
- Chronic immune insufficiency 

 
     (high infection susceptibility) 
- Functional disruptions of the 

thyroid 
- Myopathy  
- Encephalopathy 
- Polyneuropathy  
- Enteropathy  
- Cancer   
- AIDS 
 
To summarise, we can answer the 
question as to whether subjective 
reports of illness have an objective 
basis as follows: The redox balance is 
disturbed via the direct influence of 
weak magnetic and electromagnetic 
fields on the NADH oxidase. The 
result is oxidative/nitrosative stress. It 
leads to disruptions and prevention of 
vital functions. In the course of these 
processes, exactly those disease 
symptoms subjectively described by 
those affected and exposed to radiated 
fields, are in evidence. 
 
Hereditary pathological changes 
passed on via the mother should, in 
particular, draw our attention to the 
effects that will only manifest 
themselves in generations to come. 
 
 

4.4 On the exclusion of a nocebo 
effect. 

Do we have scientifically designed 
methods, such as the “double blind” 
method, proving that the symptoms 
of disease cannot be attributed to 
fears but that they are generally 
reversible after “switching off” the 
physically stressing fields 
(unbeknown to the participants), after 
a short period of time? 
 
 
All the scientific investigations that 
addressed this question reply to this 
question with “yes”:  

 
The various problems disappear if 
the influence of the radiation or the 
ROS/RNS formation is “switched off” 
(e.g. ABELIN 1999, ABELIN et al. 
1995, HORNIG et al. 2001, 
PETROV1970, TNO study 2004). 
 
Health is not, however, restored if the 
disruptions have already led to serious 
damage such as DNA destruction or 
tumours. 
 
 

Overview: Physiopathological 
consequences of nitrosative/oxidative 
stress 
 
I. Disruption of mitochondrial activity 

II. Disruption of sugar utilisation 
(pathological lactate acidosis) 

III. Disruption of the neurotransmitter 
function 

IV. Disruption of the cholesterine 
metabolism 

V. Disruption of the steroid hormone 
synthesis (corticoids) 

VI. Disruption of the haem system 

VII. Generation of mutations, esp. the 
mitochondrial DNA (hereditary) 

VIII. Disruption of apoptosis 
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5. Summary  

 
 
 
 
For many decades, research results 

showing that the natural electrical and 

magnetic fields and their variation are a 

vital precondition for the orientation and 

navigation of a whole range of animals, 

have been freely available. 

 
What has also been known to science for 

many decades is that we as humans 

depend on this natural environment for 

many of our vital functions. 

 

 

 
Today, however, this natural information 

and functional system of humans, 

animals and plants has been 

superimposed by an unprecedented 

dense and energetic mesh of artificial 

magnetic, electrical and electromagnetic  

fields, generated by numerous mobile 

radio and wireless communication 

technologies. 

 
The consequences of this development 

have also been predicted by the critics for 

many decades and can now no longer be 

ignored. Bees and other insects 

disappear, birds avoid certain areas and 

are disoriented in other locations. 

Humans suffer from functional disorders 

and diseases. And those that are 

hereditary are passed on to the next 

generation as existing defects. 
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Glossary (GL) 

 
Information: This concept is generally 
understood in everyday life and has 
gained a position of central 
importance, especially in modern bio-
sciences. “Informed society” 
demands to be in a position to inform 
itself about everything if possible, at 
any time and any place in the world. 
Analogously, it is of cardinal importance 
to a living organism of any kind, not 
only to be in a position to communicate 
with its environment via information 
carriers, but the control of its internal 
vital functions must also be assured, 
which is again possible only through 
the exchange of “information”. 
 
 
Electromagnetic (EM) fields of all kinds 
and magnitudes (including light, UV 
and infrared radiation, microwaves, 
etc.) were chosen by evolution as 
particularly suitable carriers of 
information because they are able to 
flood the living space of organisms 
spontaneously and fully, affording 
every individual immediate access to 
its information content. 
 
 
This is available in the ordered 
structure of the EM fields themselves, 
described in physics as waves, which 
propagate at the speed of light with 
alternating electrical and magnetic field 
components. Because, in accordance 
with Faraday’s law of induction (1831), 
the changes in a magnetic field induce 
changes in an electrical field. 
 
 
The force/field lines of magnetic and 
electrical fields are in the form of 
vectors between positive and 
negative poles and we can therefore 
describe them as electrical or 
magnetic flux and a flux density 
orthogonal to a unit surface area, e.g. 
1 m2. 

 
 
 
The actual information in an EM field 
resides – similar to acoustics – in the 
number of oscillations per second 
(=frequency) and also in the 
amplitude of the oscillations. If an EM 
field of higher frequency is 
interrupted at a certain rate 
(facilitated only through modern 
digital technology), low frequency 
pulsed high frequency radiation is 
created, whereby the cyclic rate can 
also be used for information 
purposes. 
 
 
The traditional technical method of 
transmitting “information” is called 
modulation. In this way, a continuous 
low frequency carrier wave, subject 
to less interference during 
propagation in space, is overlaid 
(modulated) with the higher 
frequencies of music and voice, 
allowing the information to be 
transmitted over large distances. 
 
 

 
 

A few common physical units: 
 
Ampere (A): current amplitude 
Volt (V): electrical voltage 
V / meter (E): electrical field 

strength 
Watt:(W): power (=VA) 
Joule (J): electrical energy (=W sec) 
Tesla (T): magnetic induction 

(=V sec/m2) 
 
Number units 
 
(k) Kilo... * 1000 
(M) Mega ... * 1000 000 
(G) Giga ... * 1000 000 000 
(T) Tera ... * 1000 000 000 000 
 
(m) Milli ... * 0.000 
(µ) Micro ... * 0.000 000 
(n) Nano ... * 0.000 000 000 
(p) Pico ... * 0.000 000 000 000 
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On this paper 
 
The bio-scientist Ulrich Warnke is one of the foremost experts on nature’s electro-magnetic housekeeping. The paper 
presented here is the first in a new scientific series by independent scientists, physicians and technicians in which he 
demonstrates how wisely and sensitively nature has made use of electrical and magnetic fields in the development of 
life. But it is precisely for this reason that he is in a position to convincingly criticise our foolish and irresponsible 
interference in the natural scheme of things. The paper shows that we are now in the process of destroying, within a 
few decades, that which nature has created over millions of years. 
 
The prognosis is even more disturbing because it is not based on hypotheses and probabilities but on the identification 
of verifiable and reproducible effective mechanisms. It is clear that those in politically responsible positions, 
constitutionally obliged to take precautions, must now consider the inevitable consequences. Whoever continues to 
retreat to the common and comfortable strategy of belittlement today, denying any knowledge of serious risks, only 
exposes an attitude in terms of which short-sighted economic interests are closer to his heart than the future of 
generations to come. 
 
 
“This natural system of information and functionality in humans, animals and plants has today been superimposed by 
an unprecedented dense and energetic mesh of artificial magnetic, electrical and electromagnetic fields, generated by 
numerous mobile radio and wireless communication technologies. The critics have predicted the consequences of this 
development by for many decades and these can now no longer be ignored. Bees and other insects disappear; birds 
avoid certain areas and are disoriented in other locations. Humans suffer functional disorders and illnesses. And those 
disorders that are hereditary are passed on to the next generation as pre-programmed defects”. 
 
 
Prof. Dr. K. Hecht, Dr. med. M. Kern, Prof. Dr. K. Richter, Dr. med. H.-Chr. Scheiner 
 
 
 
 
 
About the author 
 
The main fields of activity of Dr. rer. nat. Ulrich Warnke, an internationally renowned bio-scientist of the University of 
the Saarland, are in bio-medicine, environmental medicine and bio-physics. His research has, for many decades, 
focussed especially on the effect of electromagnetic fields. 
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NOTE TO THE READER

The term ‘carcinogenic risk’ in the IARC Monographs series is taken to mean that an agent is 
capable of causing cancer. The Monographs evaluate cancer hazards, despite the historical presence 
of the word ‘risks’ in the title.

Inclusion of an agent in the Monographs does not imply that it is a carcinogen, only that the 
published data have been examined. Equally, the fact that an agent has not yet been evaluated in a 
Monograph does not mean that it is not carcinogenic. Similarly, identification of cancer sites with 
sufficient evidence or limited evidence in humans should not be viewed as precluding the possibility 
that an agent may cause cancer at other sites.

The evaluations of carcinogenic risk are made by international working groups of independent 
scientists and are qualitative in nature. No recommendation is given for regulation or legislation.

Anyone who is aware of published data that may alter the evaluation of the carcinogenic risk 
of an agent to humans is encouraged to make this information available to the Section of IARC 
Monographs, International Agency for Research on Cancer, 150 cours Albert Thomas, 69372 Lyon 
Cedex 08, France, in order that the agent may be considered for re-evaluation by a future Working 
Group.

Although every effort is made to prepare the Monographs as accurately as possible, mistakes may 
occur. Readers are requested to communicate any errors to the Section of IARC Monographs, so that 
corrections can be reported in future volumes.

1
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PREAMBLE
The Preamble to the IARC Monographs describes the objective and scope of the programme, 
the scientific principles and procedures used in developing a Monograph, the types of 
evidence considered and the scientific criteria that guide the evaluations. The Preamble 
should be consulted when reading a Monograph or list of evaluations.

A.	 GENERAL PRINCIPLES AND 
PROCEDURES

1.	 Background

Soon after IARC was established in 1965, it 
received frequent requests for advice on the car-
cinogenic risk of chemicals, including requests 
for lists of known and suspected human carcino-
gens. It was clear that it would not be a simple 
task to summarize adequately the complexity of 
the information that was available, and IARC 
began to consider means of obtaining interna-
tional expert opinion on this topic. In 1970, the 
IARC Advisory Committee on Environmental 
Carcinogenesis recommended ‘...that a com-
pendium on carcinogenic chemicals be pre-
pared by experts. The biological activity and 
evaluation of practical importance to public 
health should be referenced and documented.’ 
The IARC Governing Council adopted a resolu-
tion concerning the role of IARC in providing 
government authorities with expert, independ-
ent, scientific opinion on environmental carcino-
genesis. As one means to that end, the Governing 
Council recommended that IARC should prepare 
monographs on the evaluation of carcinogenic 

risk of chemicals to man, which became the ini-
tial title of the series.

In the succeeding years, the scope of the pro-
gramme broadened as Monographs were devel-
oped for groups of related chemicals, complex 
mixtures, occupational exposures, physical and 
biological agents and lifestyle factors. In 1988, 
the phrase ‘of chemicals’ was dropped from 
the title, which assumed its present form, IARC 
Monographs on the Evaluation of Carcinogenic 
Risks to Humans.

Through the Monographs programme, IARC 
seeks to identify the causes of human cancer. This 
is the first step in cancer prevention, which is 
needed as much today as when IARC was estab-
lished. The global burden of cancer is high and 
continues to increase: the annual number of new 
cases was estimated at 10.1 million in 2000 and 
is expected to reach 15 million by 2020 (Stewart 
& Kleihues, 2003). With current trends in demo-
graphics and exposure, the cancer burden has 
been shifting from high-resource countries to 
low- and medium-resource countries. As a result 
of Monographs evaluations, national health agen-
cies have been able, on scientific grounds, to take 
measures to reduce human exposure to carcino-
gens in the workplace and in the environment.

9
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The criteria established in 1971 to evaluate 
carcinogenic risks to humans were adopted by the 
Working Groups whose deliberations resulted in 
the first 16 volumes of the Monographs series. 
Those criteria were subsequently updated by fur-
ther ad hoc Advisory Groups (IARC, 1977, 1978, 
1979, 1982, 1983, 1987, 1988, 1991; Vainio et al., 
1992; IARC, 2005, 2006).

The Preamble is primarily a statement of sci-
entific principles, rather than a specification of 
working procedures. The procedures through 
which a Working Group implements these prin-
ciples are not specified in detail. They usually 
involve operations that have been established 
as being effective during previous Monograph 
meetings but remain, predominantly, the pre-
rogative of each individual Working Group.

2.	 Objective and scope

The objective of the programme is to pre-
pare, with the help of international Working 
Groups of experts, and to publish in the form of 
Monographs, critical reviews and evaluations of 
evidence on the carcinogenicity of a wide range 
of human exposures. The Monographs repre-
sent the first step in carcinogen risk assessment, 
which involves examination of all relevant infor-
mation to assess the strength of the available evi-
dence that an agent could alter the age-specific 
incidence of cancer in humans. The Monographs 
may also indicate where additional research 
efforts are needed, specifically when data imme-
diately relevant to an evaluation are not available.

In this Preamble, the term ‘agent’ refers to 
any entity or circumstance that is subject to 
evaluation in a Monograph. As the scope of the 
programme has broadened, categories of agents 
now include specific chemicals, groups of related 
chemicals, complex mixtures, occupational or 
environmental exposures, cultural or behav-
ioural practices, biological organisms and physi-
cal agents. This list of categories may expand as 

causation of, and susceptibility to, malignant 
disease become more fully understood.

A cancer ‘hazard’ is an agent that is capable 
of causing cancer under some circumstances, 
while a cancer ‘risk’ is an estimate of the carci-
nogenic effects expected from exposure to a can-
cer hazard. The Monographs are an exercise in 
evaluating cancer hazards, despite the historical 
presence of the word ‘risks’ in the title. The dis-
tinction between hazard and risk is important, 
and the Monographs identify cancer hazards 
even when risks are very low at current exposure 
levels, because new uses or unforeseen exposures 
could engender risks that are significantly higher.

In the Monographs, an agent is termed ‘car-
cinogenic’ if it is capable of increasing the inci-
dence of malignant neoplasms, reducing their 
latency, or increasing their severity or multiplic-
ity. The induction of benign neoplasms may in 
some circumstances (see Part B, Section 3a) con-
tribute to the judgement that the agent is carci-
nogenic. The terms ‘neoplasm’ and ‘tumour’ are 
used interchangeably.

The Preamble continues the previous usage 
of the phrase ‘strength of evidence’ as a matter 
of historical continuity, although it should be 
understood that Monographs evaluations con-
sider studies that support a finding of a cancer 
hazard as well as studies that do not.

Some epidemiological and experimental 
studies indicate that different agents may act at 
different stages in the carcinogenic process, and 
several different mechanisms may be involved. 
The aim of the Monographs has been, from their 
inception, to evaluate evidence of carcinogenic-
ity at any stage in the carcinogenesis process, 
independently of the underlying mechanisms. 
Information on mechanisms may, however, be 
used in making the overall evaluation (IARC, 
1991; Vainio et al., 1992; IARC, 2005, 2006; see 
also Part B, Sections 4 and 6). As mechanisms 
of carcinogenesis are elucidated, IARC convenes 
international scientific conferences to determine 
whether a broad-based consensus has emerged 

10
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on how specific mechanistic data can be used 
in an evaluation of human carcinogenicity. The 
results of such conferences are reported in IARC 
Scientific Publications, which, as long as they still 
reflect the current state of scientific knowledge, 
may guide subsequent Working Groups.

Although the Monographs have emphasized 
hazard identification, important issues may also 
involve dose–response assessment. In many 
cases, the same epidemiological and experimen-
tal studies used to evaluate a cancer hazard can 
also be used to estimate a dose–response relation-
ship. A Monograph may undertake to estimate 
dose–response relationships within the range 
of the available epidemiological data, or it may 
compare the dose–response information from 
experimental and epidemiological studies. In 
some cases, a subsequent publication may be pre-
pared by a separate Working Group with exper-
tise in quantitative dose–response assessment.

The Monographs are used by national and 
international authorities to make risk assess-
ments, formulate decisions concerning preventive 
measures, provide effective cancer control pro-
grammes and decide among alternative options 
for public health decisions. The evaluations of 
IARC Working Groups are scientific, qualita-
tive judgements on the evidence for or against 
carcinogenicity provided by the available data. 
These evaluations represent only one part of the 
body of information on which public health deci-
sions may be based. Public health options vary 
from one situation to another and from country 
to country and relate to many factors, including 
different socioeconomic and national priorities. 
Therefore, no recommendation is given with 
regard to regulation or legislation, which are 
the responsibility of individual governments or 
other international organizations.

3.	 Selection of agents for review

Agents are selected for review on the basis of 
two main criteria: (a) there is evidence of human 

exposure and (b) there is some evidence or sus-
picion of carcinogenicity. Mixed exposures may 
occur in occupational and environmental set-
tings and as a result of individual and cultural 
habits (such as tobacco smoking and dietary 
practices). Chemical analogues and compounds 
with biological or physical characteristics simi-
lar to those of suspected carcinogens may also 
be considered, even in the absence of data on a 
possible carcinogenic effect in humans or experi-
mental animals.

The scientific literature is surveyed for pub-
lished data relevant to an assessment of carci-
nogenicity. Ad hoc Advisory Groups convened 
by IARC in 1984, 1989, 1991, 1993, 1998 and 
2003 made recommendations as to which 
agents should be evaluated in the Monographs 
series. Recent recommendations are avail-
able on the Monographs programme web site  
(http://monographs.iarc.fr). IARC may schedule 
other agents for review as it becomes aware of 
new scientific information or as national health 
agencies identify an urgent public health need 
related to cancer.

As significant new data become available 
on an agent for which a Monograph exists, a re-
evaluation may be made at a subsequent meeting, 
and a new Monograph published. In some cases it 
may be appropriate to review only the data pub-
lished since a prior evaluation. This can be useful 
for updating a database, reviewing new data to 
resolve a previously open question or identifying 
new tumour sites associated with a carcinogenic 
agent. Major changes in an evaluation (e.g. a new 
classification in Group 1 or a determination that a 
mechanism does not operate in humans, see Part 
B, Section 6) are more appropriately addressed by 
a full review.

4.	 Data for the Monographs

Each Monograph reviews all pertinent epi-
demiological studies and cancer bioassays in 
experimental animals. Those judged inadequate 
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or irrelevant to the evaluation may be cited but 
not summarized. If a group of similar studies is 
not reviewed, the reasons are indicated.

Mechanistic and other relevant data are also 
reviewed. A Monograph does not necessarily 
cite all the mechanistic literature concerning 
the agent being evaluated (see Part B, Section 
4). Only those data considered by the Working 
Group to be relevant to making the evaluation 
are included.

With regard to epidemiological studies, can-
cer bioassays, and mechanistic and other relevant 
data, only reports that have been published or 
accepted for publication in the openly available 
scientific literature are reviewed. The same publi-
cation requirement applies to studies originating 
from IARC, including meta-analyses or pooled 
analyses commissioned by IARC in advance of a 
meeting (see Part B, Section 2c). Data from gov-
ernment agency reports that are publicly avail-
able are also considered. Exceptionally, doctoral 
theses and other material that are in their final 
form and publicly available may be reviewed.

Exposure data and other information on an 
agent under consideration are also reviewed. In 
the sections on chemical and physical proper-
ties, on analysis, on production and use and on 
occurrence, published and unpublished sources 
of information may be considered.

Inclusion of a study does not imply accept-
ance of the adequacy of the study design or of 
the analysis and interpretation of the results, and 
limitations are clearly outlined in square brack-
ets at the end of each study description (see Part 
B). The reasons for not giving further considera-
tion to an individual study also are indicated in 
the square brackets.

5.	 Meeting participants

Five categories of participant can be present 
at Monograph meetings.

(a)	 The Working Group

The Working Group is responsible for the crit-
ical reviews and evaluations that are developed 
during the meeting. The tasks of Working Group 
Members are: (i) to ascertain that all appropriate 
data have been collected; (ii) to select the data rel-
evant for the evaluation on the basis of scientific 
merit; (iii) to prepare accurate summaries of the 
data to enable the reader to follow the reasoning 
of the Working Group; (iv) to evaluate the results 
of epidemiological and experimental studies on 
cancer; (v) to evaluate data relevant to the under-
standing of mechanisms of carcinogenesis; and 
(vi) to make an overall evaluation of the carci-
nogenicity of the exposure to humans. Working 
Group Members generally have published sig-
nificant research related to the carcinogenicity of 
the agents being reviewed, and IARC uses litera-
ture searches to identify most experts. Working 
Group Members are selected on the basis of (a) 
knowledge and experience and (b) absence of real 
or apparent conflicts of interests. Consideration 
is also given to demographic diversity and bal-
ance of scientific findings and views.

(b)	 Invited Specialists

Invited Specialists are experts who also have 
critical knowledge and experience but have 
a real or apparent conflict of interests. These 
experts are invited when necessary to assist in 
the Working Group by contributing their unique 
knowledge and experience during subgroup and 
plenary discussions. They may also contribute 
text on non-influential issues in the section on 
exposure, such as a general description of data 
on production and use (see Part B, Section 1). 
Invited Specialists do not serve as meeting chair 
or subgroup chair, draft text that pertains to the 
description or interpretation of cancer data, or 
participate in the evaluations.
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(c)	 Representatives of national and 
international health agencies 

Representatives of national and interna-
tional health agencies often attend meetings 
because their agencies sponsor the programme 
or are interested in the subject of a meeting. 
Representatives do not serve as meeting chair or 
subgroup chair, draft any part of a Monograph, 
or participate in the evaluations.

(d)	 Observers with relevant scientific 
credentials 

Observers with relevant scientific credentials 
may be admitted to a meeting by IARC in limited 
numbers. Attention will be given to achieving a 
balance of Observers from constituencies with 
differing perspectives. They are invited to observe 
the meeting and should not attempt to influence 
it. Observers do not serve as meeting chair or 
subgroup chair, draft any part of a Monograph, 
or participate in the evaluations. At the meeting, 
the meeting chair and subgroup chairs may grant 
Observers an opportunity to speak, generally 
after they have observed a discussion. Observers 
agree to respect the Guidelines for Observers 
at IARC Monographs meetings (available at  
http://monographs.iarc.fr).

(e)	 The IARC Secretariat

The IARC Secretariat consists of scientists 
who are designated by IARC and who have rel-
evant expertise. They serve as rapporteurs and 
participate in all discussions. When requested by 
the meeting chair or subgroup chair, they may 
also draft text or prepare tables and analyses.

Before an invitation is extended, each poten-
tial participant, including the IARC Secretariat, 
completes the WHO Declaration of Interests to 
report financial interests, employment and con-
sulting, and individual and institutional research 
support related to the subject of the meeting. 
IARC assesses these interests to determine 

whether there is a conflict that warrants some 
limitation on participation. The declarations are 
updated and reviewed again at the opening of 
the meeting. Interests related to the subject of 
the meeting are disclosed to the meeting par-
ticipants and in the published volume (Cogliano 
et al., 2004).

The names and principal affiliations of par-
ticipants are available on the Monographs pro-
gramme web site (http://monographs.iarc.fr) 
approximately two months before each meeting. 
It is not acceptable for Observers or third parties 
to contact other participants before a meeting or 
to lobby them at any time. Meeting participants 
are asked to report all such contacts to IARC 
(Cogliano et al., 2005).

All participants are listed, with their princi-
pal affiliations, at the beginning of each volume. 
Each participant who is a Member of a Working 
Group serves as an individual scientist and not as 
a representative of any organization, government 
or industry.

6.	 Working procedures

A separate Working Group is responsible for 
developing each volume of Monographs. A vol-
ume contains one or more Monographs, which 
can cover either a single agent or several related 
agents. Approximately one year in advance of the 
meeting of a Working Group, the agents to be 
reviewed are announced on the Monographs pro-
gramme web site (http://monographs.iarc.fr) and 
participants are selected by IARC staff in consul-
tation with other experts. Subsequently, relevant 
biological and epidemiological data are collected 
by IARC from recognized sources of information 
on carcinogenesis, including data storage and 
retrieval systems such as PubMed. Meeting par-
ticipants who are asked to prepare preliminary 
working papers for specific sections are expected 
to supplement the IARC literature searches with 
their own searches.
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For most chemicals and some complex mix-
tures, the major collection of data and the prep-
aration of working papers for the sections on 
chemical and physical properties, on analysis, on 
production and use, and on occurrence are car-
ried out under a separate contract funded by the 
US National Cancer Institute. Industrial associ-
ations, labour unions and other knowledgeable 
organizations may be asked to provide input to 
the sections on production and use, although 
this involvement is not required as a general rule. 
Information on production and trade is obtained 
from governmental, trade and market research 
publications and, in some cases, by direct con-
tact with industries. Separate production data 
on some agents may not be available for a vari-
ety of reasons (e.g. not collected or made public 
in all producing countries, production is small). 
Information on uses may be obtained from pub-
lished sources but is often complemented by 
direct contact with manufacturers. Efforts are 
made to supplement this information with data 
from other national and international sources.

Six months before the meeting, the mate-
rial obtained is sent to meeting participants to 
prepare preliminary working papers. The work-
ing papers are compiled by IARC staff and sent, 
before the meeting, to Working Group Members 
and Invited Specialists for review.

The Working Group meets at IARC for seven 
to eight days to discuss and finalize the texts 
and to formulate the evaluations. The objectives 
of the meeting are peer review and consensus. 
During the first few days, four subgroups (cov-
ering exposure data, cancer in humans, cancer 
in experimental animals, and mechanistic and 
other relevant data) review the working papers, 
develop a joint subgroup draft and write sum-
maries. Care is taken to ensure that each study 
summary is written or reviewed by someone 
not associated with the study being considered. 
During the last few days, the Working Group 
meets in plenary session to review the subgroup 
drafts and develop the evaluations. As a result, 

the entire volume is the joint product of the 
Working Group, and there are no individually 
authored sections.

IARC Working Groups strive to achieve a 
consensus evaluation. Consensus reflects broad 
agreement among Working Group Members, but 
not necessarily unanimity. The chair may elect 
to poll Working Group Members to determine 
the diversity of scientific opinion on issues where 
consensus is not readily apparent.

After the meeting, the master copy is verified 
by consulting the original literature, edited and 
prepared for publication. The aim is to publish 
the volume within six months of the Working 
Group meeting. A summary of the outcome is 
available on the Monographs programme web 
site soon after the meeting.

B.	 SCIENTIFIC REVIEW AND 
EVALUATION

The available studies are summarized by the 
Working Group, with particular regard to the 
qualitative aspects discussed below. In general, 
numerical findings are indicated as they appear 
in the original report; units are converted when 
necessary for easier comparison. The Working 
Group may conduct additional analyses of the 
published data and use them in their assessment 
of the evidence; the results of such supplemen-
tary analyses are given in square brackets. When 
an important aspect of a study that directly 
impinges on its interpretation should be brought 
to the attention of the reader, a Working Group 
comment is given in square brackets.

The scope of the IARC Monographs pro-
gramme has expanded beyond chemicals to 
include complex mixtures, occupational expo-
sures, physical and biological agents, lifestyle 
factors and other potentially carcinogenic expo-
sures. Over time, the structure of a Monograph 
has evolved to include the following sections:
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Exposure data
Studies of cancer in humans
Studies of cancer in experimental animals
Mechanistic and other relevant data
Summary
Evaluation and rationale

In addition, a section of General Remarks at 
the front of the volume discusses the reasons the 
agents were scheduled for evaluation and some 
key issues the Working Group encountered dur-
ing the meeting.

This part of the Preamble discusses the types 
of evidence considered and summarized in each 
section of a Monograph, followed by the scientific 
criteria that guide the evaluations.

1.	 Exposure data

Each Monograph includes general informa-
tion on the agent: this information may vary sub-
stantially between agents and must be adapted 
accordingly. Also included is information on 
production and use (when appropriate), meth-
ods of analysis and detection, occurrence, and 
sources and routes of human occupational and 
environmental exposures. Depending on the 
agent, regulations and guidelines for use may be 
presented.

(a)	 General information on the agent

For chemical agents, sections on chemical 
and physical data are included: the Chemical 
Abstracts Service Registry Number, the latest pri-
mary name and the IUPAC systematic name are 
recorded; other synonyms are given, but the list 
is not necessarily comprehensive. Information 
on chemical and physical properties that are rel-
evant to identification, occurrence and biologi-
cal activity is included. A description of technical 
products of chemicals includes trade names, rel-
evant specifications and available information 
on composition and impurities. Some of the 
trade names given may be those of mixtures in 

which the agent being evaluated is only one of 
the ingredients.

For biological agents, taxonomy, struc-
ture and biology are described, and the degree 
of variability is indicated. Mode of replication, 
life cycle, target cells, persistence, latency, host 
response and clinical disease other than cancer 
are also presented.

For physical agents that are forms of radia-
tion, energy and range of the radiation are 
included. For foreign bodies, fibres and respir-
able particles, size range and relative dimensions 
are indicated.

For agents such as mixtures, drugs or lifestyle 
factors, a description of the agent, including its 
composition, is given.

Whenever appropriate, other information, 
such as historical perspectives or the description 
of an industry or habit, may be included.

(b)	 Analysis and detection

An overview of methods of analysis and 
detection of the agent is presented, including 
their sensitivity, specificity and reproducibility. 
Methods widely used for regulatory purposes 
are emphasized. Methods for monitoring human 
exposure are also given. No critical evaluation 
or recommendation of any method is meant or 
implied.

(c)	 Production and use

The dates of first synthesis and of first com-
mercial production of a chemical, mixture or 
other agent are provided when available; for 
agents that do not occur naturally, this informa-
tion may allow a reasonable estimate to be made 
of the date before which no human exposure to 
the agent could have occurred. The dates of first 
reported occurrence of an exposure are also pro-
vided when available. In addition, methods of 
synthesis used in past and present commercial 
production and different methods of production, 
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which may give rise to different impurities, are 
described.

The countries where companies report pro-
duction of the agent, and the number of compa-
nies in each country, are identified. Available data 
on production, international trade and uses are 
obtained for representative regions. It should not, 
however, be inferred that those areas or nations 
are necessarily the sole or major sources or users 
of the agent. Some identified uses may not be 
current or major applications, and the coverage 
is not necessarily comprehensive. In the case of 
drugs, mention of their therapeutic uses does not 
necessarily represent current practice nor does it 
imply judgement as to their therapeutic efficacy.

(d)	 Occurrence and exposure

Information on the occurrence of an agent in 
the environment is obtained from data derived 
from the monitoring and surveillance of levels 
in occupational environments, air, water, soil, 
plants, foods and animal and human tissues. 
When available, data on the generation, per-
sistence and bioaccumulation of the agent are 
also included. Such data may be available from 
national databases.

Data that indicate the extent of past and pre-
sent human exposure, the sources of exposure, 
the people most likely to be exposed and the fac-
tors that contribute to the exposure are reported. 
Information is presented on the range of human 
exposure, including occupational and environ-
mental exposures. This includes relevant findings 
from both developed and developing countries. 
Some of these data are not distributed widely and 
may be available from government reports and 
other sources. In the case of mixtures, indus-
tries, occupations or processes, information is 
given about all agents known to be present. For 
processes, industries and occupations, a histori-
cal description is also given, noting variations in 
chemical composition, physical properties and 
levels of occupational exposure with date and 

place. For biological agents, the epidemiology of 
infection is described.

(e)	 Regulations and guidelines

Statements concerning regulations and 
guidelines (e.g. occupational exposure limits, 
maximal levels permitted in foods and water, 
pesticide registrations) are included, but they 
may not reflect the most recent situation, since 
such limits are continuously reviewed and modi-
fied. The absence of information on regulatory 
status for a country should not be taken to imply 
that that country does not have regulations with 
regard to the exposure. For biological agents, leg-
islation and control, including vaccination and 
therapy, are described.

2.	 Studies of cancer in humans

This section includes all pertinent epidemio-
logical studies (see Part A, Section 4). Studies of 
biomarkers are included when they are relevant 
to an evaluation of carcinogenicity to humans.

(a)	 Types of study considered

Several types of epidemiological study con-
tribute to the assessment of carcinogenicity in 
humans — cohort studies, case–control studies, 
correlation (or ecological) studies and interven-
tion studies. Rarely, results from randomized tri-
als may be available. Case reports and case series 
of cancer in humans may also be reviewed.

Cohort and case–control studies relate indi-
vidual exposures under study to the occurrence of 
cancer in individuals and provide an estimate of 
effect (such as relative risk) as the main measure 
of association. Intervention studies may provide 
strong evidence for making causal inferences, as 
exemplified by cessation of smoking and the sub-
sequent decrease in risk for lung cancer.

In correlation studies, the units of inves-
tigation are usually whole populations (e.g. in 
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particular geographical areas or at particular 
times), and cancer frequency is related to a sum-
mary measure of the exposure of the population 
to the agent under study. In correlation studies, 
individual exposure is not documented, which 
renders this kind of study more prone to con-
founding. In some circumstances, however, cor-
relation studies may be more informative than 
analytical study designs (see, for example, the 
Monograph on arsenic in drinking-water; IARC, 
2004).

In some instances, case reports and case series 
have provided important information about the 
carcinogenicity of an agent. These types of study 
generally arise from a suspicion, based on clinical 
experience, that the concurrence of two events — 
that is, a particular exposure and occurrence of 
a cancer — has happened rather more frequently 
than would be expected by chance. Case reports 
and case series usually lack complete ascertain-
ment of cases in any population, definition or 
enumeration of the population at risk and esti-
mation of the expected number of cases in the 
absence of exposure.

The uncertainties that surround the inter-
pretation of case reports, case series and corre-
lation studies make them inadequate, except in 
rare instances, to form the sole basis for inferring 
a causal relationship. When taken together with 
case–control and cohort studies, however, these 
types of study may add materially to the judge-
ment that a causal relationship exists.

Epidemiological studies of benign neo-
plasms, presumed preneoplastic lesions and 
other end-points thought to be relevant to cancer 
are also reviewed. They may, in some instances, 
strengthen inferences drawn from studies of 
cancer itself.

(b)	 Quality of studies considered

It is necessary to take into account the pos-
sible roles of bias, confounding and chance in 
the interpretation of epidemiological studies. 

Bias is the effect of factors in study design or 
execution that lead erroneously to a stronger or 
weaker association than in fact exists between an 
agent and disease. Confounding is a form of bias 
that occurs when the relationship with disease is 
made to appear stronger or weaker than it truly is 
as a result of an association between the apparent 
causal factor and another factor that is associated 
with either an increase or decrease in the inci-
dence of the disease. The role of chance is related 
to biological variability and the influence of sam-
ple size on the precision of estimates of effect.

In evaluating the extent to which these fac-
tors have been minimized in an individual study, 
consideration is given to several aspects of design 
and analysis as described in the report of the 
study. For example, when suspicion of carcino-
genicity arises largely from a single small study, 
careful consideration is given when interpreting 
subsequent studies that included these data in an 
enlarged population. Most of these considera-
tions apply equally to case–control, cohort and 
correlation studies. Lack of clarity of any of these 
aspects in the reporting of a study can decrease 
its credibility and the weight given to it in the 
final evaluation of the exposure.

First, the study population, disease (or dis-
eases) and exposure should have been well 
defined by the authors. Cases of disease in the 
study population should have been identified in 
a way that was independent of the exposure of 
interest, and exposure should have been assessed 
in a way that was not related to disease status.

Second, the authors should have taken into 
account — in the study design and analysis — 
other variables that can influence the risk of dis-
ease and may have been related to the exposure 
of interest. Potential confounding by such vari-
ables should have been dealt with either in the 
design of the study, such as by matching, or in 
the analysis, by statistical adjustment. In cohort 
studies, comparisons with local rates of disease 
may or may not be more appropriate than those 
with national rates. Internal comparisons of 
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frequency of disease among individuals at differ-
ent levels of exposure are also desirable in cohort 
studies, since they minimize the potential for 
confounding related to the difference in risk fac-
tors between an external reference group and the 
study population.

Third, the authors should have reported the 
basic data on which the conclusions are founded, 
even if sophisticated statistical analyses were 
employed. At the very least, they should have 
given the numbers of exposed and unexposed 
cases and controls in a case–control study and 
the numbers of cases observed and expected in 
a cohort study. Further tabulations by time since 
exposure began and other temporal factors are 
also important. In a cohort study, data on all 
cancer sites and all causes of death should have 
been given, to reveal the possibility of reporting 
bias. In a case–control study, the effects of inves-
tigated factors other than the exposure of interest 
should have been reported.

Finally, the statistical methods used to obtain 
estimates of relative risk, absolute rates of can-
cer, confidence intervals and significance tests, 
and to adjust for confounding should have been 
clearly stated by the authors. These methods have 
been reviewed for case–control studies (Breslow 
& Day, 1980) and for cohort studies (Breslow & 
Day, 1987).

(c)	 Meta-analyses and pooled analyses

Independent epidemiological studies of the 
same agent may lead to results that are difficult 
to interpret. Combined analyses of data from 
multiple studies are a means of resolving this 
ambiguity, and well conducted analyses can be 
considered. There are two types of combined 
analysis. The first involves combining summary 
statistics such as relative risks from individual 
studies (meta-analysis) and the second involves a 
pooled analysis of the raw data from the individ-
ual studies (pooled analysis) (Greenland, 1998).

The advantages of combined analyses are 
increased precision due to increased sample size 
and the opportunity to explore potential con-
founders, interactions and modifying effects 
that may explain heterogeneity among studies in 
more detail. A disadvantage of combined analy-
ses is the possible lack of compatibility of data 
from various studies due to differences in sub-
ject recruitment, procedures of data collection, 
methods of measurement and effects of unmeas-
ured co-variates that may differ among studies. 
Despite these limitations, well conducted com-
bined analyses may provide a firmer basis than 
individual studies for drawing conclusions about 
the potential carcinogenicity of agents.

IARC may commission a meta-analysis or 
pooled analysis that is pertinent to a particular 
Monograph (see Part A, Section 4). Additionally, 
as a means of gaining insight from the results of 
multiple individual studies, ad hoc calculations 
that combine data from different studies may 
be conducted by the Working Group during 
the course of a Monograph meeting. The results 
of such original calculations, which would be 
specified in the text by presentation in square 
brackets, might involve updates of previously 
conducted analyses that incorporate the results 
of more recent studies or de-novo analyses. 
Irrespective of the source of data for the meta-
analyses and pooled analyses, it is important that 
the same criteria for data quality be applied as 
those that would be applied to individual studies 
and to ensure also that sources of heterogeneity 
between studies be taken into account.

(d)	 Temporal effects

Detailed analyses of both relative and abso-
lute risks in relation to temporal variables, such 
as age at first exposure, time since first exposure, 
duration of exposure, cumulative exposure, peak 
exposure (when appropriate) and time since 
cessation of exposure, are reviewed and sum-
marized when available. Analyses of temporal 
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relationships may be useful in making causal 
inferences. In addition, such analyses may sug-
gest whether a carcinogen acts early or late in the 
process of carcinogenesis, although, at best, they 
allow only indirect inferences about mechanisms 
of carcinogenesis.

(e)	 Use of biomarkers in epidemiological 
studies

Biomarkers indicate molecular, cellular or 
other biological changes and are increasingly 
used in epidemiological studies for various pur-
poses (IARC, 1991; Vainio et al., 1992; Toniolo 
et al., 1997; Vineis et al., 1999; Buffler et al., 2004). 
These may include evidence of exposure, of early 
effects, of cellular, tissue or organism responses, 
of individual susceptibility or host responses, 
and inference of a mechanism (see Part B, Section 
4b). This is a rapidly evolving field that encom-
passes developments in genomics, epigenomics 
and other emerging technologies.

Molecular epidemiological data that identify 
associations between genetic polymorphisms 
and interindividual differences in susceptibility 
to the agent(s) being evaluated may contribute 
to the identification of carcinogenic hazards to 
humans. If the polymorphism has been demon-
strated experimentally to modify the functional 
activity of the gene product in a manner that is 
consistent with increased susceptibility, these 
data may be useful in making causal inferences. 
Similarly, molecular epidemiological studies that 
measure cell functions, enzymes or metabolites 
that are thought to be the basis of susceptibil-
ity may provide evidence that reinforces biologi-
cal plausibility. It should be noted, however, that 
when data on genetic susceptibility originate 
from multiple comparisons that arise from sub-
group analyses, this can generate false-positive 
results and inconsistencies across studies, and 
such data therefore require careful evaluation. 
If the known phenotype of a genetic polymor-
phism can explain the carcinogenic mechanism 

of the agent being evaluated, data on this pheno-
type may be useful in making causal inferences.

(f)	 Criteria for causality

After the quality of individual epidemiologi-
cal studies of cancer has been summarized and 
assessed, a judgement is made concerning the 
strength of evidence that the agent in question 
is carcinogenic to humans. In making its judge-
ment, the Working Group considers several crite-
ria for causality (Hill, 1965). A strong association  
(e.g. a large relative risk) is more likely to indicate 
causality than a weak association, although it is 
recognized that estimates of effect of small mag-
nitude do not imply lack of causality and may be 
important if the disease or exposure is common. 
Associations that are replicated in several studies 
of the same design or that use different epidemi-
ological approaches or under different circum-
stances of exposure are more likely to represent 
a causal relationship than isolated observations 
from single studies. If there are inconsistent 
results among investigations, possible reasons 
are sought (such as differences in exposure), and 
results of studies that are judged to be of high 
quality are given more weight than those of stud-
ies that are judged to be methodologically less 
sound.

If the risk increases with the exposure, this is 
considered to be a strong indication of causality, 
although the absence of a graded response is not 
necessarily evidence against a causal relation-
ship. The demonstration of a decline in risk after 
cessation of or reduction in exposure in indi-
viduals or in whole populations also supports a 
causal interpretation of the findings.

Several scenarios may increase confidence in 
a causal relationship. On the one hand, an agent 
may be specific in causing tumours at one site or 
of one morphological type. On the other, carci-
nogenicity may be evident through the causation 
of multiple tumour types. Temporality, precision 
of estimates of effect, biological plausibility and 
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coherence of the overall database are consid-
ered. Data on biomarkers may be employed in 
an assessment of the biological plausibility of epi-
demiological observations.

Although rarely available, results from rand-
omized trials that show different rates of cancer 
among exposed and unexposed individuals pro-
vide particularly strong evidence for causality.

When several epidemiological studies show 
little or no indication of an association between 
an exposure and cancer, a judgement may be made 
that, in the aggregate, they show evidence of lack 
of carcinogenicity. Such a judgement requires 
first that the studies meet, to a sufficient degree, 
the standards of design and analysis described 
above. Specifically, the possibility that bias, con-
founding or misclassification of exposure or out-
come could explain the observed results should 
be considered and excluded with reasonable cer-
tainty. In addition, all studies that are judged to 
be methodologically sound should (a) be con-
sistent with an estimate of effect of unity for any 
observed level of exposure, (b) when considered 
together, provide a pooled estimate of relative 
risk that is at or near to unity, and (c) have a nar-
row confidence interval, due to sufficient popula-
tion size. Moreover, no individual study nor the 
pooled results of all the studies should show any 
consistent tendency that the relative risk of can-
cer increases with increasing level of exposure. 
It is important to note that evidence of lack of 
carcinogenicity obtained from several epidemio-
logical studies can apply only to the type(s) of 
cancer studied, to the dose levels reported, and to 
the intervals between first exposure and disease 
onset observed in these studies. Experience with 
human cancer indicates that the period from first 
exposure to the development of clinical cancer is 
sometimes longer than 20 years; latent periods 
substantially shorter than 30 years cannot pro-
vide evidence for lack of carcinogenicity.

