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Auditor General Environmental Petitions and Government of Canada Replies 
 Regarding Radiofrequency/microwave Radiation Related to Health Canada’s Safety Code 6 

Safety Code 6 (2015): https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-
publications/radiation/safety-code-6-health-canada-radiofrequency-exposure-guidelines-environmental-workplace-health-health-canada.html 
Safety Code 6 (2015) Rationale included here as an Addendum. 
Summaries of the petition requests, written by the Office of the Auditor General of Canada (AGEP) staff, for the more 
recent petitions, can be found at: https://www.oag-bvg.gc.ca/internet/English/pet_fs_e_929.html 

Full petitions for  #229 to 398 B, inclusive and the replies to #407 were obtained through a request to the AGEP Office. 
Other petitions, up to December 2020, are from Canadians for Safe Technology files: http://c4st.org/ 
Itemized by Marg Friesen 24 May 2020 – Draft. 

# AGE Petition # Petition Title /Comments Date Page numbers-as 
received from the 
Office of the AGEP 

/# pages 
1 229 

Individual from Ontario 
Installation of cellular towers in 
Simcoe, Ontario 

12 December 
2007 

00001-00004 

REPLY Minister of the 
Environment- John Baird 

27 March 2008 00005 

REPLY 
Minister of Health – Tony 
Clement 

15-4-2008 00006 

REPONSE: Health Canada 18-4-2008 0007-00010 

REPLY: Minister of 
Industry- Jim Prentice 

18 April 2008 00011-00013 

2 230 Individual – 
probably Ontario 

Impact of cellular phone 
transmitters on human health 

28 Nov 2007 00014-00024 

REPLY:  
Minster of Health – 
Tony Clement 

15 April 2008 00025-00028 

Minister Industry 
Canada – Jim Prentice 

18 April 2008 00029-00032 

3 230 B – follow-up Follow-up petition on the impact 
of cellular phone transmitters on 
human health 

27 June 2008 00033-00036 

REPLY: Minister of 
Health - Tony Clement 

29 October 
2008 

00037 

RESPONSE: Health 
Canada 

11 November 
2008 

00038-00041 

REPLY: Ministry of 
Industry- Jim Prentice 

15 December 
2008 

00042-00047 

4 235  - Individual, Ontario  Health risks posed by 
electromagnetic radiation 
exposure from cellular towers 

3 January 2008 00048-00065 
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[Simcoe, Ontario] 

REPLY: Minister Health 
Canada – Tony Clement 

NOTE: PAGE 101 – MM WAVES 14-05-2008 000066-00119 

REPY: Minister of 
Industry – Jim Prentice 

14 May 2008 00120-00126 

5 235 B (follow-up) 
Individual, Ontario 

Follow-up petition on the health 
risks posed by electromagnetic 
radiation (235 B) 

20 June 2008 00127-00144 

REPLY: Minister of 
Health – Leona 
Aglukkaq 

4 Nov 2008 00145-00151 

REPLY: Industry Canada 
- Tony Clement

15-12-2008 00152-00153 

6 235 C (follow-up) 
Individual, Ontario 

Follow-up petition on the health 
risks posed by electromagnetic 
radiation (235 C) 

2 Feb 2009 
16 Sept 2009 

000154-00185 

REPLY: Leona Aglukkaq 22 June 2009 000186- 

RESPONSE: Health 
Canada 

26 June 2009 00187-000192 

7 247 – individual, 
Toronto, Ontario? 

Environmental health impact of 
electromagnetic radiation 

22 May 2008 00199 

REPLY Health Canada: 
Tony Clement 

[Rogers] 26 Sept 2008 00200 

Health Canada RESPONSE 3 Oct 2008 00201-00207 

REPLY Industry Canada – 
Tony Clement 

15-12-2008 00208-00211 

8 253 
Magda Havas Ph.D. ? 

Potential adverse health effects 
from phones using Digital Enhanced 
Telecommunications 
[Request that first generation DECT 
phones be banned] ] 

19 June 2008 000121-00227 

REPLY Health Canada – 
Tony Clement 

22 Oct 2008 00228 

RESPONSE: Health 
Canada 

1 Nov 2008 00229-00235 

REPLY: Industry Canada: 
Tony Clement 

15-12-2008 00236-00237 

9 255 
Individuals, 
Dennis and Sharon 
Noble, 
British Columbia 

Health impact of 
electromagnetic radiation from 
telecommunication towers 
located in close proximity to 
residential areas 

22 June 2008 00238-00269 

REPLY Industry Canada- 
Tony Clement 

29-1-2008 00270-00283 

REPLY Health Canada – 
Leona Aglukkaq 

5 Nov 2008 00284 
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RESPONSE Health 
Canada 

6 Nov 2008 00285-293 

10 255 B – follow-up 
Dennis and Sharon 
Noble, 
British Columbia 

Potential impact on human 
health of electromagnetic 
radiation emanating from 
telecommunication towers on 
Triangle Mountain, British 
Columbia (follow-up) 

21 July 2008 00294 

Industry Canada – Tony 
Clement 

29-1-2008 00300-00313 

Health Canada – Leona 
Aglukkaq 

28 Nov 2008 314 

Health Canada 3 Dec 2008 315-320 

11 260 
Individual from 
Newfoundland 

Electromagnetic sensitivity Received 
 30 June 2008 

00321 

Minister of Health -Tony 
Clement 

29 Oct 2009 00327 

Health Canada 
RESPONSE: 

11 Nov 2008 00328-00332 

12 264 
Individual had submitted 
a petition previously, 
Ontario 

Environmental information in the 
“application for licence” to install a 
cellular tower in Simcoe, Ontario 
[Water Tower] 

15Aug 2008 00333-00335 

Industry Canada – Tony 
Clement 

29-1-2009 00334-00342 

13 365 
Individual, Ontario 

Scientific evidence supporting the 
statements made in Health 
Canada’s Fact Sheet on Safety Code 
6, which recommends limits for 
safe exposure to radio frequency 
electromagnetic radiation 

25May2014 00406-00410 

REPLY: Minister of Health 
Rona Ambrose 

15 Oct 2014 343 

RESPONSE: Health 
Canada 

5 pages plus Safety Code 6 Rationale 
(2013) # 00349-00394 with 
Addendum to Rationale (2014) 
#00395-00405 

With letter of 15 
October 2014 

00344-00405 

14 378 
Individual, Norfolk 
County, Ontario 

Safety Code 6 and protection from 
electromagnetic radiation 
generated by a cell tower antenna 
[Simcoe] 

1 June 2015 00411 

Minister of Health Rona 
Ambrose 

13 Oct 2015 412 

Health Canada 
RESPONSE: 

With letter of 13 
October 2014 

413 
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15 398 

Canadians for Safe 
Technology (C4ST) 

Adequate warnings to Canadians 
about the effects of radiofrequency 
and microwave radiation from 
personal and household wireless 
devices 
[Submitted title: Failure of the Government 
of Canada to provide appropriate warnings 
so Canadians can take actions to protect 
themselves from excessive exposures to 
radiofrequency/microwave radiation from 
common personal and household wireless 
devices such as cell phones, baby monitors, 
cordless phones and Wi-Fi internet routers 
through normal, everyday use] 

3 April 2017 00423-00427 

REPLY: Innovation 
Science and Economic 
Development (ISED)- 
Minister Navdeep Bains 

28 July 2017 00419 -00422 

REPLY: Ginette Petitpas 
Taylor 

16 Aug 2017 414 

RESPONSE: Health 
Canada 

With letter 16 
August 2017 

00415-00418 

16 398 B (Follow-up) 
Canadians for Safe 
Technology (C4ST) 

Follow-up petition on adequate 
warnings to Canadians about the 
effects of radiofrequency and 
microwave radiation from personal 
and household wireless devices 
(follow-up) 

3 April 2017 00429 
(cover letter) 

REPLY: Minister of Health 
– Ginette Petitpas Taylor

12 April 2017 00431 

RESPONSE: Health 
Canada 

With letter 12 
April 2017 

432-435 

Industry, Science and 
Economic Development 
(ISED) -  Minister 
Navdeep Bains 

10 April 2017 436-438 

17 399 
Individual- 
Frank Woodcock 
Simcoe, Ontario 

Scientific weight of evidence for 
Safety Code 6, Health Canada’s 
radiofrequency exposure guidelines 

7 April 2017 3 pages 

REPLY: Minister of 
Health-Jane Philpott 

18 August 2017 1 page 

RESPONSE: HEALTH 
CANADA 

The “discussion paper” titled Safety 
Code 6 (2015) deals only with 
excessive heating of tissue as being 
an “established” effect for 
radiofrequencies emitted by 
commonly used devices such as cell 
phones. Peripheral nerve 
stimulation is also an “established” 
effect for the very low 

With letter of 18 
August 2017 

2 pages plus Safety 
Code 6 (2015) 

Rationale (See 
Addendum) 
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radiofrequencies. No other effects 
such as DNA damage at low levels 
are incorporated into Safety Code 6 
guidelines. 

18 402 
Peel Parents for Safe Use 
of Technology in Schools, 
Ontario 

Precautionary messaging and 
advisories in schools for safer use of 
wireless devices 
 [Title as submitted: Need for Health 
Canada to provide appropriate 
precautionary messaging and 
advisories in schools for safer use of 
wireless devices such as cell phones 
and tablets, especially when connected 
through Wi-Fi, to protect children and 
others from 
radiofrequency/microwave radiation – 
above and below Safety Code 6 (2015) 
guidelines 

25 May 2017 8 pages 

REPLY: Minister of 
Health- Ginette Petitpas 
Taylor 

11 October 
2017 

1 page 

RESPONSE: Health 
Canada 

With letter of 11 
October 2017 

6 pages 

REPLY: Minster of 
Industry, Science and 
Economic Development 
(ISED), Navdeep Bains 

11 October 
2017 

3 pages 

19 403 
Environmental Health 
Association of Manitoba 

Exposure of vulnerable persons to 
microwave and radiofrequency 
radiation 
 [Title as submitted: Scientific evidence 
for more substantial actions regarding 
the Parliamentary Standing Committee 
on Health (HESA) 2015 
recommendations regarding children 
and pregnant women (vulnerable 
persons) exposed to wireless radiation 
in the microwave/radiofrequency 
range covered by Safety Code 6, from 
wireless devices such as baby monitors, 
tablets, cell phones, smart meters, Wi-
Fi routers and 5G technology] 

12 June 2017 15 pages 

REPLY: Minister of 
Health- Ginette Petitpas 
Taylor 

20 Oct 2017 1 page 

Response: Health Canada With letter of 20 
October 2017 

7 pages 

20 406 
Electromagnetic 
Pollution Illnesses 
Canada Foundation 
(EPIC) 

Recognition, protection, and 
accessibility for persons who suffer 
health impairment related to 
contamination by electromagnetic 
pollution 
 [Title as submitted: Recognition, 
protection, and accessibility for 

16 June 2017 17 pages 
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persons who suffer health impairment 
related to contamination by 
electromagnetic pollution in indoor 
and outdoor environments: Furthering 
Honourable Health Minister Philpott’s 
topic “Greater Understanding and 
Management of Electromagnetic 
hypersensitivity (EHS)” in response to 
the Standing Committee on Health 
(HESA) report Radiofrequency 
Electromagnetic Radiation and the 
Health of Canadians (related to Safety 
Code 6 et al.) 

REPLY: Minister of 
Health- Ginette Petitpas 
Taylor 

25 October 
2017 

1 page 

RESPONSE: Health 
Canada- Minister Ginette 
Petitpas Taylor 

With letter of 25 
October 2017 

8 pages 

REPLY: Minster of 
Science- Kristy Duncan 

24 October 
2017 

2 pages 

Statistics Canada No response ? No response ? 

21 407 
Prevent Cancer Now 

Scientific review processes to 
determine limits on exposure to 
radiofrequency radiation according 
to Safety Code 6 
Title as submitted: Regrading Scientific 
Review Processes to Determine Limits 
on Exposure to Radiofrequency 
Radiation according to Safety Code 6 – 
Limits of Human Exposure to 
Radiofrequency Electromagnetic 
Energy in the Frequency Range from 3 
kHz to 300 GHz (2015) 

21 June 2017 14 pages 

RESPONSE: Health 
Canada- Minister Ginette 
Petitpas Taylor 

25 October 
2017 

00452 
1 page 

RESPONSE: Health 
Canada 

With letter of 
25 October 

2017 

00453-00458 
6 pages 

REPLY: JOINT LETTER – 
Minister of Industry, 
Science and Economic 
Development (ISED), 
Navdeep Bains and 
Minister of Science, Kristy 
Duncan 

27 October 
2017 

00447-00451 
5 pages 

REPLY: Minister of 
Environment and Climate 
Change - Catherine 
McKenna 

3 August 2017 459 
1 page 

22 409 
Individual, 

Health Canada’s Safety Code 6 
threshold for excessive heating and 

27 June 2017 11 pages 
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Margaret Friesen, 
Manitoba 

other adverse effects from 
radiofrequency and microwave 
wireless radiation on the human eye 
and on infants 
 [Title as submitted: Health Canada’s 
Safety Code 6 for Specific Absorption 
Rate (SAR) actual threshold of 
excessive heating and the adverse 
effects, for exposure of the eye, and of 
early human developmental stages e.g. 
newborn babies, to 
radiofrequency/wireless radiation e.g. 
from baby monitors, cell phones and 
5th Generation (5G) technologies] 

REPLY: Health Canada- 
Minister Ginette Petitpas 
Taylor 

25 October 
2017 

1 page 

RESPONSE: Health 
Canada 

With letter of 25 
October 2017 

5 pages 

ADDENDUM: Safety Code 6 (2015) Rationale Made available 
to the public 

only after Safety 
Code 6 (2015) 
was published. 