3.	 Studies of cancer in experimental 
animals

All known human carcinogens that have been 
studied adequately for carcinogenicity in experi-
mental animals have produced positive results 
in one or more animal species (Wilbourn et al., 
1986; Tomatis et al., 1989). For several agents 
(e.g. aflatoxins, diethylstilbestrol, solar radiation, 
vinyl chloride), carcinogenicity in experimen-
tal animals was established or highly suspected 
before epidemiological studies confirmed their 
carcinogenicity in humans (Vainio et al., 1995). 
Although this association cannot establish that 
all agents that cause cancer in experimental ani-
mals also cause cancer in humans, it is biologically 
plausible that agents for which there is sufficient 
evidence of carcinogenicity in experimental ani-
mals (see Part B, Section 6b) also present a car-
cinogenic hazard to humans. Accordingly, in 
the absence of additional scientific information, 
these agents are considered to pose a carcinogenic 
hazard to humans. Examples of additional scien-
tific information are data that demonstrate that 
a given agent causes cancer in animals through 
a species-specific mechanism that does not oper-
ate in humans or data that demonstrate that the 
mechanism in experimental animals also oper-
ates in humans (see Part B, Section 6).

Consideration is given to all available long-
term studies of cancer in experimental animals 
with the agent under review (see Part A, Section 
4). In all experimental settings, the nature and 
extent of impurities or contaminants present in 
the agent being evaluated are given when avail-
able. Animal species, strain (including genetic 
background where applicable), sex, numbers per 
group, age at start of treatment, route of expo-
sure, dose levels, duration of exposure, survival 
and information on tumours (incidence, latency, 
severity or multiplicity of neoplasms or prene-
oplastic lesions) are reported. Those studies in 
experimental animals that are judged to be irrel-
evant to the evaluation or judged to be inadequate 
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(e.g. too short a duration, too few animals, poor 
survival; see below) may be omitted. Guidelines 
for conducting long-term carcinogenicity exper-
iments have been published (e.g. OECD, 2002).

Other studies considered may include: exper-
iments in which the agent was administered in 
the presence of factors that modify carcinogenic 
effects (e.g. initiation–promotion studies, co-
carcinogenicity studies and studies in geneti-
cally modified animals); studies in which the 
end-point was not cancer but a defined precan-
cerous lesion; experiments on the carcinogenic-
ity of known metabolites and derivatives; and 
studies of cancer in non-laboratory animals (e.g. 
livestock and companion animals) exposed to 
the agent.

For studies of mixtures, consideration is 
given to the possibility that changes in the phys-
icochemical properties of the individual sub-
stances may occur during collection, storage, 
extraction, concentration and delivery. Another 
consideration is that chemical and toxicological 
interactions of components in a mixture may 
alter dose–response relationships. The relevance 
to human exposure of the test mixture adminis-
tered in the animal experiment is also assessed. 
This may involve consideration of the following 
aspects of the mixture tested: (i) physical and 
chemical characteristics, (ii) identified constitu-
ents that may indicate the presence of a class of 
substances and (iii) the results of genetic toxicity 
and related tests.

The relevance of results obtained with an 
agent that is analogous (e.g. similar in structure 
or of a similar virus genus) to that being evalu-
ated is also considered. Such results may provide 
biological and mechanistic information that is 
relevant to the understanding of the process of 
carcinogenesis in humans and may strengthen 
the biological plausibility that the agent being 
evaluated is carcinogenic to humans (see Part B, 
Section 2f).

(a)	 Qualitative aspects

An assessment of carcinogenicity involves 
several considerations of qualitative impor-
tance, including (i) the experimental conditions 
under which the test was performed, including 
route, schedule and duration of exposure, spe-
cies, strain (including genetic background where 
applicable), sex, age and duration of follow-up; 
(ii) the consistency of the results, for example, 
across species and target organ(s); (iii) the spec-
trum of neoplastic response, from preneoplastic 
lesions and benign tumours to malignant neo-
plasms; and (iv) the possible role of modifying 
factors.

Considerations of importance in the inter-
pretation and evaluation of a particular study 
include: (i) how clearly the agent was defined and, 
in the case of mixtures, how adequately the sam-
ple characterization was reported; (ii) whether 
the dose was monitored adequately, particu-
larly in inhalation experiments; (iii) whether the 
doses, duration of treatment and route of expo-
sure were appropriate; (iv) whether the survival 
of treated animals was similar to that of con-
trols; (v) whether there were adequate numbers 
of animals per group; (vi) whether both male and 
female animals were used; (vii) whether animals 
were allocated randomly to groups; (viii) whether 
the duration of observation was adequate; and 
(ix) whether the data were reported and analysed 
adequately.

When benign tumours (a) occur together 
with and originate from the same cell type as 
malignant tumours in an organ or tissue in a 
particular study and (b) appear to represent a 
stage in the progression to malignancy, they are 
usually combined in the assessment of tumour 
incidence (Huff et al., 1989). The occurrence of 
lesions presumed to be preneoplastic may in cer-
tain instances aid in assessing the biological plau-
sibility of any neoplastic response observed. If an 
agent induces only benign neoplasms that appear 
to be end-points that do not readily undergo 

21

JA 02471

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 147 of 454



IARC MONOGRAPHS – 102

transition to malignancy, the agent should nev-
ertheless be suspected of being carcinogenic and 
requires further investigation.

(b)	 Quantitative aspects

The probability that tumours will occur may 
depend on the species, sex, strain, genetic back-
ground and age of the animal, and on the dose, 
route, timing and duration of the exposure. 
Evidence of an increased incidence of neoplasms 
with increasing levels of exposure strengthens 
the inference of a causal association between the 
exposure and the development of neoplasms.

The form of the dose–response relation-
ship can vary widely, depending on the par-
ticular agent under study and the target organ. 
Mechanisms such as induction of DNA dam-
age or inhibition of repair, altered cell division 
and cell death rates and changes in intercellular 
communication are important determinants of 
dose–response relationships for some carcino-
gens. Since many chemicals require metabolic 
activation before being converted to their reac-
tive intermediates, both metabolic and toxicoki-
netic aspects are important in determining the 
dose–response pattern. Saturation of steps such 
as absorption, activation, inactivation and elim-
ination may produce nonlinearity in the dose–
response relationship (Hoel et al., 1983; Gart 
et al., 1986), as could saturation of processes such 
as DNA repair. The dose–response relationship 
can also be affected by differences in survival 
among the treatment groups.

(c)	 Statistical analyses

Factors considered include the adequacy of 
the information given for each treatment group: 
(i) number of animals studied and number exam-
ined histologically, (ii) number of animals with a 
given tumour type and (iii) length of survival. 
The statistical methods used should be clearly 
stated and should be the generally accepted tech-
niques refined for this purpose (Peto et al., 1980; 

Gart et al., 1986; Portier & Bailer, 1989; Bieler & 
Williams, 1993). The choice of the most appro-
priate statistical method requires consideration 
of whether or not there are differences in sur-
vival among the treatment groups; for example, 
reduced survival because of non-tumour-related 
mortality can preclude the occurrence of 
tumours later in life. When detailed informa-
tion on survival is not available, comparisons 
of the proportions of tumour-bearing animals 
among the effective number of animals (alive at 
the time the first tumour was discovered) can 
be useful when significant differences in sur-
vival occur before tumours appear. The lethal-
ity of the tumour also requires consideration: for 
rapidly fatal tumours, the time of death provides 
an indication of the time of tumour onset and 
can be assessed using life-table methods; non-
fatal or incidental tumours that do not affect 
survival can be assessed using methods such as 
the Mantel-Haenzel test for changes in tumour 
prevalence. Because tumour lethality is often dif-
ficult to determine, methods such as the Poly-K 
test that do not require such information can 
also be used. When results are available on the 
number and size of tumours seen in experimen-
tal animals (e.g. papillomas on mouse skin, liver 
tumours observed through nuclear magnetic 
resonance tomography), other more complicated 
statistical procedures may be needed (Sherman 
et al., 1994; Dunson et al., 2003).

Formal statistical methods have been devel-
oped to incorporate historical control data into 
the analysis of data from a given experiment. 
These methods assign an appropriate weight to 
historical and concurrent controls on the basis 
of the extent of between-study and within-study 
variability: less weight is given to historical con-
trols when they show a high degree of variability, 
and greater weight when they show little varia-
bility. It is generally not appropriate to discount 
a tumour response that is significantly increased 
compared with concurrent controls by arguing 
that it falls within the range of historical controls, 
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particularly when historical controls show high 
between-study variability and are, thus, of little 
relevance to the current experiment. In analys-
ing results for uncommon tumours, however, the 
analysis may be improved by considering histori-
cal control data, particularly when between-study 
variability is low. Historical controls should be 
selected to resemble the concurrent controls as 
closely as possible with respect to species, gen-
der and strain, as well as other factors such as 
basal diet and general laboratory environment, 
which may affect tumour-response rates in con-
trol animals (Haseman et al., 1984; Fung et al., 
1996; Greim et al., 2003).

Although meta-analyses and combined anal-
yses are conducted less frequently for animal 
experiments than for epidemiological studies 
due to differences in animal strains, they can be 
useful aids in interpreting animal data when the 
experimental protocols are sufficiently similar.

4.	 Mechanistic and other relevant 
data

Mechanistic and other relevant data may pro-
vide evidence of carcinogenicity and also help in 
assessing the relevance and importance of find-
ings of cancer in animals and in humans. The 
nature of the mechanistic and other relevant data 
depends on the biological activity of the agent 
being considered. The Working Group considers 
representative studies to give a concise descrip-
tion of the relevant data and issues that they con-
sider to be important; thus, not every available 
study is cited. Relevant topics may include toxi-
cokinetics, mechanisms of carcinogenesis, sus-
ceptible individuals, populations and life-stages, 
other relevant data and other adverse effects. 
When data on biomarkers are informative about 
the mechanisms of carcinogenesis, they are 
included in this section.

These topics are not mutually exclusive; thus, 
the same studies may be discussed in more than 

one subsection. For example, a mutation in a 
gene that codes for an enzyme that metabolizes 
the agent under study could be discussed in the 
subsections on toxicokinetics, mechanisms and 
individual susceptibility if it also exists as an 
inherited polymorphism.

(a)	 Toxicokinetic data

Toxicokinetics refers to the absorption, dis-
tribution, metabolism and elimination of agents 
in humans, experimental animals and, where 
relevant, cellular systems. Examples of kinetic 
factors that may affect dose–response relation-
ships include uptake, deposition, biopersis-
tence and half-life in tissues, protein binding, 
metabolic activation and detoxification. Studies 
that indicate the metabolic fate of the agent in 
humans and in experimental animals are sum-
marized briefly, and comparisons of data from 
humans and animals are made when possible. 
Comparative information on the relationship 
between exposure and the dose that reaches the 
target site may be important for the extrapola-
tion of hazards between species and in clarifying 
the role of in-vitro findings.

(b)	 Data on mechanisms of carcinogenesis

To provide focus, the Working Group 
attempts to identify the possible mechanisms by 
which the agent may increase the risk of cancer. 
For each possible mechanism, a representative 
selection of key data from humans and experi-
mental systems is summarized. Attention is 
given to gaps in the data and to data that suggests 
that more than one mechanism may be operat-
ing. The relevance of the mechanism to humans 
is discussed, in particular, when mechanistic 
data are derived from experimental model sys-
tems. Changes in the affected organs, tissues or 
cells can be divided into three non-exclusive lev-
els as described below.
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(i)	 Changes in physiology

Physiological changes refer to exposure-
related modifications to the physiology and/or 
response of cells, tissues and organs. Examples 
of potentially adverse physiological changes 
include mitogenesis, compensatory cell division, 
escape from apoptosis and/or senescence, pres-
ence of inflammation, hyperplasia, metaplasia 
and/or preneoplasia, angiogenesis, alterations in 
cellular adhesion, changes in steroidal hormones 
and changes in immune surveillance.

(ii)	 Functional changes at the cellular level

Functional changes refer to exposure-related 
alterations in the signalling pathways used by 
cells to manage critical processes that are related 
to increased risk for cancer. Examples of func-
tional changes include modified activities of 
enzymes involved in the metabolism of xenobi-
otics, alterations in the expression of key genes 
that regulate DNA repair, alterations in cyclin-
dependent kinases that govern cell cycle progres-
sion, changes in the patterns of post-translational 
modifications of proteins, changes in regula-
tory factors that alter apoptotic rates, changes 
in the secretion of factors related to the stimula-
tion of DNA replication and transcription and 
changes in gap–junction-mediated intercellular 
communication.

(iii)	 Changes at the molecular level

Molecular changes refer to exposure-related 
changes in key cellular structures at the molec-
ular level, including, in particular, genotoxicity. 
Examples of molecular changes include forma-
tion of DNA adducts and DNA strand breaks, 
mutations in genes, chromosomal aberrations, 
aneuploidy and changes in DNA methylation 
patterns. Greater emphasis is given to irrevers-
ible effects.

The use of mechanistic data in the identifica-
tion of a carcinogenic hazard is specific to the 
mechanism being addressed and is not readily 

described for every possible level and mechanism 
discussed above.

Genotoxicity data are discussed here to illus-
trate the key issues involved in the evaluation of 
mechanistic data.

Tests for genetic and related effects are 
described in view of the relevance of gene muta-
tion and chromosomal aberration/aneuploidy 
to carcinogenesis (Vainio et al., 1992; McGregor 
et al., 1999). The adequacy of the reporting of 
sample characterization is considered and, when 
necessary, commented upon; with regard to 
complex mixtures, such comments are similar 
to those described for animal carcinogenicity 
tests. The available data are interpreted critically 
according to the end-points detected, which 
may include DNA damage, gene mutation, sister 
chromatid exchange, micronucleus formation, 
chromosomal aberrations and aneuploidy. The 
concentrations employed are given, and men-
tion is made of whether the use of an exogenous 
metabolic system in vitro affected the test result. 
These data are listed in tabular form by phyloge-
netic classification.

Positive results in tests using prokary-
otes, lower eukaryotes, insects, plants and cul-
tured mammalian cells suggest that genetic and 
related effects could occur in mammals. Results 
from such tests may also give information on 
the types of genetic effect produced and on the 
involvement of metabolic activation. Some end-
points described are clearly genetic in nature 
(e.g. gene mutations), while others are associated 
with genetic effects (e.g. unscheduled DNA syn-
thesis). In-vitro tests for tumour promotion, cell 
transformation and gap–junction intercellular 
communication may be sensitive to changes that 
are not necessarily the result of genetic altera-
tions but that may have specific relevance to the 
process of carcinogenesis. Critical appraisals 
of these tests have been published (Montesano 
et al., 1986; McGregor et al., 1999).

Genetic or other activity manifest in humans 
and experimental mammals is regarded to be of 

24

JA 02474

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 150 of 454



Preamble

greater relevance than that in other organisms. 
The demonstration that an agent can induce 
gene and chromosomal mutations in mammals 
in vivo indicates that it may have carcinogenic 
activity. Negative results in tests for mutagenicity 
in selected tissues from animals treated in vivo 
provide less weight, partly because they do not 
exclude the possibility of an effect in tissues other 
than those examined. Moreover, negative results 
in short-term tests with genetic end-points can-
not be considered to provide evidence that rules 
out the carcinogenicity of agents that act through 
other mechanisms (e.g. receptor-mediated 
effects, cellular toxicity with regenerative cell 
division, peroxisome proliferation) (Vainio et al., 
1992). Factors that may give misleading results 
in short-term tests have been discussed in detail 
elsewhere (Montesano et al., 1986; McGregor 
et al., 1999).

When there is evidence that an agent acts by 
a specific mechanism that does not involve gen-
otoxicity (e.g. hormonal dysregulation, immune 
suppression, and formation of calculi and other 
deposits that cause chronic irritation), that evi-
dence is presented and reviewed critically in the 
context of rigorous criteria for the operation of 
that mechanism in carcinogenesis (e.g. Capen 
et al., 1999).

For biological agents such as viruses, bacteria 
and parasites, other data relevant to carcinogenic-
ity may include descriptions of the pathology of 
infection, integration and expression of viruses, 
and genetic alterations seen in human tumours. 
Other observations that might comprise cellu-
lar and tissue responses to infection, immune 
response and the presence of tumour markers 
are also considered.

For physical agents that are forms of radia-
tion, other data relevant to carcinogenicity may 
include descriptions of damaging effects at the 
physiological, cellular and molecular level, as 
for chemical agents, and descriptions of how 
these effects occur. ‘Physical agents’ may also be 
considered to comprise foreign bodies, such as 

surgical implants of various kinds, and poorly 
soluble fibres, dusts and particles of various 
sizes, the pathogenic effects of which are a result 
of their physical presence in tissues or body 
cavities. Other relevant data for such materials 
may include characterization of cellular, tissue 
and physiological reactions to these materi-
als and descriptions of pathological conditions 
other than neoplasia with which they may be 
associated.

(c)	 Other data relevant to mechanisms

A description is provided of any structure–
activity relationships that may be relevant to an 
evaluation of the carcinogenicity of an agent, the 
toxicological implications of the physical and 
chemical properties, and any other data relevant 
to the evaluation that are not included elsewhere.

High-output data, such as those derived from 
gene expression microarrays, and high-through-
put data, such as those that result from testing 
hundreds of agents for a single end-point, pose a 
unique problem for the use of mechanistic data 
in the evaluation of a carcinogenic hazard. In 
the case of high-output data, there is the possi-
bility to overinterpret changes in individual end-
points (e.g. changes in expression in one gene) 
without considering the consistency of that find-
ing in the broader context of the other end-points 
(e.g. other genes with linked transcriptional con-
trol). High-output data can be used in assessing 
mechanisms, but all end-points measured in a 
single experiment need to be considered in the 
proper context. For high-throughput data, where 
the number of observations far exceeds the num-
ber of end-points measured, their utility for iden-
tifying common mechanisms across multiple 
agents is enhanced. These data can be used to 
identify mechanisms that not only seem plausi-
ble, but also have a consistent pattern of carci-
nogenic response across entire classes of related 
compounds.
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(d)	 Susceptibility data

Individuals, populations and life-stages may 
have greater or lesser susceptibility to an agent, 
based on toxicokinetics, mechanisms of carcino-
genesis and other factors. Examples of host and 
genetic factors that affect individual susceptibil-
ity include sex, genetic polymorphisms of genes 
involved in the metabolism of the agent under 
evaluation, differences in metabolic capacity due 
to life-stage or the presence of disease, differ-
ences in DNA repair capacity, competition for 
or alteration of metabolic capacity by medica-
tions or other chemical exposures, pre-existing 
hormonal imbalance that is exacerbated by a 
chemical exposure, a suppressed immune sys-
tem, periods of higher-than-usual tissue growth 
or regeneration and genetic polymorphisms that 
lead to differences in behaviour (e.g. addiction). 
Such data can substantially increase the strength 
of the evidence from epidemiological data and 
enhance the linkage of in-vivo and in-vitro labo-
ratory studies to humans.

(e)	 Data on other adverse effects

Data on acute, subchronic and chronic 
adverse effects relevant to the cancer evaluation 
are summarized. Adverse effects that confirm 
distribution and biological effects at the sites of 
tumour development, or alterations in physiol-
ogy that could lead to tumour development, are 
emphasized. Effects on reproduction, embryonic 
and fetal survival and development are summa-
rized briefly. The adequacy of epidemiological 
studies of reproductive outcome and genetic and 
related effects in humans is judged by the same 
criteria as those applied to epidemiological stud-
ies of cancer, but fewer details are given.

5.	 Summary

This section is a summary of data presented 
in the preceding sections. Summaries can be 

found on the Monographs programme web site 
(http://monographs.iarc.fr).

(a)	 Exposure data

Data are summarized, as appropriate, on the 
basis of elements such as production, use, occur-
rence and exposure levels in the workplace and 
environment and measurements in human tis-
sues and body fluids. Quantitative data and time 
trends are given to compare exposures in dif-
ferent occupations and environmental settings. 
Exposure to biological agents is described in 
terms of transmission, prevalence and persis-
tence of infection.

(b)	 Cancer in humans

Results of epidemiological studies pertinent 
to an assessment of human carcinogenicity are 
summarized. When relevant, case reports and 
correlation studies are also summarized. The tar-
get organ(s) or tissue(s) in which an increase in 
cancer was observed is identified. Dose–response 
and other quantitative data may be summarized 
when available.

(c)	 Cancer in experimental animals

Data relevant to an evaluation of carcino-
genicity in animals are summarized. For each 
animal species, study design and route of admin-
istration, it is stated whether an increased inci-
dence, reduced latency, or increased severity 
or multiplicity of neoplasms or preneoplastic 
lesions were observed, and the tumour sites are 
indicated. If the agent produced tumours after 
prenatal exposure or in single-dose experiments, 
this is also mentioned. Negative findings, inverse 
relationships, dose–response and other quantita-
tive data are also summarized.

(d)	 Mechanistic and other relevant data

Data relevant to the toxicokinetics (absorp-
tion, distribution, metabolism, elimination) and 
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the possible mechanism(s) of carcinogenesis (e.g. 
genetic toxicity, epigenetic effects) are summa-
rized. In addition, information on susceptible 
individuals, populations and life-stages is sum-
marized. This section also reports on other toxic 
effects, including reproductive and developmen-
tal effects, as well as additional relevant data that 
are considered to be important.

6.	 Evaluation and rationale

Evaluations of the strength of the evidence for 
carcinogenicity arising from human and experi-
mental animal data are made, using standard 
terms. The strength of the mechanistic evidence 
is also characterized.

It is recognized that the criteria for these 
evaluations, described below, cannot encompass 
all of the factors that may be relevant to an eval-
uation of carcinogenicity. In considering all of 
the relevant scientific data, the Working Group 
may assign the agent to a higher or lower cat-
egory than a strict interpretation of these criteria 
would indicate.

These categories refer only to the strength of 
the evidence that an exposure is carcinogenic 
and not to the extent of its carcinogenic activ-
ity (potency). A classification may change as new 
information becomes available.

An evaluation of the degree of evidence is lim-
ited to the materials tested, as defined physically, 
chemically or biologically. When the agents eval-
uated are considered by the Working Group to be 
sufficiently closely related, they may be grouped 
together for the purpose of a single evaluation of 
the degree of evidence.

(a)	 Carcinogenicity in humans

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

Sufficient evidence of carcinogenicity: 
The Working Group considers that a causal 

relationship has been established between expo-
sure 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 sepa-
rate 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 preclude the pos-
sibility that the agent may cause cancer at other 
sites.

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, con-
sistency or statistical power to permit a conclu-
sion regarding the presence or absence of a causal 
association between exposure and cancer, or no 
data on cancer in humans are available.

Evidence suggesting lack of carcinogenicity: 
There are several adequate studies covering the 
full range of levels of exposure that humans are 
known to encounter, which are mutually consist-
ent 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 carcino-
genicity is inevitably limited to the cancer sites, 
conditions and levels of exposure, and length of 
observation covered by the available studies. In 
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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.

When the available epidemiological stud-
ies pertain to a mixture, process, occupation or 
industry, the Working Group seeks to identify 
the specific agent considered most likely to be 
responsible for any excess risk. The evaluation 
is focused as narrowly as the available data on 
exposure and other aspects permit.

(b)	 Carcinogenicity in experimental 
animals

Carcinogenicity in experimental animals can 
be evaluated using conventional bioassays, bioas-
says that employ genetically modified animals, 
and other in-vivo bioassays that focus on one or 
more of the critical stages of carcinogenesis. In 
the absence of data from conventional long-term 
bioassays or from assays with neoplasia as the 
end-point, consistently positive results in several 
models that address several stages in the multi-
stage process of carcinogenesis should be con-
sidered in evaluating the degree of evidence of 
carcinogenicity in experimental animals.

The evidence relevant to carcinogenicity in 
experimental animals is classified into one of the 
following categories:

Sufficient evidence of carcinogenicity: The 
Working Group considers that a causal relation-
ship has been established between the agent and 
an increased incidence of malignant neoplasms 
or of an appropriate combination of benign and 
malignant neoplasms in (a) two or more species 
of animals or (b) two or more independent stud-
ies in one species carried out at different times 
or in different laboratories or under different 
protocols. An increased incidence of tumours in 
both sexes of a single species in a well conducted 
study, ideally conducted under Good Laboratory 
Practices, can also provide sufficient evidence.

A single study in one species and sex might be 
considered to provide sufficient evidence of carci-
nogenicity when malignant neoplasms occur to 
an unusual degree with regard to incidence, site, 
type of tumour or age at onset, or when there are 
strong findings of tumours at multiple sites.

Limited evidence of carcinogenicity:  
The data suggest a carcinogenic effect but are 
limited for making a definitive evaluation 
because, e.g. (a) the evidence of carcinogenicity 
is restricted to a single experiment; (b) there are 
unresolved questions regarding the adequacy of 
the design, conduct or interpretation of the stud-
ies; (c) the agent increases the incidence only of 
benign neoplasms or lesions of uncertain neo-
plastic potential; or (d) the evidence of carcino-
genicity is restricted to studies that demonstrate 
only promoting activity in a narrow range of tis-
sues or organs.

Inadequate evidence of carcinogenicity:  
The studies cannot be interpreted as showing 
either the presence or absence of a carcinogenic 
effect because of major qualitative or quantitative 
limitations, or no data on cancer in experimental 
animals are available.

Evidence suggesting lack of carcinogenicity: 
Adequate studies involving at least two species 
are available which show that, within the limits 
of the tests used, the agent is not carcinogenic. 
A conclusion of evidence suggesting lack of car-
cinogenicity is inevitably limited to the species, 
tumour sites, age at exposure, and conditions 
and levels of exposure studied.

(c)	 Mechanistic and other relevant data

Mechanistic and other evidence judged to 
be relevant to an evaluation of carcinogenicity 
and of sufficient importance to affect the over-
all evaluation is highlighted. This may include 
data on preneoplastic lesions, tumour pathol-
ogy, genetic and related effects, structure–activ-
ity relationships, metabolism and toxicokinetics, 
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physicochemical parameters and analogous bio-
logical agents.

The strength of the evidence that any carcino-
genic effect observed is due to a particular mech-
anism is evaluated, using terms such as ‘weak’, 
‘moderate’ or ‘strong’. The Working Group then 
assesses whether that particular mechanism is 
likely to be operative in humans. The strongest 
indications that a particular mechanism oper-
ates in humans derive from data on humans 
or biological specimens obtained from exposed 
humans. The data may be considered to be espe-
cially relevant if they show that the agent in ques-
tion has caused changes in exposed humans that 
are on the causal pathway to carcinogenesis. 
Such data may, however, never become available, 
because it is at least conceivable that certain com-
pounds may be kept from human use solely on 
the basis of evidence of their toxicity and/or car-
cinogenicity in experimental systems.

The conclusion that a mechanism operates in 
experimental animals is strengthened by find-
ings of consistent results in different experimen-
tal systems, by the demonstration of biological 
plausibility and by coherence of the overall data-
base. Strong support can be obtained from stud-
ies that challenge the hypothesized mechanism 
experimentally, by demonstrating that the sup-
pression of key mechanistic processes leads to 
the suppression of tumour development. The 
Working Group considers whether multiple 
mechanisms might contribute to tumour devel-
opment, whether different mechanisms might 
operate in different dose ranges, whether sepa-
rate mechanisms might operate in humans and 
experimental animals and whether a unique 
mechanism might operate in a susceptible group. 
The possible contribution of alternative mecha-
nisms must be considered before concluding 
that tumours observed in experimental animals 
are not relevant to humans. An uneven level of 
experimental support for different mechanisms 
may reflect that disproportionate resources 

have been focused on investigating a favoured 
mechanism.

For complex exposures, including occupa-
tional and industrial exposures, the chemical 
composition and the potential contribution of 
carcinogens known to be present are considered 
by the Working Group in its overall evaluation 
of human carcinogenicity. The Working Group 
also determines the extent to which the materi-
als tested in experimental systems are related to 
those to which humans are exposed.

(d)	 Overall evaluation

Finally, the body of evidence is considered as 
a whole, to reach an overall evaluation of the car-
cinogenicity of the agent to humans.

An evaluation may be made for a group of 
agents that have been evaluated by the Working 
Group. In addition, when supporting data indi-
cate that other related agents, for which there is 
no direct evidence of their capacity to induce 
cancer in humans or in animals, may also be 
carcinogenic, a statement describing the ration-
ale for this conclusion is added to the evaluation 
narrative; an additional evaluation may be made 
for this broader group of agents if the strength of 
the evidence warrants it.

The agent is described according to the word-
ing of one of the following categories, and the 
designated group is given. The categorization of 
an agent is a matter of scientific judgement that 
reflects the strength of the evidence derived from 
studies in humans and in experimental animals 
and from mechanistic and other relevant data.

Group 1: The agent is carcinogenic to 
humans.

This category is used when there is suffi-
cient evidence of carcinogenicity in humans. 
Exceptionally, an agent may be placed in this 
category when evidence of carcinogenicity in 
humans is less than sufficient but there is suffi-
cient evidence of carcinogenicity in experimental 
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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 carcino-
genicity 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 car-
cinogenic to humans) or Group 2B (possibly 
carcinogenic to humans) on the basis of epide-
miological and experimental evidence of carci-
nogenicity and mechanistic and other relevant 
data. The terms probably carcinogenic and possi-
bly 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.

Group 2A: The agent is probably 
carcinogenic to humans.

This category is used when there is limited 
evidence of carcinogenicity in humans and suffi-
cient evidence of carcinogenicity in experimental 
animals. In some cases, an agent may be classi-
fied in this category when there is inadequate evi-
dence of carcinogenicity in humans and sufficient 
evidence of carcinogenicity in experimental ani-
mals and strong evidence that the carcinogenesis 
is mediated by a mechanism that also operates 
in humans. Exceptionally, an agent may be clas-
sified in this category solely on the basis of lim-
ited evidence of carcinogenicity in humans. An 
agent may be assigned to this category if it 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.

Group 2B: The agent is possibly carcinogenic 
to humans.

This category is used for agents for which 
there is limited evidence of carcinogenicity in 
humans and less than sufficient evidence of car-
cinogenicity in experimental animals. It may 
also be used when there is inadequate evidence 
of carcinogenicity in humans but there is suffi-
cient 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 car-
cinogenicity 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 inadequate or lim-
ited in experimental animals.

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 experi-
mental 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 determi-
nation of non-carcinogenicity 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.

Group 4: The agent is probably not 
carcinogenic to humans.

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

(e)	 Rationale

The reasoning that the Working Group used 
to reach its evaluation is presented and discussed. 
This section integrates the major findings from 
studies of cancer in humans, studies of cancer 
in experimental animals, and mechanistic and 
other relevant data. It includes concise state-
ments of the principal line(s) of argument that 
emerged, the conclusions of the Working Group 
on the strength of the evidence for each group of 
studies, citations to indicate which studies were 
pivotal to these conclusions, and an explanation 
of the reasoning of the Working Group in weigh-
ing data and making evaluations. When there 
are significant differences of scientific interpre-
tation among Working Group Members, a brief 
summary of the alternative interpretations is 
provided, together with their scientific rationale 
and an indication of the relative degree of sup-
port for each alternative.
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This one-hundred-and-second volume of the IARC Monographs contains evaluations of the carci-
nogenic hazard to humans of radiofrequency electromagnetic fields. This is the second volume on 
non-ionizing radiation, after Volume 80 (Static and Extremely Low-Frequency (ELF) Electric and 
Magnetic Fields; IARC, 2002), and the fourth and last in a series on physical agents, after Volume 75 
(Ionizing Radiation, Part 1: X- and Gamma-radiation, and Neutrons; IARC, 2000) and Volume 78 
(Ionizing Radiation, Part 2: Some Internally Deposited Radionuclides; IARC, 2001). Solar radiation 
and ultraviolet radiation were evaluated in Volume 55 (IARC, 1992). The types of radiation evaluated 
as human carcinogens (Group 1) were revisited in Volume 100D (IARC, 2012). A summary of the 
findings in the present volume has appeared in The Lancet Oncology (Baan et al., 2011)

The topic of this Monograph is the evaluation of the carcinogenicity of radiation in the radio
frequency (RF) range (30 kHz to 300 GHz) of the electromagnetic spectrum. This type of radiation 
is emitted by devices used in wireless telecommunication, including mobile phones, and by many 
other sources in occupational and general environmental settings. Exposures are ubiquitous in more 
developed countries and rapidly increasing in developing countries, in particular with respect to 
the use of mobile phones. There is rising concern as to whether exposure to RF radiation emitted 
by a mobile phone affects human health and, specifically, whether mobile-phone use increases the 
risk of cancer of the brain. The general public, manufacturers, regulatory authorities and public 
health agencies are seeking evidence on the safety of mobile-phone use. Consequently, there has been 
intense interest in the development and outcome of this IARC Monograph. This interest reflects the 
high prevalence of exposure (which increasingly extends to children), the vast scope of the telecom-
munications industry, the findings of some epidemiological studies that suggest an increased risk of 
cancer, and a high level of media coverage of the topic of mobile phones and cancer.

Although the preparation of this Monograph had been scheduled so as to include the results 
of the large international case–control study INTERPHONE on mobile-phone use (conducted in 
2000–2004; published in 2010), it should be emphasized that the evaluations in this volume address 
the general question of whether RF radiation causes cancer in humans or in experimental animals: it 
does not specifically or exclusively consider mobile phones, but rather the type of radiation emitted by 
mobile phones and various other sources. Furthermore, this Monograph is focused on the potential 
for an increased risk of cancer among those exposed to RF radiation, but does not provide a quantita-
tive assessment of any cancer risk, nor does it discuss or evaluate any other potential health effects 
of RF radiation.

The Working Group recognized that mobile-phone technology has transformed the world, making 
wireless communication rapidly available, especially in less developed countries, with important 
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benefits to society. With this, an increasingly large population will be exposed, and for longer and 
longer periods of time. Undoubtedly, questions will continue to arise about the health risks of mobile-
phone use and possibly other emerging sources of exposure to RF radiation. This Monograph is a 
comprehensive review of the currently published evidence that also identifies gaps in the available 
information. These gaps should be resolved with further research if ongoing concerns about the 
health risks of mobile-phone use are to be addressed with greater certainty.

The Working Group agreed to consider three categories of human exposure to RF radiation: 
(a) environmental sources such as mobile-phone base stations, broadcast antennae, smart meters, 
and medical applications; (b) occupational sources such as high-frequency dielectric and induction 
heaters, and high-power pulsed radars; and (c) the use of personal devices such as mobile phones, 
cordless phones, Bluetooth devices, and amateur radios.

The general population receives the highest exposure from transmitters close to the body, including 
hand-held devices such as mobile phones, which deposit most of the RF energy in the brain. Holding 
a mobile phone to the ear to make a voice call can result in high specific rates of absorption (SAR) of 
RF energy in the brain, depending on the design and position of the phone and its antenna in relation 
to the head, the anatomy of the head, and the quality of the connection with the base-station antenna: 
the better the connection, which is ensured by a dense network of base stations, the lower the energy 
output from the phone. In children using mobile phones, the average deposition of RF energy may 
be two times higher in the brain and up to ten times higher in the bone marrow of the skull than in 
adult users. The use of hands-free kits lowers exposure of the brain to less than 10% of the exposure 
from use at the ear, but it may increase exposure to other parts of the body.

Typical environmental exposures to the brain from mobile-phone base stations on rooftops 
and from television and radio stations are several orders of magnitude lower than those from GSM 
(Global System for Mobile communications) handsets. The average exposure from DECT (Digital 
Enhanced Cordless Telecommunications) phones is around five times lower than that measured for 
GSM phones, and third-generation (3G) phones emit, on average, about 100 times less RF energy 
than second-generation GSM phones, when signals are strong. Similarly, the average output power 
of Bluetooth wireless hands-free kits is estimated to be around 100 times lower than that of mobile 
phones. In occupational settings, exposure to high-power sources may involve higher cumulative 
deposition of RF energy in the body than with exposure to mobile phones, but the energy deposited 
locally in the brain is generally less.

Epidemiological evidence of an association between RF radiation and cancer comes from time-
trend, cohort, and case–control studies. The populations in these studies were exposed to RF radiation 
in occupational settings, from sources in the general environment, and from use of wireless (mobile 
and cordless) phones. Two sets of data from case–control studies were considered by the Working 
Group as the principal and most informative basis for their evaluation of the human evidence, i.e. 
the INTERPHONE study and the Swedish case–control studies; both sets of data focused on brain 
tumours among mobile-phone users.

The Working Group recognized not only the rapid increase worldwide in the use of wireless 
communication systems – both in number of users and in duration of use – but also the considerable 
technological developments in this area, with the introduction of third- and fourth-generation (3G 
and 4G) devices during the past decade. It is of interest to note that the key epidemiological studies 
mentioned above were conducted in the late 1990s and the early 2000s. In the INTERPHONE study, 
all participating countries in Europe had GSM networks. It is worth mentioning that the 3G and 4G 
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mobile phones commercially available today – equipped with adaptive power control – emit consider-
ably less RF energy than the GSM phones used more than a decade ago.

Experimental evidence from cancer bioassays was evaluated by the Working Group after reviewing 
more than 40 studies that assessed the incidence of tumours in rodents exposed to RF radiation at 
various frequencies, some of which simulated emissions from mobile phones. In the evaluation of 
studies of cancer in experimental animals, exposure assessment deserves critical consideration. In 
this regard, the conduct of cancer bioassays with RF radiation presents challenges that are not ordi-
narily encountered in studies with chemical or other physical agents. For example, the radiation 
frequency is an important determinant of the specific absorption rate (SAR). The whole-body SAR 
provides little information about spatial or organ-specific energy deposition, as it strongly depends 
on field polarization and animal posture. Furthermore, long-term exposure to RF radiation at a fixed 
frequency and power density will result in substantial changes in SAR over time as an animal gains 
body weight. Even if the power is adjusted for body weight changes, the spatial distribution can vary. 
Full dosimetric analyses of all these variables are only available in a few studies. Furthermore, SARs 
to which animals can be exposed without the induction of systemic toxicity are generally limited by 
the induction of thermal effects; increases in body temperature may induce biological responses that 
are not seen at the (generally much lower) levels of RF radiation to which humans may be exposed. 
In a substantial number of studies, exposure was at SAR values below the maximum tolerated dose 
(MTD); nonetheless, these studies were considered to provide useful data, and were included in the 
evaluation.

Several cancer bioassays with RF radiation were conducted with exposure systems in which 
animals were restrained (usually in tubes) or non-restrained (in cages) during exposure. In this 
Monograph, study designs involving animal restraint were identified as such. Exposures involving 
animal restraint are generally limited to periods of no more than 4 hours per day. They have the 
advantage of optimal exposure uniformity and maximal local delivery of RF-radiation energy to 
the head or other selected body parts. Exposure of animals in cages – whole-body exposure – can 
be for up to 24 hours per day. The design of some bioassays with restrained animals included both 
sham-exposed and cage-control animals; because of the possibly confounding effects of restraint 
stress, the Working Group compared tumour responses in the exposed groups only to the responses 
in sham-exposed controls. Lack of a sham-exposed control group was considered a serious flaw in 
the study design.

The Working Group reviewed a large number of studies with end-points relevant to mechanisms 
of carcinogenesis, including genotoxicity, effects on immune function, gene and protein expression, 
cell signalling, oxidative stress, and apoptosis. Studies on the possible effects of RF radiation on the 
blood–brain barrier, and on a variety of effects in the brain itself were also considered. The Working 
Group found several studies inadequately controlled for the thermal effects of RF radiation, but also 
noted well conducted studies showing aneuploidy, spindle disturbances, altered microtubule struc-
tures or induction of DNA damage. While RF radiation has insufficient energy to directly produce 
genetic damage, other changes such as induction of oxidative stress and production of reactive oxygen 
species may explain these results. Indeed, several studies in vitro evaluated the possible role of RF 
radiation in altering levels of intracellular oxidants or activities of antioxidant enzymes. While the 
overall evidence was inconclusive, the Working Group expressed concern about the results from 
several of these studies.
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1.1	Introduction

This chapter explains the physical principles 
and terminology relating to sources, exposures 
and dosimetry for human exposures to radiofre-
quency electromagnetic fields (RF-EMF). It also 
identifies critical aspects for consideration in the 
interpretation of biological and epidemiological 
studies.

1.1.1	 Electromagnetic radiation

Radiation is the process through which 
energy travels (or “propagates”) in the form of 
waves or particles through space or some other 
medium. The term “electromagnetic radiation” 
specifically refers to the wave-like mode of 
transport in which energy is carried by electric 
(E) and magnetic (H) fields that vary in planes 
perpendicular to each other and to the direction 
of energy propagation.

The variations in electric and magnetic field 
strength depend only on the source of the waves, 
and most man-made sources of electromagnetic 
radiation produce waves with field strengths that 
vary sinusoidally with time, as shown in Fig. 1.1. 
The number of cycles per second is known as the 
frequency (f) and is quantified in the unit hertz 
(Hz). The waves travel at the speed of light (c) in 
free space and in air, but more slowly in dielectric 
media, including body tissues. The wavelength 
(λ) is the distance between successive peaks in 

a wave (Fig. 1.1) and is related to the frequency 
according to λ = c/f (ICNIRP, 2009a).

The fundamental equations of electromag-
netism, Maxwell’s equations, imply that a time-
varying electric field generates a time-varying 
magnetic field and vice versa. These varying 
fields are thus described as “interdependent” and 
together they form a propagating electromagnetic 
wave. The ratio of the strength of the electric-field 
component to that of the magnetic-field compo-
nent is constant in an electromagnetic wave and 
is known as the characteristic impedance of the 
medium (η) through which the wave propagates. 
The characteristic impedance of free space and 
air is equal to 377 ohm (ICNIRP, 2009a).

It should be noted that the perfect sinusoidal 
case shown in Fig.  1.1, in which a wave has a 
sharply defined frequency, is somewhat ideal; 
man-made waves are usually characterized by 
noise-like changes in frequency over time that 
result in the energy they carry being spread over 
a range of frequencies. Waves from some sources 
may show purely random variation over time 
and no evident sinusoidal character. Some field 
waveforms, particularly with industrial sources, 
can have a distorted shape while remaining 
periodic, and this corresponds to the presence of 
harmonic components at multiples of the funda-
mental frequency (ICNIRP, 2009a).

The quantities and units used to characterize 
electromagnetic radiation are listed in Table 1.1.

1. EXPOSURE DATA
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1.1.2	 The electromagnetic spectrum

The frequency of electromagnetic radiation 
determines the way in which it interacts with 
matter; a variety of different terms are used to 
refer to radiation with different physical proper-
ties. The electromagnetic spectrum, describing 
the range of all possible frequencies of electro-
magnetic radiation, is shown in Fig. 1.2.

For the purposes of this Monograph, radio
frequency (RF) electromagnetic radiation will 
be taken as extending from 30 kHz to 300 GHz, 
which corresponds to free-space wavelengths in 
the range of 10 km to 1 mm. Electromagnetic 
fields (EMF) in the RF range can be used 
readily for communication purposes as radio 
waves. As shown in Fig.  1.2, the International 
Telecommunications Union (ITU) has developed 
a categorization for radio waves according to 
their frequency decade: very low frequency 
(VLF); voice frequency (VF); low frequency 
(LF); medium frequency (MF); high frequency 
(HF); very high frequency (VHF); ultra-high 
frequency (UHF); super-high frequency (SHF); 
and extremely high frequency (EHF) (ITU, 2008).

Radio waves with frequencies in the range 
300 MHz to 300 GHz can be referred to as micro-
waves, although this does not imply any sudden 
change in physical properties at 300 MHz. The 

photon energy would be about 1 µeV (micro-
electronvolt) at 300 MHz.

Above the frequencies used by radio waves 
are the infrared, visible ultraviolet (UV), X-ray 
and gamma-ray portions of the spectrum. At RF 
and up to around the UV region, it is conven-
tional to refer to the radiation wavelength, rather 
than frequency. Photon energy is generally 
referred to in the X-ray and gamma-ray regions, 
and also to some extent in the UV range, because 
the particle-like properties of the EMFs become 
more obvious in these spectral regions.

Below the RF portion of the spectrum lie 
EMFs that are used for applications other than 
radiocommunication. The interdependence of 
the electric- and magnetic-field components 
also becomes less strong and they tend to be 
considered entirely separately at the frequency 
(50 Hz) associated with distribution of electricity 
(IARC, 2002).

1.1.3	 Exposures to EMF

RF fields within the 30 kHz to 300 GHz region 
of the spectrum considered in this Monograph 
arise from a variety of sources, which are consid-
ered in Section 1.2. The strongest fields to which 
people are exposed arise from the intentional 
use of the physical properties of fields, such as 

38

Fig. 1.1 A sinusoidally varying electromagnetic wave viewed in time at a point in space (a) and in 
space at a point in time (b)
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E, electric field; H, magnetic field.
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induction heating (including the industrial 
heating of materials and cooking hobs), remote 
detection of objects and devices (anti-theft 
devices, radar, radiofrequency identification 
[RFID]), telecommunications (radio, television, 
mobile phones, wireless networks), medical 
diagnostics and therapy (magnetic resonance 
imaging [MRI], hyperthermia), and many more. 
There are also unintentionally generated fields, 
such as those associated with the electrical 
ballasts used for fluorescent lighting, electronic 
circuits, processors and motors.

When considering human exposures it is 
important to recognize that, in addition to the 
EMFs associated with energy being radiated 
away from a source, there are electric and 
magnetic fields associated with energy stored in 
the vicinity of the source, and this energy is not 
propagating. The reactive fields associated with 
this stored energy are stronger than the radiated 
fields within the region known as the reactive 
near field, which extends to a distance of about 
a wavelength from the source. The wave imped-
ance in the reactive near field may be higher than 
the impedance of free space if a source is capaci-
tive in nature and lower if a source is inductive 
in nature (AGNIR, 2003).

Beyond the near field region lies the far field, 
where the RF fields have the characteristics of 
radiation, i.e. with planar wave fronts and E and 
H components that are perpendicular to each 
other and to the direction of propagation. The 
power density of the radiation, Pd, describes the 
energy flux per unit area in the plane of the fields 
expressed as watts per square metre (W/m2) and 
decreases with distance squared (the inverse 
square law). Power density can be determined 
from the field strengths (see Glossary) (AGNIR, 
2003).

Sources that are large relative to the wave-
length of the RF fields they produce, e.g. dish 
antennae, also have a region known as the radi-
ating near field that exists in between the reac-
tive near field and the far field. In this region the 
wave impedance is equal to 377 ohm, but the 
wave fronts do not have planar characteristics: 
there is an oscillatory variation in power density 
with distance and the angular distribution of the 
radiation also changes with distance. Since the 
radiating near field is taken to extend to a distance 
of 2D2/λ (where D is the largest dimension of the 
antenna) from the source, it is therefore neces-
sary to be located beyond both this distance and 

39

Table 1.1 Quantities and units used in the radiofrequency band

Quantity Symbol Unit Symbol

Conductivity σ siemens per metre S/m
Current I ampere A
Current density J ampere per square metre A/m2

Electric-field strength Е volt per metre V/m
Frequency f hertz Hz
Impedance Z or η ohm Ω
Magnetic-field strength H ampere per metre A/m
Permittivity ε farad per metre F/m
Power density S or Pd watt per square metre W/m2

Propagation constant K per metre m-1

Specific absorption SA joule per kilogram J/kg
Specific absorption rate SAR watt per kilogram W/kg
Wavelength λ metre m
Adapted from ICNIRP (2009a)
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1.2	Sources of exposure

This section describes natural and man-made 
sources of RF fields to which people are exposed 
during their everyday lives at home, work and 
elsewhere in the environment. Fields from 
natural and man-made sources differ in their 
spectral and time-domain characteristics and 
this complicates comparisons of their relative 
strengths. The fields produced by natural sources 
have a much broader frequency spectrum than 
those produced by man-made sources and it is 
necessary to define a bandwidth of interest for 
comparison. In a bandwidth of 1 MHz, man-
made fields will typically appear to be orders of 
magnitude stronger than natural ones, whereas 
if the entire bandwidth of 300 GHz of interest 
to this Monograph is chosen, natural fields may 
appear to be stronger than man-made ones at 
typical environmental levels (ICNIRP, 2009a).

When considering sources, it is helpful to 
clearly delineate the concepts of emissions, expo-
sures and dose:

Emissions from a source are characterized 
by the radiated power, including its spectral 
and time-domain distributions: the polarization 
and the angular distribution (pattern) of the 
radiation. For sources that are large relative to 
their distance from a location where a person is 
exposed, it also becomes necessary to consider 
the spatial distribution of the emitted radiation 
over the entire structure of the source to fully 
describe it as an emitter.

Exposure describes the EMFs from the source 
at a location where a person may be present 
in terms of the strength and direction of the 
electric and magnetic fields. If these vary over 
the volume occupied by a person (non-uniform 
exposure), possibly because the source is close 
to them, or has strongly directional character-
istics, it becomes necessary to quantify the RF 
fields over the space occupied by the person. The 
exposure depends not only on the source emis-
sions and the geometrical relationship to the 

source (distance, angular direction), but also on 
the effect of the environment on the radiated 
fields. This can involve processes such as reflec-
tion, shielding, and diffraction, all of which can 
modify the fields substantially.

Dose is concerned with quantities of effects 
inside the body tissues that are induced by the 
exposure fields. These include the electric- or 
magnetic-field strength in the body tissues and 
the specific energy absorption rate (SAR) (see 
Section 1.3.2, and Glossary). The strength of the 
electric fields within the body tissues is generally 
much smaller than that of the exposure fields 
outside the body, and depends on the electrical 
parameters of the tissues (Beiser, 1995).

In most situations, the concept of emissions 
leading to exposure and then dose is helpful, but 
there are situations in which the presence of an 
exposed individual and the dose received affect 
the emissions from a source. This means that 
the intermediate concept of exposure cannot be 
isolated meaningfully, and dose has to be assessed 
directly from the source emissions either through 
computational modelling or via measurement of 
fields inside the body tissues. When the way in 
which a source radiates is strongly affected by 
the presence of an exposed person, the source 
and the exposed person are described as “mutu-
ally coupled”; a classic example of this is when a 
mobile phone is used next to the body.

1.2.1	 Natural fields

The natural electromagnetic environment 
originates from the Earth (terrestrial sources) and 
from space (extraterrestrial sources) (Fig.  1.3). 
Compared with man-made fields, natural fields 
are extremely small at RFs (ICNIRP, 2009a).

The energy of natural fields tends to be spread 
over a very wide range of frequencies. Many 
natural sources emit RF radiation and optical 
radiation according to Planck’s law of “black-
body radiation” (see Fig. 1.4; Beiser, 1995).

41
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Fig. 1.3 Terrestrial and extraterrestrial sources of radiofrequency radiation

���

�������

�����
������
��

�����

�
	���
�	

����������	�����

��
�����

�
�

�

�

E, electric field strength; K, Kelvin; kV, kilovolt; m, metre; µs, microsecond; t, time; V, volt; W/m2, watt per square metre.
The solar radiation spectrum is similar to that of a black body with a temperature of about 5800 °K. The sun emits radiation across most of the 
electromagnetic spectrum, i.e. X-rays, ultraviolet radiation, visible light, infrared radiation, and radio waves. The total amount of energy received 
by the Earth at ground level from the sun at the zenith is approximately 1000 W/m2, which is composed of approximately 53% infrared, 44% 
visible light, 3% ultraviolet, and a tiny fraction of radio waves (3 μW/m2). 
From ICNIRP (2009a) http://www.icnirp.de
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The total power emitted per unit surface 
area of a black-body radiator can be evaluated 
by integrating Planck’s law over all angles in a 
half-space (2π steradians) and over all frequen-
cies. This yields the Stefan-Boltzmann law (see 
Fig. 1.4), which describes how the power emitted 
by a black-body radiator increases with the fourth 
power of the absolute temperature (Beiser, 1995).

(a)	 Extraterrestrial sources

Extraterrestrial sources include electrical 
discharges in the Earth’s atmosphere, and solar 
and cosmic radiation. Heat remaining from the 
“big bang” at the formation of the universe is 
evident as the cosmic microwave background 
(CMB), which presents as black-body radia-
tion from all directions towards the Earth. 
The observed peak in the CMB spectrum is at 
a frequency of 160.2 GHz, which according to 
Planck’s law (see Fig. 1.4) implies a temperature of 
2.725 K (Fixsen, 2009). Fig 1.5 shows the results of 
evaluating Planck’s law over the frequency range 
30 kHz to 300 GHz. The total power density in 
this frequency range represents 80% of the total 
power density across all frequencies. Applying 
this factor to the results from Stefan-Boltzmann’s 

law at 2.725 K gives the power density at the 
surface of the Earth as 2.5 µW/m2.

The sun is also a black-body radiator and its 
spectrum shows a peak at 3.4 × 1014 Hz, a wave-
length of 880 nm, commensurate with a surface 
temperature of 5778 K (NASA, 2011). Based on 
Planck’s law, most of the sun’s radiation is in the 
infrared region of the spectrum. Only a small 
proportion is in the frequency range 30 kHz to 
300 GHz; this fraction represents about 5 µW/m2 
of the total power density of 1366 W/m2 inci-
dent on the Earth. This value is similar to that 
from the CMB, which contributes power from 
all directions, but the RF power from the sun is 
predominantly incident from the direction of the 
sun, and hence much reduced at night (ICNIRP, 
2009a).

The atmosphere of the Earth has a marked 
effect on RF fields arriving from space. The iono-
sphere, which extends from about 60 km to 600 
km above the Earth’s surface, contains layers 
of charged particles and reflects RF fields at 
frequencies of up to about 30 MHz. Above a few 
tens of gigahertz, atmospheric water vapour and 
oxygen have an attenuating effect on RF fields, 
due to absorption. These effects mean that the 
RF power density incident at the Earth’s surface 
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Fig. 1.4 Equations used in calculating energy and emitted power of black-body radiators

S(f,T) = c2
2hf 2 1

hf

ekT 1

J* = σΤ4

(a) Planck's Law of "black body radiation"

S(f,T) is the power radiated per unit area of emitting surface in
the normal direction per unit solid angle per unit frequency by
a black body at temperature T.
h is the Planck constant, equal to 6.626 × 10-34 Js.
c is the speed of light in a vacuum, equal to 2.998 × 108 m/s.
k is the Boltzmann constant, equal to 1.381 × 10-23 J/K.
f is the frequency of the electromagnetic radiation in hertz (Hz).
T is the temperature of the body in Kelvin (K).

(b) Stefan-Boltzmann Law

J* , the black-body irradiance or
emissive power, is directly proportional
to the fourth power of the black-body
thermodynamic temperature T (also
called absolute temperature).
σ, the constant of proportionality, 
called Stefan-Bolzmann constant.
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from the sun and the CMB will be somewhat less 
than the 5 µW/m2 values given for each above. 
The International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) gives the total 
power density arising from the sky and the sun as 
3 µW/m2 at the surface of the Earth (see Fig. 1.3; 
ICNIRP, 2009a).

(b)	 Terrestrial sources

The Earth itself is a black-body radiator with 
a typical surface temperature of about 300 K (see 
Fig. 1.3). Most emissions from Earth are in the 
infrared part of the spectrum and only 0.0006% 
of the emitted power is in the RF region, which 
amounts to a few milliwatts per square metre 
from the Earth’s surface. This is about a thousand 
times larger than the RF power density arising 
from the sky and the sun (ICNIRP, 2009a).

People also produce black-body radiation 
from their body surfaces (skin). Assuming a 
surface temperature of 37 °C, i.e. 310 K, the power 
density for a person would be 2.5 mW/m2 in the 
RF range. With a typical skin area of 1.8 m2, the 
total radiated power from a person is about 4.5 
mW.

As mentioned above, the ionosphere effec-
tively shields the Earth from extraterrestrially 
arising RF fields at frequencies below 30 MHz. 
However, lightning is an effective terrestrial 
source of RF fields below 30 MHz. The fields are 
generated impulsively as a result of the time-
varying voltages and currents associated with 
lightning, and the waveguide formed between 
the surface of the Earth and the ionosphere 
enables the RF fields generated to propagate over 
large distances around the Earth.
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Fig. 1.5 Power density spectrum of the cosmic microwave background in the radiofrequency range 
(30 kHz to 300 GHz)

1.E-31

1.E-30

1.E-29

1.E-28

1.E-27

1.E-26

1.E-25

1.E-24

1.E-23

1.E-22

1.E-21

1.E-20

1.E-19

1.E-18

1.E-17

3.0E+04 3.0E+05 3.0E+06 3.0E+07 3.0E+08 3.0E+09 3.0E+10 3.0E+11

P
ow

er
 d

en
si

ty
 (W

 H
z-

1 )

Frequency (Hz)

160.2 GHz

(30 kHz) (300 GHz) 

Prepared by the Working Group

JA 02494

-~ 'f 

/' I 
/ I 

/ I 
I ~ / I 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 170 of 454



Radiofrequency electromagnetic fields

On average, lightning strikes the Earth 40 
times per second, or 10 times per square kilo-
metre per year. Maps of annual flash rates 
based on observations by National Aeronautics 
and Space Administration (NASA) satellites 
can be consulted on the National Oceanic and 
Atmospheric Administration (NOAA) web site 
(NOAA, 2011). The EMFs from lighting are 
impulsive and vary depending on the nature of 
each stroke and also according to the distance 
at which they are measured. A typical pulse-
amplitude of 4 V/m at 200 km corresponds to 
a peak power density of 42 mW/m2, and a total 
pulse energy density of 2.5 mJ/m2 (ICNIRP, 
2009a). Cooray (2003) has described various 
mathematical models for return strokes, which 
are the strongest sources of RF-EMF associated 
with lightning. Peak electric-field strengths of up 
to 10 kV/m are possible within 1 km from where 
the lightning strikes. At distances greater than 
100 km, the field strength decreases rapidly to a 
few volts per metre, with peak dE/dt of about 20 
V/m per µs, and then further decreases over a few 
tens of microseconds. Willett et al. (1990) meas-
ured the electric-field strength during return 
strokes as a function of time and conducted 
Fourier analysis to determine the average spec-
trum between 200 kHz and 30 MHz. The energy 
spectral density reduced according to 1/f 2 at 
frequencies of up to about 10 MHz and more 
rapidly thereafter.

1.2.2	 Man-made fields

There are numerous different sources of man-
made RF fields. The more common and notable 
man-made sources of radiation in the RF range 
of 30 kHz to 300 GHz are presented in Fig. 1.6.

Sometimes such fields are an unavoidable 
consequence of the way systems operate, e.g. 
in the case of broadcasting and telecommuni-
cations, where the receiving equipment is used 
at locations where people are present. In other 
situations, the fields are associated with energy 

waste from a process, e.g. in the case of systems 
designed to heat materials (ICNIRP, 2009a).

The typical emission characteristics of sources 
will be summarized here, along with exposure 
and dose information where available. However, 
it is important to recognize that fields typically 
vary greatly in the vicinity of sources and spot 
measurements reported in the literature may not 
be typical values. This is because assessments are 
often designed to identify the maximum expo-
sures that can be reasonably foreseen, e.g. for 
workers near sources, and to ensure that these 
do not exceed exposure limits.

(a)	 Radio and television broadcasting

The frequency bands used for broadcasting of 
radio and television signals are broadly similar 
across countries and are shown in Table 1.2.

Analogue broadcast radio has been available 
for many years and uses amplitude modulation 
(AM) in the long, medium and short-wave bands, 
but the sound quality is not as good as with 
frequency modulation (FM) in band II, which 
became available later and is now more popular 
for listening. The short-wave band continues 
to be important for international radio broad-
casting, because signals in this frequency band 
can be reflected from the ionosphere to travel 
around the world and reach countries thousands 
of kilometres away (AGNIR, 2003).

Band III was the original band used for 
television broadcasting and continues to be used 
for this purpose in some countries, while others 
have transferred their television services to bands 
IV and V. Band III is also used for digital audio 
broadcasting (DAB), exclusively so in countries 
that have transferred all their television services 
to bands IV and V. Analogue and digital televi-
sion transmissions presently share bands III, IV 
and V, but many countries are in the process 
of transferring entirely to digital broadcasting 
(ICNIRP, 2009a).

AGNIR (2003) have described broadcasting 
equipment in the United Kingdom in terms of 
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the numbers of transmitters operating at a given 
power level in each frequency band (Table 1.3). 
The overall trends are probably similar in other 
countries and the main change since that time 
is likely to have been a growth in the number 
of digital transmitters for radio and television 
(ICNIRP, 2009a).

(i)	 Long-, medium- and short-wave bands
Antennae broadcasting in the long- and 

medium-wave bands tend to be constructed as 
tall metal towers, with cables linking the towers 
to each other and to the ground. Often, a single 
low-frequency (LF) or medium-frequency (MF) 
radiating structure may involve several closely 
located towers that are fed in such a way that a 
directional beam pattern is formed. Some towers 
are energized and insulated from the ground, 
while others are grounded and act as reflectors. 
Transmitters designed to provide local radio 
services, e.g. around cities, use powers in the 
range of 100 W to 10 kW, while a small number 
of transmitters that provide national services 
over large distances radiate up to a few hundred 
kilowatts (ICNIRP, 2009a).

The high-frequency (HF) band is used for 
international broadcasting and comprises wave-
lengths that are somewhat shorter than those 
in the long- and medium-wave bands. Curtain 
arrays, composed of multiple horizontal dipole 
antennae suspended between towers, are used to 
form narrow beams directed upwards towards 

the required azimuth and elevation angles. The 
beams reflect off the ionosphere and provide 
services to distant countries without the need 
for any intermediate infrastructure. Typical 
curtain arrays can be up to 60 m in height and 
width, and might, for example, involve 16 dipoles 
arranged as four vertically stacked rows of four 
with a reflecting wire mesh screen suspended 
behind them. Given the transmission distances 
required, the powers are high, typically around 
100–500 kW. The HF band has the fewest trans-
mitters of any of the broadcast bands (ICNIRP, 
2009a). Allen et al. (1994) reported 25 HF trans-
mitters with powers in the range 100–500 kW 
and three with powers greater than 500 kW in 
the United Kingdom.

Broadcast sites can be quite extensive, with 
multiple antennae contained within an enclosed 
area of several square kilometres. A building 
containing the transmitters is generally located 
on the site and RF feeder cables are laid from this 
building to the antennae. On HF sites, switching 
matrices allow different transmitters to be 
connected to different antennae according to the 
broadcast schedule. The feeders may be either 
enclosed in coaxial arrangements or open, e.g. 
as twin lines having pairs of conductors around 
15 cm apart suspended about 4 m above ground 
level.

In considering reported measurements of RF 
fields at MF/HF broadcast sites, it is important to 
note that workers may spend much of their time 

47

Table 1.2 Frequency bands used for broadcasting of television and radio signals

Designation Frequency range Usage

Long wave 145.5 – 283.5 kHz AM radio
Medium wave 526.5 – 1606.5 kHz AM radio
Short wave 3.9 – 26.1 MHz International radio
UHF (Bands IV and V) 470 – 854 MHz Analogue and digital TV
VHF (Band II) 87.5 – 108 MHz FM radio
VHF (Band III) 174 – 223 MHz DAB and analogue/digital TV
AM, amplitude modulation; DAB, digital audio broadcasting; FM, frequency modulation; TV, television; UHF, ultra high frequency; VHF, very 
high frequency
Adapted from AGNIR (2003)
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in offices, workshops or the transmitter halls. 
Such locations can be far from the antennae, 
resulting in exposure levels that are much lower 
than when personnel approach the antennae to 
carry out maintenance and installation work.

Jokela et al. (1994) investigated the relationship 
between induced RF currents flowing through 
the feet to ground and the RF-field strengths 
from MF and HF broadcast antennae. The MF 
antenna was a base-fed monopole, 185 m high, 
transmitting 600 kW at 963 MHz. At distances 
of 10, 20, 50, and 100 m from the antenna, the 
electric-field strength at 1 m height was around 
420, 200, 60 and 30 V/m, respectively. At the same 
distances, currents in the feet were around 130, 
65, 30 and 10 mA. The HF antenna was a 4 × 4 
curtain array suspended between 60 m towers 
and radiating 500 kW at 21.55 MHz. The total 
field in front of the antenna at 1 m height ranged 
from about 32 V/m at 10 m through a maximum 
of 90 V/m at 30 m, a minimum of 7 V/m at 70 m 
and thereafter rose to around 20 V/m at distances 
in the range 100–160 m.

Mantiply et al. (1997) have summarized 
measurements of RF fields from MF broadcast 
transmitters contained in several technical 
reports from the mid-1980s to early 1990s from 
government agencies in the USA. A study based 
on spot measurements made at selected outdoor 
locations in 15 cities and linked to population 
statistics showed that 3% of the urban population 

were exposed to electric-field strengths greater 
than 1 V/m, while 98% were exposed to field 
strengths above 70 mV/m and the median 
exposure was 280 mV/m. RF-field strengths 
were also measured near eight MF broadcast 
antennae, one operating at 50 kW, three at 5 kW 
and four at 1 kW. The measurements were made 
as a function of distance along three radials 
at most of the sites. At distances of 1–2 m, the 
electric-field strengths were in the range 95–720 
V/m and the magnetic-field strengths were in the 
range 0.1–1.5 A/m, while at 100 m, electric-field 
strengths were 2.5–20 V/m and magnetic-field 
strengths were in the range 7.7–76 mA/m.

Mantiply et al. (1997) also reported field 
measurements near short-wave (HF) broad-
cast antennae. As mentioned earlier, these are 
designed to direct the beams upwards at low 
elevation angles. Hence, the field strengths at 
locations on the ground are determined by 
sidelobes (see Glossary) from the antennae and 
they vary unpredictably with distance and from 
one antenna to another. Measurements were 
made at four frequencies in the HF band and 
at six locations in a community around 10 km 
from an HF site, which was likely to have trans-
mitted 250 kW power. Electric- and magnetic-
field strengths at individual frequencies varied in 
the ranges 1.5–64 mV/m and 0.0055–0.16 mA/m, 
while the maximum field strengths just outside 
the site boundary were 8.6 V/m and 29 mA/m. 

48

Table 1.3 Approximate number of broadcast transmitters in the United Kingdoma

Service class Effective radiated power (kW)

0–0.1 > 0.1–1.0 > 1.0–10 > 10–100 > 100–500 > 500

Analogue TV 3496 589 282 122 86 19
DAB 4 126 121 – – –
Digital TV 134 177 192 2 – –
MW/LW radio 14 125 38 19 12 –
VHF FM radio 632 294 232 98 72 –

a	 For TV sites, each analogue channel (e.g. BBC1) or each digital multiplex counts as one transmitter.
DAB, digital audio broadcasting; FM, frequency modulation; LW, long wave; MW, medium wave; TV, television; VHF, very high frequency
Adapted from AGNIR (2003)
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Field strengths measured at a distance of 100 m 
along a “traverse” tangential to the beam from a 
curtain array transmitting at 100 kW were in the 
ranges 4.2–9.2 V/m and 18–72 mA/m. A final set 
of measurements was made at a distance of 300 
m from another curtain array transmitting at 100 
kW, while the beam was steered through ± 25° in 
azimuth. The field strengths were in the ranges 
1.7–6.9 V/m and 14–29 mA/m.

(ii)	 VHF and UHF bands
The powers used for broadcasting in the VHF 

and UHF bands vary widely according to the area 
and terrain over which coverage is to be provided 
(Table 1.2). UHF transmissions are easily affected 
by terrain conditions, and shadowed areas with 
poor signal strength can occur, e.g. behind hills 
and in valleys. For this reason, in addition to 
a main set of high-power transmitters, large 
numbers of local booster transmitters are needed 
that receive signals from the main transmitters 
and rebroadcast them into shadowed areas. The 
main transmitters are mounted at the top of 
masts that are up to several hundreds of metres 
high and have effective radiated powers (ERPs) 
(see Glossary) of up to about 1 MW, while the 
booster transmitters have antennae that are 
mounted much nearer to the ground and mostly 
have powers of less than 100 W. VHF signals 
are less affected by terrain conditions and fewer 
booster transmitters are needed.

Typical high-power broadcast transmitter 
masts are shown in Fig. 1.7.

Access to the antennae on high-power VHF/
UHF masts is gained by climbing a ladder inside 
the tower; reaching the antennae at the top 
involves passing in close proximity to radiating 
antennae at lower heights. The VHF trans
missions have wavelengths of similar dimensions 
to the structures that form the tower itself, e.g. 
the lengths of the steel bars or the spaces between 
them, and hence tend to excite RF current flows 
in these items. Standing waves (see Glossary) can 
be present within the tower, and the measured 

field strengths can be strongly affected by the 
presence of a person taking measurements. Thus, 
measurements of field strength can seem unstable 
and difficult to interpret. Currents flowing within 
the body can be measured at the wrist or ankle 
and these are more directly related to the specific 
absorption rate (SAR; dose) in the body than the 
fields associated with the standing waves. Hence, 
it can be preferable to measure body current (see 
Section 1.3) rather than field strength on towers 
with powerful VHF antennae.

Several papers discussed by ICNIRP (2009a) 
have reported measurement results in the 
range of tens to hundreds of volts per metre 
within broadcast towers, but it is not clear how 
representative these spot measurements are of 
typical worker exposures. Cooper et al. (2004) 
have used an instrument worn on the body as 
personal dosimeter to measure electric- and 
magnetic-field strengths during work activities 
at a transmitter site. They reported that a wide 
temporal variation in field strengths was typi-
cally found within any single record of exposure 
to electric or magnetic fields during work on a 
mast or tower used for high-power VHF/UHF 
broadcasts. Fig  1.8 shows a typical trace that 
was recorded for a worker during activities near 
the VHF antennae while climbing on a high-
power VHF/UHF lattice mast. The field strength 
commonly ranged from below the detection 
threshold of about 14 V/m to a level approaching 
or exceeding the upper detection limit of about 
77 V/m. The highest instantaneous exposures 
usually occurred when the subject was in the 
vicinity of high-power VHF antennae or when 
a portable VHF walkie-talkie radio was used to 
communicate with other workers.

Field strengths around the foot of towers/
masts have also been reported and seem quite 
variable. Mantiply et al. (1997) described values 
in the range of 1–30 V/m for VHF television, 1–20 
V/m for UHF television and 2–200 V/m for VHF 
FM radio sites. Certain designs of antennae have 
relatively strong downward-directed sidelobes, 
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known as grating lobes, which is a possible expla-
nation for such variability.

VHF/UHF broadcast antennae are designed 
to direct their beams towards the horizon, usually 
in all directions around the tower. Hence, field 
strengths at ground level and in communities 
near the tower are much lower than at comparable 
distances within the beam. When the beams do 
eventually reach ground level, they have spread 
out considerably, again implying that exposures 
for the general public are substantially lower than 

those for workers at locations to which they have 
access, as summarized above (ICNIRP, 2009a).

Mantiply et al. (1997) report studies of popu-
lation exposure in the USA conducted during the 
1980s and based on spot measurements at selected 
outdoor locations. An estimated 50%, 32% and 
20% of the population were exposed at greater 
than 0.1 V/m from VHF radio, VHF television 
and UHF television signals, respectively. VHF 
radio and television caused exposures to 0.5% 
and 0.005% of the population at greater than 

50

Fig. 1.7 Typical antenna masts for power broadcasting of radio and television signals

       
 

(a)     (b) 
(a) A concrete tower, 368 m high, with a spherical structure at just above 200 m. This is accessed by lifts from ground level and contains various 
equipment as well as a public restaurant. The radiating antennae are above the sphere and the antennae operating at the highest frequencies are 
nearest to the top. Multiple dipole antennae protrude through the wall of the red/white cylinder to provide FM radio services in band II, and 
television and DAB services in band III. Contained within the top-most section of the tower are the band IV and V antennae for more television 
services.
(b) A steel-lattice tower with the television antennae in the white cylinder at the top. Antennae for VHF and DAB broadcast radio services are 
mounted on the outside of the tower just below the television antenna and there are multiple antennae for other communications purposes at 
lower heights. The transmitters are in a building near the base of the tower and the coaxial cables carrying the RF to the transmitting antennae 
pass up inside the tower.
Courtesy of the Health Protection Agency, United Kingdom
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2 V/m, while UHF television caused exposure to 
0.01% of the population at greater than 1 V/m.

Field strengths associated with VHF/
UHF radio and television broadcast signals 
were measured at 200 statistically distributed 
locations in residential areas around Munich and 
Nuremberg in Germany (Schubert et al., 2007). 
The aim of the study was to investigate whether 
the levels had changed as a result of the switch-
over from analogue to digital broadcasting, and 
measurements were made before and after this 
change occurred at each location. The median 
power density was 0.3 µW/m2 (11 mV/m) for the 
analogue signals and 1.9 µW/m2 (27 mV/m) for 
the digital signals. FM radio signals had median 

power densities of 0.3 µW/m2 (11 mV/m), similar 
to the analogue television signals, and the values 
ranged over approximately two orders of magni-
tude on either side of the medians for all types 
of broadcast signal. It is interesting to note that 
these values seem to be lower than those reported 
in the USA during the 1980s.

(b)	 Cellular (mobile-phone) networks

Unlike broadcasting, for which high-power 
transmitters are used to cover large areas 
extending 100 km or more from the transmitter, 
cellular networks employ large numbers of low-
power transmitters, known as base stations, which 
are scattered throughout an area where coverage 
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Fig. 1.8 Relative electric-field strength recorded for an engineer operating on a mast supporting 
antennae for high-power VHF/UHF broadcast transmissions
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The reference level is 61 V/m, as taken from the ICNIRP (1998) exposure guidelines for workers over the relevant frequency range (10–400 MHz).
UHF, ultra high frequency; VHF, very high frequency
From Cooper et al. (2004). By permission of Oxford University Press.
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is to be provided. This is because communica-
tions are two-way (duplex) in cellular networks, 
with each user requiring their own dedicated 
communication channels, both for the uplink 
(phone to base station) and for the downlink 
(base station to the phone). Each base station has 
limited capacity in terms of the number of calls it 
can serve simultaneously, so the transmitters are 
closer together in locations where there is a high 
density of users. For example, the transmitters 
may be about 10 km apart in sparsely populated 
areas, but 100 m or less apart in city centres.

An important consideration in the design of 
cellular networks is that operators have a limited 
spectrum window available and have to reuse 
their frequency channels to provide coverage 
everywhere. A typical frequency map illustrating 
how coverage can be provided with 12 frequency 
channels is shown in Fig.  1.9. Signals that use 
the same frequency in different cells can poten-
tially interfere with each other, but the signal 
strength diminishes with increasing distance 
from base stations and frequencies are not reused 
in adjacent cells/sectors. Hence, services can be 
provided without interference, provided that 

the radiated powers of phones and base stations 
are minimized during calls. This principle has 
important consequences for the RF exposures of 
people using phones and living near base stations 
(ICNIRP, 2009a).

Developments in mobile-phone technology 
are broadly categorized according to four 
different generations (Table 1.4). The first-gener-
ation networks (1G) were rolled-out in the mid-
1980s and included Advanced Mobile Phone 
System (AMPS) in North America, Total Access 
Communication Systems (TACS) in much of 
Europe, Nippon Telegraph and Telephone (NTT) 
in Japan, and Nordic Mobile Telephony (NMT) 
in Scandinavia. The systems were based on 
analogue technology and used frequency modu-
lation to deliver voice-communication services. 
These networks mostly closed down from around 
the year 2000, as users moved to later generations 
of the technology (ICNIRP, 2009a).

Second-generation networks (2G) were 
established in the early 1990s and continue to 
operate. They are based on digital technology and 
use voice coding to improve spectral efficiency. 
Many systems use time-division multiple access 
(TDMA) within their frequency channels and 
such systems include Global System for Mobile 
(GSM) in Europe, Personal Digital Cellular (PDC) 
in Japan, and both Personal Communication 
Systems (PCS) and D-AMPS (digital AMPS, also 
known as “TDMA”) in North America. Other 
north-American systems are known as CDMA, 
because they use code-division multiple access. 
2G systems were extended to include some 
basic data services, but subsequent systems with 
enhanced data services were usually termed 2.5G 
(ICNIRP, 2009a).

The third generation of mobile phones (3G), 
with comprehensive data services, became 
available in the early 2000s. These phones have 
developed to become today’s “smartphones,” 
although it is important to recognize that they 
are fully backward-compatible with 2G networks 
and whether 2G or 3G is used at any given time  

52

Fig. 1.9 Example of a coverage plan for a 
cellular network

 

Each cell is hexagonal, with a base station at its centre and configured 
to provide signals over three sectors of 120 degrees. The shading show 
how coverage is provided everywhere by use of 12 frequency channels, 
none of which are used in the adjacent cells.
Courtesy of the Health Protection Agency, United Kingdom
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depends on network coverage and how operators 
have chosen to manage call/data traffic within 
their network. The systems use CDMA radio-
access methods (ICNIRP, 2009a).

A fourth generation (4G) of the technology 
is just starting to be rolled out to meet the 
increasing demand for data services. Some 
systems are known as Long-term Evolution 
(LTE) and use orthogonal frequency-division 
multiplexing (OFDM), while others are based 
on Worldwide Interoperability for Microwave 
Access (WiMax). As with 3G services, this tech-
nology will be overlaid on other services, and 
phones will be able to support multiple access 
modes (4G, 3G and 2G) (Buddhikot et al., 2009).

The frequency bands originally used by 
cellular networks in various parts of the world 

are shown in Table  1.4. It is important to note 
that spectrum liberalization is ongoing at 
present, such that operators who hold a license 
for a particular part of the spectrum may choose 
to use it to provide services with any technology 
they wish. For example, bands originally reserved 
for 2G services such as GSM are being made 
available for 3G/4G services in many countries 
as demand shifts from 2G to systems with more 
capacity for data services. Also, with the move 
to digital-television broadcasting, the spectrum 
in the frequency range of 698 to 854 MHz is 
becoming available and being reallocated to 
3G/4G cellular services (Buddhikot et al., 2009).
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Table 1.4 Frequency bands originally used by different mobile-phone systems

Generation Start date of 
commercial 
availabilitya

Main 
geographical 
region

Systemb Handset band 
(MHz)

Base-station 
band (MHz)

Channel spacing 
(kHz)

1

1981 Nordic countries NMT450 453.5 – 457.5 463.5 – 467.5 25
1986 NMT900 890 – 915 935 – 960 12.5
1985 Europe TACS/ETACS 872 – 915 917 – 960 25
1989 Japan JTACS/NTACS 898 – 925 860 – 870 25/12.5
1985 Germany NET-C 451.3 – 455.74 461.3 – 465.74 20
1985 USA & Canada AMPS 824 – 849 869 – 894 30
1985 N-AMPS 824 – 849 869 – 894 10
1987 Japan NTT 925 – 940 870 – 885 25

2

1992 USA & Canada TDMA800 824 – 849 869 – 894 30
1998 TDMA1900 1850 – 1910 1930 – 1990 30
1992 Europe GSM900 890 – 915 935 – 960 200
1993 GSM1800 1710 – 1785 1805 – 1880 200
2001 USA & Canada GSM1900 (PCS) 1850 – 1910 1930 – 1990 200

1993 Japan PDC800 940 – 956 810 – 826 25
1994 PDC1500 1429 – 1465 1477 – 1513 25
1998 USA & Canada CDMA800 824 – 849 869 – 894 1250
1997 CDMA1900 1850 – 1910 1930 – 1990 1250

3 2001 World IMT-2000 
(W-CDMA)

1920 – 1980c 2110 – 2170c 5000

4 World LTE Many possible Many possible Various
a	 The start dates of use will be different depending on country.
b	 For abbreviations, see Cardis et al. (2011b) and Singal (2010).
c	 Technical standards for a 2001 version for the 3G systems (IMT-2000). Note that standards for the 3G systems evolve quickly.
Compiled by the Working Group and adapted mainly from the references mentioned in footnote b
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(i)	 Mobile-phone handsets
The output powers and – where TDMA is 

used – the burst characteristics of various types 
of mobile phones are summarized in Table 1.5. 
Analogue mobile phones were specified to have 
maximum equivalent isotropically radiated 
powers (EIRP) of 1 W, but the antennae were not 
isotropic and would have had gains of around 
2 dB. This implies the radiated powers would 
have been around 600 mW. 2G mobile phones 
that use TDMA have time-averaged powers that 
are less than their peak powers according to their 
duty factors, i.e. the time they spend transmit-
ting, as a proportion of the total. For example, 
GSM phones that transmit at a power level of 
2 W in the 900 MHz band (GSM900) have time-
averaged powers that are 12% of this, i.e. 240 
mW. Maximum time-averaged output powers 
are generally in the range of 125–250 mW for 2G 
onwards.

Mobile phones are generally held with their 
transmitting antennae around 1–2 cm from the 
body, so the RF fields they produce are highly 
non-uniform over the body and diminish rapidly 
in strength with increasing distance. The fields 
penetrate body tissues, leading to energy absorp-
tion, which is described by the SAR. SAR values 
are derived by phone manufacturers under a 
series of prescribed tests and the maximum value 
recorded under any of the tests is reported in the 
product literature. Values in normal usage posi-
tions should be lower than the values declared by 
manufacturers because the positions used in the 
testing standards are designed to mimic near-
worst-case conditions.

While Table  1.5 gives maximum output 
powers for phones, the actual power used at any 
point during a call is variable up to this maximum. 
As mentioned above, to minimize interference in 
the networks, the power is dynamically reduced 
to the minimum necessary to carry out calls. 
Vrijheid et al. (2009a) found that the reduction 
was on average to around 50% of the maximum 

with GSM phones, whereas Gati et al. (2009) 
reported that 3G phones only operated at a few 
percent of the maximum power.

Another consideration is that GSM phones 
employ a mode called discontinuous transmis-
sion (DTX), under which their transmission-
burst pattern changes to one with a lower duty 
factor during the periods of a conversation when 
the mobile-phone user is not talking. Wiart et al. 
(2000) found that DTX reduced average power 
by about 30% for GSM phones.

(ii)	 Time trends in SAR for mobile phones
As shown in Table  1.5, analogue mobile 

phones had higher specified maximum radiated 
powers than digital ones (typically 0.6 W versus 
0.1–0.25 W). While these systems are no longer 
in use and few data on exposure are available, 
it is of interest to consider whether exposures 
from these phones would have been higher than 
with present-day phones. Key differences, aside 
from relative power levels, are that analogue 
phones were larger than their modern digital 
counterparts and that they generally had larger 
antennae, e.g. extractable whip antennae rather 
than the compact helices and patch antennae 
used nowadays. The increased distance between 
the antenna and the head would have reduced 
the SAR level overall, and the larger size of the 
antenna would have led to a more diffuse distri-
bution of SAR in the head.

The evolution of localized SAR values over 
time is also interesting to consider. Cardis et al. 
(2011b) assembled a database of reported peak 
1-g and 10-g SARs for phones from a range of 
publications and web sites. Most data covered 
the years 1997–2003, and no significant upward 
or downward trends over this time period were 
found for the 900 MHz or 1800 MHz bands.

In summary, the peak spatial SARs (psSAR) 
do not seem to have changed significantly over 
time as analogue phones have been replaced by 
digital ones. However, the more diffuse nature of 
the distributions produced by analogue phones 
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would likely have led to a greater overall SAR in 
the head, including the brain.

(iii)	 Phones not making calls
The emitted powers from phones when they 

are on standby and not making calls are also 
of interest. Systematic studies have not been 
published on this topic, but transmissions under 
these conditions are brief and infrequent, and 
exposure is expected to be very small when 
averaged over time.

Phones equipped for data services such as 
e-mail will transmit for longer time periods than 
ordinary phones because they will be checking 
e-mail servers and synchronizing databases held 
on the phone with those on remote servers. Also, 
uploading large files such as videos and photo-
graphs may take many minutes. The phone is 
unlikely to be held against the user’s head while 
this is taking place, although it may be in the 
user’s pocket or elsewhere on the body, which 
may lead to local emissions at a higher power 
level than during calls, e.g. if general packet radio 
service (GPRS) is used, involving multislot trans-
mission with GSM.

The sending of a text message from a mobile 
phone involves a short period of transmission. 
Gati et al. (2009) showed that a long text message 
would take at most 1.5 seconds to send with GSM 
systems.

(iv)	 Hands-free kits and Bluetooth earpieces
A phone may sometimes be used with a wired 

hands-free kit, in which case parts of the body 
other than the head may be exposed to maximal 
localized SARs, e.g. if the phone is placed in the 
user’s pocket during the call. While one might 
expect that the audio cable to the ear-piece would 
not efficiently guide RF fields to the ear-piece, 
and that the use of wired hands-free kits would 
lead to greatly reduced SARs in the head due to 
the increased distance of the phone from the 
head, there have been suggestions that this is not 
always the case.

Porter et al. (2005) showed that the layout 
of the cables of the hands-free kit was a critical 
factor in determining head exposures and that 
certain geometries could result in appreciably 
more power being coupled into the audio cable 
than others. However, in all of the combinations 

55

Table 1.5 Output powers and TDMA characteristics of various types of mobile phone

  System   Peak power (W)   Burst duration (ms)   TDMA duty factor   Average power (W)

  EIRP   Output

  GSM900   -   2.0   0.5769   0.12   0.24
  GSM1800   -   1.0   0.5769   0.12   0.12
  PCS1900   -   1.0   0.5769   0.12   0.12
  NMT450   1.5   0.9   -   NA   0.9
  PDC   -   0.8   3.333 or 6.666   1/6 or 1/3   0.133 or 0.266
  NMT900   1.0   0.6   -   NA   0.6
  TACS/ETACS   1.0   0.6   -   NA   0.6
  AMPS/NAMPS   1.0   0.6   -   NA   0.6
  TDMA800   -   0.6   6.666   1/3   0.2
  TDMA1900   -   0.6   6.666   1/3   0.2
  CDMA800   -   0.25   -   NA   0.25
  CDMA1900   -   0.25   -   NA   0.25
  IMT-2000   -   0.25   -   NA   0.25
  EIRP, equivalent isotropically radiated power; NA, not applicable; TDMA, time-division multiple access
  Compiled by the Working Group
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tested, the maximum value for SAR 10 g was lower 
when a hands-free kit was used than when it 
was not. Kühn et al. (2009a) further developed 
procedures for the testing of hands-free kits 
under worst-case and realistic conditions of use 
and applied them to a set of phones and kits. The 
authors concluded that exposure of the entire 
head was lower when a hands-free kit was used 
than when the phone was held directly against 
the head, but that there might be very localized 
increases in exposure in the ear.