62  pages 

Health Canada’s “discussion paper” 
titled Safety Code 6 (2015) deals 
only with excessive heating of tissue 
as being an “established” effect for 
radiofrequencies emitted by 
commonly used devices such as cell 
phones. Peripheral nerve 
stimulation is also an “established” 
effect for the very low 
radiofrequencies. No other effects 
such as DNA damage at low levels 
are incorporated into Safety Code 6 
guidelines. 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































  
Environmental Petition 
Name of petitioner(s):  Frank Clegg 
Address of petitioner(s): 

 
  

Telephone number(s):  
Email address: frank@c4st.org 
 
Name of the group:  Canadians for Safe Technology (C4ST) 
 
I hereby submit this petition to the Auditor General of Canada under section 32 of the Auditor General 
Act. 
 

Signature of the petitioner: 
 
Date: April 3, 2017 
 
Title of the Petition:  Failure of the Government of Canada to provide appropriate warnings so 
Canadians can take actions to protect themselves from excessive exposures to  
radiofrequency/microwave radiation from common personal and household wireless devices such as 
cell phones, baby monitors, cordless phones and Wi-Fi internet routers through normal, everyday use.  
 
We request responses from Health Canada, and Innovation, Science and Economic Development 
Canada, Environment and Climate Change Canada, Public Safety Canada and other relevant 
Departments/Agencies. 
 
Possibly Relevant Acts: Canada Consumer Product Safety Act, Canadian Environmental Protection Act, 
Canadian Human Rights Act, Clean Air Act, Department of Health Act, Department of Industry Act, 
Hazardous Products Act, Measurements Canada, Health Canada Act, Radiation Emitting Devices Act, 
Radiocommunications Act  and the Standards Council of Canada. 
 
Background: In protecting the health of Canadians, Health Canada's mandate includes development of 
exposure guidelines for radiofrequency/microwave electromagnetic energy. These guidelines, published 
as “Safety Code 6”, establish the "safety limits for human exposure to radiofrequency in the 3 kHz to 300 
GHz." 1 The questions for this petition apply only to the radiofrequency/microwaves in the range of 100 
MHz2  to 300 GHz; these frequencies are used for many common wireless devices such as cell phones, 
computer tablets, baby monitors and Wi-Fi internet routers, as well as emissions from 
telecommunications infrastructure such as smart meters and antennae on homes, apartment buildings, 
utility poles and towers.  
 

1 Safety Code 6 (2015)- Limits of Human Exposure to Radiofrequency Electromagnetic Energy in the Frequency 
Range from 3 kHz to 300 GHz. Safety Code 6.  http://www.Health Canada-sc.gc.ca/ewh-
semt/pubs/radiation/radio_guide-lignes_direct/index-eng.php 
2 A biological effect of peripheral nerve stimulation, in addition to heating, is recognized by Health Canada as 
occurring above Safety Code 6 guidelines below frequencies of 10 MHz. Heating is considered by Health Canada to 
be the only established effect between 10 MHz and 300 GHz when levels are exceeded. The questions in this 
petition apply only to the 100 MHz to 300 GHz range.  
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Canadians are increasingly exposed to wireless radiation in the radiofrequency/microwave radiation 
range from the devices they, and those around them, use. Wireless device manufacturer Cisco projects 
there will be 50 billion devices connected to the internet by 20203; that is about 6.5 devices for every 
man, woman and child. This assumes the devices are distributed equally among all countries, but it is 
likely that Canada’s average will be higher.  
 
Safety Code 6 applies to "all individuals working at, or visiting, federally regulated sites." Safety Code 6 
also has been adopted by Innovation, Science and Economic Development Canada for "equipment 
certification and in radiofrequency exposure compliance certification... that govern the use of wireless 
devices in Canada such as cell phones, cell towers (base stations) and broadcast antennas".4  
 
 A substantial number of peer-reviewed, published research papers about human, animal and cellular 
(tissue) studies show that serious health consequences can occur at daily levels from exposure to 
personal wireless devices and wireless infrastructure i.e. at levels considered to be "safe" according to 
Safety Code 6.5 All new commercially available wireless devices contain difficult to find warnings in the 
packaging that explain how we can use these devices more safely.  
 
The CBC Marketplace program “The Secret inside Your Phone, aired March 24th, 20176, reported that 
“81% of Canadians have never seen the message in their phone or manual about carrying their cell 
phone 5-15mm away from their body”. The same survey found that “67% of Canadians say they carry 
their phones in their pocket or directly against their body”.7 
 
The failure to communicate appropriate precautionary messaging based on current and historic 
scientific evidence contributes to Canadians’ inability to make informed decisions to protect themselves 
from an elevated risk of diseases, such as brain cancer (glioblastoma), and reproductive damage 
(infertility), associated with exposure to radiation from wireless devices such as cell phones and Wi-Fi 
routers.  
 
In Canada, we have an embarrassing history of serious health consequences as a result of exceedingly 
slow regulation of harmful exposures e.g. asbestos, cigarette smoking, thalidomide and urea 
formaldehyde insulation. The growing scientific evidence indicates that wireless exposure is becoming 
another of these public health catastrophes.   
 
Wireless device manufacturers warn in each device’s manual that the improper use, such as holding a 
device next to the body, could lead to exceeding Safety Code 6 guidelines8. Safety Code 6 (2015) clearly 
states several times, including in the last sentence of the introduction: "These [maximum exposure 
levels] shall not be exceeded." 9 
 
The following are examples of safety warnings in the hard copy user manuals or hidden several prompts 
from the initial home screen on the devices: 
 

3 http://www.cisco.com/c/dam/en_us/about/ac79/docs/innov/IoT_IBSG_0411FINAL.pdf   
4 http://www.hc-sc.gc.ca/ewh-semt/consult/_2014/safety_code_6-code_securite_6/final_finale-eng.php   
5 https://www.scribd.com/document/339243060/References-and-Extracts-of-Over-60-Scientific-Studies-Published-
in-2015-and-Up-to-April-2016-Reporting-Potential-Harm-at-Levels-at-or-Below-Safety-Cod  
6 https://www.youtube.com/watch?v=Wm69ik_Qdb8&t=1s&list=PLeyJPHbRnGaZmzkCwy3-
8ykUZm_8B9kKM&index=1 time 1:13 
7 Ibid time 14:24 
8  These warnings often reference the FCC, USA Federal Communications Commission 
9  http://www.hc-sc.gc.ca/ewh-semt/consult/_2014/safety_code_6-code_securite_6/final_finale-eng.php#s1  
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Keep the iPhone device at least 25mm (.98 inches) from your body, including the abdomen of 
pregnant women and the lower abdomen of teenagers, when the … device is turned on and 
connected to the wireless network….Go to Settings > General > About > Legal > RF Exposure 

 
Keep the BlackBerry device at least 0.98 in. (25 mm) from your body (including the abdomen of 
pregnant women and the lower abdomen of teenagers) (Torch 9800) > User Manual > Page 21 

 
Samsung - "For body-worn operation, this phone has been tested and meets FCC RF exposure 
guidelines10 when used with an accessory that contains no metal and that positions the mobile device 
a minimum of 1.5cm from the body." (Galaxy II) > User Manual > Page 164 

 
CBC Marketplace tested three popular cell phones11 for radiation levels and found that all three phones 
emitted more radiation when held against the body than Health Canada's Safety Code 6 guidelines state. 
The separation distances recommended in the manuals for these phones ranged from 5 mm to 1.5 
cm. 12  
 
In response to the CBC Marketplace program “The Secret inside Your Phone”, Innovation, Science and 
Economic Development Canada states: “…Health Canada’s Safety Code 6 sets limits for exposure to 
wireless radiofrequency energy at 50 times lower than the threshold for potentially adverse health 
effects. Therefore, cell phones are still safe when carried directly against the body.”13 
 
Health Canada’s limit of “50 times lower” is among the least stringent in its category. The uncertainty 
factor for Atrazine in water is 1,000.14 The safety margin for pesticides can be 1,000 times in certain 
scenarios15. The City of Toronto Prudent Avoidance Policy for new telecommunications towers 
recommends that exposure to RFs for the general public be kept 100 times below Safety Code 6 levels.16  
 
Manufacturers’ safety warnings come with every commercially available radiofrequency/microwave  
emitting device that we and our children use. The distance for i-Pads and other tablets is 20 cm (8 
inches). 17 
 
There are precedents for providing wireless device precautionary messaging:  
 

• In March, 2013 Australia's Radiation Protection and Nuclear Safety Agency published a Fact 
Sheet18 that advised parents to limit children's use of mobile and cordless phones and to keep 
monitors at least a meter away from babies' beds in order to minimize their exposure to EMR 
[electromagnetic radiation].19 

10  The USA FCC Specific Absorption Rate (SAR) level standard is the same as Canada's Safety Code 6 (2015) 
11 Samsung Galaxy S7, LG 5 and I-phone 7.  
12 https://www.youtube.com/watch?v=Wm69ik_Qdb8&t=1s&list=PLeyJPHbRnGaZmzkCwy3-
8ykUZm_8B9kKM&index=1 time 15:45 
13 http://www.cbc.ca/marketplace/blog/company-responses-cellphones 
14 https://www.canada.ca/en/health-canada/services/publications/healthy-living/guidelines-canadian-drinking-
water-quality-guideline-technical-document-atrazine.html  Classification and Assessment section.  
15 http://www.hc-sc.gc.ca/cps-spc/pubs/pest/_pol-guide/spn2008-01/index-eng.php  Base 10X, plus database 10X 
factor, plus 10X factor “the new PCPA provisions require the application of an additional 10-fold factor in the risk 
assessment for certain scenarios (i.e. dietary, use in and around homes or schools) to take into account, in part, 
potential prenatal and postnatal toxicity.” 
16http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=88c87443e9481410VgnVCM10000071d60f89RCRD
&vgnextchannel=05e0ebfc2bb31410VgnVCM10000071d60f89RCRD  
17 http://showthefineprint.org/   
18 http://www.arpansa.gov.au/pubs/factsheets/ReduceExposure_wirelessDevices.pdf  
19 http://www.news.com.au/technology/gadgets/parents-urged-to-limit-childrens-use-of-mobiles-cordless-phone-
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• On May 12th, 2015, the City of Berkeley, California council adopted the cell phone “right to 
know” ordinance20  requiring a notice be placed at the point of sale of cell phones. The notice 
reads, in part, “If you carry or use your phone in a pants or shirt pocket or tucked into a bra when 
the phone is ON and connected to a wireless network, you may exceed the federal guidelines for 
exposure to RF radiation.” 

 
• In February, 2017 Orange, a Telecommunications company prominent in Europe and Africa 

offered advice on the safe use of cell phones. The notice includes “recommendations for use to 
reduce your exposure to radio waves.”21 

 
• Ronald L Melnick, PhD, led the design of the $25m US National Toxicology Program/National 

Institute of Environmental Health Science Rodent Study. Dr. Melnick states: “In my view, a 
pediatrician would be acting irresponsibly if he or she knew and understood the implications of 
the human and animal cancer data on cell phone radiation and did not offer precautionary 
advice to the parents of his or her patients."22 

 
Precautionary messaging also has been considered by health authorities. In March 2017, the State of 
California Health Protection Branch released, after court order, its public warning that increased brain 
cancer risk is associated with heavy cell phone use. The guidelines advise cell phone users to keep the 
devices away from their bodies, keep calls short and to use the speaker phone on lengthy calls.23  
 
Questions:  

1) Given the proof that the way Canadians are using their cell phones (against their bodies) is  
exceeding the Safety Code 6 guidelines, is Health Canada considering increasing the 50 times 
uncertainty margin and reducing the level of radiation that is permitted? 

2) What science based evidence does the Government of Canada have to make the above 
statement “cell phones are still safe when carried directly against the body”? 

3)  What is the precise level (with confidence intervals) in W/kg per 1 gram of tissue at which harm 
from radiofrequency/microwave radiation has been established?  Where can the calculations for 
this be found? On which scientific publications was this level based? 

4) How do the Ministries of the Government of Canada plan to address the fact that instructions 
require users to keep cell phones at 5 mm to 15 mm from the body and the reality that 67% of 
Canadians said they hold their devices against their body, in terms of: 1) the lack of awareness 
(81% of Canadians are unaware that instructions exist); and 2) the practicalities that cell phones 
can only be used in a manner complying with Safety Code 6 when used on speakerphone or with 
ear buds?  

5) Do current legislation and regulations enable the Government of Canada to require 
manufacturers to place their existing warnings on the packaging of wireless devices in a more 
readable font size and location, and/or at the point of sale? If this cannot be accomplished 
under current legislation and regulations, what changes would need to be made in order to 
require this of manufacturers? What Department(s) and Ministry are responsible for such 
regulation?  

6) Will the Government of Canada provide advisories or other appropriate notifications to inform 
Canadians that allowing wireless transmitting devices to come in direct contact with their bodies 

under-new-health-warnings/news-story/c33ff83e5fd2a2b0f6333182d23e824a  
20 http://www.saferemr.com/2014/11/berkeley-cell-phone-right-to-know.html  
21 http://radio-waves.orange.com/en/your-mobile/best-practice  
22 http://microwavenews.com/news-center/ntp-nyt  
23 https://drive.google.com/file/d/0B14R6QNkmaXuX2Y3QVg0TjZaUTA/view  
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can exceed Safety Code 6 (2015) limits? Which Ministry and Department would be responsible 
to provide such warnings?    

7) Will the Government of Canada run an education and awareness campaign to inform all 
Canadians how to use wireless devices more safely?  

8) Precedents exist where information on "situations where the use of -or exposure to - a product 
could pose a risk" has been published by Health Canada for other public health concerns.24 Will 
Health Canada provide precautionary messaging e.g. advisories or campaigns such as the 
BabySafe project,25 to inform pregnant women (and their physicians) to avoid having wireless 
transmitting devices touch their bodies to minimize risk to the fetus?  