Wireless hands-free kits are available that 
use the Bluetooth RF communications protocol 
to link to a mobile-phone handset located 
within a few metres of the body. This protocol 
provides for RF transmissions in the frequency 
range 2.4–2.5 GHz at power levels of 1, 2.5 or 
100 mW. Only the lowest of these power levels 
would be used with a wireless hands-free kit and 
these are around a hundred times lower than the 
maximum output powers of mobile phones. In 
the study on wired hands-free kits mentioned 
above, Kühn et al. (2009a) also tested Bluetooth 
wireless hands-free kits and concluded that they 
are responsible for a low but constant exposure.

(v)	 Mobile-phone base stations
The base stations that provide mobile-phone 

services to come in many different sizes and 
shapes, according to their individual coverage 
requirements. 

The radiated powers and heights of mobile-
phone base-station antennae are highly vari-
able. Cooper et al. (2006) collected data on 
base-station antenna height and power from 
all cellular operators in the United Kingdom, a 
total of 32 837 base stations, for the year 2002. 
The data are presented in Fig. 1.10 and show that 
base-station powers typically vary from about 
0.1 W to 200 W and that heights range from about 
3 m to 60 m above ground level. There is a large 
group of base stations with heights in the range 
15–25 m and powers in the range 20–100 W, and 
a second group with heights in the range 2–6 m 

and powers of about 2 W. Cooper et al. concluded 
that the base stations in the first group are likely to 
serve macrocells and provide the main coverage 
for cellular networks, while those in the second 
group are likely to be microcells and provide a 
second layer of coverage, e.g. in densely popu-
lated areas.

Numerous spot measurements have been 
carried out to determine levels of exposure in 
the vicinity of mobile-phone base stations, often 
within national campaigns to address public 
concerns. Generally, these spot measurements 
take into account exposure contributions from 
all signals in the bands used by the base station at 
the time of measurement, but ignore other parts 
of the spectrum, such as those used by broad-
cast transmitters. Mann (2010) summarized 
the United Kingdom audit programme, which 
encompassed 3321 measurements at 541 sites 
comprising 339 schools, 37 hospitals and 165 
other locations. Exposure quotients, describing 
the fraction of the ICNIRP general public refer-
ence level (ICNIRP, 1998) that is contributed 
collectively by the signals measured, are shown 
in Fig. 1.11 as a cumulative distribution.

Fig.  1.11 includes a log-normal curve fitted 
optimally (least squares) to the data. The curve 
suggests that the data are approximately log-
normally distributed, although with a longer tail 
towards the lower values. The quotient values 
are 8.1 × 10-6 (3.0 × 10-8 – 2.5 × 10-4), where the 
first figure is the median value and the values 
in parentheses indicate the range from the 5th 
to the 95th percentile. About 55% of the meas-
urements were made outdoors and these were 
associated with higher exposure quotients than 
the indoor measurements. The median quotients 
for the outdoor and indoor measurements were 
1.7  ×  10-5 and 2.8  ×  10-6 respectively, i.e. the 
outdoor median was around six times higher 
than the indoor median (Mann, 2010).

The exposure quotients may be converted 
to electric-field strengths or power densities by 
assuming a value for the reference level, but the 
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latter varies from 2 to 10 W/m2 over the frequency 
range considered in the measurements (TETRA 
at 390 MHz to UMTS at 2170 MHz). The varia-
tion of the reference level is, however, very much 
less than the variation in the exposure quotients, 
so taking 4.5 W/m2 as the reference level (the 
value at 900 MHz) still yields useful data. The 
power densities and electric-field strengths based 
on this assumed value are shown in Table 1.6.

Table  1.6 shows electric-field strengths that 
range from about ten to a few hundred millivolts 
per metre indoors, where people spend most of 
their time. However, in considering these data it 

is important to recognize that the indoor sites 
in this study were selected according to public 
concern regarding a nearby base station; these 
field strengths may thus be higher than would be 
found at locations representative of exposure of 
the general population.

Petersen & Testagrossa (1992) published 
measurements of power densities around 
analogue base-station sites in the USA, trans-
mitting in the frequency range 869–894 MHz. 
A basic start-up site would serve a cell with a 
range of up to 12–16 km and provide up to 16 
signals (each serving one phone call) from a 
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Fig. 1.10 Distribution of 32 837 base stations in the United Kingdom according to average antenna 
height and total radiated power
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58 Fig. 1.11 Cumulative distribution of exposure quotients corresponding to 3321 spot measurements made by Office of 
Communications at 499 sites where public concern had been expressed about nearby base stations

The exposure quotients were calculated by dividing the power density of each individually measured signal by the general public reference level at its frequency according to ICNIRP 
(1998) and then summing these individual signal quotients to obtain a total quotient of the reference level. The figure shows a log-normal curve fitted to the data.
From Mann (2010). Copyright © 2010. Published by Elsevier Masson SAS on behalf of Académie des sciences. All rights reserved.JA
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single omni-directional antenna. As demand 
grew, sites could be expanded to split cells into 
three sectors with up to six antennae mounted 
on a triangular mast head. Again, each antenna 
would provide up to 16 signals, so there would be 
a maximum of 96 signals available, 32 of which 
would have been directed into each sector. Values 
for nominal ERP (see Glossary) were about 100 W 
and so the radiated power would have been of the 
order of 10 W per signal from omni-directional 
and sectored sites, with typical antenna gains in 
the range of 9–10 dB and 8–12 dB, respectively.

For four masts ranging from 46 to 82 m in 
height, measurements were made at intervals 
along radials from the bases of the masts out to 
distances of a few hundred metres. Individual 
signals from a given antenna were found to vary in 
strength at any given measurement position and 
the sidelobe structure of the antenna was evident 
in that the signal strength had an oscillatory 
dependence on distance. The maximum power 
density per signal was <  100 μW/m2, except in 
proximity to metal structures near the foot of 
the tower. Thus, even for 96 signals transmitted 
simultaneously, the maximum aggregate power 
density possible would have been < 10 mW/m2.

Henderson & Bangay (2006) reported on 
a survey of exposures around 60 base station 
sites in Australia transmitting CDMA800 (29 
sites), GSM900 (51 sites), GSM1800 (12 sites) 
and 3G UMTS (35 sites) signals. Initially, 
computer modelling was carried out to identify 

the direction from the mast where maximum 
exposures were expected. Measurements were 
then made at distances of 50, 200 and 500 m, 
and further measurements were then made at 
the distance where maximum exposures were 
predicted, which varied from 14 to 480 m from the 
mast as a consequence of antenna height, pattern 
and tilt. The maximum recorded power density 
of 7.8 mW/m2 corresponded to an exposure 
quotient of 0.002 (0.2%) relative to the ICNIRP 
public reference level (identical to the Australian 
standard at the frequencies concerned). The 
cumulative distributions also reported in this 
paper showed roughly similar median exposure 
quotients of about 0.0015 at 50 and 200 m, 0.0001 
at 500 m and 0.004 at the maximum.

The study by Cooper et al. (2006) mentioned 
above focused on measurements around 20 GSM 
base stations with powers <  5 W and heights 
< 10 m, selected randomly from all base stations 
in the United Kingdom. From the total of 32 837 
base stations, 3008 eligible stations were identi-
fied. The antennae of the selected base stations 
were often fixed to the walls of buildings at a 
minimum height of 2.8 m. Theoretical calcula-
tions based on the radiated powers showed that 
the minimum height at which the reference 
level could be reached was 2.4 m above ground. 
Exposure measurements were made as a func-
tion of distance at 10 of the 20 sites and at 610 
locations in total, ranging from 1 to 100 m from 
the antenna. The highest spot measurement at 
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Table 1.6 Summary of exposure quotients measured in the United Kingdom

Category No. of 
measurements

Exposure quotient  
( × 10−6)

Power density  
(µW/m2)

Electric-field strength 
(mV/m)

Median Rangea Median Rangea Median Rangea

All data 3321 8.1 0.03 – 250 37 0.13 – 1100 120 7.1 – 650
Outdoor 1809 17 0.052 – 314 77 0.23 – 1400 170 9.3 – 730
Indoor 1516 2.8 0.024 – 124 13 0.11 – 560 69 6.4 – 460

a	 Range from 5th to 95th percentiles
These data are from an audit of base stations up to the end of 2007. Equivalent power densities and electric-field strengths are given assuming a 
reference level of 4.5 W/m2. 
Adapted from Mann (2010)

JA 02509

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 185 of 454



IARC MONOGRAPHS – 102

an accessible location represented 8.6% of the 
reference level and the exposures more gener-
ally ranged from 0.002% to 2% of the ICNIRP 
public reference level. Empirical fits showed that 
the exposure quotients decreased in a way that 
was inversely proportional to the distance, for 
distances up to about 20 m from the antennae 
and thereafter diminished with the fourth power 
of distance. Exposures close to microcell base 
stations were found to be higher than close to 
macrocell base stations, because the antennae 
were at lower heights and could be approached 
more closely by the public.

Kim & Park (2010) made measurements at 50 
locations between 32 and 422 m from CDMA800 
and CDMA1800 base stations in the Republic of 
Korea. The base stations were selected to repre-
sent locations where concern had been expressed 
by the local population. The highest reported 
electric field level was 1.5 V/m, equivalent to an 
exposure quotient of 0.0015 (0.15%) compared 
with the reference level, and the median expo-
sure quotient was below 0.0001 (0.01%).

The most recent studies have used personal-
exposure meters worn for periods of up to several 
days by groups of volunteers. These studies are 
covered in Section 1.6.1, and provide informa-
tion not only on exposure from base stations, 
but also from other environmental transmitters 
during typical activities.

(vi)	 Terrestrial Trunked Radio (TETRA)
TETRA is a cellular radio system designed to 

meet the needs of professional users and emer-
gency services. The handsets can be used like 
mobile phones, but are normally used as walkie-
talkies, held in front of the face and in push-to-
talk (PTT) mode. Remote speaker microphones 
and a variety of covert add-ons are also available. 
When the handsets are used with accessories, 
the transmitting handset may be mounted on 
the belt, on the chest, or elsewhere on the body. 
Systems for use in vehicles with the transmitting 
antennae mounted externally are also available. 

The operating principles and the detailed charac-
teristics of the signals involved are described in a 
review by AGNIR (2001).

Several frequency bands are available 
between 380 and 470 MHz, as well as one set of 
bands near 900 MHz. Handsets can have peak 
emitted powers of 1 W or 3 W, while vehicle-
mounted transmitters can have powers of 3 W 
or 10 W. Base stations have similar powers to 
those used for mobile-phone networks, i.e. a few 
tens of watts. The system uses TDMA, although 
the frame rate is slower than that of the TDMA 
systems involved with mobile phones. There are 
four slots per frame and 17.6 frames per second. 
Hence, the bursts from handsets occupy slots 
with a duration of 14.2 ms and the time-averaged 
power is a quarter of the peak powers mentioned 
earlier in this paragraph. The base stations 
transmit continuous signals AGNIR (2001).

The AGNIR review refers to SARs measured 
from 1 W and 3 W handsets held to either side 
of the head and in front of the face in a model 
of the head. With spatial averaging over 10 g, 
as per ICNIRP and IEEE exposure guidelines, 
the 1 W radio produced SARs of 0.88, 0.89 and 
0.24 W/kg on the left, right and front of the face, 
respectively, while the 3 W radio produced SARs 
of 2.88, 2.33 and 0.53 W/kg, respectively, under 
the same conditions.

Dimbylow et al. (2003) developed a numer-
ical model of a commercially available TETRA 
handset and calculated SARs in an anatomically 
realistic numerical model (resolution, 2 mm) 
of the head developed from MRI images. The 
handset was modelled as a metal box of dimen-
sions 34 × 50 × 134 mm, and with either a helical 
(pitch, 4 mm; diameter, 8 mm) or a monopole 
antenna mounted on its top face, and resonant at 
380 MHz. For the handset held vertically in front 
of the face in the position that was considered to 
be most representative of practical use, the aver-
aged SARs at 10 g were 1.67 W/kg and 2.37 W/kg 
per watt of radiated power with the monopole and 
helical antennae, respectively. Various positions 
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were considered with the handset held to the 
sides of the head and the maximum SARs with 
the two antennae were 2.33 and 3.90 W/kg 
per watt. These values suggest SARs with 3 W 
handsets (3/4 W time-averaged) having a helical 
antenna could exceed the 2 W/kg restriction on 
exposure for the general public, if the handsets 
were to transmit at full power for 6 minutes while 
held to the side of the head.

(vii)	 Cordless phones
Cordless phones are used to make voice calls 

and are held against the head just like mobile 
phones. Hence, the antenna inside the phone is 
in close proximity to the head and its radiated 
fields deposit energy inside the head tissues near 
to the phone, in a similar way to the fields from 
mobile phones. With cordless phones, commu-
nications are made over shorter distances than 
with mobile phones and so the radiated powers 
used are lower, but cordless phones do not use 
adaptive power control, which means that, unlike 
mobile phones, they do not continually adapt 
their radiated power to the minimum necessary 
for satisfactory communication (ETSI, 2010).

With simple cordless installations, the phones 
are typically placed back on a desk or charging 
point after a call has finished. However, there 
are also more complicated installations in which 
multiple base stations are installed throughout a 
building and the phones are carried by the user 
as a personal phone. The radio communications 
are over distances of a few tens of metres and to 
the nearest base station, which provides the link 
into the main wired telephone system.

The first cordless phones used analogue 
technology and operated to a range of different 
technical standards, with continuous emitted 
power levels of about 10 mW during calls. 
Frequencies were generally in the range 
30–50 MHz and therefore about 20 times lower 
than the frequencies used by mobile phones. 
Some phones used telescopic antennae of about 
15–30 cm in length, while others used helical 

antennae of about 5 cm in length. The lower 
frequencies and the greater size of the antennae 
used with analogue cordless phones would have 
resulted in a smaller proportion of the radiated 
power being absorbed, and also in a more diffuse 
pattern of absorption in the head than occurs 
with mobile phones (ETSI, 2010).

Modern cordless phones use digital tech-
nology, including the digital enhanced cord-
less telecommunications (DECT) technical 
standard, which operates in the frequency band 
1880–1900 MHz and is the main system used 
in Europe. In other parts of the world, systems 
operating around 900, 2400 and 5800 MHz are 
used as well as DECT (ETSI, 2010).

DECT systems produce discontinuous emis-
sions due to their use of TDMA. The signals from 
the phone and base station during calls are in the 
form of 100 bursts every second, each of about 
0.4 ms in duration. These bursts are emitted at a 
peak power level of 250 mW, but the time-aver-
aged power is 10 mW because each device only 
transmits for 1/24 of the time (duty factor of 4%). 
Handsets do not transmit unless calls are being 
made, but when on “standby” most base stations 
produce 100 beacon pulses per second, each 
pulse being 0.08 ms in duration. This implies a 
duty factor of 0.8% (ETSI, 2010).

(viii)	Professional mobile radio systems
A variety of professional mobile radio 

systems, also called private mobile radio (PMR), 
have been developed over the years and these 
are generally licensed to professional users by 
spectrum-management agencies in the coun-
tries where they are used. In many countries, 
the emergency services (police, fire, ambulance, 
etc.) are converting to the use of digital cellular 
systems, such as TETRA, although analogue 
systems – which were the norm before roll-out 
of TETRA systems – are also used.

The PMR systems use frequencies in the VHF 
and UHF parts of the spectrum; VHF generally 
propagates further for a given radiated power 
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and is, therefore, preferred for longer-distance 
communications. On the other hand, UHF 
systems have smaller antennae and present as 
more compact terminals.

Systems exist in the form of walkie-talkies 
that are held in front of the face and used in 
push-to-talk (PTT) mode; they may be built 
into vehicles with external, e.g. roof-mounted, 
antennae or be worn on the body. The transmit-
ting antennae can be on the handset itself, on 
the vehicle, or carried on the chest or waist. The 
radiated powers are typically in the range 1–5 W, 
but it is important to take into account the duty 
factor associated with how they are used: the 
PTT mode will involve only a few seconds of 
transmission during the time that the button is 
pressed down and the user is speaking.

(c)	 Wireless networks

Wireless networking has developed rapidly 
since about 2000 and is becoming the method 
of choice for connecting mobile devices such as 
laptop computers and mobile phones to other 
electronic systems and to the Internet. The 
networks are found in homes, schools, public 
places such as cafés and transport hubs, and 
in the workplace. The systems operate to the 
IEEE802.11 family of technical standards and are 
often known as “Wi-Fi,” after the Wi-Fi Alliance, 
an organization that certifies inter-operability of 
devices on the market.

The original version of IEEE802.11 was 
published in 1997 and provided for data-transfer 
rates of up to 2 Mbit/s through frequency chan-
nels between 2.4 and 2.5 GHz. Subsequent 
developments using this band were IEEE802.11b 
and IEEE802.11 g, allowing for rates up to 11 
and 54 Mbit/s, respectively. Several frequency 
bands between 5 and 6 GHz are exploited by 
IEEE802.11a and provide for 54 Mbit/s commu-
nications. The latest devices operate according 
to IEEE802.11n and provide up to 72 Mbit/s in 
a single frequency channel, but the standard 
allows for devices that can use multiple frequency 

channels simultaneously to deliver much higher 
data rates (ICNIRP, 2009a).

The IEEE802.11 standard specifies maximum 
radiated powers, but these are above the values 
permitted by regulatory agencies in many parts 
of the world. For example, in Europe the tech-
nical standards EN300328 and EN301893 limit 
the EIRP to 100 mW in the 2.4-GHz band and 
200 mW in the 5 GHz band, respectively. Peyman 
et al. (2011) measured the actual power radiated 
by a selection of Wi-Fi devices marketed among 
schools in the United Kingdom. The spherically 
integrated radiated power (IRP) ranged from 5 to 
17 mW for fifteen laptops in the 2.45 GHz band 
and from 1 to 16 mW for eight laptops in the 
5 GHz band. For practical reasons and because 
access points are generally wall-mounted with 
beams directed into the room, their powers were 
integrated over a hemisphere. These ranged from 
3 to 28 mW for twelve access points at 2.4 GHz 
and from 3 to 29 mW for six access points at 
5 GHz. Thus the radiated powers of laptops seem 
to range from a few mW up to about 30 mW. In 
principle, these measurements imply that the 
powers of access points could range from a few 
mW up to around 60 mW, if their patterns extend 
symmetrically into the unmeasured hemisphere, 
which seems unlikely.

The RF emissions from Wi-Fi devices are in 
the form of short bursts containing portions of 
the data being transmitted and other informa-
tion, such as acknowledgements that data have 
been successfully received. Unlike the emissions 
from mobile phones using TDMA, the bursts are 
irregular in terms of timing and duration. Typical 
bursts range from about 10 µs to about 1 ms in 
duration. If data are lost or corrupted during 
transmission, bursts are retransmitted until they 
are successfully received. Also, under conditions 
where communications are poor, e.g. due to 
weak signal strength, the systems can lower their 
data-transfer rates to have better signal-to-noise 
ratios and improved reliability. This increases the 
cumulative time that it takes to transmit a given 
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amount of data. Thus, high signal strengths from 
Wi-Fi devices (during transmission of bursts) do 
not necessarily translate to higher exposures, 
because this results in lower duty factors (Mann, 
2010).

Comprehensive data are yet to be published 
regarding the duty factors of Wi-Fi equipment 
during normal use; however, Khalid et al. (2011) 
has reported initial results from the use of data-
traffic capturing and packet-counting equipment 
in school networks. Transmitted bursts were 
captured to determine the proportion of time 
during which Wi-Fi devices transmitted while 
children were using laptops during their lessons. 
The laptops were mostly used for receiving traffic 
from the access points and therefore laptop-
transmit times were low. Duty factors for the 
monitored laptops were consistently less than 
1% and those of access points were less than 
10%. Baseline duty factors of access points (with 
no data being transferred) are about 1%, due to 
beacon pulses of duration 1 ms that are produced 
at a rate of ten pulses per second (Mann, 2010).

The SAR values produced when using laptop 
computers equipped with Wi-Fi transmitters 
have been evaluated by several authors. Most 
devices now have built-in antennae located 
around and along the top edge of the screen, 
which are therefore at greater distances from 
the body than a mobile phone held against the 
head. The rapid reduction in field strength that 
occurs with increasing distance means that SARs 
can be expected to be much lower than from 
mobile phones under such scenarios. Based on 
a continuous radiated power of 100 mW under 
a range of such scenarios, Findlay & Dimbylow 
(2010) calculated a maximum 10 g averaged SAR 
of 5.7 mW/kg in the head.

When Wi-Fi devices are able to transmit 
continuously with their antennae in close 
proximity to the body, the SARs may be higher 
than in the scenario described above. For example, 
Kühn et al. (2007a) measured a SAR of 0.81 W/
kg in a flat phantom with the antennae of a Wi-Fi 

access point in close proximity and Schmid et 
al. (2007b) measured a SAR of 0.05 W/kg under 
similar conditions from a Wi-Fi equipped PCI 
card inserted into a laptop. The value reported 
by Kühn et al. is within the range of maximum 
localized SARs from mobile phones (ICNIRP, 
1998).

Studies have also examined the general 
field strengths in environments where Wi-Fi 
networks are installed. Foster (2007) measured 
RF fields at 55 public and private sites in the USA 
and Europe (4 countries), which included private 
residences, commercial spaces, and health-care 
and educational institutions. In nearly all cases, 
the measured Wi-Fi signal levels were far lower 
than other RF signals in the same environment. 
The maximum time-averaged power density in 
the 2.4-GHz band measured at 1 m distance 
from a laptop uploading and downloading a file 
was 7 mW/m2, which is far less than the ICNIRP 
(1998) reference level value of 10 W/m2 for the 
general public.

Schmid et al. (2007a) investigated the typical 
exposure caused by wireless local area network 
(WLAN) applications in small and large indoor 
public areas (e.g. Internet cafés, airports). 
Outdoor scenarios were also considered where 
the exposure was measured in the vicinity of 
access points serving residential areas and public 
places. Exposure was assessed by computational 
methods and by on-site measurements. The 
highest values for indoor exposure were found 
close to the transmitting devices (access points 
or clients) where, at a distance of about 20 cm, 
spatial and temporal peak values of power density 
were found to reach about 100–200 mW/m2. In 
general, the exposure values were several orders 
of magnitude below the ICNIRP (1998) reference 
levels.

(d)	 Industrial applications

There are several industrial applications 
for RF-EMF, many of which are described in 
review reports and papers. On the whole, the 
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literature is rather old and difficult to interpret 
since reported field values have generally been 
taken in the context of compliance assessments 
rather than epidemiological studies, so it is hard 
to judge what the typical exposures of workers 
may have been. Only a brief description of some 
of the sources producing the highest exposures 
is included here.

(i)	 Industrial induction heating
Industrial induction heating involves the use 

of induction furnaces equipped with large coils 
that produce strong magnetic fields. Conducting 
materials for treatment are placed inside the coils 
and the magnetic fields cause eddy currents, 
resulting in heating of the conducting materials. 
Typical applications include surface hardening, 
softening and melting metals, mixing alloys and 
heating gaseous conductors such as plasmas. The 
frequencies used span a wide range, from 50 Hz 
through to a few megahertz, so not all applica-
tions fall within the scope of this Monograph. The 
fields can be considerable and worker exposures 
are greatest for tasks that involve approaching 
the coils, e.g. when taking samples from within 
the coils of open furnaces. The coil impedances 
increase with frequency and electric fields can 
become the dominant contributor to exposure 
(rather than magnetic fields) at frequencies 
above about 100 kHz (ICNIRP, 2009a). Allen et 
al. (1994) have provided a review of measured 
exposures, drawing on peer-reviewed papers 
from several countries and measurements made 
in the United Kingdom.

(ii)	 Dielectric heating
RF heating and drying equipment has been 

used for many years and applications include pre-
heating, wood-glueing and polyvinyl chloride 
(PVC) welding. These materials are lossy dielec-
trics and their conductivity at radiofrequencies 
means that they can become heated-up when 
placed in a strong electric field. Typical heaters 
are designed to use the industrial, scientific and 

medical (ISM) bands at 13.56, 27.12 and 40.68 
MHz, but reported measurements show that 
frequencies are variable within the range 10–80 
MHz. Powers range from less than a kilowatt to 
tens of kilowatts for typical heat sealers, while 
for glue-dryers the maximum power may exceed 
100 kW (ICNIRP, 2009a).

The greatest source of operator exposure 
comes from the use of manually actuated PVC 
dielectric machines, where the operator manip-
ulates material to be welded by hand and then 
clamps it between a pair of electrodes between 
which the power is applied. Measurements and 
other details from studies carried out in the 
United Kingdom and elsewhere are described 
by Allen et al. (1994). The field strengths from 
dielectric heaters at the operator locations can be 
in excess of the ICNIRP (1998) reference levels, 
but they are non-uniform and it is necessary 
to evaluate the SAR in the body to determine 
compliance with the guidelines. Kännälä et al. 
(2008) have developed an assessment method 
based on measuring induced limb currents and 
relating these to localized and whole-body SARs 
(wbSARs).

(e)	 Medical applications

RF fields have several medical applications. 
In general, exposure for the clinician will be 
lower than for the patient, since the RF source 
will generally be located closer to the patient, but 
this is not always the case. RF fields can also be 
applied for therapeutic purposes, for moderate 
heating of tissue, or for much greater heating 
for the cutting and destruction of tissue during 
surgery.

(i)	 Magnetic resonance imaging (MRI)
Performing an MRI scan for diagnostic 

purposes involves strong RF fields. MRI uses 
a combination of EMFs to produce exception-
ally clear images of tissue structures inside the 
human body, to assist with medical diagnoses. 
Hydrogen atoms associated with water in the 
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body tissues are made to resonate in a strong 
magnetic field such that they emit RF radiation 
at the resonant frequency. Therefore, variations 
in the water content of tissues are the basis of the 
contrast in the images obtained (HPA, 2008).

A permanent uniform static magnetic field, 
typically in the range 1–3 T, but sometimes up to 
8 T or more with specialized systems, is applied 
over the body and causes splitting of the energy 
states associated with protons (hydrogen atoms). 
The difference between the energy states is such 
that protons will transfer from the lower to the 
upper energy state in response to an applied RF 
signal at the resonant frequency. Protons will also 
fall back to the lower energy state spontaneously, 
and in doing so emit RF radiation at the Larmor 
frequency. The Larmor frequency is given by 
42.57 times the static magnetic-field strength. 
Thus a 1.5 T, an MRI scan involves the applica-
tion and measurement of RF fields at 64 MHz 
(HPA, 2008).

During an MRI scan, multiple RF pulses 
(hundreds to thousands per second) are applied 
over either the whole body or the part of the body 
being visualized. The RF dose (SAR) received 
by patients inside the MRI scanners is reported 
by the system and can vary from < 0.1 W/kg to 
about 4 W/kg for more complex settings (HPA, 
2008). The desire to limit temperature increases 
and prevent harm to the patient can be a limiting 
factor in how quickly scans can be performed in 
practice. Clinicians and any other personnel who 
are near to the magnet during the scans will be 
exposed to the RF fields, but the strength of the 
RF fields will diminish rapidly with increasing 
distance from the RF coils and the space between 
them inside the scanner.

(ii)	 Diathermy
Short-wave and microwave diathermy are 

used to gently warm muscles, tendons and joints 
to alleviate a variety of medical conditions. 
Short-wave equipment operates at frequencies of 
13.56 MHz or 27.12 MHz and powers of about 

400 W. Applicators for microwave diathermy 
operate at 2.45 GHz with powers of about 200 W 
and tend to take the form of a radiating antenna 
surrounded by reflectors that direct the emitted 
energy in a forward direction. While exposure 
of the patient is intentional, the scanner opera-
tors close to the equipment may be exposed 
involuntarily in areas where field strengths are 
high, unless they move away while the equip-
ment is in operation (ICNIRP, 2009a).

(iii)	 Surgical diathermy and ablation by 
radiofrequency

RF fields and currents are widely used during 
surgical procedures. In surgical diathermy or 
electrosurgery, a small hand-held electrode acts 
as a cutting or coagulation instrument. The basic 
operating frequency is typically about 500 kHz 
and there are harmonics produced at frequen-
cies up to around 20 MHz. Current densities in 
tissues can be as high as 10 A/cm2 with source 
powers of up to 200 W (IPEM, 2010). Some more 
recent systems use a frequency of 9.2 GHz and 
powers of about 20 W delivered through needle-
like electrodes containing coaxial lines. These 
systems are employed for minimally invasive 
surgery, e.g. focal tumour ablation and the treat-
ment of menorrhagia by endometrial ablation 
(IPEM, 2010).

(f)	 Domestic sources

There are few powerful sources of RF in the 
home; however, among these, induction cooking 
hobs and microwave ovens are of note. Less 
powerful sources include remote-controlled toys, 
baby monitors, and the mobile/cordless phones 
and the Wi-Fi systems described earlier.

Induction cooking hobs feature coils that 
produce a magnetic field beneath the metal 
cooking pans that are placed on them. The 
magnetic fields produce eddy currents in the 
pans, which are thereby heated. The powers 
transferred to the pans can be several kilowatts 
and the frequencies involved are in the range 
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20–50 kHz. Magnetic fields can be in the order 
of the ICNIRP reference levels, but vary greatly 
with user position and also depend on the place-
ment of the pan. ICNIRP (2009a) reviews studies 
that have investigated these exposures.

Microwave ovens are standard fixtures in 
many homes and contain microwave sources 
operating at a frequency of 2.45 GHz and 
producing powers beteen 500 W and 2 kW. The 
design of such ovens is such that leakage is kept to a 
minimum and a product-performance technical 
standard requires that microwave-power density 
levels fall below 50 W/m2 at a distance of 5 cm. 
Several large surveys of leakage levels have been 
performed, as described in ICNIRP (2009a), and 
these indicate that approximately 99% of ovens 
comply with the emission limit. According to the 
measurements of Bangay & Zombolas (2003), the 
maximum local SAR values at the emission limit 
are 0.256 W/kg and the maximum 10 g averaged 
SAR is 0.0056 W/kg.

A new source of RF that is currently being 
introduced and that seems set to enter many 
homes is the transmitter associated with 
“smart” metering of electricity consumption 
and potentially metering for other services such 
as water and gas. There is no global approach to 
gathering information from smart meters and 
relaying it back to the utility companies, but it is 
clear that radio communications will be involved. 
Some systems may use mobile-phone networks 
for this purpose, while others may use dedicated 
radio infrastructures. Some systems may also 
involve a home area network (HAN) within 
which individual electrical devices in the home 
can relay information about usage to a central 
collection point, allowing residents to examine 
the information and make decisions about their 
energy consumption. Two recent investigations 
commissioned by the Electric Power Research 
Institute (available on the EPRI webpage) suggest 
that the power level of radio transmissions will 
be similar to that of mobile phones, but that the 
duty factors will be low (on average, such devices 

will transmit for a small proportion of time only). 
Low duty factors, combined with the greater 
distances of these devices from people compared 
with mobile phones, imply that exposures will be 
low when compared with exposure guidelines.

(g)	 Security and safety applications, including 
radar and navigation

A variety of systems used for security 
purposes invole the application of RF, including 
systems for asset tracking and identification. 
These sources and exposures have been reviewed 
in ICNIRP (2009a).

Radar systems operate across a broad range of 
frequencies, mostly in the range 1–10 GHz, with 
some short-range applications in the range of 
tens of gigahertz. Emissions from these systems 
represent an extreme form of pulse modula-
tion, the TDMA scheme used by some mobile 
phones being a less extreme example. The duty 
factor in a GSM TDMA signal is 1/8, whereas it 
is typically around 1/1000 with a radar signal. 
The typical duration of a pulse might be about 
a microsecond, while a typical pulse period 
might be about a millisecond, although these 
parameters do vary and depend on the type of 
radar involved. Very high power densities can 
be produced in the antenna beams during the 
pulses, and powers can still be high after duty 
factors are taken into account to determine the 
average power. To assess human exposure from 
radar systems it is necessary to take into account:

•	 The exposure metric of interest (to 
account for the pulsing, or simply based 
on the average power);

•	 People’s juxtaposition to the beams (are 
the beams going over people’s heads?);

•	 The duty factor associated with the 
pulsing;

•	 The duty factor associated with rotation 
(equal to the beam width in azimuth 
divided by 60 degrees; probably around 
200 : 1 in the direction that a rotating 
beam sweeps through).
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Information about radar systems can be 
found in the following review reports: Allen et 
al. (1994), Cooper (2002) and ICNIRP (2009a).

(i)	 Air traffic control
The most familiar application of radar is for 

navigation and the tracking of aircraft move-
ments from rotating ground-based antennae, 
e.g. at airports. Long-range systems operate 
over 1–2 GHz, while moderate-range systems 
operate over 2–4 GHz. The antennae tend to be 
mounted sufficiently high that buildings cannot 
obstruct their view of the sky and they form 
narrow beams of about a degree in the horizontal 
plane that sweep around 360 degrees once every 
few seconds. Beams are broader in the vertical 
plane and tail off in strength towards low eleva-
tion angles to avoid reflections from objects on 
the ground. Aviation radar systems have quite 
high emitted power levels during the pulses, 
typically from tens of kilowatts to a few mega-
watts. Taking the duty factors into account leads 
to time-averaged emitted powers of about 100 W 
to a few kilowatts (AGNIR, 2003).

(ii)	 Marine radar
Marine radar systems are used to inform the 

crew of a ship of the presence of other vessels and 
thus avoid collisions. The range of these systems 
is shorter than that of aviation systems. It is 
known that targets will be at ground (sea) level, 
so the beam profile extends to ground level in 
the plane of elevation. The rotating antennae are 
mounted at height to allow a view of the sea that 
is unobstructed by the structure of the ship/vessel 
on which they are carried. Operating frequen-
cies are in the ranges of 2–4 or 8–12 GHz. Mean 
powers are in the range 1–25 W and peak powers 
can be up to about 30 kW (ICNIRP, 2009a).

(iii)	 Tracking radar
Tracking radar is used in military systems 

to lock-on to and follow targets such as aircraft 
and missiles. The antennae can rotate, execute 
a nodding motion, point in a fixed direction, or 

follow a target. Targets are not expected to assist 
with being tracked and may even be designed 
with stealth in mind and to suppress the extent to 
which they reflect radar pulses. Hence, tracking 
radar systems generally involve higher powers 
than navigation systems and use peak powers 
of up to several megawatts. Systems mostly 
operate between 2 and 8 GHz. Certain tracking 
radar systems can produce mean power densi-
ties > 100 W/m2 at distances in excess of a kilo-
metre, even after duty-cycle correction (ICNIRP, 
2009a).

(iv)	 Whole-body security scanners
Whole-body security scanners are used in 

places such as airports to generate images of 
objects carried under people’s clothing without 
the need for physical contact. Active systems 
transmit either ionizing (X-rays) or non-ionizing 
(RF) radiation towards the body and then 
analyse the scattered radiation. Passive systems 
simply monitor the “black body” (thermal) 
radiation given off by the body in the RF spec-
trum and do not emit any radiation. Current 
active RF systems typically operate at about 30 
GHz, although in the future systems may use 
frequencies of up to several hundred gigahertz. 
(European Commission, 2010). A note published 
by AFSSET (2010) described an assessment of an 
active scanner operating in the frequency range 
24–30 GHz. Power densities incident on the body 
were reported as between 60 and 640 µW/m2.

(v)	 Other systems
Various other radar systems include those 

used for monitoring weather, traffic speed, 
collision avoidance with vehicles and ground 
penetration.
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1.3	Dosimetry

1.3.1	 Introduction

Incident EMFs are defined as external fields 
in the absence of – i.e. without interaction with 
– the human body, animals, or tissue samples. 
Incident fields couple with the human body 
and induce EMFs and currents inside the body 
tissues.

Macrodosimetry is the science of quanti-
fying the three-dimensional distribution of 
EMFs inside tissues and organs of biological 
bodies, with averaged induced fields across 
submillimetre tissue structures (e.g. cells). The 
term is also applied to measurements in media 
that have dielectric characteristics similar to 
those of biological bodies, e.g. cell cultures, tissue-
simulating media, etc. The induced fields are the 
only exposure parameters that can interact with 
biological processes and, therefore, provide the 
primary exposure metric (Kühn, 2009).

Microdosimetry refers to the assessment 
of fields at subcellular resolution (e.g. across 
membranes, proteins, etc.). This is a relatively 
new research area that faces various basic 
problems, such as material models and transi-
tions between classical and quantum electro
dynamics. In all cases, however, macrodosimetry 
is the first step, since microdosimetry can only 
be developed from the locally averaged induced 
fields. This Monograph does not cover micro
dosimetry, and “dosimetry” used hereafter thus 
refers to macrodosimetry. Dosimetry studies of 
differences in dielectric properties of tissues in 
human and animals models published since 1984 
are described in Table 1.7.

The coupling mechanisms of the electric 
and magnetic incident-field components are 
different. Hence, both must be determined sepa-
rately to fully characterize human exposure. 
Since coupling with the human body also 
depends on the ratio of wavelength versus body 
size, the RF-EMF spectrum is often divided 

into at least three ranges, e.g. 30 kHz–10 MHz 
(below body resonance); 10 MHz to 2 GHz 
(body and partial body resonances); and 2 GHz 
to 300 GHz (surface-dominated absorption) 
(ICNIRP, 2009a). Furthermore, the distribu-
tion of the induced field strongly depends on 
various parameters, such as source (strength, 
frequency, polarization, direction of incidence, 
size, shape, etc.), distance and location of the 
source with respect to the body, outer anatomy, 
inner anatomy, body posture, and environment 
of the body (e.g. reflective objects).

The field variations within the body are 
generally large and may well exceed a factor of 
thousand for the locally absorbed energy. In 
general, field distributions change considerably 
between different postures and orientations of 
the body with respect to the field. For example, 
the exposure of the brain may change even 
though the whole-body average and the peak 
spatial absorption remain the same.

1.3.2	 Dosimetric exposure

It has only recently become technically 
possible to achieve a detailed characterization of 
exposure to EMFs. Hence, research on dosim-
etry during the past 30 years has been focused 
on reliable determination of the exposure metric 
as defined in the safety guidelines, namely, the 
maximum average whole-body values and the 
maximum locally-induced field values. The most 
commonly used metrics are defined below.

At frequencies greater than 100 kHz, SAR is 
the main measure of exposure used. SAR is the 
absorbed electromagnetic energy per tissue mass 
and can be calculated directly from the electric 
energy loss, which is proportional to the square 
of the locally induced root-mean-square value 
(rms) of the electric field strength, the induced 
current density and the temperature increase (see 
Glossary for detailed equations). The assessment 
on the basis of the initial rise in temperature 
is only valid if the exposed body is in thermal 
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equilibrium or in a steady thermal state at the 
beginning of the exposure.

The SARs usually reported are values aver-
aged over time, either over the periodicity of 
the signal or over any period of 6 minutes. Two 
metrics are most often determined:

•	 The whole-body-averaged SAR (wbSAR) is 
the total electromagnetic power absorbed 
by a body divided by its mass.

•	 The maximum peak spatial SAR (psSAR) 
averaged over any cube inside the body 
with a tissue mass of 1 g (psSAR-1 g) or 
10 g (psSAR-10 g). Specific evaluation 
rules have been defined in which the cube 
is grown around the observation point, 
whereas special rules apply in case of air 
interfaces (see ANSI/IEEE, 2002a). This 
value is usually reported independently 
of the exposed tissue.

In recent years, the focus has shifted towards 
more tissue-specific measures of exposure that 
can be correlated with biological effects (Kuster 
et al., 2006; Boutry et al., 2008). Examples are:

•	 Instant, time-averaged or cumulative 
organ- and tissue-specific SAR;

•	 Distributions and histograms of the spa-
tially averaged SAR (sSAR) values over a 
mass of 1 g or 10 g of tissue in the shape of 
a cube (sSAR-1 g or sSAR-10 g) or 10 g of 
contiguous tissue (sSAR-10 g c) (see also 
Ebert, 2009).

At frequencies below 10 MHz, the following 
quantities are used:

•	 Current density averaged over any 1 cm2 
of tissue from the central nervous system 
(CNS) perpendicular to the current direc-
tion (ICNIRP, 1998);

•	 Electric field integrated over any line seg-
ment of 5 mm in length oriented in any 
direction within the tissue (IEEE, 2005);

•	 Electric field averaged in any 2 × 2 × 2 
mm3 volume (ICNIRP, 2010).

1.3.3	 Coupling of incident fields with the 
body

(a)	 Body-mounted devices

For transmitters operating at frequen-
cies greater than 300 MHz, the absorption 
in proximate human tissue is approximately 
proportional to the square of the incident 
magnetic field (Hinc) at the skin surface of the 
person exposed (Kuster & Balzano, 1992). Hinc is 
approximately given by the square of the equiva-
lent RF current in the device (IRF) divided by its 
distance from the human body (d).

The equations presented by these authors 
explain many aspects of human exposure to 
radiation from mobile phones discussed in this 
Monograph, namely:

•	 Mobile phones close to the body 
(d < 0.01 m) are the dominant source of 
exposure, particularly of the brain, when 
the phone is held at the ear, compared 
with exposure from the more powerful 
base stations at larger distances (d > 10 m).

•	 Exposure from a mobile phone operated 
by a bystander (d < 1 m) may still exceed 
the exposure from a base station at mod-
erate distance.

•	 The absorption of energy by different 
tissues is strongly dependent on the design 
of the phone, and may vary more than 
20-fold according to, e.g. the location of 
the antenna, and the current distribution 
with respect to the tissue (Kuster et al., 
2004).

•	 The level of local exposure is also rela-
tively strongly dependent on the position 
of the phone at the head, and may vary 
by a factor of more than 10 (Wiart et al., 
2007; Gosselin et al., 2011).

•	 The exposure of children is higher than 
that of adults by a factor of approximately 
two due to the different shape of chil-
dren’s heads, which brings the phone geo-
metrically closer to the brain in children 
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than in adults (see Section 1.6.1 (ii); Wiart 
et al., 2008).

•	 Hand-free kits reduce the psSAR in head 
tissue by a factor of 100 and more (Porter 
et al., 2005; Kühn et al., 2009b; also see 
Section 1.2.2).

•	 Bluetooth headsets operate at 1 mW and 
the maximum psSAR is a factor of about 
100 lower than that for a mobile phone 
operating at the ear (Kühn et al., 2007a).

•	 WLAN transmitters in a laptop computer 
also result in lower exposures to the brain 
than a mobile phone operated at the ear.

•	 Exposures from DECT base-station 
antennae located in the same room as the 
person are similar to those from mobile-
phone base stations in the neighbourhood 
(Kühn et al., 2007a).

(b)	 Whole-body and partial-body resonances

The human body can be described as an 
elongated poor conductor. Therefore, it couples 
energy best if the electric field is polarized along 
the long body axis and when the electrical length 
of the body is resonant, i.e. approximately half a 
wavelength (λ/2) for an ungrounded body and one 
quarter wavelength (λ/4) for a person standing 
on a grounded floor. This was first investigated 
with ellipsoids and recently refined with newly 
available human models (e.g. Dimbylow, 2007a; 
Conil et al., 2008; Kühn et al., 2009b). The typical 
variation in wbSAR as a function of frequency 
is shown in Fig.  1.12. The same effects have 
been investigated for partial-body resonances 
(Kühn et al., 2009b). The results of these model-
ling studies explain the main characteristics 
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Fig. 1.12 Variation in the whole-body specific absorption rate (SAR) produced per unit power 
density as a function of frequency in the adult male phantom NORMAN, and child phantoms of 
three different ages, standing on a conductive floor (grounded) and insulated

From Mann (2010). Copyright © 2010. Published by Elsevier Masson SAS on behalf of Académie des sciences. All rights reserved.
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of far-field exposures of between 10 MHz and 
2 GHz, i.e. a strong dependence on body size and 
posture, and on polarization.

(c)	 Below whole-body and partial-body 
resonances

At exposures below the body-resonance 
frequency, i.e. <  10 MHz, the body can be 
described as a short poor conductor. The domi-
nant exposures of concern are from near-field 
sources that generally have strong field gradients. 
Under these conditions, the energy is capacitively 
coupled in the case of a dominant electric-field 
source (dielectric heaters, diathermy applica-
tors, etc.) or inductively coupled in the case of 
a dominant magnetic-field source (e.g. inductive 
cooking hobs, anti-theft systems, wireless power 
transfer systems, MRI, etc.). Strong induced 
currents are also caused by touching metallic 
objects such as fences or towers exposed to fields 
from transmitting antennae (contact currents).

(d)	 Above whole-body and partial-body 
resonances

At exposures above the body-resonance 
frequency, i.e. >  2 GHz, the body can be 
described as a dielectric object that is large with 
respect to the wavelength and the penetration 
depth (see Table 1.8). Therefore, the absorption 

is approximately proportional to the exposed 
surface area of the body (Gosselin et al., 2011). 
In this case, the wbSAR is proportional to the 
largest ratio of body surface and weight (Kühn, 
2009), whereas the RF energy is predominantly 
absorbed at the body surface.

1.3.4	 Dependence on local anatomy

(a)	 General

Local exposure is altered by local anatomy 
due to inhomogeneity of the body tissues. In 
particular, local enhancements or hot spots can 
be expected as a result of impedance matching 
on layered structures, e.g. skin–fat–muscle layers 
(Christ et al., 2006), and due to narrowing cross-
sections of highly conductive tissues. An example 
of the latter is high exposure in the ankles when the 
body is grounded and the electric-field frequency 
is in the range of or below body resonance; the 
ankle consists mostly of low-conductive cartilage 
and the integrated current is largest close to the 
feet of the grounded person (Dimbylow, 2005).

(b)	 Mobile phones

During the last decade, the dosimetric 
analysis of exposure to radiation from mobile 
phones has focused on reliable compliance testing 
of the phones with respect to the limits defined 
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Table 1.8 Depth of penetration of muscle and fat by radiofrequency fields at typical 
telecommunication frequencies

Frequency 
(MHz)

Muscle Fat

Relative 
permittivity

Conductivity 
(S/m)

Penetration depth 
(mm)

Relative 
permittivity

Conductivity 
(S/m)

Penetration deptha 
(mm)

400 57.13 0.80 52 5.58 0.041 310
900 55.03 0.94 42 5.46 0.051 244
1800 53.55 1.34 29 5.35 0.078 158
2450 52.73 1.74 22 5.28 0.105 116
5200 49.28 4.27 8.8 5.01 0.255 47

a	 Penetration depths have been calculated based on the equation given in the Glossary.
MHz, megahertz; mm, millimetre; S/m, siemens per metre
Compiled by the Working Group from Tissue Properties Database: Dielectric Properties by IT’IS Foundation: http://www.itis.ethz.ch/itis-for-
health/tissue-properties/database/dielectric-properties/
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for psSAR-1 g and psSAR-10 g. The absorption 
values for different mobile phones are determined 
in homogeneous head phantoms, i.e. the specific 
anthropometric mannequin (SAM) in touch 
and tilted positions. The SAR values for different 
phone positions have been compared in various 
anatomical models of the head of adults and chil-
dren. Reviews of these studies concluded that the 
psSAR assessed with the SAM is a conservative 
measure of exposure of both adults and children 
(Christ & Kuster, 2005; Martens, 2005; Wiart 
et al., 2005) and that variations in psSAR among 
different models can be attributed to individual 
anatomical differences, but not to age-dependent 
changes in head size (Kainz et al., 2005).

The effects of age-dependent changes in 
tissue conductivity have been studied by several 
authors in various rodent species (Thurai et al., 
1984, 1985; Peyman et al., 2001; Gabriel, 2005; 
Schmid & Überbacher, 2005).

Christ et al. (2010a) investigated the effect 
of the anatomical differences on specific tissue 
exposures in humans. These studies concluded 
that:

•	 Exposure of regions inside the brain 
of young children (e.g. hippocampus, 
hypothalamus, etc.) can be higher by 
1.6–3-fold than that in adults.

•	 Exposure of the bone marrow in the skull 
of children can exceed that in adults by 
a factor of about 10, which is due to the 
high electric conductivity of this tissue at 
a young age.

•	 Exposure of the eyes of children is higher 
than that of adults. Regarding thermal 
effects, however, this does not present 
a problem as exposure to the eyes from 
mobile phones is very low, i.e. < 10% of 
the psSAR.

•	 Because of their different locations rela-
tive to the ear, brain regions close to the 
surface of the skull can exhibit large dif-
ferences in exposure between adults and 
children. The cerebellum of children can 

show a psSAR that is > 2.5-fold that of the 
local exposure of the cortex of adults. It 
should be noted that these differences are 
strongly dependent on the current dis-
tribution in the phone, i.e. on the phone 
design.

•	 Tissues or anatomical regions that are 
located at a comparable distance from 
the phone in adults and children, e.g. the 
pineal glands, do not show age-dependent 
variations in exposure.

1.3.5	 Estimation of local tissue temperature 
based on psSAR

In general, the relationship between tissue 
temperature and psSAR depends strongly upon 
blood perfusion of the tissue, which varies across 
the body. In addition, local hot spots (points of 
elevated temperature) are influenced by thermal 
conductivity.

The correlation between psSAR and the 
increase in temperature for exposures to dipoles 
and mobile phones operated close to the head has 
been studied (Hirata et al., 2003; Fujimoto et al., 
2006; Hirata et al., 2006a, b, 2008). The results 
of these studies show that the correlation for a 
given frequency and exposure type is often good, 
but that the scaling factor strongly depends on 
the frequency, the spatial averaging scheme 
and mass, the tissue perfusion, and geometrical 
aspects such as anatomical surface curvature. 
The correlation between local averaged SAR and 
temperature elevation is weak when multiple 
tissues are involved. In the brain, the relationship 
between psSAR and peak temperature is found 
to be poor, and the tissue distribution and the 
exact exposure situation have a strong impact on 
brain heating, with thermo-physiological tissue 
properties particularly affecting the temperature 
increase in the head for a given psSAR (Samaras 
et al., 2007; McIntosh & Anderson, 2010).

The temperature increase for multiple 
anatomical models was estimated over a wide 
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range of frequencies (0.01–5.6 GHz) for plane 
waves with different polarization and incident 
angles. The peak temperature increase for a given 
psSAR was strongly dependent on anatomy and 
frequency, with variations of one order of magni-
tude for the cases investigated (Bakker et al., 
2010).

A comparative analysis of seven publications 
on the increase in brain temperature during 
mobile-phone use found a high variation (66% 
at 1800 MHz) in the peak increase in brain 
temperature relative to the peak averaged SAR 
in the head (Samaras et al., 2007). These results 
confirm the finding that the peak temperature 
increase in the brain should therefore be corre-
lated with peak averaged SAR in the brain and 
not with the peak averaged SAR in the whole 
head. Generally, this peak temperature increase 
in the brain is strongly influenced by absorption 
in the neighbouring tissues, thus tissue distribu-
tion in that anatomical region is important (e.g. 
the impact of the cerebrospinal fluid) (Hirata 
et al., 2003).

1.3.6	 Dosimetry methods

To demonstrate compliance with safety 
guidelines, wbSAR and psSAR values are esti-
mated conservatively. In most cases, psSAR 
values are not correlated with a specific tissue or 
with typical exposures and, therefore, they can 
only be used for epidemiological studies when 
additional assessments and considerations are 
taken into account.

It is practically impossible to measure 
EMFs non-invasively or in vivo; thus, measure-
ments can only be obtained post mortem. The 
limitations associated with post-mortem evalua
tions include: (1) accessibility to certain tissues 
only; (2) field distortions caused by the inva-
sively introduced probe and dielectric changes 
due to decreased tissue temperature and blood 
content; and (3) large uncertainties associated 
with obtaining accurate measurements near and 

across tissue boundaries. Only the integrated, 
total absorbed power can be determined rela-
tively easily by means of the calorimetric method 
(see Section 1.4.4).

Progress in computational electromagnetics 
and the exponential growth of computational 
power and computer memory have facilitated 
the determination of field distributions in full 
anatomical models of human bodies with reso-
lutions much smaller than 1 mm3. The dissipative 
properties and the low quality-factor of complex 
anatomical structures pose no special problem for 
numerical analyses such as the finite-difference 
time-domain (FDTD) method. A grid resolution 
of less than 0.2 mm in a specific region of the 
body and of 0.5–1 mm for uniform resolution 
is the standard for today’s FDTD computations. 
Finite-element methods (FEM) are also increas-
ingly used, especially for evaluation of exposures 
below 10 MHz. Approaches such as the combi-
nation of the method of moment (MoM) with 
FDTD, are also regularly applied (Meyer et al., 
2003).

Numerical techniques have also become 
more powerful with the availability of human 
models that will soon represent the full range 
of anatomical variation within the human 
population. Reviews of these models are avail-
able (Dimbylow et al., 2009; Christ et al., 2010b; 
Wu et al., 2011). In some of these models, body 
posture can be varied. These models are applied 
to assess typical exposures, to determine inter-
action mechanisms, and to derive simplified 
phantoms for compliance testing.

(a)	 Methods to demonstrate compliance with 
guidelines

For compliance testing of commercial mobile 
telecommunication devices that operate very 
close to the human body, experimental dosi
metry is often superior to numerical approaches. 
The measurement instruments and methods are 
described in Section 1.4. The sources usually 
consist of highly resonant components assembled 
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with other electronic and metallic structures. 
It is difficult to use simulations to predict with 
certainty if and how secondary resonant struc-
tures may be excited, especially in view of the 
effect of the reflected field of biological bodies 
on the performance of the device. Small spatial 
differences can easily result in deviations of more 
than a factor of two from the actual value. Only 
when the structure is electromagnetically well 
defined can a good agreement between simu-
lation and measurement be achieved, i.e. with 
deviations of less than 20% (Chavannes et al., 
2003). It should be noted that detailed informa-
tion about field distributions inside anatomical 
bodies is often irrelevant because it cannot be 
generalized and because differences in anatomy 
and posture can result in significantly different 
SAR distributions. However, for safety reasons, 
the upper boundary (typically the 95th percen-
tile) of the exposure for the entire population is 
relevant, rather than individual exposure levels. 
Hence, worst-case phantoms, derived by means 

of the numerical methods mentioned above, are 
often applied to assess the upper exposure limits 
for specific exposure conditions, e.g. during the 
use of mobile-phone handsets.

(b)	 Methods to estimate typical exposures

Estimation of typical exposures for specific 
tissues requires the numerical evaluation of the 
user’s anatomy and usage pattern for the average 
output power, including its variations. Procedures 
to make such estimations for different brain 
regions exposed to mobile-phone radiation have 
recently been developed (Gosselin et al., 2011). 
Similar procedures can be applied for other 
sources. Quantitative estimates are given in 
Fig. 1.13, which illustrates the estimated tissue-
averaged SARs for the thalamus, temporal lobe 
and cortex when induced by various transmis-
sion sources. The typical minimal and maximal 
values are also given. The basis for these values 
is shown in Table  1.9. The largest exposure is 

76

Fig. 1.13 Estimated tissue-averaged specific absorption rate (stSAR) of the thalamus, temporal 
lobe and cortex of the brain, induced by various transmission sources
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caused by the GSM mobile telephone, followed 
by exposures from DECT and WLAN cord-
less handsets. The new wideband code-division 
multiple access (WCDMA) systems result in 
much lower exposure values. It should be noted 
that the maximum exposure level is very similar 
for all mobile handsets. The averaged induced 
fields in the brain resulting from exposure to 
electromagnetic radiation from base stations 
of any technology are more than four orders of 
magnitude lower than those from a handset.

1.3.7	 Exposure set-ups for laboratory studies

Properly designed laboratory exposure 
set-ups with sensitive monitoring systems are 
critical for producing reliable and reproduc-
ible results on the potential health effects of RF 
radiation. The selection of an exposure set-up is 
intimately linked to the design and objectives of 
the study, and includes factors such as the effi-
ciency of the coupling of the incident field with 
the biological system, the number of animals or 
cell-culture samples needed per exposure level 

for statistical analyses, the daily exposure times, 
and the overall duration of the study. Examples 
of exposure systems used for this type of study 
include:

•	 Far-field/anechoic chamber: a room 
designed to minimize reflections of 
either sound or electromagnetic waves. 
To prevent the latter, the inner walls of 
the chamber are covered with pyramid-
shaped RF radiation-absorbent material 
(Chou & Guy, 1982). Animals or tissue-
culture dishes are exposed to RF radia-
tion via an antenna (e.g. horn antenna).

•	 Near-field systems: antennae are used to 
obtain partial body exposures. In the 
Carousel system, the animals in restrain-
ing tubes are oriented radially around a 
central antenna at a fixed distance between 
the nose of the animal and the antenna 
(Adey et al., 1999). Loop antennae have 
been used to predominantly expose a par-
ticular part of the brain (Lévêque et al., 
2004).

77

Table 1.9 Estimated minimum, maximum and average exposures in the brain from various 
sources of radiofrequency radiation

Source Frequency (MHz) Exposure

Average Minimum Maximum Unit

FM transmitter 100 0.02 0.01 0.07 V/m
TV station 700 0.02 0.001 0.05 V/m
GSM900 base station 950 0.05 0.001 4 V/m
GSM1800 base station 1850 0.05 0.001 6 V/m
DECT base station 1890 0.1 0.03 1 V/m
UMTS 1950 base station 2140 0.05 0.001 6 V/m
WLAN base station 2450 0.03 0.007 1 V/m
WLAN base station 5200/5800 0.01 0.001 1 V/m
GSM900 mobile phone 900 50 0.2 250 mW
GSM1800 mobile phone 1750 40 0.1 125 mW
DECT cordless phone 1890 10 3 20 mW
UMTS mobile phone 1950 1 0.0003 200 mW
WLAN cordless phone 2450 10 3 20 mW
Note: Far-field exposures are estimated in terms of incident-field values and exposures from handsets are calculated from time-averaged output 
power.
Compiled and calculated by the Working Group from Kühn et al. (2010)
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•	 Transverse electromagnetic (TEM) cell: an 
RF-shielded box in which tissue cultures 
are positioned with a defined orientation 
relative to the direction of wave propaga-
tion and the electric field. A rectangular 
coaxial transmission line tapered at both 
ends provides a uniform incident plane 
wave when RF energy is coupled to the 
line (Crawford, 1974). Studies with cell 
cultures and animal models have been 
conducted in various modified TEM cells 
(Nikoloski et al., 2005).

•	 Waveguide: a structure that guides and 
confines electromagnetic waves to propa-
gation in one dimension within a round 
or rectangular metallic tube. Waveguides 
have the advantage that only the funda-
mental mode can propagate within a cer-
tain frequency band, correlated with its 
dimensions. Therefore, resonant systems 
can be easily used. The power losses of 
the propagating wave must be carefully 
evaluated if larger objects are exposed. 
Standing waves must be appropriately 
used in case of resonant waveguides or 
waveguides terminated by a short circuit. 
Waveguides are widely used for in-vitro 
systems (e.g. Schuderer et al., 2004b). 
Non-resonant waveguides have also been 
used to expose rodents (e.g. Guy et al., 
1979) and a cascade of 17 sectorial reso-
nant waveguides excited by one quad-loop 
antenna have been employed to expose 
one rat per waveguide (Kainz et al., 2006).

•	 Radial transmission line (RTL): a structure 
that confines the wave to propagate in 
two dimensions with two parallel metal 
plates excited between their centres by an 
antenna. In the case of a non-resonant 
application, the wave is terminated at 
the perimeter of the lateral plates with 
absorbers (Hansen et al., 1999; Moros 
et al., 1999). The system has been used for 
studies in vivo or in vitro by placing the 

cell cultures or animals at a fixed distance 
from the antenna. RTL has also been used 
as a resonant structure in which the wave 
is terminated with metallic rods instead 
of absorbers. This configuration has also 
been called a “Ferris wheel,” whereby the 
animals in restraining tubes are posi-
tioned at a fixed distance to the reflect-
ing rods (Balzano et al., 2000). Several 
improvements have been suggested and 
implemented (Ebert, 2009).

•	 Reverberation chamber: a shielded room 
with minimal absorption of electromag-
netic energy. To create statistically homo-
geneous fields inside the chamber when 
exposure is averaged over time, rotating 
metallic reflectors (stirrers) constantly 
create changing boundary conditions. 
Animals are unrestrained during expo-
sure (Jung et al., 2008).

Regardless of the type of exposure system, 
for a correct interpretation of the findings and 
replication of the experiments in other laborato-
ries, it is important that all pertinent electromag-
netic-field exposure characteristics (particularly 
dosimetry) and biological parameters be fully 
addressed in the experimental design, and 
properly described in the study reports (Valberg, 
1995; Kuster & Schönborn, 2000; Kuster et al., 
2006; Belyaev, 2010). These factors are briefly 
discussed in the next two sections.

1.3.8	 Exposure characterization in laboratory 
studies

The experimental conditions during studies 
on the effects of exposure to EMF should be 
described in detail as listed below:

•	 Signal characteristics should include: 
carrier frequency, modulation scheme, 
power level and stability;

•	 Zone of exposure (near field or far field);
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•	 Polarization (e.g. linear or circular polari-
zation) of the induced EMF with respect 
to the biological system;

•	 Performance of the setup: determination 
of induced electric- and magnetic-field 
strengths and SAR levels and distribution 
(numerical dosimetry) in the cell culture, 
or per organ site in animal experiments; 
this part should also include an uncer-
tainty analysis;

•	 Field distribution: should be homogene-
ous (SD < 30% in cell cultures) and varia-
tions in the exposure levels of individual 
tissues of the exposed animals should 
be characterized, including details on 
animal age, movement, posture, weight, 
etc.;

•	 The increase in temperature caused by the 
RF field must be well characterized and 
reported;

•	 Control of acoustic noise/vibration level 
and exposure to ambient RF fields and 
static fields;

•	 Monitoring: should include verification 
of incident field strengths and homogene-
ity, induced fields, and any changes in the 
performance of elements of the exposure 
system over the duration of the experi-
ment, including the long-term reliability 
of monitoring equipment;

•	 Experimental design requirements: dura-
tion of exposure (hours per day and total 
number of days), continuous or intermit-
tent (on/off cycles), time of day;

•	 Inclusion of a sham-exposure group.

1.3.9	 Biological factors in studies in 
experimental animals

The biological factors that may affect the 
study results are briefly described below:

(a)	 Studies in vivo

•	 Identification and justification of the 
selected animal model (species, strain, 
sex, age at start and end of study, genotype 
and phenotype, exposure to other agents);

•	 Animal husbandry: diet (ingredients, 
nutrient composition and contaminant 
levels), drinking-water source and treat-
ment, availability or restriction of feed 
and water during exposures, absence of 
specific pathogens, caging (cage material, 
number of animals per cage, bedding 
material), prevention of exposure to elec-
tric currents from water supply, absence/
presence of animal restraining devices;

•	 Environmental controls: temperature, 
relative humidity, lighting (on/off cycle, 
intensity), airflow, noise, and background 
fields;

•	 Characterization of animal weight, posi-
tioning/orientation, movement in the 
exposure system, and proximity of other 
animals and cage boundaries during 
exposure periods.

(b)	 Studies in vitro

•	 Composition of the incubation media, 
including antioxidant levels, free-radical 
scavengers, presence of magnetic particles;

•	 Source and/or derivation of the cell system 
and its characteristics: cell type, species, 
strain, sex, age, genotype and phenotype;

•	 Quality of the cell-culture system and 
its functional condition: cell viability, 
growth phase and cell-cycling rate, meta-
bolic status, and cell density (which may 
affect cell–cell interactions);

•	 Size, shape, and position of the cell-
culture vessel;

•	 Environmental controls, including tem-
perature, oxygen/carbon dioxide levels, 
air flow.
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Radiofrequency electromagnetic fields
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For a summary of studies with models for 
partial- or whole-body exposure, see Tables 1.10 
and 1.11.

1.4	Measurement techniques

1.4.1	 Introduction

Assessment of the incident exposure is 
simple for plane-wave or far-field conditions. 
Unfortunately, when high exposures are involved, 
far-field conditions rarely occur, due to the prox-
imity of the source. In addition, the reflecting 
environments result in fading, producing fields 
that are highly variable spatially and temporally.

In general, far-field conditions are approxi-
mately met locally by changing the amplitude in 
space at distances larger than the extension of the 
reactive near-field zone (CENELEC, 2008):

Thus, for distances meeting the requirements 
of the equation, only the maximum of the field 
components must be determined to demonstrate 
compliance. For any distance smaller than the 
requirements of the equation, the maximum of 
both components must be spatially scanned to 
reliably predict that the maximal induced fields 
are below a certain limit. Fine volume scanning 
of transmitting antennae in the very near field 
yields greater uncertainty, neglects reflection 
back to the source antenna due to the presence 
of a lossy body, and is more time-consuming 
than dosimetric measurements in homogeneous 
phantoms. Since such near-field assessments are 
more conservative, they are rarely conducted in 
the context of exposure assessments.

In summary, reference levels are easy to 
assess if the plane-wave or far-field conditions 
are approximately met (see Section 1.3.2) and 
the resulting SAR and induced current densities 
are below the corresponding basic restrictions 
under all circumstances. The reference limits 
for occupational/controlled and for the general 
public/uncontrolled exposure are given in NCRP 
(1986), ANSI/IEEE (1991, 2002b) and ICNIRP 

(1998). However, sometimes only the incident 
electric field (E-field) or the E-field-based equiva-
lent power density is also reported for cases in 
which the above equation is not satisfied and 
therefore may not well represent true exposure. 
It should also be noted that the maximum value 
that is often reported is suitable for reporting 
compliance with guidelines, but may greatly 
overestimate typical exposures at that location.

1.4.2	 Near-field and dosimetric probes

The first instruments were developed in the 
early 1970s and they covered the 10 MHz to 
10 GHz region of the spectrum. One involved the 
use of two pairs of thin-film thermo-coupling 
vacuum-evaporated electrothermic elements 
that functioned as both antenna and detector 
(Aslan, 1970). In another instance, two small 
diode-loaded dipoles were employed as sensor 
elements (Rudge, 1970). In 1975, the first proto-
type of an isotropic, miniature field probe was 
introduced (Bassen et al., 1975). Fibre-optic 
field probes were proposed as early as the 1970s 
(Bassen et al., 1977). Comprehensive overviews 
of field probes have been published (Bassen & 
Smith, 1983; Poković, 1999).

(a)	 Broadband E-field probes

Diode-based field probes are most commonly 
used for dosimetric assessments. These instru-
ments consist of field sensors, a detector, transmis-
sion lines and readout electronics (Fig. 1.14). The 
probe is constituted of three mutually orthogonal 
diode-loaded dipoles with an isotropic receiving 
pattern. Different orthogonal sensor configura-
tions are available.

An RF detector Schottky-type diode is placed 
at the centre of the dipole sensor. If the detector 
diode operates in the square-root law region, the 
detected voltage is proportional to the RF power. 
The data-acquisition electronics are connected to 
the detector diodes by high-resistance transmis-
sion lines to minimize incident-field perturbation 
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and spurious pick-up effects. A detailed investi-
gation of transmissionline design can be found 
in Smith (1981).

Magnetic-field (H-field) probes are also avail-
able; the basic theory on which such probes are 
designed can be found in Whiteside & King 
(1964). H-field probes and E-field probes have 
similar features except that H-field probes employ 
a small loop element instead of a dipole sensor. 
Loop-based sensors present the disadvantage of 
a strong frequency dependence and induction 
of currents by both H- and E-fields. Different 
methods for flattening the frequency response of 
loop probes have been suggested (Kanda, 1993; 
Poković, 1999). Lossy covers have been proposed 
to further suppress the E-field sensitivity of the 
loop (Poković, 1999).

A general problem of diode-based probes is 
their inherent nonlinearity over their dynamic 
range. Methods to overcome these limitations 
are presented in Kühn et al. (2007b).

Unlike diode-based sensors, thermocouple 
probes are true square-law detectors. Such sensors 
are particularly useful in free-space field surveys 
(Narda STS, 2005). These sensors are, however, 

impractical for dosimetric and near-field meas-
urements because of their size, generally lower 
sensitivity and dynamic range.

Thermistors are also small true square-law 
detectors. They can have a higher resolution 
than thermocouples, but need more frequent 
calibration.

The performance of these probes depends 
strongly on the following parameters:

•	 Frequency, modulation, and field strength;
•	 Polarization, direction of propagation, 

and field gradients;
•	 Material boundaries near the probe 

sensors;
•	 Sources of interference (noise, static and 

low-frequency fields, vibration, tempera-
ture, etc.).

The influence of these parameters must be 
characterized by individual calibration under 
well-defined conditions for each probe. A detailed 
summary of different calibration methods for 
field probes and a characterization of the most 
crucial parameters contributing to the meas-
urement of uncertainty are given in Poković 
(1999). The influence of these parameters must 
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Fig. 1.14 Simplified schematic of a broadband-field probe
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be included in the resulting uncertainty assess-
ment, since the conditions of actual use of the 
probes may differ considerably from the condi-
tions under which they are calibrated.

Modern free-space and dosimetric field 
probes operate in the frequency band from 
10 MHz up to 6 GHz. They have an isotropy error 
smaller than ± 0.5 dB and sensitivities in the range 
5–10 μW/g. These probes have very small sensor 
tips (2.5 mm) to allow high spatial resolution and 
measurements very close to material boundaries. 
A probe with reduced size (tip diameter, 1.0 mm) 
has been described for accurate dosimetric 
measurements at frequencies exceeding 10 GHz 
(Poković et al., 2000a). Probes for determining 
both the electrical- and magnetic-field pseudo-
vector information are presented in Poković et 
al. (2000b).

(b)	 Electro-optical sensors

Modern, electro-optical sensors allow the 
measurement of the full RF-frequency domain 
and phase as well as intermediate-frequency 
time-domain signal information while main-
taining a superior electrical isolation through 
the use of optical fibres for signal transmission.

In general, two sensor concepts are used 
today: (1) passive optical sensors (Togo et al., 
2007); and (2) active optical sensors Kramer 
et al. (2006). Modern passive electro-optical 
sensors typically modulate the information on 
laser light passing through electro-optically 
active crystals embedded in a fibre-optic system. 
Common crystal materials include cadmium 
telluride (CdTe) and lithium niobate (LiNbO3), 
which change their refractive indices depending 
on the E-field applied across the crystal, or 
cadmium manganese telluride (CdMnTe), which 
is sensitive to the magnetic fields applied across 
the crystal (Poković, 1999). The sensitivities of 
modern active optical sensors can be as low as 
100 µV/m per Hz2, or greater than 0.3 V/m when 
measuring a signal of width of 5 MHz (Kramer 
et al., 2006).

1.4.3	 Measurement antennae

Different types of broadband-matched 
antennae are usually applied for the frequency-
selective exposure assessment of incident fields. 
These broadband antennae are matched to 50 ohm 
to be compatible with standard RF receivers. 
They have applications in far-field measurement 
of radiation, e.g. from cellular base stations and 
broadcast services.

Common broadband RF-measurement 
antennae such as horn or log-periodic antennae 
have a certain directivity. This reduces the appli-
cability of these antennae for complex propa
gation scenarios, particularly at locations where 
the incident field is not dominated by a direct 
line-of-sight propagation path, but by multipath 
propagation (Kühn, 2009).

Tuned dipole antennae have an isotropic 
pattern (no directivity) in azimuth, but lack 
broadband characteristics.

Conical dipole antennae have an isotropic 
pattern in azimuth and generally good broad-
band characteristics (Seibersdorf Research, 
2011), which substantially reduces the number 
of measurements needed.

1.4.4	 Temperature instrumentation

(a)	 Temperature probes

Local SAR values can also be assessed by 
temperature measurements (see Section 1.3); 
however, thermal-diffusion effects must be prac-
tically absent. This is only possible if the system 
is in thermal equilibrium at the beginning of 
the exposure, or if heat-diffusion processes are 
known for the assessment period. Heat losses due 
to radiation and convection during the measure-
ment interval must be negligible, or known and 
corrected for. If these heat-diffusion processes 
are unknown, the response time of the thermal 
measurement equipment must be sufficiently 
short to avoid underestimation of the exposure 
(Schuderer et al., 2004a).
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Two types of temperature probes exist: 
thermistor-based and those based on optical 
effects. The requirements for temperature probes 
for SAR assessments are:

•	 Small size: the probe must be small to 
resolve high temperature gradients, with-
out disturbing the temperature distribu-
tion or the RF field;

•	 Non-conductive materials: only electri-
cally non-conductive materials prevent 
heating of the probe by induced currents 
because they are transparent to EMFs;

•	 Low noise level: small differences in tem-
perature must be detected accurately, 
especially for dynamic temperature meas-
urements, e.g. of SAR, and thus the noise 
level should be much less than 10 mK;

•	 Short response time: this is essential for 
SAR measurements as the temperature 
rise (dT/dt) is proportional to the SAR 
only in the absence of heat diffusion. A 
probe suitable for SAR measurements 
must have reaction times much faster 
than 100 ms (Schuderer et al., 2004a).

A novel design for temperature probes 
for dosimetric assessments, introduced by 
Schuderer et al. (2004a), provides a spatial reso-
lution of 0.02 mm2, a noise level of the tempera-
ture of 4 mK, and a sensitivity of 0.5 mK/s with 
a response time of < 14 ms.

Temperature probes based on thermo-optical 
effects are applied in high-voltage transformers, 
industrial microwave ovens and in treatment for 
hyperthermia. One exploited effect is the decay 
rate of a phosphorescent layer at the tip of a fibre-
optic cable (Wickersheim & Sun, 1987). These 
commercially available probes have a noise level 
of 0.1 K, with reaction times of 250 ms. Another 
optical effect is the interferometric property of 
a cavity filled with materials that have highly 
temperature-dependent refractive indices. These 
probes reach sensitivities of 2–3 mK/s (Burkhardt 
et al., 1996).

(b)	 Infrared photography

The measurement of temperature by black-
body-equivalent radiation (infrared photog-
raphy) is an alternative to invasive measurements 
using temperature probes. The resolution of 
infrared thermographs can be very high and 
the sensitivity of affordable infrared detec-
tion systems has improved substantially over 
the past 30 years. This was also one of the first 
methods used to measure SAR (Guy, 1971), as 
the surface radiation can be recorded quickly 
with infrared cameras without perturbing the 
incident field. Infrared cameras were used to 
measure the temperature increase on a human 
head exposed to GSM mobile phones (Taurisano 
& Vander Vorst, 2000). The technique has several 
disadvantages:

•	 Limited sensitivity compared with 
temperature or dosimetric probes;

•	 Can be used only for measurements of 
surface temperature;

•	 The thermal radiation characteristics 
of the materials must be determined 
accurately;

•	 The background radiation must be 
homogeneous;

•	 Evaporation and convection can cause 
substantial errors and must be controlled;

•	 Different viewing angles of the camera 
can yield different results, since surfaces 
are not isotropic infrared radiators.

(c)	 Microcapsulated thermo-chromic liquid 
crystals

A novel idea to assess three-dimensional 
temperature distributions optically and in quasi 
real-time was proposed by Baba et al. (2005). 
Microcapsulated thermochromic liquid crystals 
(MTLC) were suspended uniformly in a gel with 
the dielectric properties of human muscle tissue. 
The temperature of the gel is determined by 
measuring the light scattered from a laser beam 
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that scans through the liquid. The technique has 
limited dynamic range and sensitivity.

(d)	 Calorimeters

Calorimetry encompasses methods for meas-
uring heat produced by biological, chemical or 
physical endothermic or exothermic processes. 
Calorimetric methods are suitable for deter-
mining average wbSAR, but they cannot provide 
information about SAR distribution.

Calorimetry can be subdivided into two 
types:

•	 Direct calorimetry: the heat is measured 
directly by use of calorimeters;

•	 Indirect calorimetry: the quantity of heat 
is determined by measuring the amount 
of oxygen consumption and relating it to 
the oxicaloric equivalent of the reaction.

Basically, calorimetric dosimetry analyses 
the heating and cooling processes of a sample 
exposed to RF radiation. Typical direct calorim-
eters used in microwave dosimetry are the Dewar 
flask and the twin-well calorimeter (Gajsek et al., 
2003).

1.4.5	 Measuring SAR and the near field

Dosimetric evaluation inside test phantoms 
such as SAM requires the measurement of SAR 
at several hundreds of points distributed over a 
complex three-dimensional phantom. The process 
is divided into: (1) searching for the location of 
the maximum absorption on a two-dimensional 
grid; and (2) determining the psSAR value on a 
fine three-dimensional grid. These points must 
be determined with high accuracy, especially at 
high frequencies, to achieve low measurement 
uncertainty despite high attenuation and large 
variations in spatial-field intensity. Automated 
systems for dosimetric assessment have been 
developed to perform these compliance tests. 
A typical system for dosimetric assessment is a 
computer-controlled six-axis robotic positioner. 
It is used to move the dosimetric E-field probe 

within a scanning grid, which can be adaptive, 
e.g. it follows the surface that is being detected 
during the scanning job and positions the probe 
axis orthogonal to that surface. The measure-
ment results, i.e. field and SAR distributions, as 
well as 1 g and 10 g spatial average peak SAR, 
are automatically evaluated and visualized. The 
expanded standard uncertainty (k  =  2) is less 
than 20%. It should be noted that this approach 
provides reliable conservative estimates of the 
maximum peak spatial SAR that might occur in 
the user population, but offers little information 
about the exposure of specific tissues or indi-
vidual exposure (Kühn, 2009).

In summary, compliance evaluation of 
body-mounted transcievers provides reliable 
conservative estimates of maximum psSAR-1 g 
and psSAR-10 g anywhere in the body, but these 
estimates are generally poorly correlated with 
the maximum exposure of specific tissues (e.g. 
brain tissue) or typical exposure levels during 
daily usage of the device (system- and network-
dependent). In other words, the information has 
only limited value for epidemiological studies.

1.4.6	 Incident-field measurements in the far 
field

Evaluation of the exposure in the far field of a 
transmitter is usually conducted for fixed instal-
lations such as radio and television broadcast 
antennae, radar sites, or cellular base stations. 
Exposure assessments are carried out in areas 
that are generally accessible or for which access 
is restricted to qualified working personnel only. 
Compliance is tested with respect to the reference 
levels by assuming free-space field impedance for 
the RF energy, i.e. by E-field evaluation. Only one 
measurement point is required under real far-
field conditions. However, actual environments 
usually involve nearby reflectors and scatterers, 
i.e. a scanning procedure is required to find the 
maximum incident fields (Kühn, 2009).
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Since the transmitters under evaluation 
do not always operate at maximum power – 
the transmitted power of base stations being 
dependent on traffic intensity – broadband 
instantaneous measurements are often insuffi-
cient to determine the highest level of exposure. 
In such cases, information on the maximum 
exposure with respect to the measured values 
must be available and soundly applied to establish 
exposure in the worst-case scenario. Table  1.12 
lists the parameters necessary for extrapola-
tion of exposure in the worst case and to reduce 
the uncertainty of the actual measurement 
campaign. It is easier to determine the measure-
ment methods when additional parameters are 
known. General sources of error are:

•	 Field perturbation by measurement per-
sonnel, e.g. scattering and absorption of 
EMFs due to the body of the measure-
ment engineer;

•	 Application of an inappropriate measure-
ment antenna, e.g. disregard for antenna 
directivity and polarization;

•	 Application of ineffectively decoupled 
cables, acting as secondary antennae;

•	 Application of incorrect measurement 
settings of the RF receiver for the type of 
signal to be measured;

•	 Incorrect selection of the measurement 
location, e.g. measurement points that 
are not appropriate for yielding the maxi-
mum EMF exposure or measurement 
points close to bodies that influence the 
calibration of the measurement antennae 
(Kühn, 2009).

Different methods for assessing EMF expo-
sure in the far field have been proposed. One 
approach is the antenna-sweeping method. This 
method requires the engineer to slowly move the 
measurement antenna with varying polarizations 
and directions through the volume of interest 
(Sektion NIS, 2002). Another method is based on 
the examination of several well defined points in 
the area of interest. In this case, the antenna is 

mounted on a tripod and the different directions 
and polarizations are examined at the consid-
ered points (ANFR, 2004). The first method is 
conservative, but sensitive to the position of the 
operator with respect to the antenna. With the 
second method, measurements can be performed 
with the engineer located further away, but the 
number of measurements in the volume is small. 
A combination of both methods is presented by 
Coray et al. (2002), who suggest that the region is 
first scanned for the field maximum in the area 
of interest and that an isotropic and frequency-
selective measurement is then performed at the 
location of the maximum.

Often, far-field techniques are employed 
in the near field of transmitters, e.g. on trans-
mitter towers. Some standards allow a spatial 
averaging of E-field evaluations (ANSI/IEEE, 
1991), the rationale of which is based on the 
wbSAR limit. However, this constitutes a relaxa-
tion of the safety criteria as it does not consider 
H-field coupling as the dominant mechanism in 
the near field nor the limits of psSAR. On the 
basis of current knowledge, such relaxations do 
not exclude the possibility of exceeding the basic 
restrictions or underestimating the local expo-
sure (Kühn, 2009).

The advantages and limitations of different 
measurement equipment for assessing the expo-
sure of unknown transmitters are discussed 
below.

1.4.7	 Broadband measurements

Broadband-measurement probes are single-
axis or three-axis sensors (dipole or loop) 
constructed in a similar way to the near-field 
sensors. No information on the spectral charac-
teristics of the field is provided by these probes. 
Therefore, if a broadband meter is used for 
compliance testing, the measured field value 
must be no higher than the lowest permis-
sible limit defined for the frequency range of 
the meter. Broadband survey meters are also 
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relatively inexpensive and easy to use, and are 
thus often used for field-survey measurements 
(Kühn, 2009).

Fig. 1.15 displays the components of typical 
broadband field-survey meters. Fig  1.16 shows 
the frequency response of two broadband probes.

Some broadband probes are designed to 
match the frequency dependence of the human 
exposure limits. In all cases, it is advised that 
the out-of-band response of these instruments 
is carefully characterized to avoid spurious 
readings. If a specific transmitter is the domi-
nant source, compliance testing is substantially 
simplified (CENELEC, 2005).

The main sources of uncertainty regarding 
broadband survey meters are: calibration, 
linearity, frequency response, isotropy, time-
domain response, and temperature response; so 
the accuracy of broadband evaluations is signifi-
cantly limited, but generally conservative (Kühn, 
2009).

(a)	 Frequency-selective measurements

Frequency-selective measurement techniques 
can overcome the difficulties of the unknown 
spectrum of the field. However, the execution 
of the measurement is more complicated and 
requires specialized engineers.

Measurements in the frequency domain are 
performed with an antenna connected to a spec-
trum analyser.

Most spectrum analysers provide video 
filters for additional smoothing of the spec-
tral signal. Optimal parameter settings for the 
analyser for GSM and UMTS based on a simu-
lation approach have been presented (Olivier & 
Martens, 2005, 2006). The application of spec-
trum analysers is a complex topic. Procedures 
dealing with frequency-selective measurements 
should always describe the parameter settings of 
the spectrum analyser to produce correct, repro-
ducible and comparable results. Nevertheless, 
the engineer should test the actual applicability 
of these settings for the particular measurement 
equipment (Kühn, 2009).

The main sources of uncertainty regarding 
frequency-selective measurements are:

•	 Calibration of the spectrum analyser, 
cable, and measurement antenna;

•	 Linearity of the spectrum analyser, cable, 
and measurement antenna;

•	 Frequency response of the spectrum ana-
lyser, cable, and measurement antenna;

•	 Demodulation method of the spectrum 
analyser (detector type);
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Table 1.12 Important parameters of radiofrequency transmitter sites assessed in the far field

Site parameter Explanation

Location The location of the transmitter with respect to the measurement point
Line of sight/nonline of sight Determines if a prevalent propagation path may be expected
Type of site Single or multiple antenna site
Antenna directivity Antenna beam characteristics
Antenna radiation direction The direction of maximum radiation
Antenna power at measurement The antenna input power at the time the measurement takes place
Maximum antenna input power Maximum permissible antenna input power
Frequency Frequencies at which the site transmits
Communication system Communication system that is used, i.e. which signal modulation characteristics are to 

be expected
Other sources of radiation The field at the measurement points when the assessed transmitter is switched off
Adapted from Kühn (2009)
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•	 Temperature response of the spec-
trum analyser, cable, and measurement 
antenna; and

•	 Mismatch between measurement 
equipment.

Although frequency-selective measure-
ment methods overcome most of the problems 
affecting use of broadband-survey meters, they 
are not always sufficient to correctly evaluate 
exposure from different transmitters operating 
at the same frequency. In this case, measure-
ment receivers should be applied (Kühn, 2009), 
as presented below.

(b)	 Code-selective measurements

Code-selective measurements are specifically 
necessary when the exposure from a transmitter 
involves code-division multiple access (CDMA), 
e.g. when a Universal Mobile Telecommunications 
System (UMTS) is to be assessed. All UMTS base 
stations usually transmit in the same frequency 
band. With a frequency-selective receiver, it is 
not possible to discriminate between exposures 
from different base stations, because a single 
frequency band is used and the channels are 
multiplexed in the code domain. Code-selective 

receivers decode the signal received from a base 
station, i.e. the receiver is able to discriminate 
between the received field strength from its base 
station and other noise-like sources. The receiver 
measures only the field received from its trans-
mitting base station if the particular descram-
bling code is used for decoding. Basically, the 
same sources of uncertainty must be considered 
for code- and frequency-selective measurements. 
In general, if measurement receivers are applied, 
the overestimation of the measured field values 
is expected to be smaller than for frequency-
selective and broadband measurements (Kühn, 
2009).

1.4.8	 Calibration

Measurement with known uncertainty can 
only be performed if the measurement equip-
ment is appropriately calibrated. In general, 
calibration of the measurement equipment is 
demanding (sensitivity as a function of frequency 
and modulation, linearity for different modula-
tions, deviation from isotropy, etc.). High-quality 
calibration documentation is essential to deter-
mine the accuracy of the measurements or their 
uncertainty, respectively.