9) Will Health Canada provide precautionary messaging e.g. advisories or campaigns, to inform 
pediatricians, parents, teachers and other school authorities to avoid having wireless 
transmitting devices touch children’s bodies to minimize risk to them? 

10) In North America, devices such as baby monitors and portable home phones send out a constant 
signal (emitting radiofrequency/microwave radiation) at all times. In Europe, these devices have 
been modified for safety so that they only emit radiation when the baby makes a noise or 
someone speaks into the handset (on demand). Why are these devices not available in Canada? 
What will the Government of Canada do to facilitate the access of Canadians to these reduced 
risk products?" 

 

24 http://www.Health Canada-sc.gc.ca/aHealth Canada-asc/media/advisories-avis/index-eng.php  [accessed 
8October2016] 
25 http://www.babysafeproject.org/  
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Frank Woodcock 
Xxxxxxxxxxxxxxxxxx 
Xxxxxxxxxxxxxxxxxx 
Xxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxc 
 
 
 
 
 
The Auditor General of Canada 
Commissioner of the Environment and Sustainable Development 
240 Sparks St. 
Ottawa, ON 
K1A 0G6 
 
Attention, Petitions, please accept the following petition under the Auditor General Act. 
 
After Minister Philpott responded to the chair of HESA, Bill Casey, MP, “The Government of 
Canada carefully considered the Thirteenth Report of the Standing Committee on Health 
entitled Radiofrequency Electromagnetic Radiation and the Health of Canadians.” she declared, 
“As can be seen in the attached Government Response, the Government is committed to using 
the best available science to inform its decision making…” 
 
At or about the same time on the opposite side of the continent The Berkeley City Council 
voted unanimously a "right to know” ordinance to requiring retailers to warn customers of 
possible radiation exposure when purchasing cell phones. The best available science the 
Berkeley City Council used to make their decision seems at odds with Minister Philpott’s 
science. 
 
At or about the same time a study of conflict of interest was published with findings that may 
indicate Health Canada is not using the best available science when it comes to the EMR health 
of Canadians.   
 
Findings from 190 published studies across a range of medical fields were published in BMJ 
(British Medical Journal), the same day as a paper on industry ties in clinical guidelines was 
published by JAMA Internal Medicine (Journal of American Medical Association). Of the 397 
principal investigators in the cohort, 58% were found to have financial ties—nearly 40% of 
these being advisor/consultancy payments followed by speaker’s fees (20%), honoraria (13%), 
employee relationships (13%), travel fees (13%), and stock ownership (10%), among other types 
of payments. Having some kind of financial relationship was associated with a threefold higher 
likelihood of a positive randomized clinical trial result. 
 

https://www.tctmd.com/news/conflicts-interest-2013-cholesterol-guidelines-new-analysis-revisits-controversy
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Minister Philpott’s report to HESA continues to assure Canadians, “Health Canada uses a 
“weight of evidence” approach in evaluating scientific studies, which takes into account both 
the quantity and quality of studies, and gives more weight to studies which have been 
reproduced and which meet the highest standards of rigor and control… Through CIHR, the 
Government of Canada is also working with… CIHR has partnered with the Canadian Wireless 
Telecommunications Association to fund Canadian participation in the MOBI-Kids study… It is 
Health Canada’s position, and that of the Expert Panel of the Royal Society of Canada, that 
current measures on RF EMF protect our most vulnerable… Based on a thorough review of all 
available data, it is Health Canada’s position that there are no established adverse health 
effects at levels below the limits outlined in Safety Code 6…” 
 
In a letter of response to the Minister of Health, Frank Clegg CEO - C4ST (Canadians for Safe 
Technology) reported, “Unfortunately, it appears that the Minister did not investigate the issue 
directly herself, but accepted the response from Health Canada at face value. We continue to 
believe that Health Canada is not supporting the direction from the Liberal government to base 
its policies on evidence-based decision making. The response contained the same non-
transparent, incomplete and outdated science based responses we have heard for years. Health 
Canada continues to dismiss current, published, evidence-based science that shows harm 
below current Safety Code 6 levels.” 
 
In response to my e-mail concerning Minister Philpott’s response to HESA’s report I received an 
email from Tim Singer, Director General, Environmental and Radiation Health. He offers, “In 
2015, Health Canada updated Safety Code 6 to take into account recent scientific data from 
studies carried out worldwide. In the establishment of acceptable limits, departmental 
scientists considered all peer-reviewed scientific studies, and employed a weight-of-evidence 
approach when evaluating possible health risks from exposure to RF energy. It is Health 
Canada's position, and that of the Expert Panel of the Royal Society of Canada … that current 
measures on RF EMFs protect our most vulnerable…” 
 
Minister Philpott’s and Mr. Singer’s arguments revolve around the single phrase “weight-of-
evidence” and it is this phrase that needs examination.  
 
For years Health Canada’s “weight-of-evidence” has never been produced. An iota of this 
“weight” has been offered but the studies selected were criticized for conflict of interest.  
 
Minister Philpott’s reference to any partnership with the Canadian Wireless 
Telecommunications Association is by title alone compromised by conflict of interest. 
 
Minister Philpott’s reference to the Royal Society of Canada’s panel to assess the safety of 
radiowave-emitting devices was likewise compromised by conflict of interest. From C4ST, 
“Allegations of conflict of interest surround a member appointed to a federal expert panel, 
which was convened to impartially study health and safety effects of wireless radiation.” 
According to reports, the panel’s chair failed to disclose a six-figure federal government 
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contract he received to provide “communications advice” on how to relieve Canadians’ 
concerns with respect to cellphone antennas.  

Prime Minister Trudeau’s mandate letter to Minister Philpott says in part, “We have promised 

Canadians a government that will bring real change… As Minister, you must ensure that you are 

aware of and fully compliant with the Conflict of Interest Act and Treasury Board policies and 

guidelines. You will be provided with a copy of Open and Accountable Government to assist you 

as you undertake your responsibilities.” It is clear from the words of the Prime Minister that 

conflict of interest has no part in the work of Health Canada protecting the health of Canadians.  

What do Canadians know of Health Canada’s EMR “weight-of-evidence”? At Canada’s open 

data site: http://open.canada.ca/en?_ga=1.67708497.1949065385.1483706339, there is no 

mention of Health Canada’s “weight-of-evidence”.   

Health Canada bases their argument that Canada’s Safety Code 6 protects Canadians from EMR 

based on a “weight-of-evidence”. The last four Ministers have given Health Canada’s scientific 

answer to the harms of EMR as “weight-of-evidence”, a term which is not a scientific, has no 

parameters, no quantifiable substance, no graphs, no data that can be plotted, is untestable, is 

problematic, in fact it lacks any weight. If “weight-of-evidence” was a scientific term we could 

examine the evidence, test the evidence and test for “conflict of interest”.  Health Canada uses 

“weight-of-evidence” as some type of explanation but the elephant in this “weight” room is 

conflict of interest. I am not the only one that contends Health Canada cannot produce a 

scientific “weight-of-evidence” free of conflict of interest.  

When Health Canada uses the “weight-of-evidence” defense it is modified with “peer 

reviewed”. The folly of this is self-evident; when a paper funded by Industry is circulated for 

peer review and Industry sponsored peers are supportive, I say, please follow the funding, 

follow the money. 

Question 1: It is 2017, a time for openness and transparency, will the Minister of Health 

produce the scientific “weight-of-evidence” used to support Safety Code 6 and will the Minister 

guarantee the studies produced follow conflict of interest guidelines? 

Question 2: Has the Minister of Health considered that there may be individuals providing her 

with EMR advice that have a conflict of interest? 

Regards, 

Frank Woodcock 

 

http://open.canada.ca/en?_ga=1.67708497.1949065385.1483706339
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Mr. Frank Woodcock

Dear Mr. Woodcock:

This is in response to your environmental petition no. 399 of April 7,2017, addressed to
Ms. Julie Gelfand, Commissioner of the Environment and Sustainable Development
(cESD).

ln your petition, you raised concerns regarding the use of the best available science
related to electromagnetic radiation. I am pleased to provide you with the enclosed
response.

I appreciate your interest in this important matter.

Yours sincerely,

The Honourable Jane Philpott, P.C., M.P.

Enclosure

c.c. Ms. Julie Gelfand, CESD

Canad?[



Health Canada response to Petition #399

Question 1:

It is 2017, a time for openness and transparency, will the Minister of Health
produce the scientific "weight of evidence" used to support Safety Code 6 and
will the Minister guarantee the studies produced follow conflict of interest
guidelines?

Response:

Regarding "weight of evidence", please see the response Health Canada provided to a
similar question in petition No. 365:
http:/lwww.oaq-bvs.qc.calinternet/Enqlish/pet 365 e 39688.htm1
ln addition, for further background, attached is the Safety Code 6 (2015) - Rationale
document.

It is in the best interest of the scientific community, as well as the general public, to
address conflict of interest in order to avoid jeopardizing the integrity of the research
findings. Federal public servants are subject to the conflict of interest guidelines
contained within the Values and Ethics Code for the Public Secforand organizational
policies, such as the Health Canada Scientific lntegrity Policy, while undertaking their
assessment of the scientific studies used in developing the Safety Code 6 guidelines.
As for the studies written by researchers external to the federal government, most
research/academic institutions have their own conflict of interest guidelines.

An accepted method to support bias-free analysis and quality research results is to
subject scientific conclusions to external study and peer-review. Further to the Standing
Committee on Health recommendations published in December 2010, Health Canada
contracted the Royal Society of Canada (RSC) to convene an Expert Panel to provide
assurance that the results of emerging research relating to the safety of radiofrequency
(RF) energy on human health were accurately reflected in the revised Safety Code 6.
The Expert Panel of the RSC released their review in March 2014, concluding that, in
the view of the Panel, there were no established adverse health effects at exposure
levels below the proposed limits. Feedback received from the RSC as a result of their
Expert Panel review was incorporated into the published Safety Code 6.

Consistent with Health Canada's commitments in relation to transparency and
openness in its decision-making, and in recognition of public interest in issues related to
RF energy, Health Canada undertook a public consultation on the proposed revisions to
Safety Code 6 in 2014. Health Canada welcomed feedback from interested Canadians
and stakeholders; however, given the scientific basis of Safety Code 6 guidelines, only
feedback of a technical/scientific nature was considered in the development of the final
revised Safety Code 6.



The revised Safety Code 6, which was published in 2015, as well as the summary of
consultation feedback is available on Health Canada's website at the following location:
http://www.hc-sc.gc.calewh-semUpubs/radiation/radio_guide-lignes_direcUindex-
eng.php.

Question 2:

Has the Minister of Health considered that there may be individuals providing her
with EMR advice that have a conflict of interest?

Response:

Federal public servants are subject to the Values and Ethics Code for the Public Secfor
and directed to complete declarations if they believe they may be in a 'potential', 'real' or
'perceived' conflict of interest. They must also respect organizatiohal polices, as
mentioned above. Acceptance of these values and adherence to the expected
behaviours is a condition of employment for every public servant. More information on
the Values and Ethics Code is available here:
https ://www.tbs-sct. gc. calpol/d oc-en g. asp x?id=25049

Concerns were raised in 2013 with the RSC's Expert Panel selection process regarding
an undisclosed conflict of interest from the original chairperson. The RSC has detailed
conflict of interest guidelines to support decision-making respecting individuals'
participation on expert panels. Since the composition of the Expert Panel remained
under the responsibility of the RSC, they took the appropriate steps at the time to rectify
the situation.



Name of petitioner(s) -
Address of petitioner(s): 
Telephone number{s): 
Email address: peelparentspetition@gmail.com

Name of the group: Peel Psrents For Saf,e Use of Technology In Schools

I hereby submit this petition to the Auditor General of Canada under section 22 ofthe
Auditor General Act.

signature ofthe petitioner,

Date: May 25, 2Ol7

Title of the Petition: Need for Health Canada to provide appropriate precautionary
messaging and advisories in schools for safer use ofwireless devices such as cell phones and

tablets, especially when connected through Wi-Fi, to protect children and others ffom
radioftequency/microwave radiation - above and below Safety Code 6 (2015) guidelines.

We request responses from Health Canada, and Innovation, Science and Economic
Development Canada, - Families, Children and Social Development, Employrnent Workfbrce
Development and Labour and other relevant Departments/Agencies.

Background:

The environments of schools across Canada are being permeated with increasing levels of
radiofrequency,/microwave (RF/I'A /) radiation being emitted from wireless devices such as

ce}l phones, smart boards and tablets. Emissions are often even higher when connected
through lVi-Fi technology. Health Canada's Safety Code 6, which applies to federal
workplaces and federal employees, sets out limits for safe exposure to RF/MW radiation.
These guidelines have been adopted by school boards, Provinces and Territoriesl. In many

cases, reliance on Safety Code 6 by these authorities has been presented as an excuse not to
exercise caution by reducing exposures that may protect children, teachers and others in the
school environment e.g. by turning Wi-Fi routers in classrooms offwhen not in use.

1. Above. i.e. exceeding (=unsafe) Sefuty Code 6 emission exoosure levels:
Breach of guidelines - having devices too close to the body may create health hazards

Safety Code 6 (2015)'? states: that "at fiequencies between 100 kHz and 6 GHz3, the SAR

[Specific Absorption Rate] limits shall not be exceeded. The SAR should be determined for

I Schools boards, etc. are free to set their or.m safer RF/MW radiarion guidelines.
2 http://ww!v.hc-sc.gc.calewh-semt/consulll 20l4lsafety_cod.e_6-code_securite_6/final_finale-eng.php
3 Dcvices used by students and teachers would fall within this range, as does Wi-Fi fiequency.
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situations where exposures occur at 0.2m or less fi'onr the source. In all cases, the vaiues in

Table 2 "shall not be exceeded." The value in "Table 2" that would applv is 1.6 W,/kg'

On March 24th,2017, the CBC aired a TV program called " The Secret Inside Your Phone."o

In this program, three popular cell phones were tested by a company that provides testing

services for USA Federal Communications Commission (FCC) certiflcatior.i fbr cell phones.