1.4.9	 Uncertainty assessment

Exposure assessments are prone to many 
uncertainties that must be carefully determined. 
This is the most difficult aspect of any measure-
ment protocol, because it usually covers many 
more parameters than only the uncertainties 
associated with the measurement equipment. For 
example, in the case of demonstration of compli-
ance with respect to basic restrictions, it includes 
estimation of the coverage factor for the exposed 
populations. In the case of uniform incident field, 
it is necessary to determine the uncertainty of 
the field measured during the period of measure-
ment with respect to the maximum exposure at 
this site. In case of non-uniform fields, it needs to 
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Fig. 1.15 Schematic of the most common 
broadband radiofrequency field-survey meters

Field probe with separate
measurement amplifier and

field monitor

Field probe with
integrated amplifier
and field monitor

Sensor head
(with dipole/loop sensor and diode detector)

Transmission lines

Preamplifier

Field monitor

Republished with permission of Taylor and Francis Group LLC Books, 
from Kühn & Kuster (2007); permission conveyed through Copyright 
Clearance Center, Inc.
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be demonstrated that the ratio of measured fields 
to reference levels is conservative with respect to 
the induced fields.

[The Working Group noted that it should be 
good measurement practice for the results of any 
measurement campaign to be presented only 
when accompanied by an extensive uncertainty 
assessment.]

1.4.10 Specific measurement problems

(a)	 Demonstration of compliance with 
dosimetric safety limits

The objective of compliance demonstration is 
to determine the exposure conservatively for the 
range of intended usage of the device or equip-
ment with respect to the entire user group. In 
general, there is a strong dependence on position, 
distance, anatomy and posture. This dependence 
can only be determined by numerical simula-
tions. Given an acceptable uncertainty, several 
hundred permutations of the most important 
parameters must be performed. In other words, 
the parameter space is large and the assessment 

must be done with sufficient care and followed by 
an extensive discussion on the parameters inves-
tigated and the resulting uncertainties.

(b)	 Assessing personal exposure

In its most recent update of Research Agenda 
for Radiofrequency Fields, the World Health 
Organization (WHO) has recommended 
improvement of exposure assessment in epide-
miological studies as a high-priority research 
need: “Quantify personal exposures from a range 
of radiofrequency sources and identify the deter-
minants of exposure in the general population” 
(WHO, 2010a).

Associated problems with personal exposure 
assessment are:

•	 Compliance tests versus real-life exposure;
•	 Assessment of incident versus induced 

fields;
•	 Appropriate dosimetric quantities;
•	 Combination of exposure from multiple 

sources operating at different distances 
and frequencies;
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Fig. 1.16 Frequency response of two broadband radiofrequency field-survey meters

 
The fields in the frequency ranges are summed. If the outputs from probes 1 and 2 are added, then the fields in the overlapping frequency range 
are counted twice. The field values measured with probe 1 must comply with the lowest limit in the frequency band 10 MHz to 1 GHz, while the 
readout of probe 2 must comply with the lowest limit between 100 MHz and 10 GHz. The overlapping frequency range is surveyed twice if the 
exposure values are superimposed to cover the entire frequency range.
Republished with permission of Taylor and Francis Group LLC Books, from Kühn & Kuster (2007); permission conveyed through Copyright 
Clearance Center, Inc.
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•	 Strong temporal, geographical and usage 
dependence of the exposure, especially in 
relation to the exposure period relevant to 
the epidemological data;

•	 Technology dependence of exposure and 
rapid technological changes; and

•	 Selection and, even more importantly, 
exclusion of potential exposure proxies.

As mentioned before, the worst-case levels 
of exposure determined during compliance 
testing of, e.g. mobile phones or base stations 
are in many cases not representative of actual 
real-life and everyday exposure. The protocols 
for compliance testing are generally optimized 
to provide a conservative estimate of maximum 
exposure. However, exposure assessment in 
epidemiological research aims at categorizing 
actual personal exposure. Results from compli-
ance testing can, however, be useful to validate 
propagation models (Bürgi et al., 2008), or to 
compare potential proxies that can be indepen-
dently assessed, such as those based on mobile-
phone design (Kühn, 2009).

Assessment and dosimetry of EMF exposure 
in epidemiological and human studies have been 
and often still are performed in terms of quanti-
ties that are only representative for demonstra-
tion of compliance with safety guidelines, e.g. 
incident-field quantification, or induced wbSAR 
and psSAR. The dosimetric meaning of the afore-
mentioned quantities is questionable for current 
studies, which all aim at detecting potential effects 
for exposures well below established safety levels. 
In addition, the end-points investigated are typi-
cally effects on specific tissues, organs or func-
tional regions of the brain and the quantification 
of the classical dose evaluations often does not 
allow a clear distinction between body regions 
or an accumulation of the dose from various 
sources. Quantification of exposure in terms of 
incident fields is especially problematic, since 
incident fields are often not directly related to 
induced fields. A common mistake is to combine 
exposure in terms of incident fields at different 

frequencies by applying the root-sum-square (see 
Glossary) over the individual frequency contri-
butions. Currently, novel dosimetric models are 
being developed to relate incident to induced 
EMF (Djafarzadeh et al., 2009) or to relate 
SAR-compliance test data measured in homo-
geneous media to SAR in specific anatomical 
regions of the human brain (Gosselin et al., 
2011). By expressing exposure directly in terms 
of induced EMF or SAR in specific regions, the 
combination of multiple sources also becomes 
straightforward. Also, it allows a direct assess-
ment of different source contributions according 
to geographical location or usage.

Variations due to geographical location in the 
far-field of transmitters should only be addressed 
with validated propagation models (e.g. Andersen 
et al., 2007; Frei et al., 2009a), and not with, 
e.g. simplistic distance metrics. For near-field 
exposure, e.g. from mobile phones, the orienta-
tion of the source with respect to the body is rela-
tively well defined; however, due to the output 
power control of modern mobile devices, there 
can be large variation in exposure depending 
on geographical location (more than twofold) 
and, even more importantly, the communica-
tion system (a factor of 100 or more). The assess-
ment of these variations is typically addressed 
in terms of measurements in situ (Wiart et al., 
2000; Kühn, 2009; Kelsh et al., 2010).

(c)	 Measurement of the very close near field 
below 10 MHz

The assessment of human exposure at 
frequencies between 30 MHz and 6 GHz is 
well established. International standards and 
national guidelines provide detailed assessment 
methods that are well specified with relatively 
low uncertainty. The measurement of incident 
fields at frequencies below 10 MHz is also well 
established. However, there is comparatively 
little research on the measurement of induced 
fields at frequencies below 10 MHz. The problems 
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associated with induced-field measurement at 
frequencies below 10 MHz include:

•	 Strong spatial non-uniformity of the 
fields, requiring high resolution of 
measurements;

•	 Strong temporal variation in the fields, 
especially from signals with transients, 
requiring equipment to have a large oper-
ating bandwidth;

•	 Field values measured very close to the 
source greatly overestimate the induced 
values, i.e. compliance often needs to 
be demonstrated by assessment of the 
induced fields;

•	 High variation in the permittivity and 
conductivity of tissues, making human 
modelling (e.g. development of phan-
toms) difficult;

•	 Practical limitations in the use of time-
domain numerical electromagnetic solv-
ers at low frequencies, resulting in slow 
convergence; and

•	 Limitations in the applicability of cer-
tain frequency-domain numerical 
electromagnetic solvers (e.g. electro-
quasistatic solvers) due to assumptions 
and approximations.

(d)	 Measurement of signals with complex 
modulations

Today, most broadband field probes, as well 
as personal exposure meters, are calibrated with 
narrow-band (single-frequency) continuous 
wave signals. However, the measured signals 
differ greatly from continuous wave signals in 
terms of variation in time-domain amplitude 
and signal bandwith. Variation in the time-
domain amplitude of modern communication 
signals (peak-to-average power ratio [PAPR] of 
up to 14) places great demands on the linearity 
of the detectors in broadband probes and expo-
sure meters, and in spectrum analysers. These 
requirements are often not fulfilled for the 
detectors and filters in traditional field probes 

and exposure meters, such that these respond 
differently when comparing continuous wave 
and waveforms applying modern modulation 
schemes. For compliance testing, field probes 
can be calibrated with the actual test signals. 
For measurements in situ, e.g. with exposure 
meters, such a calibration is not straightforward 
since the real-life communication-signal char-
acteristics might not always remain constant 
during measurement. Care should be taken also 
when using narrow-band receivers, i.e. spectrum 
analysers, when measuring complex-modulation 
waveforms. Also, these receivers require modu-
lation-specific measurement settings, e.g. filter, 
detector, resolution bandwidth, sweep time etc. 
to perform field measurements with reasonably 
small uncertainties (Joseph et al., 2002, 2008; 
Olivier & Martens, 2005, 2006).

1.5	Interaction of RF-EMF with 
biological systems

Although numerous experimental studies 
have been published on the non-thermal 
biological effects of RF-EMF, multiple computa-
tional analyses based on biophysical and thermo-
dynamic considerations have concluded that it is 
theoretically implausible for physiological effects 
(except for reactions mediated by free radical 
pairs) to be induced at exposure intensities that 
do not cause an increase in tissue temperature 
(Foster, 2000; Adair, 2002, 2003; Sheppard et al., 
2008).

RF electromagnetic radiation is classed as 
non-ionizing radiation as it comprises photons 
that do not have sufficient energy to break chem-
ical bonds or ionize biological molecules (Stuchly, 
1979). The energy of a photon of an electromag-
netic wave is given by E = hf, where h is Planck’s 
constant (6.626 × 10-34 J•s or 4.136 × 10-15 eV•s) 
and f is frequency, thus the energy of a photon 
in the RF spectrum varies from approximately 
4.1 × 10-6 eV (6.6 × 10-25 J) at 1 GHz to 1.2 × 10-3 eV 
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(2.0  ×  10-22 J) at 300 GHz. This is thus far less 
than the minimum amount of energy needed 
to ionize organic materials or metals, which is 
approximately 5–10 eV.

When a biological body (animal or human) 
or tissue is exposed to an RF-EMF, the RF energy 
is scattered and attenuated as it penetrates body 
tissues. Energy absorption is largely a function of 
the radiation frequency and the composition of 
the exposed tissue. Because of the high dielectric 
constant of water, the water content of the tissue 
determines to a large extent the penetration of 
a frequency-specified electromagnetic wave. The 
rate of energy absorbed by or deposited per unit 
mass per unit time is the specific absorption rate 
(SAR); this value is proportional to the root-
mean-square (rms) of the induced electrical field 
strength [E]2 and to the electrical conductivity 
(σ) of the tissue per tissue density (ρ):

SAR = [E]2 • σ/ρ 

The SAR expressed in units of watts per 
kilogram (or mW/g) can also be estimated from 
measurements of the rise in temperature caused 
by RF-energy absorption in tissue:

SAR = Cp • δT/δt 

where Cp is the specific heat of the tissue or 
medium, δT/δt is the initial rise in temperature 
over time. Values for the dielectric constant and 
conductivity vary substantially over the RF range 
(30 MHz to 300 GHz).

To cause a biological response, the EMF must 
penetrate the exposed biological system and 
induce internal EMFs. RF-energy absorption 
depends on incident field parameters (frequency, 
intensity, polarization), zone of exposure (near 
field or far field), characteristics of the exposed 
object (size, geometry, dielectric permittivity and 
electric conductivity), and absorption or scat-
tering effects of objects near the exposed body 
(Stuchly, 1979).

Based on the relationship between wave-
length (λ) and frequency

c = f•λ 

where c is the speed of light (3 × 108 m/s), it 
is obvious that the wavelength of RF radiation 
varies substantially between 30 kHz (10 km) and 
300 GHz (0.1 cm). At the frequencies used for 
mobile phones (approximately 1–2 GHz), the 
corresponding wavelengths are 30 and 15 cm. 
Considering that near-field exposures occur 
at distances from a radiating antenna within 
approximately one wavelength of the radi-
ated EMF and that far-field exposures occur at 
distances that exceed one wavelength of the radi-
ated EMF, it is clear that reactive near-field and 
far-field exposures may occur, depending on the 
frequency of the incident field and the distance of 
the exposed person from the radiating antenna. 
Both near-field and far-field exposures can occur 
with the use of wireless telecommunication 
devices. In the near-field region, the electric and 
magnetic fields are decoupled and not uniform, 
wave impedance varies from point to point, 
power is transferred back and forth between the 
antenna and the surrounding object, and the 
energy distribution is a function of both the inci-
dent angle and distance from the antenna (Lin, 
2007). Because the electric and magnetic fields 
are decoupled in the near field, the induced field 
can be obtained by combining the independent 
strengths of the electric and magnetic fields, i.e. 
the electric and the magnetically induced electric 
fields inside the body (Lin, 2007).

1.5.1	 Thermal effects

The most recognized effect of RF radiation in 
biological systems is tissue heating. The absorp-
tion of RF-EMF energy by biological systems 
generates an oscillating current that is transferred 
into molecular motion of charged particles and 
water molecules, which are strongly dipolar and 
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are the major component of biological tissues. 
Polar molecules move to align themselves with 
the EMF to minimize the potential energy of 
the dipoles. Absorption and resonant oscilla-
tions in polar subgroups of macromolecules (e.g. 
proteins, DNA) are largely damped by collisions 
with surrounding water molecules. Damping 
or friction slows the motion of the oscillator. 
These collisions disperse the energy of the RF 
signal into random molecular motion. Tissue 
heating occurs because the rotational motion of 
molecular dipoles is hindered by the viscosity 
of water and interactions with other molecules, 
i.e. the rotational energy is transferred to the 
surrounding aqueous environment as heat. The 
magnitude of motion that results from the inter-
action of polar substances with electric fields is 
dependent on the strength and frequency of the 
field. In addition, the actual increase in tempera-
ture is dependent on the ability of the organism 
to thermoregulate. At high frequencies where the 
orientation of dipoles cannot keep up with the 
oscillations of the field, the system behaves like a 
non-polar substance (Stuchly, 1979).

As electrical fields penetrate complex biolog-
ical tissues, the electric field is reduced as a result 
of dielectric constituents becoming polarized in 
response to the field. Standards for RF exposure 
of workers and the general population are based 
on protection against adverse effects that might 
occur due to increases in tissue or body temper-
ature of 1 °C (wbSAR, ~4 W/kg) or less (after 
applying safety factors). Because RF-energy 
penetration and induced effects are dependent 
on the frequency of incident-field parameters 
and the composition of exposed tissues, quan-
tifying SARs in small averaging regions is more 
relevant for evaluations of human health effects. 
Estimates of SARs in the head of individuals 
exposed to RF radiation during use of mobile 
phones that operate at a power output of 0.25 W 
indicate that the emitted energy would cause a 
rise in brain temperature of approximately 0.1 °C 
(Van Leeuwen et al., 1999; Wainwright, 2000); 

therefore, it has been suggested it is unlikely that 
effects in the brain would be caused by increases 
in temperature (Repacholi, 2001). However, it is 
possible that temperature-sensitive molecular 
and physiological effects occur already with an 
increase of the temperature of ≤  0.1 °C, while 
temperature changes approaching 1 °C are likely 
to affect several biological processes (Foster & 
Glaser, 2007).

Rates of temperature increase may be impor-
tant in affecting a physiological change. Indeed, 
microwave-induced heating has been attributed 
to a rapid rate of heating 1–10 °C/s, which leads 
to acoustic waves due to expansion of tissue 
water. This auditory effect associated with brief 
pulses (1–10 μs) at frequencies of 1–10 GHz and 
peak power-densities of ~104 W/m2 (103 mW/cm2) 
occurs with only small increases in temperature 
in the head (Foster & Glaser, 2007). Low levels 
of exposure to RF radiation may result in small 
temperature changes that cause conformational 
changes in temperature-sensitive proteins and 
induce the expression of heat-shock proteins; 
studies on the effects of low intensity RF-EMF 
exposures on temperature changes and expres-
sion of heat-shock proteins are described in 
Section 4 of this Monograph.

1.5.2	 Physiological effects

Non-thermal effects (or effects associated 
with a negligible increase in temperature) are 
defined as biological changes that occur with body 
temperature changes that are < 1 °C, below meas-
urable heating, or in the range of thermal noise. 
Several arguments have been presented against 
the plausibility of a non-thermal mechanism by 
which RF radiation could affect physiological 
changes; these include: (a) damping effects of the 
water surrounding biological structures are too 
strong to allow resonances to exist at radiofre-
quencies (Adair, 2002); (b) the relaxation time – 
the time for a molecule to return from an excited 
state to equilibrium – for excitations produced 

99

JA 02549

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 225 of 454



IARC MONOGRAPHS – 102

by RF fields (e.g. vibrations in molecules), is 
similar to the relaxation time for thermal noise, 
and shorter than the lifetime of the absorption 
and transfer of energy into resonant modes of 
oscillating elements in biological systems (Adair, 
2003); and (c) the perturbation of the biological 
structure induced by the applied field must be 
greater than the effects of random thermal 
motion and the effects of other dissipative forces, 
such as viscous damping by the surrounding 
medium (Foster, 2000). Random thermal motion 
of charged components in biological systems (i.e. 
thermal noise) creates random fluctuating EMFs. 
Adair (2003) has concluded that it is unlikely that 
RF radiation with a power density of less than 
10 mW/cm2 (100 W/m2) could have a significant 
effect on biological processes by non-thermal 
mechanisms.

Sheppard et al. (2008) have evaluated several 
potential mechanisms of interaction of RF radi-
ation with biological systems and concluded 
that, other than heating and possible effects 
on reactions mediated by free radical pairs, RF 
field strengths in excess of system noise (colli-
sions among various molecular oscillators 
generated largely by thermal agitation) could 
not alter physiological activities without also 
causing detectable tissue heating. Some mecha-
nistic considerations addressed by these authors 
include:

•	 Endogenous electric fields involved in 
physiological processes (e.g. embry-
onic development, wound healing, and 
neuronal activity) have strengths in the 
range 1–200 V/m. While neuronal circuit 
oscillations were affected in vitro by 
extremely low-frequency electric fields, 
no mechanisms for inducing changes in 
cell-membrane potential at frequencies 
above ~10 MHz have been demonstrated. 
Furthermore, the net field effect on such 
a biological system would be the sum of 
the endogenous and applied fields. Thus, 
to alter a biological response such as ion 

transport through a membrane channel, 
the amplitude of the external signal would 
need to be of the same order of magni-
tude as the endogenous field (Adair, 2003; 
Sheppard et al., 2008).

•	 Specialized sensory systems may be capable 
of detecting weak EMFs by integrating 
signals from numerous sensors over space 
and time. While specific sensory systems 
have been shown to exist for low-frequency, 
infrared and visible radiation, there is no 
evidence for the existence of RF-sensitive 
receptors in biological systems (Sheppard 
et al., 2008). However, some sensory sys-
tems may respond to very small increases 
in temperature (< 0.1 °C).

•	 Effects of weak RF fields that do not cause 
heating would be likely to require fre-
quency-dependent resonant absorption 
or multiple-photon absorption to induce 
an amplified signal strong enough to over-
come intrinsic molecular noise (Sheppard 
et al., 2008). This is because the photon 
energy of RF radiation is much smaller 
than thermal energy at body temperature 
(k•T, where k is the Boltzmann constant, 
1.38 × 10-23 J/K (8.62 × 10-5 eV/K), and T is 
the absolute temperature), i.e. 27 × 10-3 eV 
per oscillating mode at body tempera-
ture. However, biological systems appear 
to absorb RF signals like a broadband 
receiver rather than eliciting line spec-
tra characteristic of resonant vibrational 
motion (Prohofsky, 2004; Sheppard 
et al., 2008). In addition, RF electric field 
strengths of up to 200 V/m cannot transfer 
sufficient energy to organelles or biologi-
cal molecules to alter biological activities 
or affect thermal noise (kT) fluctuations, 
such as the opening of voltage-gated ion 
channels, spatial arrangements of mem-
brane-associated ions, collision rates of 
charged ligands with proteins, or enzyme 
reaction kinetics (Adair, 2002, 2003; 
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Sheppard et al., 2008). Adair (2002) sug-
gested that, while coupling of RF-EMF to 
biological systems may exhibit resonance 
behaviour, damping of the vibrational 
motion by interactions with the aqueous 
environment prevents the absorption of 
sufficient energy to induce a biological 
effect. To significantly affect a biological 
system, the response from the RF signal 
must be comparable to the effect of ther-
mal noise (Adair, 2003).

•	 RF-EMF may be directed to specific sites 
of a biological structure, leading to local 
areas of enhanced field strength. However, 
the smallest focal spot of concentrated 
energy would have a radius of the order of 
a wavelength, which is much larger than 
most cells (e.g. at 300 GHz, λ = 1000 μm). 
Thus, on a cellular basis, RF-energy 
absorption is very small. Fröhlich (1968) 
has suggested that incident RF energy may 
be captured by a large group of oscillating 
dipoles and integrated into a single mode 
of coherent vibrational energy. For this to 
occur and produce a coherent response, 
Sheppard et al. (2008) suggested that the 
energy stored in the coupled oscillators 
would need to be comparable to thermal 
energy and protected from damping by 
water or other molecules. In addition, 
energy and thermal diffusion prevent the 
formation of significant temperature dif-
ferences at the cellular and subcellular 
levels.

•	 In order for RF electric fields to induce small 
changes in protein structure that would 
affect binding of substrates or ligands to 
enzymes or receptor proteins, extremely 
high field strengths would be required 
(~109 V/m) (Sheppard et al., 2008).

Since living systems are not in thermal equi-
librium, mechanistic theories on interactions 
between RF-EMF and biological tissues must 
consider the non-equilibrium and nonlinearity 

of these systems. Binhi & Rubin (2007) suggest 
that biochemical effects may be induced by 
weak EMFs in targeted systems that are in non-
equilibrium states in which the time to transition 
from an intermediate metastable state to a final 
active or inactive state may be less than the ther-
malization time of the induced field.

Prohofsky (2004) has suggested that protein 
conformation might be affected by RF radiation 
if amplitudes of specific vibrational modes were 
altered. However, only intermolecular vibrational 
modes of proteins and the surrounding tissue 
are possible at RF frequencies, because high-
frequency intramolecular resonant vibrational 
modes exist above several hundred GHz. Further, 
this author concluded that the biological effects 
of RF radiation in macromolecules (proteins and 
DNA) can only be due to temperature changes, 
because the absorbed energy associated with 
intermolecular vibrations is rapidly thermalized; 
the relaxation time for coupling RF waves to 
surrounding water (i.e. damping) is faster than 
the speed with which it can be transferred to 
intramolecular resonant modes. A non-thermal 
effect might exist if there were a very strong 
energy coupling between the intermolecular 
and intramolecular modes. Exceptions to the 
above-mentioned considerations are proteins 
such as myoglobin or haemoglobin, in which the 
haem group can oscillate in the protein pocket at 
lower frequencies (184 GHz is the lowest mode in 
myoglobin) (Prohofsky, 2004).

Any theories on the potential effects on 
biological systems of RF energy at low field 
strengths must account for the facts that biolog-
ical systems do not exist at equilibrium, that the 
dynamic nature of these systems is controlled by 
enzyme-mediated reactions, and that primary 
effects may be amplified by nonlinear biological 
processes (Georgiou, 2010). The reproducibility 
of reported effects may be influenced by exposure 
characteristics (including SAR or power density, 
duration of exposure, carrier frequency, type 
of modulation, polarization, continuous versus 
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intermittent exposures, pulsed-field variables, 
and background electromagnetic environment), 
biological parameters (including cell type, growth 
phase, cell density, sex, and age) and environ-
mental conditions (including culture medium, 
aeration, and antioxidant levels) (Belyaev, 2010).

A biophysical theory on how low-intensity 
RF-EMF exposures might affect physiological 
functions involves the alteration of ligand 
binding to hydrophobic sites in receptor proteins 
(Chiabrera et al., 2000). Collisions of the ligand ion 
in the hydrophobic region of the receptor protein 
result in loss of its vibrational energy. In order for 
RF exposures to affect the binding probability of 
an ion ligand with a membrane protein receptor, 
basal metabolic energy would have to amplify 
the effect of the RF field by maintaining the cell 
in thermodynamic non-equilibrium. Otherwise, 
the low-intensity exposure would be negligible 
compared with thermal noise. Other elements of 
this model that were used to evaluate the effects of 
low-intensity RF exposures on ligand binding are 
the extremely fast (“instantaneous”) rearrange-
ment of atoms in the hydrophobic core of protein 
by the ligand ion, the fact that the endogenous 
field at the protein boundaries is large enough to 
exclude water molecules from the hydrophobic 
core, and that the ion-collision frequency near 
the hydrophobic binding site is much less than 
it is in water. The authors of this study noted 
that thermal noise must be taken into account 
when evaluating potential biological effects of RF 
exposures (Chiabrera et al., 2000).

Demodulation of pulsed RF signals (e.g. GSM 
pulsed at 217 Hz) might produce low-frequency 
electric fields (Challis, 2005). To confirm a 
biological effect from a low-frequency, ampli-
tude-modulated RF signal, a nonlinear response 
in the biological sample would be expected 
(Balzano & Sheppard, 2003). Except for the case 
of an incident flux of RF energy at extremely high 
field-strength pulses that causes mechanical 
vibrations, most oscillators in a biological system 
respond linearly to the incident low-energy 

photons in the RF spectrum; the dispersion of RF 
energy into random molecular motion energy 
occurs without generating harmonics of the inci-
dent signal in the energy spectrum of re-radiated 
photons by the exposed material. However, the 
authors of this study considered the possibility 
that demodulation of high-frequency incident 
RF signals might produce nonlinear interactions 
with biochemically induced transient oscillators 
in living tissues (e.g. uncoupled electrons of free 
radicals) by extracting low-energy signals. If this 
occurred, then the spectrum of RF-emission 
energy emitted from the exposed tissue would 
be altered, producing a second harmonic that 
would show up as a spectral line at twice the 
frequency of the incident signal (Balzano & 
Sheppard, 2003). Sensitive, frequency-selective 
instruments are available to detect the pres-
ence of frequency-doubling signals produced 
by nonlinear interactions between amplitude-
modulated RF signals and molecular oscillators 
vibrating in unison in living cells (Balzano, 2003). 
Exposure of several different types of cell and 
tissue to continuous wave fields (input powers of 
0.1 or 1 mW) in a double-resonant cavity at the 
resonant frequency of the loaded cavity for each 
sample (~880–890 MHz) did not emit second 
harmonic signals at twice the frequency of the 
incident signal (Kowalczuk et al., 2010). SAR 
values were approximately 11 mW/g for cells and 
2.5 mW/g for tissues exposed to 1 mW RF fields. 
Although these results were inconsistent with 
the hypothesis that living cells can act as effec-
tive radio receivers and demodulate RF energy, 
a second harmonic response may be elicited by 
much more intense continuous waves (which 
would be likely to cause rapid heating) or very 
short-pulsed RF signals (Kowalczuk et al., 2010). 
Sheppard et al. (2008) concluded that it is unlikely 
that modulated RF fields significantly affect 
physiological activities of membranes, because 
non-thermal stimulation of cell membranes has 
not been observed above approximately 10 MHz 
and the voltage across a cell membrane from an 
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amplitude-modulated RF electric field of 100 V/m 
is much lower than the low-frequency voltage 
noise associated with membrane voltage fluctua-
tions. Much higher incident field strengths, at 
levels that would cause significant tissue heating, 
would be needed to create electric fields compa-
rable with endogenous fields.

Lipid–protein complexes appear to be more 
sensitive to perturbations from RF radiation 
at membrane phase-transition temperatures 
(Liburdy & Penn, 1984; Allis & Sinha-Robinson, 
1987). Blackman et al. (1989) suggested that 
the chick brain surface is also poised at a phase 
transition at physiological temperatures, and 
the long-range order that occurs in such a state 
would minimize the thermal noise limitations 
calculated for single-phase systems on signal 
detection of weak RF radiation. Consistent 
with this hypothesis, Blackman et al. (1991) 
observed that RF radiation-induced calcium-ion 
efflux-changes occurred only within the narrow 
temperature range of 36–37 °C.

The aggregation of dielectric objects by 
attractive forces between them is referred to as 
the pearl-chain effect (Challis, 2005). RF fields of 
about 125 V/m and at frequencies of up to about 
100 MHz can produce oscillating fields in cells 
that enhance their attraction. At higher frequen-
cies the induced dipoles might not have sufficient 
time to reverse direction and, therefore, stronger 
fields would be needed to produce the same 
attractive energy.

Electroporation is a process by which short 
pulses (~100 μs) of strong electric fields (e.g. 
10–100 kV/m) are applied to cell membranes 
to induce transient pores that allow uptake of 
drugs, DNA, or other membrane-impermeable 
substances (Foster, 2000; Sheppard et al., 2008). 
These changes occur without causing significant 
tissue heating or thermal damage.

1.5.3	 Magnetic-field effects

Low-frequency magnetic fields might produce 
biological effects if they induce ferromagnetic 
resonance in tissues that contain high concentra-
tions of iron particles (magnetite) (Challis, 2005).

Free radicals, which are highly reactive mole-
cules or ions with unpaired electrons, are formed 
when radical pairs dissociate. By altering the 
recombination of short-lived radical pairs with 
antiparallel spins, low-intensity magnetic fields 
may increase the concentration of free radicals 
(Challis, 2005; Georgiou, 2010). The expected 
increase in radical concentration is 30% or less 
(Timmel et al., 1998). The extent to which this 
increase can produce oxidative stress-induced 
tissue damage (e.g. membrane-lipid peroxidation 
or DNA damage) is not known. Furthermore, 
radicals are also a part of normal cellular physi-
ology, being involved in intracellular signal 
transduction (Finkel, 2003). Therefore, even 
small effects on radical concentration could 
potentially affect multiple biological functions. 
By prolonging the lifetime of free radicals, RF 
fields can increase the probability of free-radical-
induced biological damage. To affect DNA 
recombination and thus the repair of damage 
caused by radicals, external magnetic fields must 
act over the times that the radical pairs dissociate 
(> 10-9 s); hence, Adair (2003) concludes that the 
effect of RF fields on free-radical concentrations 
would likely be limited to about 10 MHz or less. 
Resonance phenomena occur below 10 MHz, and 
may result in biological effects from low-level RF 
fields at about 1 MHz (Henbest et al., 2004; Ritz 
et al., 2009).

Georgiou (2010) cited several studies that 
provide evidence for the induction of oxidative 
stress via the free-radical pair mechanism in 
biological systems exposed to RF radiation; some 
of the reported effects include increased produc-
tion of reactive oxygen species, enhancement of 
oxidative stress-related metabolic processes, an 
increase in DNA single-strand breaks, increased 
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lipid peroxidation, and alterations in the activi-
ties of enzymes associated with antioxidative 
defence. Furthermore, many of the changes 
observed in RF-exposed cells were prevented by 
(pre)treatment with antioxidants.

1.5.4	 Conclusion

In conclusion, tissue heating is the best-
established mechanism for RF radiation-induced 
effects in biological systems. However, there are 
also numerous reports of specific biological 
effects from modulated RF-EMF, particularly 
low-frequency modulated fields (see Section 4). 
Mechanistic studies will be needed to deter-
mine how effects that are reproducible might 
be occurring, e.g. via the induction of reactive 
oxygen species, induction of ferromagnetic 
resonance, demodulation of pulsed RF signals, 
or alteration of ligand binding to hydrophobic 
sites in receptor proteins. Although it has been 
argued that RF radiation cannot induce physi-
ological effects at exposure intensities that do 
not cause an increase in tissue temperature, it 
is likely that not all mechanisms of interaction 
between weak RF-EMF (with the various signal 
modulations used in wireless communications) 
and biological structures have been discovered 
or fully characterized. Biological systems are 
complex and factors such as metabolic activity, 
growth phase, cell density, and antioxidant level 
might alter the potential effects of RF radia-
tion. Alternative mechanisms will need to be 
considered and explored to explain consistently 
observed RF-dependent changes in controlled 
studies of biological exposure (see Section 4 for 
examples of reported biological effects). While the 
debate continues on whether or not non-thermal 
biological effects occur as a result of exposures to 
low-intensity RF radiation, it may be difficult to 
specify observed effects as non-thermal because 
of the high sensitivities of certain physiological 
responses to small increases in temperature.

1.6	Exposure to RF radiation

Exposure of workers and the general commu-
nity to RF radiation can occur from many 
different sources and in a wide variety of circum-
stances. These exposures can be grouped into 
three major categories: personal, occupational 
and environmental.

1.6.1	 Personal exposure

The general community can come into contact 
with several potentially important sources of RF 
radiation as part of their personal life, involving 
some degree of choice, including use of a mobile 
phone, other communication technologies, or 
household devices (see Section 1.2).

(a)	 Mobile phones

(i)	 Increase in mobile-phone subscriptions
Analogue mobile phones were first introduced 

around 1980 and GSM phones in the mid-1990s. 
Over the past two decades, the number of people 
owning a mobile phone has increased rapidly 
around the world. For example, the number of 
mobile-phone subscribers in the USA has risen 
from 0.34 million in 1985 to 109 million in 2000, 
and 263 million in 2008 (InfoPlease, 2011). WHO 
has estimated that at the end of 2009 there were 
4.6 billion mobile-phone subscriptions globally 
(WHO, 2010b). Fig 1.17 illustrates the rapid rise 
in mobile-phone subscriptions compared with 
other types of phone and Internet usage over 
the past decade, although it should be noted that 
the number of subscriptions does not equate to 
number of users, as some people have more than 
one subscription and a single subscription can be 
used by more than one person.

This rapid increase in mobile-phone use is 
not just restricted to the industrialized coun-
tries. Fig  1.17 shows the increase in mobile-
phone subscriptions from 2000 to 2007 in high-, 
middle- and low-income countries (World Bank, 
2009). While industrialized countries continue to 
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Fig. 1.17 Mobile-phone subscriptions per 100 people in high-, middle-, and low-income countries, 
2000 and 2007

© World Bank
From World Bank; International Monetary Fund (2009)
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have the highest number of subscriptions per 100 
people, the percentage increase over this time has 
been much greater in low- and middle-income 
countries. In low-income countries, subscription 
rates in 2000 were negligible, but in 2007 they 
were 25% of the rate in high-income countries, 
while in middle-income countries the rise was 
from about 10 to 50 subscriptions per 100 people, 
to reach about 50% of the rate in high-income 
countries in 2007.

There have also been considerable changes 
in the types of mobile phone used over the past 
10 years, which has important implications for 
RF exposure of the user (see Section 1.2). Earlier 
mobile phones used analogue technology, which 
emitted waves of 450–900 MHz. Digital phones, 
with RF frequencies of up to 2200 MHz, were 
introduced in the mid-1990s and by the year 
2000 had almost completely replaced analogue 
phones. The largest growth in recent years has 
been for smartphones, which allow the user 
access to a wide range of non-voice data appli-
cations (taking photographs, Internet access, 
playing games, music, and recording videos). 
In the USA, 18% of phones in 2010 were smart-
phones, up from 13% in 2008 (Nielsen, 2010).

(ii)	 Mobile-phone use among children
Within the increasing subscription figures, 

there have been questions raised about increasing 
use of mobile phones by children. As was seen in 
Section 1.3, published dosimetry studies using 
phantom heads have found that RF absorption 
can be higher in children than in adults, due 
to anatomical and physiological differences. 
A recent study used a modified version of the 
Interphone questionnaire in 317 children in 
secondary school (median age, 13 years) in one 
state of Australia, and found that 80% used a 
mobile phone (Redmayne et al., 2010). Data on 
national use of mobile phones in 2009, collected 
by the Australian Bureau of Statistics (ABS), has 
shown that 31% of Australian children had a 
mobile phone, with the highest ownership being 

in the age group 12–14 years (76%) (ABS, 2009). 
Similar rates of mobile-phone use by children 
were found in three major cities in Hungary in 
2005, where 76% of children in secondary school 
owned a mobile phone, 24% used a mobile phone 
daily to make calls, and an additional 33% used 
mobile phones to make calls calls at least several 
times per week (Mezei et al., 2007).

While the increase in mobile-phone subscrip-
tions over the past 15 years is well documented, 
less is known about changes in call frequency 
and duration over that time. One study in 
Finland found that the median duration of calls 
per month was 186 minutes in 2007, increasing to 
221 minutes in 2009, while the average monthly 
number of calls increased slightly from 52 to 57 
calls (Heinävaara et al., 2011). The daily local RF 
exposure of the general public has increased by 
several orders of magnitude with the introduc-
tion and proliferation of mobile handsets. This 
has triggered concern among health agencies 
and the public, since the tissue with the highest 
exposure is the brain. Figs 1.18 and 1.19 display 
the frequency of worst-case SAR from mobile 
phones, measured according to IEEE (2003) and 
CENELEC (2001) guidelines.

Fig.  1.18 represents the typical SAR values 
for Europe (mean psSAR-10 g, 0.74) and Fig. 1.19 
for North America (mean psSAR-1 g, 0.96). The 
different averaging masses are due to different 
legal regulations in Europe and the USA. These 
values are a considerable percentage of the 
limit values (see Section 1.7). A recent statis-
tical analysis of the SAR database of the Federal 
Communications Commission (FCC) found 
that the SAR values of newer phones are typi-
cally lower than those of older phones, despite 
the greatly reduced size (see Section 1.3).

(iii)	 Exposure metrics for epidemiological studies
To develop suitable exposure metrics for use 

in epidemiological studies on RF exposure from 
mobile phones and health effects such as cancer, 
there is a need to access technical data such as 
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the generation of phone, frequency, modulation 
and network-related factors that might influence 
the output power of the phone, as well as reliable 
information about the pattern of mobile-phone 
use from each subject. This includes such varia-
bles as reported number of calls, duration of calls 
and laterality, i.e. the side of the head on which 
the phone is most often placed by the subject 
when talking on the phone.

As exposure data related to mobile-phone 
use are usually collected from the subjects 
themselves, several studies have been conducted 
to test the validity of this type of self-reported 
information. Several methods are available 
to validate self-report, including telephone-
company records, software-modified phones 

and hardware-modified phones (Inyang et al., 
2008). A study of 59 children in the seventh year 
of school (age 11–12 years) in Australia used 
GSM-type software-modified phones to record 
exposure details (e.g. number and duration of 
calls) to validate questionnaire data on mobile-
phone use. This study found a modest correla-
tion of 0.3 for recall of number of calls, but 
almost no correlation (0.1) for duration (Inyang 
et al., 2009). There was little difference with the 
main findings for different demographic groups, 
although for some subgroups, numbers were 
small. This study was carried out over one week 
and a possible explanation of the poor correla-
tions is that the change in phone type imposed by 
the study protocol (from 3G to GSM) may have 
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Fig. 1.18 Statistical distribution of maximum psSAR-10 g measured for 668 mobile phones, 
according to standard EN50361 (CENELEC, 2001)

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

10

20

30

40

50

60

10g-SAR (W/kg)

SAR class frequency
Gaussian fit

Fr
eq

ue
nc

y 

Data from German Federal Office for Radiation Protection, in Kühn & Kuster (2007)

JA 02557

♦ ♦ 

♦ 
♦ 

♦ 

♦ ♦♦ ♦ 

♦ 
♦, 

♦ 
♦ 

•• ♦ ♦ 

♦ 

♦ ♦ •• ♦ 

♦ 

♦ 

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 233 of 454



IARC MONOGRAPHS – 102

resulted in a change in phone-use behaviour for 
many of the children.

Another potential problem is differential 
recall of mobile-phone use in case–control 
studies. In the CEFALO case–control study of 
brain tumours in adolescents, a validation study 
was undertaken to estimate the effect of both 
random and systematic errors in 59 cases (26% 
of all cases who owned a mobile phone) and 91 
controls (22% of all controls who owned a mobile 
phone) for whom phone-use data were available 

from the mobile-phone provider (Aydin et al., 
2011). The study found that cases overestimated 
their number of calls by 9% on average, and 
controls overestimated by 34% on average. Cases 
also overestimated the duration of their calls by 
52% on average, while controls overestimated by 
a much greater 163%, suggesting that duration-
of-call data from self-reports are less reliable 
and may be more prone to recall bias than self-
reports of number of calls in studies of cancer in 
children.
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Fig. 1.19 Statistical distribution of maximum psSAR-1 g measured for 687 mobile phones, 
according to standard IEEE-1528 (CENELEC, 2001)
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Such differential reporting between cases and 
controls was not such a problem in two valida-
tion studies undertaken as part of the Interphone 
case–control study of brain tumours in adults. 
A 6-month volunteer study used the Interphone 
questionnaire and either phone records or 
software-modified phones in 11 countries and 
found that, although there was considerable 
random error, there was fair to moderate agree-
ment for both number and duration of calls, 
with weighted kappas ranging from 0.20 to 0.60 
(Vrijheid et al., 2006). In addition, there was 
some systematic error, as heavy users tended to 
overestimate their use, while lighter users tended 
to underestimate theirs. There was also some 
heterogeneity between countries. A subsequent 
validation study among subjects from five coun-
tries in the Interphone study compared reported 
mobile-phone use against phone records over 
an average of two years. This substudy found 
that the extent of underreporting of number of 
calls (0.8) and of over-reporting of call dura-
tion (1.4) was similar in each group. Differential 
recall was greater with longer periods of recall, 
although numbers were small for the group with 
longest recall period (Vrijheid et al., 2009b). 
More recently, a pilot study in Finland for the 
prospective cohort study of mobile-phone users 
(COSMOS study) validated reported phone use 
against phone-company records for 418 subjects 
who had a single operator (Heinävaara et al., 
2011). The authors found that overestimation of 
reported mobile-phone use was common and 
there was moderate agreement (kappa  =  0.60) 
for monthly average duration of calls, although 
there was more overestimation and less agree-
ment as the call duration increased. A further 
small validation study in 60 engineers and scien-
tists, who are not representative of the wider 
community, used mobile-phone records to vali-
date self-reporting and found similar agreement; 
the conclusion was, that reporting monthly use 
was more reliable than weekly or daily use (Shum 
et al., 2011).

Laterality, i.e. against which ear the mobile 
phone is mainly held during calls, is another 
important factor that can influence estimations 
of exposure within the head. Laterality does not 
always coincide with the subject’s dominant 
hand and may be related to other activities, such 
as writing. A validation study of self-reported 
laterality with hardware-modified phones found 
that agreement between the information from 
these phones and self-reported laterality was 
modest, with a kappa of only 0.3 (Inyang et al., 
2010). Schüz (2009) demonstrated that laterality 
effects are similar across exposure categories and 
highlighted the problem of possible reporting 
bias. The Interphone study has addressed this 
problem in a sensitivity analysis, whereby 
different allocations of side-of-head were used; 
this caused only minor reductions in the odds 
ratios for the highest quintile of exposure, which 
suggests that the findings are not sensitive to 
errors in the recall of laterality of phone use 
(Cardis et al., 2011a).

Mobile phones are low-powered RF transmit-
ters, operating at frequencies between 450 and 
2700 MHz, with peak powers in the range of 0.1 
to 2 W, the power being highest during a call. 
The handset only transmits RF power when it is 
turned on, but the newer smartphones regularly 
give short bursts of power to check e-mails and 
other Internet services. One study has found that 
mobile-phone output power is usually higher 
in rural areas where base stations are further 
apart, whereas the other factors examined in the 
study (length of call, moving/stationary, indoor/
outdoor) were found to be of less importance 
as predictors of power output from the phone 
(Hillert et al., 2006).

Using a mobile phone in areas of good recep-
tion (such as in cities where mobile phone-base 
stations are close together) also decreases expo-
sure as it allows the phone to transmit at reduced 
power. Conversely, people using a phone in rural 
areas where mobile-phone reception is poorer 
may receive higher RF exposure. This was one 
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factor examined in a study of 512 subjects in 12 
countries who were asked to use GSM software-
modified phones; the study, monitored date, time 
and duration of each call, frequency band and 
power output for a month (Vrijheid et al., 2009a). 
The main predictors of power output were the 
study location, the network, and the duration of 
the call, with shorter calls being associated with 
higher power output. The measured power levels 
in GSM networks were substantially higher 
than the average levels theoretically achievable, 
which has important implications for estimating 
exposure in epidemiological studies. Rural loca-
tion was only a major factor in Sweden, where 
subjects were living in very sparsely populated 
areas; these results are consistent with those 
of an earlier paper from Lönn et al. (2004) in 
Sweden, who reported that the highest power 
level was used about 50% of the time in the rural 
areas, but only about 25% of the time in urban 
areas. This highlights the problem of identi-
fying genuinely sparsely populated rural areas 
where major differences in power output can 
be found. Another paper from the Interphone 
study reported an investigation of the effects of 
parameters that were thought to influence the 
level of RF SAR in the brain. Total cumulative 
specific energy was estimated, based on data 
collected during the Interphone study, to assess 
the relative importance of the different factors 
and these results were used to develop an algo-
rithm, which was tested on study subjects in five 
countries (Cardis et al., 2011b). This study found 
that the type of phone with the highest mean 
total specific cumulative energy (TSCE) was 
AMPS800 (5165 J/kg), followed by D-AMPS800 
(3946 J/kg), GSM800/900 (2452 J/kg), GSM1800 
(4675 J/kg), CDMA1900 (1855 J/kg), and 
CDMA800 (164 J/kg). The main determinants 
were communication system, frequency band, 
and number and duration of mobile-phone calls. 
The study also identified several uncertainties 
in relation to SAR estimation, including those 
related to spatial SAR distribution for each phone 

class, error in recall of phone use, and laterality 
and uncertainties about the most biologically 
relevant dose metric.

A study in the USA examined the impact 
of phone type and location by use of software-
modified phones driven over several pre-deter-
mined routes (Kelsh et al., 2010). This study found 
that RF levels were highest for the older analogue 
phones, intermediate for GSM and TDMA 
phones, and lowest for CDMA phones. The main 
predictors of RF level were phone technology 
and, to a lesser extent, degree of urbanization.

Patterns of personal mobile-phone use have 
been changing as technology has changed and 
this can have implications for the strength of the 
RF field experienced by the user. One impor-
tant development has been the introduction 
of the short message service (SMS), which was 
originally designed for GSM to allow sending 
non-voice text messages (Herring, 2004). SMS 
was first introduced in 1993, but use increased 
rapidly in the mid-2000s. Text messaging using 
SMS leads to lower RF exposure than voice calls 
in two ways: the phone is usually held at least 
30 cm from the body during the writing and 
sending of an SMS and the duration of power 
output is much shorter (about 11 seconds) than 
the duration of a voice call.

As with SMS, other mobile-phone commu-
nication innovations have been developed that 
result in lower potential for SAR exposure than 
voice calls. A person using a mobile phone at least 
30 cm away from the body, e.g. when accessing 
the Internet, with a hands-free device for voice 
calls or “push-to-talk” with the phone held in 
front of the head, will therefore have a much 
lower exposure to RF than someone holding the 
handset against the head during a voice call.

(b)	 DECT phones

Another important source of personal RF 
exposure is the home use of DECT phones, 
which have been replacing traditional handsets 
in the home. As the DECT base-station is within 
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the home and at most some tens of metres from 
the handset, the average power generated by the 
DECT phone is less than that of a mobile phone, 
where the base station may be up to some kilo
metres away. However, the power output of a 
DECT base station in close proximity to a person 
may be comparable to that of a 3G phone, so 
proximity to a DECT phone base-station should 
be taken into account when estimating RF expo-
sure in epidemiological studies in which sizeable 
numbers of subjects have used 3G phones. 
A recent study of Australian schoolchildren 
found that 87% had a DECT phone at home, 
and although there was only a weak correlation 
(r  =  0.38) between mobile-phone and DECT-
phone use, this suggests that DECT-phone use 
needs to be considered in the assessment of RF 
exposure (Redmayne et al., 2010).

(c)	 Other communication technologies and 
domestic sources

The incident-field exposures from typical 
devices used in home and office environments 
have been assessed (Kühn et al., 2007a). The 
maximum E-field exposure values for different 
device categories are summarized in Table 1.13. 
The incident-field exposure from cellular base 
stations may be exceeded by the exposure from 
these devices due to the generally closer distances 
involved.

Additionally, an incident exposure of 1 V/m 
translates to a psSAR value in the brain that 
is approximately 10  000 times lower than the 
maximum exposure from a handset. Thus, hand-
sets are by far the most dominant source of RF 
exposure for the general population.

Within homes there are many other poten-
tial sources of RF exposure, including baby 
monitors, microwave ovens, Wi-Fi, Bluetooth, 
various types of radios and remote-controlled 
toys. A study of 226 households in lower Austria 
measured the peak power of emitted bursts of RF 
exposure from each of these types of devices in 
bedrooms, where the residents spend the most 

time in one position. The highest peak RF values 
were measured for mobile-phone and DECT 
base stations in the 2400-MHz band (Tomitsch 
et al., 2010).

1.6.2	 Occupational exposure

There are many occupations involving poten-
tial sources of exposure to RF radiation in the 
workplace, the more important of which involve 
work with high-frequency dielectric heaters 
(PVC welding machines) and induction heaters, 
broadcast sources, high-power pulsed radars, 
and medical applications including MRI and 
diathermy.

(a)	 High-frequency dielectric heaters and 
induction heaters

High-frequency dielectric heaters (PVC 
welding machines) functioning at 27 MHz have 
traditionally involved the highest occupational 
exposures to RF (Allen, 1999). This is not a large 
sector of the industrial workforce, although it is 
estimated that there are about 1000–2000 PVC 
dielectric welders in Finland, which has a total 
population of about five million people. The 
whole-body average SAR for dielectric heater 
operators has been estimated to vary from 0.12 to 
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Table 1.13 Worst-case E field at distances of 
20 cm and 1 m from typical wireless indoor 
devices

Device class Frequency range 
(MHz)

Worst-case E field 
(V/m)

20 cm 1 m

Baby 
surveillance

40 – 863 8.5 3.2

DECT 1880 – 1900 11.5 2.9
WLAN 2400 – 2484 3.9 1.1
Bluetooth 2402 – 2480 3.1 1.0
PC peripherals 27 – 40 ≤ 1.5 ≤ 1.5
DECT, digital enhanced cordless telecommunications; PC, personal 
computer; WLAN, wireless local area network
Adapted from Kühn et al. (2007a)
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2 W/kg and it is not uncommon for these workers 
to report heating effects (Jokela & Puranen, 1999).

(b)	 Broadcasting sources

The rapid increase in mobile-phone use and 
other communication technologies worldwide 
has required increasing numbers of workers to 
undertake monitoring and maintenance. A study 
of exposure to RF radiation from two medium-
sized antenna towers in Finland was conducted to 
document worker exposure (Alanko & Hietanen, 
2007). These towers contained transmitting 
antennae of several different types, mobile-
phone networks (GSM900 and GSM1800), radio 
and digital television substations and other radio 
systems. Although the measured power density 
was quite variable, the maximum instantaneous 
power density at this site was 2.3 W/m2, which 
was recorded during maintenance tasks at the 
tower with the GSM1800 antennae. For the tower 
with both GSM900 and GSM1800 antennae, 
the maximum registered instantaneous power 
density inside the climbing space was 0.4 W/m2. 
[The Working Group agreed with the authors 
who concluded that exposures will depend on 
the different types of antennae located on the 
towers and that it is usually difficult to predict 
occupational RF exposures.]

The above approach to assess exposure is 
based on spot measurements and does not give 
an estimate of cumulative exposure over working 
time, which is the approach employed with other 
types of workplace hazards. Attempts have been 
made to employ this cumulative dose approach 
for exposure to RF radiation, but as there are 
usually many different sources of RF radiation 
present in a workplace, this is not straightfor-
ward. For example, such an approach was used 
to assess total exposure and estimate an annual 
dose on fast patrol boats in the Norwegian Navy, 
which carry high-frequency antennae and radar 
(Baste et al., 2010). This study found consider-
able variation in exposure at different points 
around the boats, the highest exposures and 

annual dose being found in the captain’s cabin. 
These estimates were done for three time periods 
(1950–79, 1980–94 and 1995+), and relied on 
recall of transmission characteristics over several 
decades. The estimated annual doses in the most 
recent period were about one third of those in the 
earliest period. The estimated annual doses for 
the period from 1995 and later ranged between 
4.3 and 51 kVh/m.

(c)	 Other potential sources of radiofrequency 
radiation in the workplace

Portable radios, short-wave and surgical 
diathermy are other potential sources of RF radi-
ation in the workplace, whereas base stations, 
microwave links and microwave ovens have been 
considered unlikely to give rise to substantial 
exposures (Allen, 1999). For example, a study of 
exposure to RF radiation in police officers oper-
ating speed guns (measurements made at the 
seated ocular and testicular positions) found that 
almost all of the 986 measurements made for 54 
radar units were below the detection limit, the 
highest power-density reading being 0.034 mW/
cm2 (Fink et al., 1999).

1.6.3	 Environmental exposure

The most common sources of RF in the general 
environment are mobile-phone base stations, 
which tend to be operated at the lowest power 
possible for reasons of network efficiency (see 
Section 1.2; Allen, 1999). The level of RF exposure 
is usually poorly correlated with proximity to the 
antenna, although there is considerable variation 
in output power from site to site (Section 1.2). A 
study regarding indoor incident-field exposure 
from cellular base-station sites was conducted 
by Austrian Research Centers (ARCS) in the 
city of Salzburg, Austria (Coray et al., 2002). 
Table  1.14 shows two cumulative incident-field 
exposure values (sum of incident-field exposure 
from multiple transmitters at one site) measured 
at different distances from several base-station 
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sites. The values are between 0.1 and 1 V/m for 
distances of up to several hundreds of metres. 
Values greater than 1 V/m and up to 3.9 V/m were 
measured for distances of less than 86 m. These 
data also underline that the distance to the base 
station site has a poor correlation for the inci-
dent exposure. Similar results were reported in 
a study that also included outdoor measurement 
points and addressed the time dependence, i.e. 
traffic dependence of the exposure from cellular 
base stations. The results showed a substantial 
time dependence for base stations with multiple 
traffic channels. In these cases, clearly lower 
exposure can be expected at night and at week-
ends (Bornkessel et al., 2007).

In an attempt to measure typical exposure to 
RF radiation over a whole week, volunteers in a 
Swiss study were asked to wear an RF exposim-
eter and to complete an activity diary (Frei et al., 
2009b). The main contributions to exposure were 
found to come from mobile-phone base stations 
(32.0%), mobile-phone handsets (29.1%) and 
DECT phones (22.7%).

Breckenkamp et al. undertook a validation 
study of exposure to RF radiation in 1132 house-
holds in Germany located within 500 m of at least 
one mobile-phone base station (average number 
of base stations, 3.4; average number of antennae, 
17) (Breckenkamp et al., 2008). An exposure 
model was developed, based on 15 parameters 
related to the base station and the antennae, from 
the database of the federal network agency and 
information about the home from the residents 
and interviewer. Dosimetric measurements were 
undertaken in the bedroom of the home in 2006. 
There was considerable variability across cities 
(range of kappa values, 0.04–0.49), with higher 
kappa related to low-density housing with build-
ings comprising more than three floors. There 
was greater agreement for households located 
less than 300 m from the base stations and the 
authors concluded that the model was only useful 
where high-precision input data were available.

Little is known about geographical varia-
tion in exposures in different settings in the 
general community, but published data related 
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Table 1.14 Measurement of indoor incident electric-field (E) strength at base stations in Salzburg, 
Austriaa

Base station Measurement 1 Measurement 2

Distance to base 
station (m)

Cumulative incident  
E field (V/m)

Distance to base station 
(m)

Cumulative incident  
E field (V/m)

1 196 0.37 347 0.35
2 88 0.51 108 0.89
3 9 0.034 15 0.037
4 16 0.62 8 1.00
5 85 0.94 152 0.75
6 81 1.8 85 1.71
7 4 3.9 25 1.02
8 93 0.19 208 0.19
9 34 0.40 55 0.63
10 39 1.9 76 2.8
11 174 0.59 220 0.45
12 41 0.70 107 0.67
13 2.5 0.25 5.5 0.15

a	 For each base station site, two examples of measurements of cumulative incident field exposure (sum of incident field exposure from multiple 
transmitters at one site) at different distances are shown.
Compiled by the Working Group from BAKOM Report, Coray et al. (2002)
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to exposures within different forms of transport, 
homes, offices and outdoors in five European 
countries were reviewed in a recent study (Joseph 
et al., 2010). Power density (mW/m2) was meas-
ured in each microenvironment and highest 
exposures were measured in transportation, 
followed by outdoor environments, offices and 
homes. In the Netherlands, the highest exposures 
were measured in the office environment. In all 
studies, the lowest exposures were in the home, 
with exposures of about 0.1 mW/m2 recorded 
in all countries. In transport vehicles, virtu-
ally of the exposure was from mobile phones, 
whereas in offices and homes, the sources were 
quite variable between countries. [The Working 
Group suggested that these conclusions should 
be treated with some caution, as it was not clear 
how representative the measured microenviron-
ments were.]

In a feasibility study in Germany, the aim of 
which was to develop reliable exposure metrics 
for studies of health effects of exposure to RF 
radiation from mobile-phone base stations, data 
were collected on distance to base station and 
spot measurements at the homes of nine controls 
taking part in a case–control study of cancer. 
Distance from base station was a poor proxy for 
the total power density within the home due to 
the directional characteristics of the base-station 
beam, scattering, shielding and reflection of the 
radiated fields and the contribution to power 
density from other sources (Schüz & Mann, 
2000). [The Working Group noted that use of this 
metric would be likely to result in considerable 
exposure misclassification.]

A further study of a random sample of 200 
subjects in France used a personal exposure 
meter to estimate the doses, time patterns and 
frequencies of RF exposures with measurements 
of electric-field strength in 12 different bands at 
regular intervals over 24 hours (Viel et al., 2009). 
This allowed differentiation of different sources 
of RF radiation, including mobile-phone base 
stations. For each of GSM, DCS and UMTS, more 

than 96% of the measurements were below the 
detection limit and the median of the maximum 
levels for all three systems ranged between 0.05 
and 0.07 V/m. In addition, exposures were found 
to vary greatly at similar distances from GSM 
and DCS base stations, although two peaks were 
observed (at 280 m mainly in urban areas, and 
1000 m mainly in periurban areas), although 
most distances exceeded the 300 m within which 
the exposure model developed by Breckenkamp 
et al. (2008) was found to have the highest agree-
ment with measured levels.

In another study by Frei et al. (2009a), the 
aim was to develop a model to predict personal 
exposure to RF radiation. One hundred and 
sixty-six subjects carried a personal dosimeter 
for one week and completed a diary. Important 
predictors of exposure were housing characteris-
tics, ownership of communication devices, time 
spent in public transport, and other behavioural 
aspects, with about half of the variance being 
explained by these factors.

A range of personal exposure meters is now 
available. These are more robust for the purposes of 
exposure assessment in epidemiological studies, 
and a considerable step forward compared with 
the traditional spot-measurement approach, 
which is usually chosen for compliance purposes 
and does not result in a representative estimate of 
personal exposure (Mann, 2010). [The Working 
Group noted that care needs to be taken in inter-
preting the results of personal exposure meas-
urements, because of the low sensitivity and the 
failure to account for the fact that they respond 
to TDMA signals, which may lead to an overem-
phasis of DECT, Wi-Fi and GSM phone signals 
in average exposure. Because burst powers may 
have been measured for these signals, rather than 
average powers, any exposure proportions attri
buted to source categories in these studies should 
be treated with caution when assessing exposure 
for epidemiological studies.]
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1.7	Exposure guidelines and 
standards

Guidelines and standards for limiting human 
exposure to RF fields have been developed by 
several organizations, the most prominent 
being those of the International Commission 
on Non-Ionizing Radiation (ICNIRP) and the 
Institute of Electrical and Electronic Engineers 
(IEEE). ICNIRP published its present RF guide-
lines in 1998 (ICNIRP, 1998) and restated them 
in 2009 (ICNIRP, 2009a). IEEE published its 
present guidelines in 2005 (IEEE, 2005), but its 
1999 guidelines are still used in some countries 
(IEEE, 1999).

These guidelines contain restrictions on expo-
sure that are intended to assist those with respon-
sibility for the safety of the general public and 
workers. The guidelines provide clearly defined 
exposure levels below which the established acute 
health effects of exposure are avoided. Exposures 
can be measured or calculated and compared 
with these values. If exposures are found to be 
above the guideline values, measures are put in 
place to reduce exposure. The guidelines apply 
to all human exposures to EMFs, irrespective of 
how such exposures arise, and they do not make 
specific mention of sources.

The guidelines are not mandatory by them-
selves, but have been adopted by regulatory 
authorities and governments in many countries/
regions of the world in a variety of different ways. 
Some regulatory regimes focus on limiting expo-
sures of the public and/or workers, while others 
focus on limiting product emissions (to control 
exposures) as part of the certification process 
before placing products on the market. For 
example, harmonized technical standards have 
been implemented in Europe that provide a basis 
for assessing exposures from equipment such as 
mobile phones and ensuring that exposures are 
below values taken from the ICNIRP guidelines. 
The values in the 1999 IEEE guidelines are used 

in a similar way in countries such as the USA 
and Canada.

1.7.1	 Scientific basis

Both ICNIRP and IEEE have reviewed the 
broad base of the scientific evidence in devel-
oping their guidelines and arrived at similar 
conclusions regarding the evidence for health 
effects. This consensus is well expressed in the 
following excerpt taken from the ICNIRP 2009 
restatement of its guidelines (ICNIRP, 2009b):

It is the opinion of ICNIRP that the scientific 
literature published since the 1998 guidelines 
has provided no evidence of any adverse 
effects below the basic restrictions and does 
not necessitate an immediate revision of 
its guidance on limiting exposure to high 
frequency EMFs. The biological basis of such 
guidance remains the avoidance of adverse 
effects such as ‘work stoppage’ caused by mild 
whole body heat stress and/or tissue damage 
caused by excessive localized heating.
Absorption of RF fields in the body tissues 

leads to the deposition of energy in these tissues 
and this energy adds to that produced by metab-
olism. This energy imposes an additional ther-
moregulatory burden on the organism and the 
temperature can increase if the energy absorp-
tion rises above a certain level (see Section 1.3). 
Localized temperature increase can occur in 
response to localized absorption of energy and the 
core body temperature can go up in response to 
generalized absorption of energy throughout the 
body tissues. The ICNIRP guidelines (ICNIRP, 
1998) conclude from the literature that:

Established biological and health effects in 
the frequency range from 10 MHz to a few 
GHz are consistent with responses to a body 
temperature rise of more than 1 °C. This level 
of temperature increase results from exposure 
of individuals under moderate environmental 
conditions to a wbSAR of approximately 
4 W/kg for about 30 minutes.
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Effects due to whole-body heating are also 
considered for frequencies below 10 MHz and 
down to 100 kHz; however, wavelength becomes 
progressively larger in relation to the body 
dimensions as frequency decreases to below 10 
MHz and coupling to the fields becomes progres-
sively weaker, with the result that less energy is 
absorbed. Above 10 GHz, absorption of RF fields 
by the body tissues becomes so strong that the RF 
fields are considered to be absorbed within a few 
millimetres of the body surface; hence the guide-
lines are designed to restrict surface heating.

A further class of thermal effect can be elicited 
with pulse-modulated RF waveforms, including 
certain radar signals. This effect is known as the 
microwave auditory effect and occurs as a result 
of energy absorption from successive RF pulses, 
causing pulsed thermal expansion of the head 
tissues (ICNIRP, 2009a). ICNIRP (1998) states 
that repeated or prolonged exposure to microwave 
auditory effects may be stressful and potentially 
harmful, and it provides additional guidance for 
restricting exposures to pulse-modulated fields 
to avoid this effect.

1.7.2	 Basic restrictions

Considering the evidence relating to whole-
body heating and localized heating of parts of the 
body, ICNIRP and IEEE have specified the basic 
restriction quantities shown in Table  1.15. The 
information presented here is a summary of the 
main aspects of the restrictions in the guidelines 
and serves to provide a simplified comparison for 
the purposes of this Monograph.

From Table 1.15 it is clear that the various sets 
of guidelines contain similar restriction values 
and have many common features. Moreover, 
the 2005 guidelines from IEEE have brought the 
ICNIRP and IEEE guidelines even closer: the 
SAR values are now identical and the residual 
differences now only pertain to averaging times, 
definition of the extremities, and the shape of the 
mass used with localized SAR restrictions.

IEEE and ICNIRP both frame their guide-
lines in terms of two tiers. The first tier includes 
a wbSAR value that is a factor of 10 lower than 
the 4 W/kg mentioned above, while the second 
tier includes restriction values that are five times 
lower than those in the first tier. In the case of 
the ICNIRP guidelines, these tiers are presented 
as restrictions for exposure of workers (tier 1) 
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Table 1.15 Basic restrictions on SAR (W/kg), as taken from the ICNIRP and IEEE exposure 
guidelines

Body region Workers/controlled General public/uncontrolled

ICNIRP 
(1998)

IEEE (1999) IEEE (2005)d ICNIRP 
(1998)

IEEE (1999) IEEE (2005)

Whole bodya 0.4 (6) 0.4 (6) 0.4 0.08 (6) 0.08 (30) 0.08
Head and trunk a b 10 (6) [10] 8 (6) [1] 10 (6) [10] 2 (6) [10] 1.6 (30) [1] 2 (30) [10]
Extremities a b c 20 (6) [10] 20 (6) [10] 20 (6) [10] 4 (6) [10] 4 (30) [10] 4 (30) [10]

a	 In round brackets after the SAR value is the averaging time in seconds. The averaging times vary with frequency in the IEEE guidelines and 
the values given are for the 400 MHz to 2 GHz range typically used for mobile communication.
b	 In square brackets (where relevant) is the averaging mass in grams: the averaging mass is specified as a contiguous tissue volume by ICNIRP 
and as in the shape of a cube by IEEE.
c	 Extremities are taken as the hands, wrists, feet and ankles in the context of the IEEE (1999) guidelines, distal from the knees and elbows in the 
IEEE (2005) guidelines, and as the entire limbs in the context of the ICNIRP guidelines.
d	 The restrictions apply over the frequency range 100 kHz to 6 GHz in the case of IEEE (1999).
ICNIRP, International Commission on Non-Ionizing Radiation Protection; IEEE, Institute of Electrical and Electronics Engineers; SAR, 
specific absorption rate.
Compiled by the Working Group
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and the general public (tier 2). ICNIRP explains 
that the lower basic restrictions for exposure of 
the general public take into account the fact that 
their age and health status may differ from those 
of workers. The first tier in the IEEE guidelines is 
described as for controlled environments (subject 
to a RF safety programme as prescribed by IEEE) 
and the second tier as for uncontrolled environ-
ments, as accessible to the general public.

Electrical effects caused by stimulation of 
the peripheral and central nervous system are 
also considered below 10 MHz, although the 
maximum sensitivity to these effects occurs at 
considerably lower frequencies, in the tens of 
hertz to a few kilohertz region (ICNIRP, 2010). 
The guidelines should be referred to for further 
information about these effects; however, the 
restrictions are summarized in Table  1.16 for 
frequencies between 30 kHz and 10 MHz.

1.7.3	 Reference levels

The guidelines also contain reference levels 
(called maximum permissible exposures, or 
MPEs, by IEEE) expressed in terms of electric- 
and magnetic-field strengths, or plane-wave 
equivalent power-density incident on the body 
(see Glossary). Measured or calculated values 
can be compared with these quantities to verify 
that the basic restrictions on SAR or induced 
current/electric fields are not exceeded.
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Table 1.16 Basic restrictions on induced current density or induced electric field between 30 kHz 
and 10 MHz, as taken from the ICNIRP and IEEE exposure guidelines

Body region Workers/controlled General public/uncontrolled

ICNIRP 
(1998)a 
(mA/m2)

IEEE 
(1999)b 
(mA/m2)

IEEE 
(2005)c 

(mV/m)

ICNIRP 
(2010)d 
(mV/m)

ICNIRP 
(1998)a  
(mA/m2)

IEEE 
(1999)b 
(mA/m2)

IEEE 
(2005)c 
(mV/m)

ICNIRP 
(2010)d 
(mV/m)

Whole body - 350 - 270 - 157 - 135
CNS 10 - - - 2 - - -
Brain - - 885 - - - 294.5 -
Heart - - 5647 - - - 5647 -
Extremities - - 626.9 - - - 626.9 -
Other tissues - - 626.9 - - - 209.3 -

a	 Peak rms current density in mA/m2, averaged over 1 cm2 area perpendicular to the current direction. Applies to the CNS tissues. Applicable 
frequency range is 1 kHz to 10 MHz.
b	 Peak rms current density in mA/m2, averaged over any 1 cm2 area of tissue in 1 second. Applies anywhere in the body. Applicable frequency 
range is 3 kHz to 100 kHz.
c	 Peak rms internal electric field in mV/m, averaged over a straight-line segment of 5 mm length, oriented in any direction. The averaging time 
for an rms measurement is 0.2 s. Applicable frequency range is 3.35 kHz to 5 MHz. Values are rounded to four significant digits.
d	 Internal electric field in mV/m, averaged over a contiguous tissue volume of 2 × 2 × 2 mm3. The 99th percentile value of the electric field for a 
specific tissue should be compared with the basic restriction. Applicable frequency range is 3 kHz to 10 MHz.
CNS, central nervous system; rms, root-mean-square value of the electric field strength
Note: All numbers denote the frequency in kHz; all limits in this frequency range increase linearly with frequency. Limits for contact currents 
also apply (not shown here).
Compiled by the Working Group

JA 02567

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 243 of 454



IARC MONOGRAPHS – 102

References

ABS; Australian Bureau of Statistics (2009). Children’s 
Participation in Culture and Leisure Activities, 
Australia. ABS (cat. no. 4901.0). Available at: http://
www.abs.gov.au

Adair RK (2002). Vibrational resonances in biolog-
ical systems at microwave frequencies. Biophys J, 
82: 1147–1152. doi:10.1016/S0006-3495(02)75473-8 
PMID:11867434

Adair RK (2003). Biophysical limits on athermal effects of 
RF and microwave radiation. Bioelectromagnetics, 24: 
39–48. doi:10.1002/bem.10061 PMID:12483664

Adey WR, Byus CV, Cain CD et al. (1999). Spontaneous 
and nitrosourea-induced primary tumors of the central 
nervous system in Fischer 344 rats chronically exposed 
to 836 MHz modulated microwaves. Radiat Res, 152: 
293–302. doi:10.2307/3580329 PMID:10453090

AFSSET (2010). Evaluation des risques sanitaires lies à 
l’utilisation du scanner corporel à ondes ‘millimètriques. 
Provision 100. Agence Française de Sécurité Sanitaire 
de l’Environnement et du Travail. Rapport d’Expertise 
Collective, février 2010.

AGNIR (2001). Possible health effects from terrestrial 
trunked radio (TETRA). Report of an Advisory Group 
on Non-ionising Radiation. Documents of the NRPB, 
12(2). Available at: www.hpa.org.uk.

AGNIR (2003). Health effects from radiofrequency elec-
tromagnetic fields. Report of an independent Advisory 
Group on Non-ionising Radiation. Documents of the 
NRPB, 14(2). Available at: www.hpa.org.uk.

Alanko T & Hietanen M (2007). Occupational exposure 
to radiofrequency fields in antenna towers. Radiat 
Prot Dosimetry, 123: 537–539. doi:10.1093/rpd/ncl505 
PMID:17166878

Allen SG (1999). Rapporteur report: Sources and exposure 
metrics from RF epidemiology (Part 1). Radiat Prot 
Dosimetry, 83: 143–147. 

Allen SG, Blackwell RP, Chadwick PJ (1994). Review of 
occupational exposure to optical radiation and electric 
and magnetic fields with regard to the proposed CEC 
Physical Agents Directive, Chilton. NRPB, R265: 1–68. 

Allis JW & Sinha-Robinson BL (1987). Temperature-specific 
inhibition of human red cell Na+/K+ ATPase by 2,450-
MHz microwave radiation. Bioelectromagnetics, 8: 
203–212. doi:10.1002/bem.2250080211 PMID:3040008

Andersen JB, Nielsen JO, Pedersen GF et al. (2007). Room 
electromagnetics. Antennas and Propagation Magazine, 
IEEE, 49: 27–33. doi:10.1109/MAP.2007.376642

Anderson V (2003). Comparisons of peak SAR levels in 
concentric sphere head models of children and adults 
for irradiation by a dipole at 900 MHz. Phys Med 
Biol, 48: 3263–3275. doi:10.1088/0031-9155/48/20/001 
PMID:14620057

ANFR (2004). Protocol de mesure in situ. Technical 
Report 2.1, Agence National de Frequence.

ANSI/IEEE (1991). C95.1, IEEE Standard for Safety Levels 
with Respect to Human Exposure to Radio Frequency 
Electromagnetic Fields, 3kHz to 300 GHz. New York, 
NY.

ANSI/IEEE (2002a). C95.3, Recommended Practice for 
Measurements and Computations of Radio Frequency 
Electromagnetic Fields With Respect to Human 
Exposure to Such Fields, 100kHz–300GHz. New York, 
NY: International Committee on Electromagnetic 
Safety, The Institute of Electrical and Electronics 
Engineers Inc.

ANSI/IEEE (2002b). C95.6, IEEE Standard for Safety Levels 
with Respect to Human Exposure to Electromagnetic 
fields, 0–3 kHz. New York, NY.

Aslan E (1970). Electromagnetic radiation survey meter. 
IEEE Trans Instrum Meas, IM-19: 368–372. doi:10.1109/
TIM.1970.4313930

Aydin D, Feychting M, Schüz J et  al. (2011). Impact of 
random and systematic recall errors and selection 
bias in case-control studies on mobile phone use 
and brain tumors in adolescents (CEFALO study). 
Bioelectromagnetics, 32: 396–407. doi:10.1002/
bem.20651 PMID:21294138

Baba M, Suzuki Y, Taki M et  al. (2005). Three dimen-
sional visualization of the temperature distribution 
in a phantom for the assessment of localized exposure 
to microwaves InBiolelctromag, Soc. Annual Meeting, 
June 2005, Dublin, Ireland: Bioelectromagnetic Society, 
pp. 250–251.

Bakker JF, Paulides MM, Christ A et al. (2010). Assessment 
of induced SAR in children exposed to electromagnetic 
plane waves between 10 MHz and 5.6 GHz. [Epub.]Phys 
Med Biol, 55: 3115–3130. 

Balzano Q (2003). RF nonlinear interactions in living 
cells–II: detection methods for spectral signatures. 
Bioelectromagnetics, 24: 483–488. doi:10.1002/
bem.10125 PMID:12955753

Balzano Q, Chou CK, Cicchetti R et al. (2000). An efficient 
RF exposure system with precise whole-body average 
SAR determination for in vivo animal studies at 900 
MHz. IEEE Trans Microw Theory Tech, 48: 2040–2049. 
doi:10.1109/22.884193

Balzano Q & Sheppard A (2003). RF nonlinear interac-
tions in living cells-I: nonequilibrium thermodynamic 
theory. Bioelectromagnetics, 24: 473–482. doi:10.1002/
bem.10126 PMID:12955752

Bangay Z & Zombolas C (2003). Advanced measurement 
of microwave oven leakage. Radiat Prot Australas, 19: 
47–51. 

Bassen H, Herman W, Hoss R (1977). EM probe with fiber 
optic telemetry system. Microwave J, 20: 35–47. 

Bassen H, Swicord M, Abita J (1975). A miniature broad–
band electric field probe. Annals of the New York 

118

JA 02568

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 244 of 454

http://www.abs.gov.au
http://www.abs.gov.au
http://dx.doi.org/10.1016/S0006-3495(02)75473-8
http://www.ncbi.nlm.nih.gov/pubmed/11867434
http://dx.doi.org/10.1002/bem.10061
http://www.ncbi.nlm.nih.gov/pubmed/12483664
http://dx.doi.org/10.2307/3580329
http://www.ncbi.nlm.nih.gov/pubmed/10453090
http://www.hpa.org.uk
http://www.hpa.org.uk
http://dx.doi.org/10.1093/rpd/ncl505
http://www.ncbi.nlm.nih.gov/pubmed/17166878
http://dx.doi.org/10.1002/bem.2250080211
http://www.ncbi.nlm.nih.gov/pubmed/3040008
http://dx.doi.org/10.1109/MAP.2007.376642
http://dx.doi.org/10.1088/0031-9155/48/20/001
http://www.ncbi.nlm.nih.gov/pubmed/14620057
http://dx.doi.org/10.1109/TIM.1970.4313930
http://dx.doi.org/10.1109/TIM.1970.4313930
http://dx.doi.org/10.1002/bem.20651
http://dx.doi.org/10.1002/bem.20651
http://www.ncbi.nlm.nih.gov/pubmed/21294138
http://dx.doi.org/10.1002/bem.10125
http://dx.doi.org/10.1002/bem.10125
http://www.ncbi.nlm.nih.gov/pubmed/12955753
http://dx.doi.org/10.1109/22.884193
http://dx.doi.org/10.1002/bem.10126
http://dx.doi.org/10.1002/bem.10126
http://www.ncbi.nlm.nih.gov/pubmed/12955752


Radiofrequency electromagnetic fields

Academy of Sciences Biological Effects of Nonionizing 
Radiation, 247: 481–493. 

Bassen HI & Smith GS (1983). Electric field probes - A 
review. IEEE Trans Antenn Propag, 31: 710–718. 
doi:10.1109/TAP.1983.1143126

Baste V, Mild KH, Moen BE (2010). Radiofrequency expo-
sure on fast patrol boats in the Royal Norwegian Navy–
an approach to a dose assessment. Bioelectromagnetics, 
31: 350–360. doi:10.1002/bem.20562 PMID:20054844

Beard B, Kainz W, Onishi T et al. (2006). Comparisons 
of computed mobile phone induced SAR in the SAM 
phantom to that in anatomically correct models of the 
human head. IEEE Trans Electromagn Compat, 48: 
397–407. doi:10.1109/TEMC.2006.873870

Beiser A (1995). Concepts of modern physics, 5th ed. New 
York: McGraw-Hill 

Belyaev IY (2010). Dependence of non-thermal biolog-
ical effects of microwaves on physical and biological 
variables: implications for reproducibility and safety 
standards. In: Non-thermal effects and mechanisms of 
interaction between electromagnetic fields and living 
matter. ICEMS Monograph, Giuliani L, Soffritti M, 
editors. Bologna, Italy: National Institute for the Study 
and Control of Cancer and Environmental Diseases 
“Bernardino Ramazzini”, pp. 187–217.

Bernardi P, Cavagnaro M, Pisa S, Piuzzi E (2003). Specific 
absorption rate and temperature elevation in a subject 
exposed in the far-field of radio-frequency sources oper-
ating in the 10–900-MHz range. IEEE Trans Biomed 
Eng, 50: 295–304. doi:10.1109/TBME.2003.808809 
PMID:12669986

Binhi VN & Rubin AB (2007). Magnetobiology: the kT 
paradox and possible solutions. Electromagn Biol 
Med, 26: 45–62. doi:10.1080/15368370701205677 
PMID:17454082

Bit-Babik G, Guy AW, Chou CK et al. (2005). Simulation 
of exposure and SAR estimation for adult and child 
heads exposed to radiofrequency energy from portable 
communication devices. Radiat Res, 163: 580–590. 
doi:10.1667/RR3353 PMID:15850420

Blackman CF, Benane SG, House DE (1991). The influ-
ence of temperature during electric- and magnetic-
field-induced alteration of calcium-ion release from 
in vitro brain tissue. Bioelectromagnetics, 12: 173–182. 
doi:10.1002/bem.2250120305 PMID:1854354

Blackman CF, Kinney LS, House DE, Joines WT (1989). 
Multiple power-density windows and their possible 
origin. Bioelectromagnetics, 10: 115–128. doi:10.1002/
bem.2250100202 PMID:2540755

Bornkessel C, Schubert M, Wuschek M, Schmidt P (2007). 
Determination of the general public exposure around 
GSM and UMTS base stations. Radiat Prot Dosimetry, 
124: 40–47. doi:10.1093/rpd/ncm373 PMID:17933788

Boutry CM, Kuehn S, Achermann P et  al. (2008). 
Dosimetric evaluation and comparison of different RF 
exposure apparatuses used in human volunteer studies. 

Bioelectromagnetics, 29: 11–19. doi:10.1002/bem.20356 
PMID:17694536

Breckenkamp J, Neitzke HP, Bornkessel C, Berg-Beckhoff 
G (2008). Applicability of an exposure model for 
the determination of emissions from mobile phone 
base stations. Radiat Prot Dosimetry, 131: 474–481. 
doi:10.1093/rpd/ncn201 PMID:18676976

Buddhikot MM, Kennedy I, Mullany F, Viswanathan H 
(2009). Ultra-broadband femtocells via opportunistic 
reuse of multi-operator and multi-service spectrum 
Bell Labs Technical Journal, 13: 129–144. doi:10.1002/
bltj.20340

Bürgi A, Theis G, Siegenthaler A, Röösli M (2008). 
Exposure modeling of high-frequency electromag-
netic fields. J Expo Sci Environ Epidemiol, 18: 183–191. 
doi:10.1038/sj.jes.7500575 PMID:17410112

Burkhardt M, Poković K, Gnos M et  al. (1996). 
Numerical and experimental dosimetry of Petri dish 
exposure setups. Bioelectromagnetics, 17: 483–493. 
doi:10.1002/(SICI)1521-186X(1996)17:6<483::AID-
BEM8>3.0.CO;2-# PMID:8986366

Cardis E, Armstrong BK, Bowman JD et al. (2011a). Risk 
of brain tumours in relation to estimated RF dose from 
mobile phones: results from five Interphone countries. 
Occup Environ Med, 68: 631–640. doi:10.1136/oemed-
2011-100155 PMID:21659469

Cardis E, Varsier N, Bowman JD et al. (2011b). Estimation 
of RF energy absorbed in the brain from mobile 
phones in the Interphone Study. Occup Environ 
Med, 68: 686–693. doi:10.1136/oemed-2011-100065 
PMID:21659468

CENELEC (2001). Basic standard for the measurement of 
Specific Absorption Rate related to human exposure to 
electromagnetic fields from mobile phones (300 MHz–3 
GHz), EN50361.

CENELEC (2005). Basic standard to demonstrate the 
compliance of fixed equipment for radio transmis-
sion (110 MHz - 40 GHz) intended for use in wireless 
telecommunication networks with the basic restrictions 
or the reference levels related to general public exposure 
to radio frequency electromagnetic fields, when put into 
service, EN50400.

CENELEC (2008). Basic standard for the in-situ measure-
ment of electromagnetic field strength related to human 
exposure in the vicinity of base stations. CLC/TC 106X, 
EN50492.

Challis LJ (2005). Mechanisms for interaction between 
RF fields and biological tissue. Bioelectromagnetics, 26: 
S7S98–S106. doi:10.1002/bem.20119 PMID:15931683

Chavannes N, Tay N, Nikoloski N, Kuster N (2003). 
Suitability of FDTD based TCAD tools for RF design 
of mobile phones. IEEE Antennas and Propagation 
Magazine, 45: 52–66. doi:10.1109/MAP.2003.1282180

Chiabrera A, Bianco B, Moggia E, Kaufman JJ (2000). 
Zeeman-Stark modeling of the RF EMF interaction 
with ligand binding. Bioelectromagnetics, 21: 312–324. 

119

JA 02569

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 245 of 454

http://dx.doi.org/10.1109/TAP.1983.1143126
http://dx.doi.org/10.1002/bem.20562
http://www.ncbi.nlm.nih.gov/pubmed/20054844
http://dx.doi.org/10.1109/TEMC.2006.873870
http://dx.doi.org/10.1109/TBME.2003.808809
http://www.ncbi.nlm.nih.gov/pubmed/12669986
http://dx.doi.org/10.1080/15368370701205677
http://www.ncbi.nlm.nih.gov/pubmed/17454082
http://dx.doi.org/10.1667/RR3353
http://www.ncbi.nlm.nih.gov/pubmed/15850420
http://dx.doi.org/10.1002/bem.2250120305
http://www.ncbi.nlm.nih.gov/pubmed/1854354
http://dx.doi.org/10.1002/bem.2250100202
http://dx.doi.org/10.1002/bem.2250100202
http://www.ncbi.nlm.nih.gov/pubmed/2540755
http://dx.doi.org/10.1093/rpd/ncm373
http://www.ncbi.nlm.nih.gov/pubmed/17933788
http://dx.doi.org/10.1002/bem.20356
http://www.ncbi.nlm.nih.gov/pubmed/17694536
http://dx.doi.org/10.1093/rpd/ncn201
http://www.ncbi.nlm.nih.gov/pubmed/18676976
http://dx.doi.org/10.1002/bltj.20340
http://dx.doi.org/10.1002/bltj.20340
http://dx.doi.org/10.1038/sj.jes.7500575
http://www.ncbi.nlm.nih.gov/pubmed/17410112
http://dx.doi.org/10.1002/(SICI)1521-186X(1996)17:6<483::AID-BEM8>3.0.CO;2-#
http://dx.doi.org/10.1002/(SICI)1521-186X(1996)17:6<483::AID-BEM8>3.0.CO;2-#
http://www.ncbi.nlm.nih.gov/pubmed/8986366
http://dx.doi.org/10.1136/oemed-2011-100155
http://dx.doi.org/10.1136/oemed-2011-100155
http://www.ncbi.nlm.nih.gov/pubmed/21659469
http://dx.doi.org/10.1136/oemed-2011-100065
http://www.ncbi.nlm.nih.gov/pubmed/21659468
http://dx.doi.org/10.1002/bem.20119
http://www.ncbi.nlm.nih.gov/pubmed/15931683
http://dx.doi.org/10.1109/MAP.2003.1282180


IARC MONOGRAPHS – 102

doi:10.1002/(SICI)1521-186X(200005)21:4<312::AID-
BEM7>3.0.CO;2-# PMID:10797459

Chou CK & Guy AW (1982). Systems for exposing mice to 
2,450-MHz electromagnetic fields. Bioelectromagnetics, 
3: 401–412. doi:10.1002/bem.2250030403 
PMID:7181963

Christ A, Gosselin MC, Christopoulou M et al. (2010a). 
Age-dependent tissue-specific exposure of cell phone 
users. Phys Med Biol, 55: 1767–1783. doi:10.1088/0031-
9155/55/7/001 PMID:20208098

Christ A, Kainz W, Hahn EG et al. (2010b). The Virtual 
Family–development of surface-based anatomical 
models of two adults and two children for dosi-
metric simulations. Phys Med Biol, 55: N23–N38. 
doi:10.1088/0031-9155/55/2/N01 PMID:20019402

Christ A & Kuster N (2005). Differences in RF energy 
absorption in the heads of adults and children. 
Bioelectromagnetics, 26: Suppl 7S31–S44. doi:10.1002/
bem.20136 PMID:16142771

Christ A, Samaras T, Klingenböck A, Kuster N (2006). 
Characterization of the electromagnetic near-field 
absorption in layered biological tissue in the frequency 
range from 30 MHz to 6,000 MHz. Phys Med Biol, 
51: 4951–4965. doi:10.1088/0031-9155/51/19/014 
PMID:16985280

Christ A, Samaras T, Neufeld E et al. (2007). SAR distribu-
tion in human beings when using body-worn RF trans-
mitters. Radiat Prot Dosimetry, 124: 6–14. doi:10.1093/
rpd/ncm377 PMID:17652110

Conil E, Hadjem A, Lacroux F et  al. (2008). Variability 
analysis of SAR from 20 MHz to 2.4 GHz for different 
adult and child models using finite-difference time-
domain. Phys Med Biol, 53: 1511–1525. doi:10.1088/0031-
9155/53/6/001 PMID:18367785

Cooper TG (2002). NRPB-W24 Report “Occupational 
Exposure to Electric Magnetic Fields in the Context of the 
ICNIRP Guidelines”. National Radiological Protection 
Board Report.