FCC slandards and Saf'ety Code 6, SAR guidelines are the same. All of thp RF /\4\\ radiati,,n

emissions of these phones exceeded (unsafe) the FCC standard when tested as though they

were being held right next to the body. The distance that a device must be held lrom the

body to meet requfements is at least 5 mm for cell phones and 200 mm fbr tablets, yet

students and teachers often keep these devices closer than this to their bodies.

Chiidren in schools can be exposed to multiple devices for extended periods (their own as rvell

as second hand exposure liom others' devices) which, if not used according to the

instructions which come with the devices, could expose them to 1eve1s that exceed Health
Canada's Saibty Code 6 sat'ety guidelines and put them at particular risk.

2. Below Safety Code 6 emission exposure levels:

There is also historic and recent er.idence that Safety Code 6 (2015) is not protective enough

at many times below its guidelines.n6

The first public reports of Canadian children becoming il1 liom newly installed Wi-Fi in their
school occurred in the la1l of 2010 and wete documented in a Global News television program

called Wi-Fi Safety in Schools. The aiTected students reported headaches, nausea and lack of
ability to concentrate as well as heart problems. In that program, a Health Canada

representative stated that there was " no scientific evidence" of harm ' llom Wi F'i liequency

exposure as would be found in schools and provided a list of 16 studies (Appendix 1) as

supporting Health Canada's assertions that Wi-Fi was not dangerous; only one of those

studies was conducted on reai people and it was not specifically on \\'i Fi and children.

In 2015, Canadians for Sale Technology (C4ST) prepared a report documenting 50 studies

showing adverse biological effects at below Safbty Code 6 1eve1s. Seventeen (17) were

published before Health Canada made their statement of " no scientilir: evidence" ol harm and

33 were published after 2010.

Potentially harmful eflects described in the C4ST report included DNA (genetic) damage and

oxidative stress on body systems e.g. brain, cardiovascular, immune, testes. o DNA damage

4 Markelplaoe with Wendy Mesle) - http:,{u'wr'.cbc.ca/marketplace/episodes/2o15-2016/the-secret-inside-),our-
phone
5 Canadians for Safe I'eohnology rveb pag€: hltt:rc+s'..org nc\s caleror)'\\ill in schools'

6 Environmental 1{ealth Trust - https://ehtlust.org/key-issues/cell-phones$ireless/rvifi-in-schools/
7WiFi Saf€ty in Schools - 16:9. The Bigger Picture (about l4 minutes): October20l0
httD:', \i r\ \\.\ outLrbr.crU:_lf.tili tr\ 71!if! I
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can lead to various adverse reproductive and other health ellects - not only cancer. Chronic

or excessive oxidative stress can lead to chronic inflammation, which in turn has been

associated with illnesses such as cancer, and cardiovascular and neurolr:gical diseases
(Alzheimer's and Parkinson's).e' 1o

Although Health Canada has stated: " w,htle Heakh Canada is avare of concerns related to
IVIFI in schools, decisions on this tnatter are outside the department's mandate,"ll it has
provided published information on " situations where the use ol -or exposure to - a product
r-c.tu/t! pc.tse a isk"for other public heaith concerns. ir'

We maintain that the fbllowing lactors and scientific evidence must be considered iri setting
standards to protect children and teachers in the school environment:

CA\ADA

a) The Specific Absorption RtLte can exceed (=unsafe) Safety Code 6 guidelines when

devices are held next to the body, as is commonly done by many student:i, teachers and

others.

b) Power Density readings can exceed (= unsafe) Safety Code 6 guidelines in schools as

demonstrated in a 2011 report by the Simcoe County District School Board in Ontario.rr
c) The Ontario English Catholic Teachers Association (OECTA) state in " A positktt
regarding the use of Non-Ionizing Electromagnetic Radiation, inchdng WiFi, n the
norkplace. "Controls for Wi-Fi would best be guided hy the AI,ARA principle (As Low As

Reasonably Achier.able), as weil as by applying the concept of prudent avoidance. " r{

d) The Canadian Teachers' Federation has expressed concern fbr students and their
exposure to Wi-Fi.i5 'u "That an educ:ation program regarding the relative safety of W:j Fi
expo.rure be implemented and that appropiate resources be rJeveloped to educate the public
regarding x,ays to avojd pcttential exposure risks of lVi-Fi access pc.,ints and devices. "/l
e) There are reports ofmore children being made ill lrom exposure to wireless radiation.'"

S(l6.ndl'
9 [leuter et al. (2010). Oxidative stress, inllammation and cancer: Ho\\ are they linked? Frce kldic Biol. Itled. 19
(1 l):1603- I616.
l0 Dasdag. S., & Akdag, M. Z. (2015).The link betveen radioftequencies emitted liom $,ireless technologies and

oxidative stress. Jol rnal of Chemical Neuroanatomy. doi:-10.1 01 6/j richemneu.2015.09.001r
1l Health Canada letter to a Canadian residenl.
12 http://\ww\'.Health Canada-sc.gc.craHealth Canada-asc/media/ad\ isories-a\ is,/index-eng.php [accessed
8October2016l
13 ]lltl;-l!l\ur a9r1rh!r\ a!.c(] rn \\ (n d nlcs!, \\ n-c.
Tablc 1. Poucr Densities, Mountainvie\\ ED (Elementary School); Whcrcas 1.0: SC6 Threshold. The fifth
measurement is 1.32. : 327o above SC6 limits
I 4 http://\\'u,w.oecta.on.ca./*ps/portal/! http://w$,$..safeschool.crr:ploads/wiFipositionpapcr2.pdf
15 Canadian I eacher Magazine. CTF lCanadian Teachels' Federationl sounds the alarm on wi-Fi (page 46).
http:/ wt$..canadianteachemagazinc.com/issucs/2o15/ClM.IanFcbl5/index.html
16 Canadian Teachers' Federation- The Use of wi-Fi in Schools - Briefing document.
hlt!.!!-\t-\.!"1-.1:.1i!,gq!rLlAC!! !!!res:\\ i-F i-Brie lin s-Dor I nr!'n1.csp\
17 h1t!:,'\\ \\ \\ .cL l- lcc. ci'ei,Pr!.sr lssues, \\ i-lr i-llric!!!:!!!!nr cn l.ilsr-.r

l8 Presentation to Roy" al Society ofCanada. October 28, 2013. https://w$lv.youtube.com/wa1ch?v=A6)tlpx9ved8
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t) " Brain tumours are notr the leading cancer in Anerican adolescents, and incidence is

rising in young adults according to the largest most comprehensive analysiste ofthese age

groups to date. Dr. Jacoh Easaw, liom the Tom Baker Cancer Centre it Calgary: 'The

astounding increases reported in this study, especially in young people; mtrror what I am

seeing in ny clinic. Canada is it the ptocess of establishing a r:omparable brain tumrtur

registry, so these analyses will not lrc available here for l5 or 20 years' I am increasingl,v

conyinced that mobile phones are a major cause and urgent actjon is needed.' "2''

. There was recently a lega1 ruling irt ltaly: " LancJnat'k Ca-se: First Court Worldwide

tr.t Recognize Causal Link Between Cellphone Lse and Brain Tumctr."2'

o Dr. Joel lvloskowitz2: recently reported: " Four reviews ofthe re-search rtn cell
phone use and bran tumor risk have been published in peer reviewc'd lbumals in
2017. All of these studies report linding a statistically signifrcant relationship

between cell phone use of ten c)r nore years and brain tumor isk especially on tlte

side ofthe head where the cell phone was predominttntly placed during phone calls
(i. e., ipsilat eral u se)." ""

g) More than 50 Canadian medical doctors and a further 50 international scientists have

written to Canada's Minister of Heaith calling for more protective wireless radiation
guidelines, based on recent studies and the presence of patients seeking medical attention fo-

relief of symptoms liom exposure to microwave radiation liom common wireless devices.2l

h) \4ore than 60 studies have been identified in 2015 and early 2016 documenting
potential adverse effects below Safety Code 6. Adverse effects and RF/VW radiation levels

tested for 30 ol them at SAR levels beiow Safety Code 6 are charted in Appendix 2.

I\TERNATION.ALLY

i) In 2011 the World Health Organization - International Agency fbr Research on Cancer
(WHO-IARC) classified wireless radiation in the radioliequency/microwave tange

[radiofiequency e]ectromagnetic fields], which includes Wi-Fi, as a Class 28, possible hunan
carcinogen.:5 Dr. Hardell and his brain cancer research team, whose rvork was used, in p:rrt,

to reach this determination, is now calling for a Class I knovn hrsman carcinogen

classification, based on newer research.'o'"

19 Ostrom, Q.T., et al. (2016). Ame.ican Brain Tumor Association Adolescent and Young Adult Primary Brain and Central

Nervous System Tumors Diagnosed in the United States in 2008-2012.
Neuro-Oncology 18.Suppl. 1. i1-5o.First Author Affiliation: Case Comprehensive CBncer Center, Case Western Reserve

U n iversity School of Medicine, Cleveland, OH USA Central Braln Tumor Registry of the Unlted States, H:nsdale, lL uSA.

20 http://w\ /w.preventcancernow,ca/brain-tumours-nowleadin8-form-of-cancer-in-adolescents
2l https://ehtrust.org/landmark-italian-court-ruling-recognizes-causal-link-callphone-use-brain-tumor/
22 Director, Cellter fol Family and Community Health, School ofPublic Health, University of Califomia, Berkeley
23 http://www.saferenltr.co]lit/z}l7l12llong-term-cell-phone-use-inoeases-html
24 http ://o4st.ors/aate gorv/appeals-rcsoaroh/

25 WHO/IARC Press Release: http://www.iaxc.filen/media-centoe/pr/2011/pdfs/pr208-E.pdf
26 Hardell, L., et al. (2013). Use of mobile phones and cordless phones is associated with increased risk for glioma

and acoustic neuoma. Pathophysiolog)i'ftle Official Joumal ofthe Intemational Society fot Pathophysiology / ISP,

20(2), 85-110.
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j) Other Class 28 agents such as lead, DDT and automobile exhaust are curtailed in

most sohooi environments because of their inclusion on this list. Yet, wireless radiatiorr

exposure (possible carcinogen) has ber:ome mandatory in close to 100fl0 of school

environments in Co n-dr.
k) France has legislated no Wi-Fi in daycares/nursery schools and Wi-Fi offin

elementary classrooms except when being used lor teaching iearning purposes.r'

1) Taiwan has also legislated measures to reduce children's exposure."
rn) The Italian State Parliament of Tyrol has mandated the state government to rep)ace

existing wireless networks in schools and preschools whenever possible with saler
zLlternatives. HzLrdwired solutions can be excellent alternatives to the constant
exposure of a wireless network.

n) Cyprus has banned Wi-Fi liom kindergarten and from elementary school classrooms.

Brazil, Ghent, Belgium and Isriiel have also taken stronEl measures to reduce students'
exposure to wireless radiation. 30

o) Over 22,1 scientists from 41 nations, who have published peer-reviewed papers on the
biological or health eliects of non-ionizing radiation I, made the following statement
on \{ay 11, 20153':
"These lindings justifi our appeal to the L'nited ,Yationt 17r,1t) and, all member State.s

h the world, to encourage the lforld Health C)rganization (lltHO) to excrt strong
Jeadership in tbstering the development of more protective El:tF euidelines,
encouragtng precautionary measures, and educating the l:ublic about health risks,
particularly risk to children and lbt development- By not taking action, the I'VHO is

failing to fulfill it,s role as the preeminent international public health agency. "
p) Lelters from medical doctors with more evidence that precautlonary messaging and

measures are required can be lound at the Environmental Health Trust web site.33

QUESTIONS:
1. Given that students, teachers and others are likely being exposed to levels exceeding

Health Canada's (=unsaie) RF/MW radlation Safety Code 6 guidelines (e.g. by cell phones

and tablets held too close to the body (exceeding SAR levels) and as reported in one case,

exceeding Power Density above the Safety Code 6 threshold3{,

1) Will the Government of Canada provide regular monitoring of cunulative levels, to
which children in schools are being exposed?

27 Coureau, G.. et al. (201,1). Mobile phone use and brain tumours in the CERFINAT case-confol stud)'.
Occupdtional and !,nrironmental Medicine. 7 l(7)- 514-522.
28 http://\a,$1\,.complianceandrisks.com/france-publishes-law-on-electromagnetio-\!aves/

childrcn-trro-usc-clccllonic-ga,:lgeb-llls-linriL-usc-r'e.Lsonlhle-lcngtirs.httr
3 0 https://ehtrust,org/cl prus-issues-decree-banning-*ireless-kindergarlcn-elementary- -school-classrooms/
3 I palt of the ENIF [clectromagnetjc iield] spectrum that includes extuemely low frequency ficlds (lll,|) used Ibr
electricity, or radioliequency radiation (RFR) uscd for wireless communications
32 As ofJuly 25th.2016 the dppeal had 222 signatures l'rom ,11 nations.
33 hftps://ehtrust.ory/rvp-oontent/uploads/Doctor-l,etters-on-wi-Fi-In-School-Full-Compilation.pdf
34 ]l!1p11!I-!.mae(ia.lrar uslltr@]]l t I I &I:!]+:lrl\!L|gdl'
Table 1 Po$,er Dcnsities. MountainVie\\, ED (Elementary School): Whereas I .0 : SC6 Threshold. The fifth
measurement is 1.32. : 32% above SC6 limits
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2) Will the Government of Canada provide more precautionary messaging for wireless

devices and Wi-Fi in schools and school board/industry sponsored programs such as

BYOD (Bdng Your own Device)?

2. Based on evidence of harm below Safety Code 6 guidelines, the actions in other
countries, and because Health Canada has been deferred to as setting authoritative
thresholds on this question by school boards (who have been asked by parents to curtail
wireless radiation exposure to children in school), and it has the broad responsibility for the
protection of chiidren' s health across Canada:

1) Will Health Canada and Innovation, Science and Economic Development Canada

issue advisories, based on a precautionary approach, to trustees, principals, teachers

and parents and others who are responsible for the health of children in schoois who

are being exposed to Wi-Fi?
2) Will Health Canada take a precautionary approach and advise Provincial and

Territorial Departments of Education, school boards and others responsible for
children's health across Canada, to strive fbr ALAM (As Low As Reasonably

Achievable) e.g. take simple, no cost measures such as turning offWi-Fi in classrooms

when Wi-Fi is not needed for teaching purposes, using hard-wired alternatives and

setting devices to airplane mode with Wi-Fi turned offi

3. Given that Health Canada states on its website: "It is true that there arc no
completed studies ofthe long term effects of Wi-Fi radiation specifically on children,"3sand
" situations where the use of -or exposure to - a product could pose a risk" has been
published by Health Canada for other public health concerns,36 will Health Canada issue an

advisory or warning related to use of Wi-Fi technologies in schools?

4. Based on the case presented above for a precautionary approach, will the Government

of Canada run and/or provide education materials for a campaign to raise awareness of the
potential harm of wireless devices and how to use them more safely, to those responsible for
the health of children in schools such as trustees, principals, teachers and parents?

5. Will the Government of Canada share the best practices on methods to reduce Wi Fi
exposure in schools from countries such as France with the Provincial and Territorial
Departments of Education, school boards and others responsible for children's health across

Canada?

6. How have Health Canada and Innovation, Science and Economic Development Canada

responded to the Canadian Teacher's Federation request for " an education program regarding
the relative safety of W-Fi exposure be implemented and appropriate resources be developed

to educate the public regardtng ways to avoid potential exposure risks of Wi-Ff? ?

35 http://www.Health Canada-sc.gc.ca./ewh-semt/radiatior/cons/wifi/faq-eng.php
36 httpy'/w$,vi.Health Canada-sc.gc,calaHealth Canada-asc/media/advisories-avis/index-eng.php [accessed
8October20l6l
37lrtlp://www.ctl'-l'cc.ca/cn/l'aqes/lssues/Wi-iii-[]riclinq-l)ocumcnt..rspx
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7. What response has Health Canada provided to the more than 50 Canadian medical
doctors and 50 international scientists who have written to Canada's Minister of Health
calling fol nlore protectil.e wireless radiation guidelines, especially for children?r!

8. Given the fact that over 33 studies .,n Wi-Fi liequencies and at least 60 studies on
Wi-Fi and other common wireless device foequencies have been published demonstrating
potential adverse eflects below Safety Code 6 levels since Health Canada claimed there was
" no -scienrilic evidencd' of harn.

- Will Health Canada provide the counter balancing evidence in the form of a weight
of evidence analysis or a list of 10 or so ofthe highest quality studies, llom its
database and fion the authorities in other countries which it frequently names, that
still support that there rs " no scientilic evidence" of harm?

Appendix 1.

The list of 16 studies labelled "List of studies reviewed at Health Canada that are specific to
\\ri Fi" that Health Canada provided to the Global Network current affairs program 16:9 The

Bigger Picture (aired October, 2010). The links have been added. Added comments are in

[square brackets]. Oniy #10 was a biological effects study conducted on real people.

1. Andersen, .J. B., et ai. (2010). Porver variations ofrvireless comrnunjcation s]-stems. Bioeiectromagnetics,
31(4),302-310. http:/ /'www. ncbi, nlm. nih.gov,/pubrned,/201 J 2 260

2. Fang, !1., & Nlalone, D. (2010). Expcrimcnlai verification of a radiollequency power model for Wi-Fi
technolog,v. Health Physics,9S(1),574-583. http:7'lwrrv. ncbi.nlm.nih.govT pubmed,/20220361

3. Findlay, R. P., & Dimbylorv, P. .]. (2010). SAR in a child voxel phantom ftom exposure to wireless computer
networks (Wi Fi). Physics in \{edicine and Biolosr', 55(15), N405-.11l
hltp :././rllu'.ncbi.nlm.nih. govl/pubmed,/20647ii07
,1. Foster, K. R. (2007). Radioftequencli exposu.e Som wireless I.A\s utjlizing \1/i Fi technologl,'. Health
Physics,92(3),280-289. h ttp:./ /urrv. n cbi. nim.nih. gov/pubmed,/ 17293700

5. -loscDh, W., et al. (2010). Comparison ofpersonal radio frertuency eiectromagnetic field exposure in different
urban areas across Europe. Envirorlmentai Rese.rrch, 110(7), 658-663,
http://w*.w.ncbi.n1m.nih.eor,/pubmed,/20638656
6. Joseph, W., (2008). Charilclerization ofpersonal RF elect.omargnetjc field exposure and actual absorplion for
the general public. Health Physics,95(3),317-330. http://ivww. ncbi. nlnl.nih.gov,/pubmedr'18695413
7. Joseph, W., et al. (2010). Estimation ofvhole body SAR fiom eiectromagnetic fields using personal expc.,surc

meters. Bioelectromagnetics,3l(4),286-295. http: //rr,\'\\,. ncbi. nlm.nih.gov/pubmed,/2 0041435

8. lIalone, D., & ir4nlone, L. A. (2009). Ambient radioliequency po\fer: the inpact ofthe number ol rlevices in a

\\ii Fi net\rork. Health Physics, 96(6), 629-635. http: /,/$1r,ll'.ncbi. nlm.nih.gov/pubmed / 1 9430215

9. Vaninez-Brirdalo, M., (2009). FDTD assessment ofhuman e:rposure to electromagrctic fields from \ViFi and

bluelooth devices in some operating situations. Bioelectromagnetics, 30(2), I.12 - 151.

http://runv.ncbi.nlm.nih.gov,/pubmed,/ 18937345

3 8 http:,/h4st.ols/oateq
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10. Mohler, 8., Frei, P., Braun Fahrldnder, C., Frohlich, J., Neubauer, C., Rddsli, M., & Qualifex Team. (2010).

Effects of everyday radiofrequency electromagnetic field exposure on sleep quality: a cross-sectional study.
Radiation Research, 174(3), 347-356. [study group was on men and women aged 30 to 60 years exposed to
various sources, not a study specific to the school environmentl
http://www.ncbi.nlm.\ih.eov / ptbmed / 207 267 26

11. Otto, M., & von M0hlendahl, K. D. (2007). Electromasnetic flelds (EMF): do they play a role in children' s

envirolmental health (CEH)? International Joumal of Hygiene and Environmental Hcalth, 210(5), 635-644.

[supposedly a review ofthe ]iterature but \ONE ofthe studies identified in this study are referenced. Most, if
not all, involve diferent frequenciesl http:/,/www.ncbi.nlm.nih.cov/pubmed/17765660
12. Parazzinl, M., et al.(2010). Assessment of the exposure to WLAN tequencies of a head model with a

cochlear implant. Bioelectromagnetics, 31(7), 546-555. http://w.ww.ncbi.nlm.nih.gov,/pubmed/20683910
13. UK Health Protection Agency. (no date). Wi-Fi in schools. [exposure information, not a biological efects
studyl
Old link not working: http://www.hpa.org.uk/web/HPAwebFile,/HPA_C,/1254510618866
Lir < to archived report (have to copy and paste):

http://webarchive.nationalarchives.gov.uk/20140714084352/http:,//www.hpa.org.uklwebc,/HPAwebFile/HPAwe
b c/1254510618866
14. Verloock, L., et al. (2010). Procedure for assessment of general public exposure fom Wl-Al,,l in offces and in
wireiess sensor network testbed. Health Physics, 98(4), 628-638.
http :,/,/www. ncbi. nlm .nih,gov / ptbmed / 2022037 1

15. Viel, J.-F., et al. (2009). Radiofrequency exposure in the French general population: band, time, location
and activity variability. Environment lnternational, 35(8), I 150-1i54.
http ://wwv.ncbi.ntm.nih. gov,/pr-rbmed,/ 19656570
16. Wu, T., Hadjem, A., Wong, M.-F., Gati, A., Picon, O., & Wiart, J. (2010). Whole-bodv new born and
young rats' exposure assessment in a reverberating chamber operating at 2.4 GHz. Physics in Medicine and
Biology,55(6), 1619-1630. http:/,^,"ww.ncbi.nlm.nih.govlpubmed,/20182003

Appendix 2.

Examples from the 60 peer-.eviewed studies published since the HESA 2015 hearings
with more€ompelling evidence that Safety Code 6 should be revisedl

ltnudi.t:8rain-n.urotranjnxttlr5indreEialinE.n:Jren!6,ONAd.magr-br.incrklrriv.nr.sl25)Briin
(o8nnireLnp:nmentaDdge6otori(tylll)Tener.bnorm.l i.rtl0)MkroANAinbr.intirruek ah.r.d(3rONA
d.m.gel116)spinal.ordmy.lin5he.th-blochenr..l:.dparholo8l..rd,ng€r(r9)M.temalerposur.-br.in
.lter.tlonr(10)Nudeir.hang€ranlenes,eher.drp.r.r(59)Br.rn.ell'ors,m€morvlois(19tN.toe.4lld.rr.e.iI
youn8(r7)Blood.l,rai.6:rl.r,non-thrrmrl(43)xidn€y-prenauleiporu..,patholoekal.hanger(r2)3!alntell
lorrlrslspl..n.ndthvm$c€lls.her.dfromprenat.le.porure(rs,r.rtet.bnormaltr.r{rl)€xpresionor
m|aonNA h thr b..in k .ltered(9 | lumour hitining .nd promotha, n6.]in..( tr ) (k..dian ftlrhm anrioitdrnt

. :rr.nrirrir: I r.r tl .r :

spermalnormrlitiei. oridatlle nrerr()1,

l0
w lkE Safety Code 5

Thnq(30)r.lev.nts(ie.nlr( rtudies pub,idl€d in2015 and up to Apill.?016 reporli.sporen{al[a nirorbelolr s.rety
cod.6 (2o1sl, spe(rfi( Ab$rption R.te(saRlfcr\.:d, ne.r.M nunl Ir 1.616//I.9 Hu 5^,.himrland..1,.urtur.srudres.

Lt'
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Peel Parents for Safe Use of
Technology in Schools

DearMs. 

This is in response to your environmental petition no.402 of May 25, 2017, addressed
to Ms. Julie Gelfand, Commissioner of the Environment and Sustainable Development
(cESD).

ln your petition, you raised concerns regarding Safety Code 6. lam pleased to provide
you with the enclosed response to your questions. I understand that the Minister of
lnnovation, Science and Economic Development wlll be responding separately to
questions that come under the purview of his department.

I appreciate your interest in this important matter.

Yours sincerely,

,e*.hr€
The Honourable Ginette Petitpas Taylor, P.C., M.P.

Enclosure

c.c. Ms. Julie Gelfand, CESD
The Honourable Navdeep Bains, P.C., M.P.

Canadil

&

Minister of Heatt^ 
m 

Ministre de ta sant6

Ottawa, Canada K1A 0K9



Health Canada response to Petition #402

Question 1.1:

1. Given that students, teachers and others are likely being exposed to levels exceeding
Health Canada's (=unsafe) RF/MW radiation Safety Code 6 guidelines (e.g. by cell phones
and tablets held too close to the body (exceeding SAR levels) and as reported in one case,
exceeding Power Density above the Safety Code 6 threshold,
1) Will the Government of Canada provide regular monitoring of cumulative levels, to

which children in schools are being exposed?

Response 1.1:
Health Canada administers the Radiotion Emitting Devices Act (REDA) which governs the
sale (including re-sale), lease and importation of radiation emitting devices in Canada. ln
addition to administering the REDA'S authorities that pertain to devices that emit RF

electromagnetic energy, the Department's mandate regarding human exposure to RF

electromagnetic energy from wireless devices is to carry out research into possible health
effects, monitor the scientific literature related to such effects on an ongoing basis and
develop RF exposure guidelines, commonly referred to as Safety Code 5. Safety Code 6 sets
recommended limits for safe human exposure to EMF in federally regulated industries and
workplaces in the frequency range from 3 kHz to 300 GHz.

While the human exposure limits in Safety Code 6 were initially developed for, and applied
by, federally-regulated employers, some ofthe exposure limits in the Code have since been
referenced by other federal departments and non-federal ju risdictions. ln particular,
lnnovation, Science and Economic Development Canada (ISED) requires compliance with
Safety Code 6 as part of its technical standards for radio apparatus. With respect to matters
that fall under the jurisdiction and authorities of provincial, territorial and or municipal
governments, including school boards, it is the responsibility ofthese levels ofgovernment
to determine whether and how they wish to implement measures in relation to wireless
technologies, including those related to monitoring. Given this and Health Canada's position
that the health of Canadians is protected when the recommended exposure limits in Safety
Code 5 are respected, Health Canada has no plans to undertake such monitoring activity at
this time.

Questions 1.2 through to 6

1,2 Will the Government of Canada provide more precautionary messaging for wireless
devices and Wi-Fi in schools and school board/industry sponsored protrams such as BYOD
(Bring Your own device)?