Cooper TG, Allen SG, Blackwell RP et  al. (2004). 
Assessment of occupational exposure to radiofre-
quency fields and radiation. Radiat Prot Dosimetry, 
111: 191–203. doi:10.1093/rpd/nch334 PMID:15266067

Cooper TG, Mann SM, Khalid M, Blackwell RP (2006). 
Public exposure to radio waves near GSM microcell 
and picocell base stations. J Radiol Prot, 26: 199–211. 
doi:10.1088/0952-4746/26/2/005 PMID:16738416

Cooray V (2003). The lightning flash. Power and Energy 
Series 34. London, UK: The Institution of Engineering 
and Technology 

Coray R, Krähenbühl P, Riederer M et al. (2002). 
Immissionen in Salzburg. Technical report, BAKOM, 
Switzerland.

Crawford ML (1974). Generation of standard EM fields 
using TEM transmission cells. IEEE Transact EMC, 16: 
189–195. 

de Salles AA, Bulla G, Rodriguez CE (2006). Electromagnetic 
absorption in the head of adults and children due to 
mobile phone operation close to the head. Electromagn 
Biol Med, 25: 349–360. doi:10.1080/15368370601054894 
PMID:17178592

Dimbylow P (2005). Resonance behaviour of whole-body 
averaged specific energy absorption rate (SAR) in the 
female voxel model, NAOMI. Phys Med Biol, 50: 4053–
4063. doi:10.1088/0031-9155/50/17/009 PMID:16177529

Dimbylow P (2007a). SAR in the mother and foetus for RF 
plane wave irradiation. Phys Med Biol, 52: 3791–3802. 
doi:10.1088/0031-9155/52/13/009 PMID:17664577

Dimbylow P & Bolch W (2007b). Whole-body-averaged 
SAR from 50 MHz to 4 GHz in the University of Florida 
child voxel phantoms. Phys Med Biol, 52: 6639–6649. 
doi:10.1088/0031-9155/52/22/006 PMID:17975288

Dimbylow PJ (1997). FDTD calculations of the whole-
body averaged SAR in an anatomically realistic voxel 
model of the human body from 1 MHz to 1 GHz. Phys 
Med Biol, 42: 479–490. doi:10.1088/0031-9155/42/3/003 
PMID:9080530

Dimbylow PJ (2002). Fine resolution calculations of SAR in 
the human body for frequencies up to 3 GHz. Phys Med 
Biol, 47: 2835–2846. doi:10.1088/0031-9155/47/16/301 
PMID:12222849

Dimbylow PJ, Khalid M, Mann S (2003). Assessment 
of specific energy absorption rate (SAR) in the head 
from a TETRA handset. Phys Med Biol, 48: 3911–3926. 
doi:10.1088/0031-9155/48/23/008 PMID:14703166

Dimbylow PJ, Nagaoka T, Xu XG (2009). A comparison 
of foetal SAR in three sets of pregnant female models. 
Phys Med Biol, 54: 2755–2767. doi:10.1088/0031-
9155/54/9/011 PMID:19369706

Djafarzadeh R, Crespo-Valero P, Zefferer M et al. (2009). 
Organ and cns tissue region specific evaluation of the 
time-averaged far-field exposure in various human body 
models. In: Abstract Collection of BioEM 2009 Davos, 
the Joint Meeting of the Bioelectromagnetics Society and 
the European BioElectromagnetics Association, June 
14–19, Davos, Switzerland. Poster presentation P-28 in 
Poster session 2: Dosimetry (June 16).

Ebert S (2009). EMF Risk Assessment: Exposure Systems for 
Large-Scale Laboratory and Experimental Provocation 
Studies. ETH Zurich, Diss. ETH No. 18636, p. 212

European Commission (2010). Communication from 
the Commission to the European Parliament and the 
Council on the use of security scanners at EU airports. 
COM (2010) 311 Final.

European Telecommunications Standards Institute 
(2010). Digital Enhanced Cordless Telecommunications 
(DECT). ETSI-EN300175–2 V2.3.1. Sophia Antipolis 
Cedex, France: ETSI.

Fernández C, Bulla G, Pedra A, de Salles A (2005). 
Comparison of Electromagnetic Absorption 
Characteristics in the Head of Adult and a Children for 

120

JA 02570

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 246 of 454

http://dx.doi.org/10.1002/(SICI)1521-186X(200005)21:4<312::AID-BEM7>3.0.CO;2-#
http://dx.doi.org/10.1002/(SICI)1521-186X(200005)21:4<312::AID-BEM7>3.0.CO;2-#
http://www.ncbi.nlm.nih.gov/pubmed/10797459
http://dx.doi.org/10.1002/bem.2250030403
http://www.ncbi.nlm.nih.gov/pubmed/7181963
http://dx.doi.org/10.1088/0031-9155/55/7/001
http://dx.doi.org/10.1088/0031-9155/55/7/001
http://www.ncbi.nlm.nih.gov/pubmed/20208098
http://dx.doi.org/10.1088/0031-9155/55/2/N01
http://www.ncbi.nlm.nih.gov/pubmed/20019402
http://dx.doi.org/10.1002/bem.20136
http://dx.doi.org/10.1002/bem.20136
http://www.ncbi.nlm.nih.gov/pubmed/16142771
http://dx.doi.org/10.1088/0031-9155/51/19/014
http://www.ncbi.nlm.nih.gov/pubmed/16985280
http://dx.doi.org/10.1093/rpd/ncm377
http://dx.doi.org/10.1093/rpd/ncm377
http://www.ncbi.nlm.nih.gov/pubmed/17652110
http://dx.doi.org/10.1088/0031-9155/53/6/001
http://dx.doi.org/10.1088/0031-9155/53/6/001
http://www.ncbi.nlm.nih.gov/pubmed/18367785
http://dx.doi.org/10.1093/rpd/nch334
http://www.ncbi.nlm.nih.gov/pubmed/15266067
http://dx.doi.org/10.1088/0952-4746/26/2/005
http://www.ncbi.nlm.nih.gov/pubmed/16738416
http://dx.doi.org/10.1080/15368370601054894
http://www.ncbi.nlm.nih.gov/pubmed/17178592
http://dx.doi.org/10.1088/0031-9155/50/17/009
http://www.ncbi.nlm.nih.gov/pubmed/16177529
http://dx.doi.org/10.1088/0031-9155/52/13/009
http://www.ncbi.nlm.nih.gov/pubmed/17664577
http://dx.doi.org/10.1088/0031-9155/52/22/006
http://www.ncbi.nlm.nih.gov/pubmed/17975288
http://dx.doi.org/10.1088/0031-9155/42/3/003
http://www.ncbi.nlm.nih.gov/pubmed/9080530
http://dx.doi.org/10.1088/0031-9155/47/16/301
http://www.ncbi.nlm.nih.gov/pubmed/12222849
http://dx.doi.org/10.1088/0031-9155/48/23/008
http://www.ncbi.nlm.nih.gov/pubmed/14703166
http://dx.doi.org/10.1088/0031-9155/54/9/011
http://dx.doi.org/10.1088/0031-9155/54/9/011
http://www.ncbi.nlm.nih.gov/pubmed/19369706


Radiofrequency electromagnetic fields

1800 MHz Mobile Phones, IEEE MTT-S Conference, 
July 25–28, pp. 523–526.

Findlay RP & Dimbylow PJ (2005). Effects of posture on 
FDTD calculations of specific absorption rate in a voxel 
model of the human body. Phys Med Biol, 50: 3825–
3835. doi:10.1088/0031-9155/50/16/011 PMID:16077229

Findlay RP & Dimbylow PJ (2010). SAR in a child 
voxel phantom from exposure to wireless computer 
networks (Wi-Fi). Phys Med Biol, 55: N405–N411. 
doi:10.1088/0031-9155/55/15/N01 PMID:20647607

Findlay RP, Lee AK, Dimbylow PJ (2009). FDTD calcula-
tions of SAR for child voxel models in different postures 
between 10 MHz and 3 GHz. Radiat Prot Dosimetry, 
135: 226–231. doi:10.1093/rpd/ncp118 PMID:19589878

Fink JM, Wagner JP, Congleton JJ, Rock JC (1999). 
Microwave emissions from police radar. Am Ind Hyg 
Assoc J, 60: 770–776. PMID:10671181

Finkel T (2003). Oxidant signals and oxidative stress. 
Curr Opin Cell Biol, 15: 247–254. doi:10.1016/S0955-
0674(03)00002-4 PMID:12648682

Fixsen D (2009). The temperature of the cosmic 
microwave background. Astrophys J, 707: 916–920. 
doi:10.1088/0004-637X/707/2/916

Foster KR (2000). Thermal and nonthermal mecha-
nisms of interaction of radio-frequency energy with 
biological systems. IEEE Trans Plasma Sci, 28: 15–23. 
doi:10.1109/27.842819

Foster KR (2007). Radiofrequency exposure from wire-
less LANs utilizing Wi-Fi technology. Health Phys, 
92: 280–289. doi:10.1097/01.HP.0000248117.74843.34 
PMID:17293700

Foster KR & Glaser R (2007). Thermal mechanisms of inter-
action of radiofrequency energy with biological systems 
with relevance to exposure guidelines. Health Phys, 
92: 609–620. doi:10.1097/01.HP.0000262572.64418.38 
PMID:17495663

Frei P, Mohler E, Bürgi A et al.; QUALIFEX team (2009a). 
A prediction model for personal radio frequency 
electromagnetic field exposure. Sci Total Environ, 
408: 102–108. doi:10.1016/j.scitotenv.2009.09.023 
PMID:19819523

Frei P, Mohler E, Neubauer G et  al. (2009b). Temporal 
and spatial variability of personal exposure to 
radio frequency electromagnetic fields. Environ 
Res, 109: 779–785. doi:10.1016/j.envres.2009.04.015 
PMID:19476932

Fröhlich H (1968). Long range coherence and energy 
storage in biological systems. Int J Quantum Chem, 2: 
641–649. doi:10.1002/qua.560020505

Fujimoto M, Hirata A, Wang J et al. (2006). FDTD-Derived 
Correlation of Maximum Temperature Increase and 
Peak SAR in Child and Adult Head Models Due to 
Dipole Antenna IEEE Trans Electromagn Compat, 48: 
240–247. doi:10.1109/TEMC.2006.870816

Gabriel C (2005). Dielectric properties of biological tissue: 
variation with age. Bioelectromagnetics, 26: Suppl 
7S12–S18. doi:10.1002/bem.20147 PMID:16142779

Gajsek P, D’Andrea JA, Mason PA et al. (2003). 
Mathematical modelling using experimental and theo-
retical methods. In: Biological effects of Electromagnetic 
Fields. Stavroulakis P, editor. Springer Verlag, pp. 
118–170. [to be found in Google Books]

Gandhi OP, Lazzi G, Tinniswood A, Yu QS (1999). 
Comparison of numerical and experimental methods 
for determination of SAR and radiation patterns of 
handheld wireless telephones. Bioelectromagnetics, 
4: Suppl 493–101. doi:10.1002/(SICI)1521-
186X(1999)20:4+<93::AID-BEM11>3.0.CO;2-8 
PMID:10334718

Gati A, Hadjem A. Wong M-F, Wiart J (2009). Exposure 
induced by WCDMA mobiles phones in operating 
networks. IEEE Trans Wirel Comm, 8: 5723–5727. 
doi:10.1109/TWC.2009.12.080758

Georgiou CD (2010). Oxidative stress-induced biological 
damage by low-level EMFs: mechanism of free radical 
pair electron-spin polarization and biochemical ampli-
fication. In: Non-thermal effects and mechanisms of 
interaction between electromagnetic fields and living 
matter. ICEMS Monograph, Giuliani L, Soffritti M, 
editors. Bologna, Italy: National Institute for the Study 
and Control of Cancer and Environmental Diseases 
“Bernardino Ramazzini”, pp. 63–113.

Gosselin MC, Christ A, Kühn S, Kuster N (2009). 
Dependence of the Occupational Exposure to Mobile 
Phone Base Stations on the Properties of the Antenna 
and the Human Body. IEEE Trans Electromagn Compat, 
51: 227–235. doi:10.1109/TEMC.2009.2013717

Gosselin MC, Kühn S, Crespo-Valero P et  al. (2011). 
Estimation of head tissue-specific exposure from 
mobile phones based on measurements in the homoge-
neous SAM head. Bioelectromagnetics, n/a doi:10.1002/
bem.20662 PMID:21416476

Guy AW (1971). Analyses of electromagnetic fields induced 
in biological tissue by thermographic studies on equiv-
alent phantom models. IEEE Trans Microw Theory 
Tech, 34: 671–680. doi:10.1109/TMTT.1986.1133416

Guy AW, Wallace J, McDougall JA (1979). Circular polar-
ized 2450-MHz waveguide system for chronic exposure 
of small animals t,omicrowaves. Radio Sci, 14: 6S63–74. 
doi:10.1029/RS014i06Sp00063

Hadjem A, Lautru D, Dale C et al. (2005a). Study of specific 
absorption rate (sar) induced in the two child head 
models and adult heads using a mobile phone IEEE 
Trans MTT, 53: 4–11. doi:10.1109/TMTT.2004.839343

Hadjem A, Lautru D, Gadi N et al. (2005b). Influence of 
the ear’s morphology on Specific Absorption Rate (SAR) 
Induced in a Child Head using two source models. IEEE 
MTT-S Conference, June 12–17.

121

JA 02571

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 247 of 454

http://dx.doi.org/10.1088/0031-9155/50/16/011
http://www.ncbi.nlm.nih.gov/pubmed/16077229
http://dx.doi.org/10.1088/0031-9155/55/15/N01
http://www.ncbi.nlm.nih.gov/pubmed/20647607
http://dx.doi.org/10.1093/rpd/ncp118
http://www.ncbi.nlm.nih.gov/pubmed/19589878
http://www.ncbi.nlm.nih.gov/pubmed/10671181
http://dx.doi.org/10.1016/S0955-0674(03)00002-4
http://dx.doi.org/10.1016/S0955-0674(03)00002-4
http://www.ncbi.nlm.nih.gov/pubmed/12648682
http://dx.doi.org/10.1088/0004-637X/707/2/916
http://dx.doi.org/10.1109/27.842819
http://dx.doi.org/10.1097/01.HP.0000248117.74843.34
http://www.ncbi.nlm.nih.gov/pubmed/17293700
http://dx.doi.org/10.1097/01.HP.0000262572.64418.38
http://www.ncbi.nlm.nih.gov/pubmed/17495663
http://dx.doi.org/10.1016/j.scitotenv.2009.09.023
http://www.ncbi.nlm.nih.gov/pubmed/19819523
http://dx.doi.org/10.1016/j.envres.2009.04.015
http://www.ncbi.nlm.nih.gov/pubmed/19476932
http://dx.doi.org/10.1002/qua.560020505
http://dx.doi.org/10.1109/TEMC.2006.870816
http://dx.doi.org/10.1002/bem.20147
http://www.ncbi.nlm.nih.gov/pubmed/16142779
http://dx.doi.org/10.1002/(SICI)1521-186X(1999)20:4+<93::AID-BEM11>3.0.CO;2-8
http://dx.doi.org/10.1002/(SICI)1521-186X(1999)20:4+<93::AID-BEM11>3.0.CO;2-8
http://www.ncbi.nlm.nih.gov/pubmed/10334718
http://dx.doi.org/10.1109/TWC.2009.12.080758
http://dx.doi.org/10.1109/TEMC.2009.2013717
http://dx.doi.org/10.1002/bem.20662
http://dx.doi.org/10.1002/bem.20662
http://www.ncbi.nlm.nih.gov/pubmed/21416476
http://dx.doi.org/10.1109/TMTT.1986.1133416
http://dx.doi.org/10.1029/RS014i06Sp00063
http://dx.doi.org/10.1109/TMTT.2004.839343


IARC MONOGRAPHS – 102

Hansen VW, Bitz AK, Streckert JR (1999). RF exposure of 
biological systems in radial waveguides. IEEE Transact 
EMC, 41: 487–493. 

Heinävaara S, Tokola K, Kurttio P, Auvinen A (2011). 
Validation of exposure assessment and assessment of 
recruitment methods for a prospective cohort study of 
mobile phone users (COSMOS) in Finland: a pilot study. 
Environ Health, 10: 14 doi:10.1186/1476-069X-10-14 
PMID:21385407

Henbest KB, Kukura P, Rodgers CT et al. (2004). Radio 
frequency magnetic field effects on a radical recom-
bination reaction: a diagnostic test for the radical 
pair mechanism. J Am Chem Soc, 126: 8102–8103. 
doi:10.1021/ja048220q PMID:15225036

Henderson SI & Bangay MJ (2006). Survey of RF exposure 
levels from mobile telephone base stations in Australia. 
Bioelectromagnetics, 27: 73–76. doi:10.1002/bem.20174 
PMID:16283652

Herring S (2004). Slouching toward the ordinary: current 
trends in computer-mediated communication. New 
Media Soc, 6: 26–36. doi:10.1177/1461444804039906

Hillert L, Ahlbom A, Neasham D et al. (2006). Call-related 
factors influencing output power from mobile phones. 
J Expo Sci Environ Epidemiol, 16: 507–514. doi:10.1038/
sj.jes.7500485 PMID:16670713

Hirata A, Fujimoto M, Asano T et al. (2006a). Correlation 
between maximum temperature increase and peak 
SAR with different average schemes and masses IEEE 
Trans Electromagn Compat, 48: 569–578. doi:10.1109/
TEMC.2006.877784

Hirata A, Fujiwara O, Shiozawa T (2006b). Correlation 
between peak spatial-average SAR and temperature 
increase due to antennas attached to human trunk. 
IEEE Trans Biomed Eng, 53: 1658–1664. doi:10.1109/
TBME.2006.877798 PMID:16916100

Hirata A, Ito N, Fujiwara O (2009). Influence of electro-
magnetic polarization on the whole-body averaged 
SAR in children for plane-wave exposures. Phys Med 
Biol, 54: N59–N65. doi:10.1088/0031-9155/54/4/N02 
PMID:19141885

Hirata A, Morita M, Shiozawa T (2003). Temperature 
increase in the human head due to a dipole antenna 
at microwave frequencies. IEEE Trans Electromagn 
Compat, 45: 109–116. doi:10.1109/TEMC.2002.808045

Hirata A, Shirai K, Fujiwara O (2008). On averaging mass 
of SAR correlating with temperature elevation due to a 
dipole antenna Progr.Electrom. Research, 84: 221–237. 
doi:10.2528/PIER08072704

Hombach V, Meier K, Burkhardt M et  al. (1996). The 
dependence of EM energy absorption upon human 
head modeling at 900 MHz. IEEE Trans Microw Theory 
Tech, 44: 1865–1873. doi:10.1109/22.539945

HPA (2008). Report on MRI
Hurt WD, Ziriax JM, Mason PA (2000). Variability 

in EMF permittivity values: implications for SAR 

calculations. IEEE Trans Biomed Eng, 47: 396–401. 
doi:10.1109/10.827308 PMID:10743782

IARC (2002). Non-ionizing radiation, Part 1: static and 
extremely low-frequency (ELF) electric and magnetic 
fields. IARC Monogr Eval Carcinog Risks Hum, 80: 
1–395. PMID:12071196

ICNIRP; International Commission on Non-Ionizing 
Radiation Protection (1998). Guidelines for limiting 
exposure to time-varying electric, magnetic, and elec-
tromagnetic fields (up to 300 GHz). Health Phys, 74: 
494–522. PMID:9525427.

ICNIRP; International Commission on Non-Ionizing 
Radiation Protection (2009a). Exposure to high 
frequency electromagnetic fields, biological effects and 
health consequences (100 kHz to 300 GHz). la Vecchia 
P, Matthes R, Ziegelberger G et al., editors. pp. 1–392. 
Available at: http://www.icnirp.de/

ICNIRP; International Commission on Non-Ionizing 
Radiation Protection (2009b). Statement on the guide-
lines for limiting exposure to time varying electric, 
magnetic, and electromagnetic fields (up to 300 ghz) 
Health Phys, 97: 257–258. 

ICNIRP; International Commission on Non-Ionizing 
Radiation Protection (2010). Guidelines for limiting 
exposure to time-varying electric and magnetic 
fields (1 Hz to 100 kHz). Health Phys, 99: 818–836. 
PMID:21068601

IEEE (1999). Standard for Safety Levels with Respect to 
Human Exposure to Radio Frequency Electromagnetic 
Fields, 3 KHz to 300 GHz, C95, 1.

IEEE (2003). Recommended Practice for Determining 
the Spatial-Peak Specific Absorption Rate (SAR) in the 
Human Body Due to Wireless Communications Devices: 
Measurement Techniques, 1528/D1.2. Piscataway, NJ, 
USA

IEEE (2005). C95.1, IEEE Standard for Safety Levels 
with Respect to Human Exposure to Radio Frequency 
Electromagnetic Fields, 100 kHz-300 GHz. 

InfoPlease (2011). Available at: http://www.infoplease.
com/ipa/A0933563.html

Inyang I, Benke G, McKenzie R et  al. (2010). A new 
method to determine laterality of mobile telephone 
use in adolescents. Occup Environ Med, 67: 507–512. 
doi:10.1136/oem.2009.049676 PMID:19955574

Inyang I, Benke G, McKenzie R, Abramson M (2008). 
Comparison of measuring instruments for radiofre-
quency radiation from mobile telephones in epidemio-
logical studies: implications for exposure assessment. J 
Expo Sci Environ Epidemiol, 18: 134–141. doi:10.1038/
sj.jes.7500555 PMID:17327852

Inyang I, Benke G, Morrissey J et al. (2009). How well do 
adolescents recall use of mobile telephones? Results 
of a validation study. BMC Med Res Methodol, 9: 36 
doi:10.1186/1471-2288-9-36 PMID:19523193

IPEM (2010). Guidance on the measurement and use of 
EMF and EMC, Report 98. York, UK: Institute of Physics 

122

JA 02572

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 248 of 454

http://dx.doi.org/10.1186/1476-069X-10-14
http://www.ncbi.nlm.nih.gov/pubmed/21385407
http://dx.doi.org/10.1021/ja048220q
http://www.ncbi.nlm.nih.gov/pubmed/15225036
http://dx.doi.org/10.1002/bem.20174
http://www.ncbi.nlm.nih.gov/pubmed/16283652
http://dx.doi.org/10.1177/1461444804039906
http://dx.doi.org/10.1038/sj.jes.7500485
http://dx.doi.org/10.1038/sj.jes.7500485
http://www.ncbi.nlm.nih.gov/pubmed/16670713
http://dx.doi.org/10.1109/TEMC.2006.877784
http://dx.doi.org/10.1109/TEMC.2006.877784
http://dx.doi.org/10.1109/TBME.2006.877798
http://dx.doi.org/10.1109/TBME.2006.877798
http://www.ncbi.nlm.nih.gov/pubmed/16916100
http://dx.doi.org/10.1088/0031-9155/54/4/N02
http://www.ncbi.nlm.nih.gov/pubmed/19141885
http://dx.doi.org/10.1109/TEMC.2002.808045
http://dx.doi.org/10.2528/PIER08072704
http://dx.doi.org/10.1109/22.539945
http://dx.doi.org/10.1109/10.827308
http://www.ncbi.nlm.nih.gov/pubmed/10743782
http://www.ncbi.nlm.nih.gov/pubmed/12071196
http://www.icnirp.de/
http://www.ncbi.nlm.nih.gov/pubmed/21068601
http://www.infoplease.com/ipa/A0933563.html
http://www.infoplease.com/ipa/A0933563.html
http://dx.doi.org/10.1136/oem.2009.049676
http://www.ncbi.nlm.nih.gov/pubmed/19955574
http://dx.doi.org/10.1038/sj.jes.7500555
http://dx.doi.org/10.1038/sj.jes.7500555
http://www.ncbi.nlm.nih.gov/pubmed/17327852
http://dx.doi.org/10.1186/1471-2288-9-36
http://www.ncbi.nlm.nih.gov/pubmed/19523193


Radiofrequency electromagnetic fields

and Engineering in Medicine. Available at: http://
www.ipem.ac.uk/publications/ipemreports/Pages/
GuidanceontheMeasurementandUseofEMFandEMC.
aspx 

ITU (2008). Radio Regulations, Volume 1. International 
Telecommunication Union. Articles Edition 2008. 
Available at: http://www.itu.int/pub/R-REG-RR/en

Jaspard F, Nadi M, Rouane A (2003). Dielectric 
properties of blood: an investigation of haema-
tocrit dependence. Physiol Meas, 24: 137–147. 
doi:10.1088/0967-3334/24/1/310 PMID:12636192

Jokela K & Puranen L (1999). Occupational RF exposures. 
Radiat Prot Dosimetry, 83: 119–124. 

Jokela K, Puranen L, Gandhi OP (1994). Radio frequency 
currents induced in the human body for medium-
frequency/high-frequency broadcast antennas. Health 
Phys, 66: 237–244. doi:10.1097/00004032-199403000-
00001 PMID:8106240

Joó E, Szász A, Szendrö P (2006). Metal-framed spectacles 
and implants and specific absorption rate among adults 
and children using mobile phones at 900/1800/2100 
MHz. Electromagn Biol Med, 25: 103–112. 
doi:10.1080/15368370600719042 PMID:16771299

Joseph W, Frei P, Roösli M et al. (2010). Comparison of 
personal radio frequency electromagnetic field expo-
sure in different urban areas across Europe. Environ 
Res, 110: 658–663. doi:10.1016/j.envres.2010.06.009 
PMID:20638656

Joseph W, Olivier C, Martens L (2002). A robust, fast and 
accurate deconvolution algorithm for EM-field meas-
urements around GSM and UMTS base stations with 
a spectrumanalyser. IEEE Trans Instrum Meas, 51: 
1163–1169. doi:10.1109/TIM.2002.808026

Joseph W, Verloock L, Martens L (2008). Accurate deter-
mination of the electromagnetic field due to wimax 
base station antennas. Electromagnetic Compatibility 
IEEE Transactions, 50: 730–735. 

Jung KB, Kim TH, Kim JL et  al. (2008). Development 
and validation of reverberation-chamber type 
whole-body exposure system for mobile-phone 
frequency. Electromagn Biol Med, 27: 73–82. 
doi:10.1080/15368370701878895 PMID:18327716

Kainz W, Christ A, Kellom T et  al. (2005). Dosimetric 
comparison of the specific anthropomorphic manne-
quin (SAM) to 14 anatomical head models using a novel 
definition for the mobile phone positioning. Phys Med 
Biol, 50: 3423–3445. doi:10.1088/0031-9155/50/14/016 
PMID:16177519

Kainz W, Nikoloski N, Oesch W et al. (2006). Development 
of novel whole-body exposure setups for rats providing 
high efficiency, National Toxicology Program (NTP) 
compatibility and well-characterized exposure (No. 
20) Physics in Medicine and Biology, 51: 5211–5229. 
PMID:17019034.

Kanda M (1993). Standard probes for electromagnetic 
field measurement. IEEE Trans Antenn Propag, AP–41: 
1349–1364. doi:10.1109/8.247775

Kännälä S, Puranen L, Sihvonen AP, Jokela K (2008). 
Measured and computed induced body currents in front 
of an experimental RF dielectric heater. Health Phys, 
94: 161–169. doi:10.1097/01.HP.0000286776.79411.1c 
PMID:18188050

Kawai H, Nagaoka T, Watanabe S et  al. (2010). 
Computational dosimetry in embryos exposed to 
electromagnetic plane waves over the frequency 
range of 10 MHz–1.5 GHz Phys Med Biol, 55: 1–11. 
doi:10.1088/0031-9155/55/1/N01 PMID:19949261

Kelsh MA, Shum M, Sheppard AR et al. (2010). Measured 
radiofrequency exposure during various mobile-
phone use scenarios. J Expo Sci Environ Epidemiol,  
doi:10.1038/jes.2010.12 PMID:20551994

Keshvari J & Lang S (2005). Comparison of radio frequency 
energy absorption in ear and eye region of children 
and adults at 900, 1800 and 2450 MHz. Phys Med 
Biol, 50: 4355–4369. doi:10.1088/0031-9155/50/18/008 
PMID:16148398

Khalid M, Mee T, Peyman A et al. (2011). Exposure to elec-
tromagnetic fields from wireless computer networks: duty 
factor of Wi-Fi devices operating in schools: Non-Ionizing 
Radiation & Children’s Health. International Joint 
Workshop, 18–20 May, 2011. Ljubljana, Slovenia.

Kim BC & Park S-O (2010). Evaluation of RF electro-
magnetic field exposure levels from cellular base 
stations in Korea. Bioelectromagnetics, 31: 495–498. 
PMID:20564176

Kowalczuk C, Yarwood G, Blackwell R et  al. (2010). 
Absence of nonlinear responses in cells and tissues 
exposed to RF energy at mobile phone frequencies 
using a doubly resonant cavity. Bioelectromagnetics, 
31: 556–565. doi:10.1002/bem.20597 PMID:20607742

Kramer A, Müller P, Lott U et  al. (2006). Electro-optic 
fiber sensor for amplitude and phase detection of radio 
frequency electromagnetic fields. Opt Lett, 31: 2402–
2404. doi:10.1364/OL.31.002402 PMID:16880836

Kühn S (2009). EMF Risk Assessment: Exposure Assessment 
and Compliance Testing in Complex Environments. Swiss 
Federal Institute of Technology, Zurich, Switzerland: 
Hartung-Gorre Verlag Konstanz. PhD thesis, Diss. ETH 
Nr. 18637, Defense: 29 September 2009, doi:10.3929/
ethz-a-006037728.10.3929/ethz-a-006037728

Kühn S, Cabot E, Christ A et al. (2009a). Assessment of the 
radio-frequency electromagnetic fields induced in the 
human body from mobile phones used with hands-free 
kits. Phys Med Biol, 54: 5493–5508. doi:10.1088/0031-
9155/54/18/010 PMID:19706964

Kühn S, Gosselin M, Crespo-Valero P, et al. (2010). 
Cumulative Exposure in Time and Frequency Domains 
of the Central Nervous System. Final Report SNF 
405740-113591 SNF NRP57 Source for Table 1.6

123

JA 02573

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 249 of 454

http://www.ipem.ac.uk/publications/ipemreports/Pages/GuidanceontheMeasurementandUseofEMFandEMC.aspx
http://www.ipem.ac.uk/publications/ipemreports/Pages/GuidanceontheMeasurementandUseofEMFandEMC.aspx
http://www.ipem.ac.uk/publications/ipemreports/Pages/GuidanceontheMeasurementandUseofEMFandEMC.aspx
http://www.ipem.ac.uk/publications/ipemreports/Pages/GuidanceontheMeasurementandUseofEMFandEMC.aspx
http://www.itu.int/pub/R-REG-RR/en
http://dx.doi.org/10.1088/0967-3334/24/1/310
http://www.ncbi.nlm.nih.gov/pubmed/12636192
http://dx.doi.org/10.1097/00004032-199403000-00001
http://dx.doi.org/10.1097/00004032-199403000-00001
http://www.ncbi.nlm.nih.gov/pubmed/8106240
http://dx.doi.org/10.1080/15368370600719042
http://www.ncbi.nlm.nih.gov/pubmed/16771299
http://dx.doi.org/10.1016/j.envres.2010.06.009
http://www.ncbi.nlm.nih.gov/pubmed/20638656
http://dx.doi.org/10.1109/TIM.2002.808026
http://dx.doi.org/10.1080/15368370701878895
http://www.ncbi.nlm.nih.gov/pubmed/18327716
http://dx.doi.org/10.1088/0031-9155/50/14/016
http://www.ncbi.nlm.nih.gov/pubmed/16177519
http://dx.doi.org/10.1109/8.247775
http://dx.doi.org/10.1097/01.HP.0000286776.79411.1c
http://www.ncbi.nlm.nih.gov/pubmed/18188050
http://dx.doi.org/10.1088/0031-9155/55/1/N01
http://www.ncbi.nlm.nih.gov/pubmed/19949261
http://dx.doi.org/10.1038/jes.2010.12
http://www.ncbi.nlm.nih.gov/pubmed/20551994
http://dx.doi.org/10.1088/0031-9155/50/18/008
http://www.ncbi.nlm.nih.gov/pubmed/16148398
http://www.ncbi.nlm.nih.gov/pubmed/20564176
http://dx.doi.org/10.1002/bem.20597
http://www.ncbi.nlm.nih.gov/pubmed/20607742
http://dx.doi.org/10.1364/OL.31.002402
http://www.ncbi.nlm.nih.gov/pubmed/16880836
http://dx.doi.org/10.1088/0031-9155/54/18/010
http://dx.doi.org/10.1088/0031-9155/54/18/010
http://www.ncbi.nlm.nih.gov/pubmed/19706964


IARC MONOGRAPHS – 102

Kühn S, Jennings W, Christ A, Kuster N (2009b). 
Assessment of induced radio-frequency electro-
magnetic fields in various anatomical human body 
models. Phys Med Biol, 54: 875–890. doi:10.1088/0031-
9155/54/4/004 PMID:19141880

Kühn S, Kuster N (2007). Experimental EMF expo-
sure assessment. In: Handbook of Biological Effects of 
Electromagnetic Fields, 3rd ed. Barnes FS, Greenebaum 
B, editors. Boca Raton: CRC Press.

Kühn S, Schmid T, Kuster N (2007b). System specific probe 
calibration. Presentation at the IEEE TC-34 / FCC SAR 
round table meeting, College Park, MD, USA, October 
18, 2007.

Kühn S, Urs Lott S, Kramer A et al. (2007a). Assessment 
methods for demonstrating compliance with safety 
limits of wireless devices used in home and office 
environments. IEEE Trans Electromagn Compat, 49: 
519–525. doi:10.1109/TEMC.2007.903042

Kuster N & Balzano Q (1992). Energy absorption mecha-
nism by biological bodies in the near eld of dipole 
antennas above 300 MHz. IEEE Trans Vehicular 
Technol, 41: 17–23. doi:10.1109/25.120141

Kuster N & Schönborn F (2000). Recommended 
minimal requirements and development guidelines 
for exposure setups of bio-experiments addressing 
the health risk concern of wireless communications. 
Bioelectromagnetics, 21: 508–514. doi:10.1002/1521-
186X(200010)21:7<508::AID-BEM4>3.0.CO;2-F 
PMID:11015115

Kuster N, Schuderer J, Christ A et al. (2004). Guidance for 
exposure design of human studies addressing health 
risk evaluations of mobile phones. Bioelectromagnetics, 
25: 524–529. doi:10.1002/bem.20034 PMID:15376239

Kuster N, Torres VB, Nikoloski N et al. (2006). Methodology 
of detailed dosimetry and treatment of uncertainty and 
variations for in vivo studies. Bioelectromagnetics, 27: 
378–391. doi:10.1002/bem.20219 PMID:16615059

Lee A-K, Byun J-K, Park J-S et al. (2009). Development 
of 7-year-old Korean child model for computa-
tional dosimetry ETRI J., 31: 237–239. doi:10.4218/
etrij.09.0208.0342

Lee A-K, Choi H-D, Choi J-I (2007). Study on SARs in 
Head Models With Different Shapes by Age Using SAM 
Model for Mobile Phone Exposure at 835 MHz. IEEE 
Trans Electromagn Compat, 49: 302–312. doi:10.1109/
TEMC.2007.897124

Lee AK & Yun J (2011). A Comparison of Specific 
Absorption Rates in SAM Phantom and Child Head 
Models at 835 and 1900 MHz. IEEE Trans Electromagn 
Compat, 99: 1–9. 

Lee C, Lee C, Park SH, Lee JK (2006). Development of 
the two Korean adult tomographic computational 
phantoms for organ dosimetry. Med Phys, 33: 380–390. 
doi:10.1118/1.2161405 PMID:16532944

Lévêque P, Dale C, Veyret B, Wiart J (2004). Dosimetric 
analysis of a 900-MHz rat head exposure system. IEEE 

Trans Microw Theory Tech, 52: 2076–2083. doi:10.1109/
TMTT.2004.831984

Liburdy RP & Penn A (1984). Microwave bioeffects in 
the erythrocyte are temperature and pO2 dependent: 
cation permeability and protein shedding occur at the 
membrane phase transition. Bioelectromagnetics, 5: 
283–291. doi:10.1002/bem.2250050215 PMID:6732882

Lin JC (2007). Dosimetric comparison between different 
quantities for limiting exposure in the RF band: 
rationale and implications for guidelines. Health Phys, 
92: 547–553. doi:10.1097/01.HP.0000236788.33488.65 
PMID:17495655

Lönn S, Forssén U, Vecchia P et al. (2004). Output power 
levels from mobile phones in different geographical 
areas; implications for exposure assessment. Occup 
Environ Med, 61: 769–772. doi:10.1136/oem.2003.012567 
PMID:15317918

Lu Y, Yu J, Ren Y (1994). Dielectric properties of human 
red blood cells in suspension at radio frequen-
cies. Bioelectromagnetics, 15: 589–591. doi:10.1002/
bem.2250150612 PMID:7880172

Mann S (2010). Assessing personal exposures to envi-
ronmental radiofrequency electromagnetic fields. C R 
Phys, 11: 541–555. doi:10.1016/j.crhy.2010.11.005

Mantiply ED, Pohl KR, Poppell SW, Murphy JA (1997). 
Summary of measured radiofrequency electric and 
magnetic fields (10 kHz to 30 GHz) in the general and 
work environment. Bioelectromagnetics, 18: 563–577. 
doi:10.1002/(SICI)1521-186X(1997)18:8<563::AID-
BEM5>3.0.CO;2-0 PMID:9383245

Martens L (2005). Electromagnetic safety of chil-
dren using wireless phones: a literature review. 
Bioelectromagnetics, 26: Suppl 7S133–S137. doi:10.1002/
bem.20150 PMID:16059915

Martínez-Búrdalo M, Martín A, Anguiano M, Villar 
R (2004). Comparison of FDTD-calculated specific 
absorption rate in adults and children when using 
a mobile phone at 900 and 1800 MHz. Phys Med 
Biol, 49: 345–354. doi:10.1088/0031-9155/49/2/011 
PMID:15083675

McIntosh RL & Anderson V (2010). SAR versus S(inc): 
What is the appropriate RF exposure metric in the range 
1–10 GHz? Part II: Using complex human body models. 
Bioelectromagnetics, 31: 467–478. PMID:20354998

Meyer FJ, Davidson DB, Jakobus U, Stuchly MA (2003). 
Human exposure assessment in the near field of GSM 
base-station antennas using a hybrid finite element/
method of moments technique. IEEE Trans Biomed 
Eng, 50: 224–233. 

Mezei G, Benyi M, Muller A (2007). Mobile phone owner-
ship and use among school children in three Hungarian 
cities. Bioelectromagnetics, 28: 309–315. doi:10.1002/
bem.20270 PMID:17216610

Moros EG, Straube WL, Pickard WF (1999). The radial 
transmission line as a broad-band shielded exposure 
system for microwave irradiation of large numbers 

124

JA 02574

USCA Case #20-1025      Document #1869749            Filed: 11/04/2020      Page 250 of 454

http://dx.doi.org/10.1088/0031-9155/54/4/004
http://dx.doi.org/10.1088/0031-9155/54/4/004
http://www.ncbi.nlm.nih.gov/pubmed/19141880
http://dx.doi.org/10.1109/TEMC.2007.903042
http://dx.doi.org/10.1109/25.120141
http://dx.doi.org/10.1002/1521-186X(200010)21:7<508::AID-BEM4>3.0.CO;2-F
http://dx.doi.org/10.1002/1521-186X(200010)21:7<508::AID-BEM4>3.0.CO;2-F
http://www.ncbi.nlm.nih.gov/pubmed/11015115
http://dx.doi.org/10.1002/bem.20034
http://www.ncbi.nlm.nih.gov/pubmed/15376239
http://dx.doi.org/10.1002/bem.20219
http://www.ncbi.nlm.nih.gov/pubmed/16615059
http://dx.doi.org/10.4218/etrij.09.0208.0342
http://dx.doi.org/10.4218/etrij.09.0208.0342
http://dx.doi.org/10.1109/TEMC.2007.897124
http://dx.doi.org/10.1109/TEMC.2007.897124
http://dx.doi.org/10.1118/1.2161405
http://www.ncbi.nlm.nih.gov/pubmed/16532944
http://dx.doi.org/10.1109/TMTT.2004.831984
http://dx.doi.org/10.1109/TMTT.2004.831984
http://dx.doi.org/10.1002/bem.2250050215
http://www.ncbi.nlm.nih.gov/pubmed/6732882
http://dx.doi.org/10.1097/01.HP.0000236788.33488.65
http://www.ncbi.nlm.nih.gov/pubmed/17495655
http://dx.doi.org/10.1136/oem.2003.012567
http://www.ncbi.nlm.nih.gov/pubmed/15317918
http://dx.doi.org/10.1002/bem.2250150612
http://dx.doi.org/10.1002/bem.2250150612
http://www.ncbi.nlm.nih.gov/pubmed/7880172
http://dx.doi.org/10.1016/j.crhy.2010.11.005
http://dx.doi.org/10.1002/(SICI)1521-186X(1997)18:8<563::AID-BEM5>3.0.CO;2-0
http://dx.doi.org/10.1002/(SICI)1521-186X(1997)18:8<563::AID-BEM5>3.0.CO;2-0
http://www.ncbi.nlm.nih.gov/pubmed/9383245
http://dx.doi.org/10.1002/bem.20150
http://dx.doi.org/10.1002/bem.20150
http://www.ncbi.nlm.nih.gov/pubmed/16059915
http://dx.doi.org/10.1088/0031-9155/49/2/011
http://www.ncbi.nlm.nih.gov/pubmed/15083675
http://www.ncbi.nlm.nih.gov/pubmed/20354998
http://dx.doi.org/10.1002/bem.20270
http://dx.doi.org/10.1002/bem.20270
http://www.ncbi.nlm.nih.gov/pubmed/17216610