2. Based on evidence of harm below Safety Code 6 guidelines, the action in other countries,
and because Health Canada has been deferred to as setting authoritative thresholds on
this question by school boards (who have been asked by parents to curtail wireless



radiation exposure to children in schooll, and it has the broad responsibility of the
protection of children's health across Canada:
1l Will Health Canada and ISEDC issue advisories, based on a precautionary approach to

trustees, principals, teachers and parents and others who are responsible for the
health of children in schools who are being exposed to Wi-Fi?

2) Will Health Canada take a precautionary approach and advise Provincial and
Territorial Departments of Educatlon, school boards and others responsible for
children's health across Canada, to strive for ALARA (As l-ow as Reasonably
Achievable) e.g. take simple, no cost measures such as turning off Wl-Fi in classrooms
when Wi-Fi is not needed for teaching purposes, using hard-wired alternatives and
setting devices to airplane mode with Wi-Fi turned off?

Given that Health Canada states on its website "lt is true thot there ore no completed
studies oJ the long term effects of Wi-Fi rodiotion specificolly on children," and given that
Health Canada has published warnings for other public health cgncerns in "situotions
where the use of - or exposure to - a product could pose a risk", will Health Canada issue
an advisory or warning related to use of Wi-Fi technology in schools?

Based on the case presented above for a precautionary approach, will the Government of
Canada run and/or provide education materials for a campaign to raise awareness ofthe
potential harm of wireless devices and how to use them more safely, to those responsible
for the health of children in schools such as trustees, principals, teachers and parents?

Will the Government of Canada share the best practices on methods to reduce Wi-Fi
exposure in schools from countries such as France with the provincial and territorial
Departments of Education, school boards and others responsible for children's health
across Canada?

6. How have Health Canada and lnnovation, Science and Economic Development Canada
responded to the Canadian Teacher's Federation request for "an education progrom
regarding the relative safety of Wi-Fi exposure be implemented ond dppropriote resources
be developed to educate the public regdrding ways to ovoid potentiol exposure risks of
wi-Fi?

Response to question l.l through to 6:

The recommended limits within Safety Code 6 are designed to provide protection for all age
groups, including infants and children, on a continuous basis. When establishing Safety Code 6,
Health Canada incorporated several tiers of precaution into the human exposure limits. These
included conservative thresholds for the occurrence of adverse effects, extreme worst-case
situations for body size and orientation in relation to the RF fields, and additional safety
margins. Since these conservative approaches are cumulative, i.e., stacked upon each other,
Safety Code 6 provides very large mar8ins of safety against the occurrence of all established
adverse health effects associated with RF field exposure.

5.



With respect to the petitioner's request for Health Canada to provide support for awareness
raising measures, including advisories, warnings, best practives and education
programs/materials on potential harms of wireless devices, it is Health Canada's position, based
on the latest scientific evidence, that exposure to low-level RF energy, including that from Wi-Fi
technology, is not dangerous to the public if the recommended exposure limits in Safety Code 6

are respected. Accordingly, no additionalprecautionary measures are required, since RF energy

exposure levels from Wi-Fi are typically well below Canadian and international safety limits,

lntern ation ally, while a few jurisdictions (cities, provinces or countries) have applied more
restrictive limits for RF field exposures from certain wireless devices/appa ratus (whether it be

Wi-Fi or cell towers), scientific evidence does not support the need for such restrictive llmits.

Health Canada provides advice, upon request, to federal, provincial and territorial
governments, on health related considerations associated with radiation emitting devices.
Health Canada has previously provided timely scientific information and messaging on
electromagnetic frequency (EMF) and health to federal, provincial, and territorial partners,

including through the Pan Canadian Public Health Network. The Department maintains this
practice and its ongoing relationship with its FPT partners in an effort to support regional
efforts and decision-making in this area.

Health Canada information on Wi-Fi equipment is available atthe following links:

Wi-Fi Equipment:
https://www"canada.ca/en/healttr-canaday'services/environrnental-workplace-
health,/radiation/consumer-radiation/equipment,html

Safety of Wi-Fi Equipment:
httos://wi,rrw'canada.ca/en,/health-canada/s€rvices/healthyliving/vour-health/oroducts/safetv-
eouipment.htrnl

Frequently Asked Questions about Wi-Fi
httos://www.canada-ca/en/health-canada/services/envirormental-workplace-
health/radiation/consumer-radiation/eouipmentffrequentlv-asked-questions-about-radiation,html

Finally, Health Canada is committed to safeguarding the health and safety of Canadians by
actively monitoring scientific research and collaborating with various international
organizations, partners, stakeholders, federal, provincial and territorial governments to protect
Canadians from the adverse health effects from radiation emitting devices. The Department
continues to monitor and analyze ongoinB scientific research on this issue. Should new scientific
evidence arise demonstrating that exposure to RF fields poses a health risk to Canadians,
Health Canada would take appropriate action to safeguard the health of Canadians.



question 7:

What response has Health Canada provided to the more than 50 Canadian medical doctors

and 50 international scientists who have written to Canada's Minister of Health calling for

more protective wireless radiation guidelines, especially for children?

As outlined above, the limits within Safety Code 6 are designed to provide protection for all age

groups, including infants and children, on a continuous basis. Safety Code 6 has been updated

periodically since it was first developed in 1979, with updates occurring in 1991, 1999, 2009

and, most recently, in 2015.

ln the establishment of acceptable limits for Safety Code 6, departmental scientists considered

all peer-reviewed scientific studies as well as comprehensive reviews of the scientific literature
in this area undertaken by several national health agencies and organizations such as the World
Health Organization, France's Agency for Food, Environmental and Occupational Health &

Safety, the United Kingdom's Advisory Group on Non-lonizing Radiation, the European

Commission's Scientific Committee on Emerging Newly ldentified Health Risks and the
lnternational Commission on Non-ionizing Radiation Protection.

Health Canada's latest process to revise Safety Code 6 was the most comprehensive, inclusive

and transparent process to date. The 2015 update to Safety Code 6, which included more

restrictive RF exposure limits than the previous version of the Code, was reviewed by an Expert

Panel of the Royal Society of Canada (RSC). The RSC concluded in spring 2014 that there are no

established adverse human health effects at exposure levels below the limits proposed.

Overall, the Royal Society's review of Safety Code 6 was favourable and supported the science

based conclusions that the basic restrictions in Safety Code 6 provided adequate protection.

Based on evidence which emerged after Health Canada submitted Safety Code 6 for review, the

Society did recommend slightly more restrictive reference levels in some frequency ranges to
ensure larger safety margins for all Canadians, including newborn infants and children. Health

Canada accepted the recommendation and adjusted Safety Code 5 accordingly.

It is Health Canada's position, and that of the Expert Panel of the Royal Society of Canada, that
current measures on RF EMF protect our most vulnerable, The recommended human exposure

limits in Safety Code 6, established by Health Canada, are designed to provide protection for all

age groups, including infants and children, on a continuous basis (24 hours a day/seven days a

week). This means that if someone, including a small child, were to be exposed to RF energy

from multiple sources for 24hours a day,355 days a year, within the recommended limits in
Safety Code 6, there would be no adverse health effects.

Question 8:

Given the fact that over 33 studies on Wi-Fi frequencies and at least 50 studies on Wi-Fi and

other common wireless device frequencies have been published demonstrating potential



adverse effects below Safety Code 5 levels since Health Canada claimed there was "no
scientilic evidence" of harm,

- Will Health Canada provide the counter-balancing evidence in the form of a weight of
evidence analysis or a list of 10 or so ofthe highest quality studies, from its database
and from the authorities in other countries which it frequently names, that still
support that therc is "no scientilic evidence" of harm?

ln the establishment of acceptable limits for Safety Code 6, departmental scientists consider all
peer-reviewed scientific studies, and employ a weight-of-evidence approach when evaluating
possible health risks from exposure to RF energy. The weight-of-evidence approach takes into
account both the quantity ofstudies on a particular endpoint (whether adverse or no effect),
and more importantly, the quality of those studies. Poorly conducted studies (e.g., an
inadequate exposure evaluation, a lack of appropriate control samples or inadequate statistical
analysis) receive relatively little weight, while properly conducted studies (e.g., with all controls
included, appropriate statistics and a complete exposure evaluation) receive more weight.

Safety Code 6 is based upon credible scientific evidence and analysis. When conducting an
evaluation ofthe scientific literature, the Department gathers, assesses, and integrates multiple
sources of scientific evidence into an overall conclusion; an approach that is consistent with
international practices. While Safety Code 6 (2015) references a number of large international
reviews ofthe scientific literature, the Code is intended as an exposure guideline and not a

scientific review article and accordingly, most individual scientific studies are not referenced in
the Code. However, this does not mean that Health Canada does not consider all relevant
scientific information when deriving the science-based exposure limits in Safety Code 6.

Health Canada has been taking part in the lnternational EMF Project, coordinated by the World
Health Organization (WHO). The goals of this project are to verify reported biological effects
from exposure to EMFs and to characterize any associated health risks to humans. The WHO is
committed to conduct a formal risk assessment of all studied health outcomes from RF field
exposure. Health Canada's participation on these bodies allows the Department to leverage
these large-scale and highly resourced international efforts which are widely recognized as

comprehensive, and more detailed, than any review from a single jurisdiction could be. lf new
scientific evidence were to demonstrate that exposure to RF energy below levels found in
Safety Code 6 from wireless technologies is a concern, Health Canada would take appropriate
action to help protect the health and safety of Canadians. More information on the
lnternational EMF Project is available at the following link:
htto://www.who" int/peh-emf/proiect/en/

Health Canada is aware of some studies that report biological effects or adverse health
outcomes at RF field intensities below the limits in Safety Code 6 and other similar international
standards. While Health Canada acknowledges that these studies exist, the Department does
not consider these studies to be consistent with the prevailing line of scientific evidence in their
respective areas and as such, these studies do not form a credible basis for the derivation of



science-based human exposure limits. Similar conclusions have been reported in recent reviews

of the scientific evidence by national and international health authorities.

As with most scientific conclusions, it is possible to find differing scientific opinions. lt is
important to note that when thousands of research studies are conducted on any test agent
(e.g. RF fields), statistical chance dictates that a small number of studies (even if conducted
properly) will demonstrate a "false positive" or "false negative" result. Furthermore, studies

with inappropriate study design or methodology can lead to erroneous results that are

scientifically meaningless, lt is for these reasons that the scientific literature on a given test
agent must be evaluated both for the quality of the studies conducted but also for the strength

ofthe evidence. Such analysis must consider all relevant properly conducted studies on the test
agent.

More information can be found bv visiting the Health Canada website at the following links:

Safety Code 6: Health Canada's Radiofrequency Exposure Guidelines

htrps:y'y'

oublications/radlation/safe&rcode-Ghealth-canada-radiofrequencv-enposure-guidelines-
environmen tal-workplace-healttr-tlealth-canada "html

Understanding Safety Code 5

https://w$n*r,canada,ca/en/health-canada/services/environmental-$torkplace-health/reports-
publications/radiation/understandirg-safew-code-6.htrnl

Fact Sheet - what is Safety Code 6?

https://www.canada.ca/en/heahh-canada/services/environmental-workplace-health/reports-
publications/radiationy'fact-sheet-what-safetv-code-5.html

2015 Revisions to Safety Code 6: Summary of Consultation Feedback

health/consultations/2015-revisions-safety-code-5-summarv-consultation-fee!&lqLhtql
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Peel Parents fol Safe Use of Technology in Schools

DcaI Ms.

I am writing witlr respect to your Environurental Petition no.402, submitted to the
Arrditor General of Canada under Section 22 of the Arulitor Genaral Act, on the "Need
for Health Canada to provide appropriate plecautionary nressaging itnd advisories in
schools for safer nse of wireless devices such as cell phones and tablcts, especially when
connected through Wi-Fi, to protect childrcrr and others from radiofrequency/rnicrowave
radiation - above and below Safety Code 6 (2015) guidelines."

The Office of the Auditor General of Canada forwarded your questions to the Honourable
Ginette Petitpas Taylor, Ministcr of Health, and to me . I anr writing in response to
questions I ( I ), 2( I ), and 6, which fall under lnnovation, Science and Economic
Development Canada's (ISED) mandate and rcsponsibility. Minister Petitpas Taylor will
be providing you with a separate responsc addressing questions that fall under hcr'
department's mandate and areas of responsibility.

Question 1: Given that students, teachers and others are Iikely being exposed to
levels exceeding Health Canada's (=unsafe) RF/MW radiation Safety Code 6
guidelines (e.g. by cell phones and tablets held too close to the body (exceeding SAR
levels) and as reported in one case, exceeding Power Density above the Safety Code 6
threshold,

(1) Will the Government of Canada provide regular monitoring of
cumulative levels, to which children in schools are being exposed?

Response 1(l ):

Under the Radiountuttunicul iort Act, ISED [equiles that all manufacturers of wireless
products, including Wi-Fi devices. cell phones, and tablets, meet the regulatory
requircments set forth in its technical standards. ISED's technical standards are based on
recognized international testing procedures that have been adopted by most countries
around the world.

Canada

...2



-2-

When cell phones and tablets are tested for compliance, they are tested at full power for
the duration of the test. In reality, cell phones and tablets operate at much lower power
levels, to preserve battery life, maximize call time, and avoid network interference.
As such, under normal operating conditions, wireless devices yield much lower
radiofrequency (RF) exposure levels than those measured during the compliance testing
performed in laboratory settings.

Furthermore, ISED has adopted Health Canada's Safety Code 6 limits for the
RF exposure compliance of wireless devices. In turn, Health Canada's scientific evidence
indicates that the recommended peak specific absorption rate (SAR) limit of 1.6 W&g for
cell phones and tablets is not the threshold for the occurrence of adverse health effects.
As a precautionary trreasure, the peak SAR limit in Safety Code 6 was set to mo1-e than
50 times below the level at which excessive tissue heating could occur in the most
sensitive tissue (the eye). This means that the peak SAR limits in Safety Code 6 would
need to be exceeded by a factor of more than 50 before one would see any thermally
related adverse health effects.

Canada's approach to wireless device safety testing is among the most stringent in the
world. As such, all products evaluated following the test procedures set forth in Canadian
regulatory standards that auto comply with Health Canada's Safety Code 6 limits are
safe.

As part of its ongoing monitoring of wireless devices for compliance with regulatory
specifications, ISED conducted an extensive RF exposure technical study on the subject
of Wi-Fi enabled devices in a simulated classroom setting entitled Case Study:
Measurements of Radio Frequency Exposure from Wi-Fi Devices. This 2012 study
confirmed that the cumulative levels of RF exposure from numerous Wi-Fi enabled
devices were well below Health Canada's Safety Code 6limits. The conclusion of this
case study is still applicable in today's schooI environment. Other countries, such as

New Zealandl, have also performed RF exposure measurements in schools. Their
conclusion is consistent with the results of our case study.

A copy of ISED's case study can be found online at www.ic. sc.caleiclsite/smt-gst.nsf/
cne/sf l0383.html.

Question 2: Based on evidence of harm below Safety Code 6 guidelines, the actions
in other countries, and because Health Canada has been deferred to as setting
authoritative thresholds on this question by school boards (who have treen asked by
parents to curtail wireless radiation exposure to children in school), and it has the
broad responsibility for the protection of children's health across Canada:

I www.hcalth.govt.nzloublication/snapshot study-wil i-in-schools

....j
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(1) Will Health Canada and Innovation, Science and Economic Development
Canada issue advisories, based on a precautionary approach, to trustees,
principals, teachers and parents and others who are responsibte for the
health of children in schools who are being exposed to Wi-Fi?

Question 6; How have Health Canada and Innovation, Science and Economic
Development Canada responded to the Canadian Teacher's Federation request for
ttan education program regarding the relative safety of Wi-Fi exposure be implemented
and appropriate resources be developed to educate the public regarding ways to avoid
potential exposure risks of Wi-Fi"?

Response 2(1) and 6:

Based on domestic and international studies, the cumuiative levels of RF exposure from
numerous Wi-Fi enabled devices in a classroom setting are well below RF exposure
limits. All products evaluated following the measurement procedures set forth in
Canadian regulatory standards that auto comply with Health Canada's Safety Code 6
safety limits. The ongoing measures taken by my department are effective in protecting
Canadians, and advisories are not needed to reduce RF energy exposure from Wi-Fi
devices.

The Government of Canada maintains web-based materials to inform the public on
exposure to RF energy. The "It's Your Health" web-based series of publications
created by Health Canada address issues such as the safety of cell phones and cell phone
towers, electric and magnetic fields at extremely low frequencies, electromagnetic
hypelsensitivity, Wi-Fi equipment, and smart meters. The series' web page on the safety
of Wi-Fi devices can be found online at www.canada.calen/health-canada./services/
healthv-livin B/your-health/products/safety-equ ioment.html.

ISED also provides information on ensuring radio equipment safety in Canada, which is
available at the following address: www.ic. gc.caleic/site/ceb-bhst.nsf/eng/h tt00084.html.

I appreciate this opportunity to respond to your petition, and I trust that this information
is of assistance.

Sincerely,

The Honourable Navdeep Bains, P.C., M.P.

c.c.: The Honourable Ginette Petitpas Taylor, P.C., M.P.
Minister of Health

Ms. Julie Gelfand
Commissioner of the Environment and Sustainable Development
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Environmental Petition 
Date:  12 June 2017 
 
Name of petitioner(s) - Murray Cunningham 
Address of petitioner(s):  ............................................ 
Telephone number: ....................................... 
Email address:  ...................................... 
Name of the group:  Environmental Health Association of Manitoba 
 
I hereby submit this petition to the Auditor General of Canada under section 22 of the Auditor General Act. 
 
Signature of the petitioner: via email to - petitions@oag-bvg.gc.ca 
 
 
Title of the Petition:  Scientific evidence for more substantial actions regarding the  Parliamentary Standing Committee 
on Health (HESA) 2015 recommendations regarding children and pregnant women (vulnerable persons) exposed to 
wireless radiation in the microwave/radiofrequency range covered by Safety Code 6, from wireless devices such as 
baby monitors, tablets, cell phones, smart meters, Wi-Fi routers and 5 G technology 
 
We request responses from Health Canada and Innovation, Science and Economic Development Canada. 
 
Background:  
 
Canadians have a right to be fully informed about the risks of exposure to environmental agents for which there is scientific 
evidence of harm. There is a considerable body of evidence published by credible scientists from respected institutions that is 
not being incorporated in safety guidelines with regard to the environmental agent, radiofrequency/microwave radiation. This is 
especially true regarding the health risks of vulnerable persons such as children and pregnant women.  
 
The developing fetus is exquisitely sensitive to some environmental agents. Exposure of a pregnant woman or child to harmful 
agents can disrupt critical developmental processes that can interfere with pregnancy and normal development resulting in 
adverse health outcomes that may include lifelong detrimental effects. This is known from experiences with alcohol resulting in 
fetal alcohol syndrome (FAS), tobacco (cigarette) smoke exposure, and pharmaceutical drugs such as diethylstilbestrol (DES) 
and thalidomide, to name a few examples. 
 
Radiofrequency/microwave radiation emissions occur from many common wireless devices such as baby monitors, cell phones, 
computer tablets, smart meters, Wi-Fi routers, as well as from telecommunications infrastructure such as antennae on homes, 
apartment buildings, utility poles and towers.  The installation of microcells, required for 5 G technologies and the Internet of 
Things (IoT) will further increase exposure levels and to a wider range of radiofrequency wavelengths.   
  
In 2015, the Parliamentary Standing Committee on Health held hearings regarding the potential adverse effects of exposure to 
microwave/radio frequency covered by Safety Code 61. Part of the range covered by this safety code is the same range used for 
the operation of wireless devices that children and pregnant women use or that are used in close proximity to them (second 
hand exposure).   

 
On October 6th, the Honourable Jane Philpott, Minister of Health responded on behalf of the Government of Canada2 to the 
recommendations3 (Appendix 1). Dr. Philpott's response, in part, states: 
"Safety Code 6 human exposure limits, established by Health Canada, are designed to provide protection for all age groups, 
including infants and children, on a continuous basis (24 hours a day/seven days a week). This means that if someone, 
including a small child, were to be exposed to RF energy from multiple sources for 24 hours a day, 365 days a year, within the 

                                                           
1 Safety Code 6 (2015)- Limits of Human Exposure to Radiofrequency Electromagnetic Energy in the Frequency Range from 3 
kHz to 300 GHz. Safety Code 6.  http://www.Health Canada-sc.gc.ca/ewh-semt/pubs/radiation/radio_guide-
lignes_direct/index-eng.php 
2 http://www.ourcommons.ca/DocumentViewer/en/42-1/HESA/report-2/response-8512-421-78 
3 http://www.ourcommons.ca/DocumentViewer/en/41-2/HESA/report-13 
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Safety Code 6 limits, there would be no adverse health effects." The response also describes the "incorporations of several tiers 
of precaution", "extreme case scenarios", "very large margin of safety", etc. when designing Safety Code 6 guidelines.    
 
Furthermore, the Minister's response states "Based on a thorough review of all available data, it is Health Canada's position that 
there are no established adverse health effects at levels below the limits outlined by Safety Code 6".  
 
To clarify, the Government of Canada considers valid, only the "established" adverse health effect of heating (i.e. cooking or 
burning effects)4, in its determination of safety to radiofrequency/microwave radiation from commonly used devices. The 
"design" of Safety Code 6 guidelines only incorporates calculations regarding heating i.e. thermal effects. Yet there is a large 
body of evidence published by credible scientists from respected institutions that non-heating (non-thermal) adverse biological 
effects occur at below Safety Code 6 guidelines. 
 
Justification in not implementing recommendations for children and vulnerable persons of the HESA 2015 report is based only 
on the heating of tissue and not on the large body of literature showing adverse biological effects below Safety Code 6 that are 
non-thermal.    
 
The Minister's response continues citing the International Commission on Non-ionizing Radiation Protection (ICNIRP), the 
European Commission's Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) and the World Health 
Organization (WHO), and the panel report of the Royal Society of Canada (RSC) on Safety Code 6, as supporting, or being in 
line with, that position that heating is the only adverse effect that needs to be taken into account.  
 
None of these bodies have conducted a systematic review of the relevant literature. In fact, no systematic review following best 
international practices exists in the published literature with "all" of the relevant published literature. Furthermore, the ICNIRP 
reports, the RSC report and the World Health Organization publications are not up to date. The 2015 SCENIR report is 
controversial and the process followed and conclusions reached are highly questionable5,6.   
 
The Minister's response also refers to the French Agency for Food, Environmental and Occupational Health and Safety 
(ANSES) (which is also controversial7) yet does not mention that France has legislated no Wi-Fi in nursery schools and reduced 
use of Wi-Fi in lower grade classrooms8. 
 
This petition presents detailed information indicating adverse effects on the fetus, pregnant women and pre-adults from 
exposure to radiofrequency/microwave radiation at everyday living exposures at non-thermal, less than Safety Code 6 levels.  
This information is presented in four tables: 
 
TABLE I. ADVERSE BIOLOGICAL EFFECTS AT NON-HEATING (NON-THERMAL) EXPOSURES BELOW SAFETY CODE  
6 GUIDELINES: EVIDENCE FROM THE SCIENTIFIC LITERATURE 
 

TABLE II. ACTIONS TAKEN IN OTHER COUNTRIES 
 

TABLE III. STATEMENTS BY HEALTH CARE PROFESSIONALS  
 

Table IV. RELATED INFORMATION. 
 
Overall, at least 40 peer-reviewed publications showing potential adverse effects on pregnant women, the fetus and children 
from human, animal and cell/tissue studies are presented. There are many more showing adverse effects on adults that support 
the scientific evidence in these 40 studies.    
 

                                                           
4 Peripheral nerve stimulation, in addition to heating, also occurs at lower radiofrequencies not used commonly for 
telecommunications. 
5 http://www.iemfa.org/wp-content/pdf/Complaint-to-the-European-Commission-SCENIHR-2015-08-31.pdf 
6 http://www.bioinitiative.org/rebuttal-emf-effects/ and http://www.bioinitiative.org/submission-of-comments-on-final-scenihr-
opinion-from-the-bioinitiative-working-group/ 
7 http://www.robindestoits.org/Le-Pr-Belpomme-critique-severement-le-dernier-rapport-de-l-ANSES-sur-les-champs-
electromagnetiques-Le-Republicain_a2083.html 
8 http://www.lemonde.fr/planete/article/2015/01/29/une-loi-pour-encadrer-l-exposition-aux-
ondes_4565339_3244.html#meter_toaster 
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TABLE I. ADVERSE BIOLOGICAL EFFECTS AT NON-HEATING (NON-THERMAL) EXPOSURES BELOW SAFETY CODE 6 
GUIDELINES: EVIDENCE FROM THE SCIENTIFIC LITERATURE 

 
Appendix 2 provides the references with relevant extracts to the following scientific evidence indicating potential risks.   

 
1. PREGNANCY 

1.1 Women carrying to term  

 Spontaneous unexplained abortions 

 Embryo growth ceasing 

 Amniotic cells 
1.2 Animal 

 Implantation  
 

2.   EXPOSURE IN THE WOMB (PRENATAL) OR AS A NEWBORN (POSTNATAL) 
2.1 Human 

 Behaviour 

 Autism 
2.2 Animal 

 Hyperactivity and impaired memory 

 Kidney damage 

 Developmental abnormalities including testes  

 Memory loss 

 Abnormal brain cell development  

 Abnormal sperm quality 
 

3. CHILDHOOD AND EARLY ADOLESCENCE 
3.1 Human 

 Attention Deficit Hyperactivity Disorder (ADHD) 

 Addiction, depression 

 Fatigue 

 Well-being  

 Cognitive and behavioural effects 

 Epigenetics 
 3.2 Animal 

 Possible infertility  

 Abnormal spinal cord development  

 Poor spatial memory 
 

 4.0 LATE-ADOLESCENCE AND EARLY ADULTHOOD 
  4.1 Human 

 Brain tumours/brain cancer  
 

4.2 Animal 

 Brain cell abnormalities 

 Brain cancer and schwannomas 

 Possible infertility 
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TABLE II. ACTIONS TAKEN IN OTHER COUNTRIES 

 
1. France: France has legislated no Wi-Fi in nursery schools and reduced exposures in kindergarten and lower grade 

classrooms.9 The National Health and Safety Agency (ANSES) in France has recently recommended immediately 
reducing children's exposure to wireless devices.10  

2. Belgium: As of March, 2014, it is illegal in Belgium to market cell phones to children less than seven years of 
age.11 

3. Cyprus: The National Committee for the Safety of the Environment and Children’s Health (established by the 
Council of Ministers of Cyprus to protect the fetus and the child from health threats in the environment, created the 
informational video called "Protect the children from mobile phones and Wi-Fi"12 

4. Italy: The state of South Tyrol, Italy, has mandated its government to take considerable precautionary measures to 
reduce children's exposure to wireless radiation including that schools replace wireless networks wherever 
possible.13 

5. Taiwan: Taiwan has passed legislation banning parents from letting their children less than two years old from 
using any electronic devices such as tablets and smartphones.14 

 
TABLE III. STATEMENTS BY HEALTH CARE PROFESSIONALS AND RELATED INFORMATION 

 
1. Over  50 Canadian doctors signed a submission to the Minister of Health in 2014: "Out of sincere concern for the 

health of Canadians at all stages of life – from the developing fetus through childhood and into adulthood – we 
respectfully request that: Health Canada develop and support strategies to raise awareness about microwave 
radiation impacts and to minimize prolonged exposure to microwave radiation in schools and other places where 
children are regularly exposed.15 

2. The Canadian Pediatric Association has released a position statement (posted June 1, 2017) stating that for 
children under 5 years old, "children's early media experiences involves four principles" - one of which is 
"minimizing" use of screens" 16 

3. A joint statement has been signed by over 100 doctors, scientists and educators expressing their concern and 
urging "pregnant women to limit their exposures."17 

4. Ronald L Melnick, PhD, a (now retired) Senior Toxicologist and Director of Special Programs, led the design of the 
$25m US National Toxicology Program/National Institute of Environmental Health Science (NTP/NIEHS) Rodent 
Study. Dr. Melnick states: “In my view, a pediatrician would be acting irresponsibly if he or she knew and 
understood the implications of the human and animal cancer data on cell phone radiation and did not offer 
precautionary advice to the parents of his or her patients."18 

5. "Brain tumours are now the leading cancer in American adolescents, and incidence is rising in young adults 
according to the largest most comprehensive analysis 19 of these age groups to date. Dr. Jacob Easaw, then from 

                                                           
9 http://www.lemonde.fr/planete/article/2015/01/29/une-loi-pour-encadrer-l-exposition-aux-
ondes_4565339_3244.html#meter_toaster 
10 ANSES Press release and report: 
https://www.anses.fr/fr/content/exposition-des-enfants-aux-radiofr%C3%A9quences-pour-un-usage-mod%C3%A9r%C3%A9-
et-encadr%C3%A9-des-technologies 
https://www.anses.fr/fr/content/exposition-des-enfants-aux-radiofr%C3%A9quences-pour-un-usage-mod%C3%A9r%C3%A9-
et-encadr%C3%A9-des-technologies 
11 expatica.com/be/news/belgian-news/TMag-Mobile-phones-to-be-banned-for-children_259994.html    
12 https://www.facebook.com/1522020334715209/videos/1672938882956686/ (English subtitles) 
https://www.youtube.com/watch?v=996vzcCYCnE&feature=youtu.be  
13 http://kompetenzinitiative.net/KIT/KIT/progress-in-south-tyrol-applying-the-precautionary-principle/ 
14 http://www.dailymail.co.uk/news/article-2929530/Does-toddler-play-iPad-Taiwan-makes-ILLEGAL-parents-let-children-
two-use-electronic-gadgets-18s-limit-use-reasonable-lengths.html 
15 http://c4st.org/doctors-call-protection-radio-frequency-radiation-exposure/ 
16 http://www.cps.ca/en/documents/position/screen-time-and-young-children [accessed 3 June 2017] 
17 https://ehtrust.org/baby-safe-project-takes-off-protecting-pregnancy-from-wireless-radiation/ 
18 http://microwavenews.com/news-center/ntp-nyt  
19 Ostrom, Q.T., et al. (2016). American Brain Tumor Association Adolescent and Young Adult Primary Brain and Central 
Nervous System Tumors Diagnosed in the United States in 2008-2012. Neuro-Oncology 18.Suppl. 1. i1-50.First Author 

http://microwavenews.com/news-center/ntp-nyt
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the Tom Baker Cancer Centre in Edmonton: 'The astounding increases reported in this study, especially in young 
people, mirror what I am seeing in my clinic. Canada is in the process of establishing a comparable brain tumour 
registry, so these analyses will not be available here for 15 or 20 years. I am increasingly convinced that mobile 
phones are a major cause, and urgent action is needed.' ”20 Australian brain surgeons, Dr. Vini Khurana and Dr. 
Charles Teo have stated they believe there is a direct causal link between brain cancers and mobile phone use.21 

6.  A research team led by Hugh S. Taylor, M.D., Chair of Obstetrics, Gynecology and Reproductive Sciences, Yale 
School of Medicine in a study published in 2011 concluded “We have shown that behavioral problems in mice that 
resemble ADHD [Attention Deficit Hyperactivity Disorder] are caused by cell phone exposure in the womb.”22 

 

TABLE IV. RELATED INFORMATION 
 

1. In June 2015, Canada’s Parliamentary Committee on Health (HESA), after their hearings on Safety Code 6, 
recommended: "That the Government of Canada develop an awareness campaign relating to the safe use of 
wireless technologies, such as cell phones and Wi-Fi, in key environments such as the school and home to ensure 
that Canadian families and children are reducing risks related to radiofrequency exposure"23 (Appendix 1). 

2. In Dec., 2010, the Standing Committee on Health for the 40th Parliament, 3rd Session created a report entitled "An 
Examination of the Potential Health Impacts of Radiofrequency Electromagnetic Radiation".  Recommendation 4 

states “Health Canada and Industry Canada offer to provide information, including awareness sessions on 
exposure to radiofrequency electromagnetic radiation.” 

3. Dr. Devra Davis, co-founder and former director of the Oncology Department of the University of Pittsburgh, along 
with colleagues from Yale University, has founded the site Environmental Health Trust which has launched the 
BabySafe awareness project to educate pregnant women:  What You Need To Know About Pregnancy and 
Wireless Radiation.24 

4. Over 200 other recent studies (some presented here), showing biological effects in human, animal and cell biology 
at below Safety Code 6 (2015) non-heating (non-thermal) limits and published in peer-reviewed journals further 
strengthen the weight of evidence of harm.25 

5. A faster 5th generation (5G) technology is being rolled out utilizing the radiofrequency/microwave bandwidth of 
over 30 GHz. The infrastructure would support the "Internet of Things" (IoT), self-driving cars, and virtual reality 
streaming and requires the installation of microcells (small cell tower antennae) in close proximity to homes.   A 
recent conference "The Internet Of Things Poses Human Health Risks: Scientists Question The Safety Of 
Untested 5G Technology"26 looked at many health related issues, not the least being that there is very little study 
on the effects of what will be an inundation of more wireless radiation in the environment. Some of the main 
concerns are outlined by Dr.Cindy Russell.27 

 
 
 

                                                                                                                                                                                                            
Affiliation: Case Comprehensive Cancer Center, Case Western Reserve University School of Medicine, Cleveland, OH USA; 
Central Brain Tumor Registry of the United States, Hinsdale, IL USA. 
20 http://www.preventcancernow.ca/brain-tumours-now-leading-form-of-cancer-in-adolescents 
20 Reuter et al. (2010). Oxidative stress, inflammation and cancer: How are they linked? Free Radic Biol. Med. 49 (11):1603-
1616. 
20 Dasdag, S., & Akdag, M. Z. (2015).The link between radiofrequencies emitted from wireless technologies and oxidative 
stress. Journal of Chemical Neuroanatomy. doi:10.1016/j.jchemneu.2015.09.001;  
21 https://www.youtube.com/watch?v=mMKwtjO73Y8 
22 Aldad, T. S., Gan, G., Gao, X.-B., & Taylor, H. S. (2012). Fetal radiofrequency radiation exposure from 800-1900 mhz-
rated cellular telephones affects neurodevelopment and behavior in mice. Scientific Reports, 2, 312. doi:10.1038/srep00312 
http://www.ncbi.nlm.nih.gov/pubmed/22428084  
23 Government of Canada, Parliamentary Standing Committee on Health (HESA) Report (2015): Radiofrequency 
Electromagnetic Radiation and the Health of Canadians. 
http://www.parl.gc.ca/housepublications/publication.aspx?DocId=8041315 
24 http://www.babysafeproject.org/ 
25 http://c4st.org/200-scientific-studies-reporting-potential-harm-non-thermal-levels/ 
26 https://ehtrust.org/internet-things-poses-human-health-risks-scientists-question-safety-untested-5g-technology-international-
conference/ 
27 https://ecfsapi.fcc.gov/file/10308361407065/5%20G%20Wireless%20Future-SCCMA%20Bulletin_FEb%202017_pdf.pdf 

http://www.ncbi.nlm.nih.gov/pubmed/22428084
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QUESTIONS:  
 

1. Given the large amount of peer-reviewed, scientific evidence presented in the background information and the fact that 
Health Canada admits there are studies that show harm below Safety Code 628 will Health Canada acknowledge that 
the concept of using heating as the only established effect29, and that using calculations based only on heating to set 
radiofrequency/microwave safe limits, are out of date? Will Health Canada begin to incorporate the new evidence, 
supported by older studies, of non-heating effects e.g. DNA damage, in its determination of Safety Code 6 guidelines? 
 

2. Given that Health Canada states on its website "It is true that there are no completed studies of the long term effects 
of Wi-Fi radiation specifically on children"30, will it use the information provided here (more than 40 studies showing 
potential harm below Safety Code 6 guidelines, children absorb more radiation than adults, etc.) to issue precautionary 
warnings regarding small children and pregnant women to minimize exposures?  
 

3. What peer reviewed, published studies on radiofrequency/ microwave radiation does Health Canada rely on (itself and 
not from other "authorities") to indicate long term exposures are safe from non-heating (non-thermal) effects?  
 

4. Given that epidemiological studies (CEFALO on children) and on adults (INTERPHONE (13 countries), INTERPHONE 
Canada (odds ratio of 2.0),31 the Hardell team and CERENAT) show an increased risk of brain cancer in long term avid 
users using regular cell phones (while meeting all current safety standards) and that children absorb more radiation 
than adults into the brain, will Health Canada update its archived "Practical Advice on Safe Cell Phone Use" issued in 
201132   and post it prominently on its website, and will the Government of Canada examine and implement protective 
measures and messaging regarding the sale and marketing of cell phones? If not, why not? 
 

5. What was the decision making process that Health Canada followed to give more weight to the information in the 
French ANSES report as justification for inaction on the HESA 2015 recommendations when that report also made the 
recommendation to immediately reduce children's exposure to wireless devices33 and that France has, in fact, 
legislated reduced exposure of Wi-Fi for young children? 
 

6. What has the Government of Canada done to identify what actions and for what reasons protective measures have 
been taken in France34 (legislation) , Belgium35 (no marketing of wireless devices to children under 14 years), Taiwan,36 
(legislation) and Cyprus37 (strong precautionary messaging)?  
 
 

                                                           
28 Health Canada’s list of 36 studies that were in scope in response to C4ST’s list of 140 omitted studies. 26 are below Safety 
Code 6 exposure guidelines. 
http://archives.c4st.org/images/documents/hesa/Health_Canada_Response_to_C4ST_References_of_140_Missing_Studies.pdf 
29 At frequencies used in common wireless devices used by children and pregnant women. 
30 http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/wifi/faq-eng.php#a7 [accessed 7 June 2017] 
31 Odds ratio of 2.2 (95% confidence interval; 1.3,4.1) when adjusted for selection and recall bias, over 558 lifetime hours. 
32 http://www.healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2011/13548a-eng.php  
33 ANSES Press release and report: 
https://www.anses.fr/fr/content/exposition-des-enfants-aux-radiofr%C3%A9quences-pour-un-usage-mod%C3%A9r%C3%A9-
et-encadr%C3%A9-des-technologies 
https://www.anses.fr/fr/content/exposition-des-enfants-aux-radiofr%C3%A9quences-pour-un-usage-mod%C3%A9r%C3%A9-
et-encadr%C3%A9-des-technologies 
34 http://www.lemonde.fr/planete/article/2015/01/29/une-loi-pour-encadrer-l-exposition-aux-
ondes_4565339_3244.html#meter_toaster 
35 expatica.com/be/news/belgian-news/TMag-Mobile-phones-to-be-banned-for-children_259994.html    
36 http://www.dailymail.co.uk/news/article-2929530/Does-toddler-play-iPad-Taiwan-makes-ILLEGAL-parents-let-children-
two-use-electronic-gadgets-18s-limit-use-reasonable-lengths.html 
37 https://www.facebook.com/1522020334715209/videos/1672938882956686/ (English subtitles) 
https://www.youtube.com/watch?v=996vzcCYCnE&feature=youtu.be 

https://www.scribd.com/document/339245973/Health-Canada-Response-to-C4ST-References-of-140-Missing-Studies#from_embed
http://www.healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2011/13548a-eng.php
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7. Given the lessons learned from not acting sooner to protect unborn children in cases such as fetal alcohol syndrome 
(FAS), tobacco (cigarette) smoke exposure, diethylstilbestrol (DES) and thalidomide, will the Government of Canada 
act immediately to the scientific evidence linking radiofrequency/microwave wireless radiation to autism and other 
potential adverse health outcomes, and require warnings, similar to alcohol consumption and cigarette packaging, to 
warn pregnant women on the potential harmful effects of wireless devices to them and their unborn child as well as 
update its web page  “Safety of cell phones and cell phone towers” 38 to include the most recent science and  
cautionary advice from other countries such as France39, Belgium40, Taiwan,41 and Cyprus42? If not, why not?  
 

8. Will the Government of Canada conduct an educational campaign such as the “Baby Safe Project”43 from the United 
States, led in part by researchers at Yale University, to educate pregnant women on the potential harmful effects of 
wireless devices to their unborn child? 
 

9. Given that few health related studies have been conducted on  5G technology and that this technology will be 
pervasive because it will be used for intense connectivity e.g. for the Internet of Things, what precautionary measures 
will the Government of Canada take to protect the health of Canadians, particularly pregnant women and children? 
 

10. With the new scientific evidence presented here, what specific actions will Health Canada take regarding the 
recommendations from both the 2010 and 2015 Parliamentary Health Committee Reports to run awareness sessions 
and/or campaigns to educate Canadians, especially relating to children and pregnant women, on the safer use of 
wireless devices?  

  

                                                           
38 https://www.canada.ca/en/health-canada/services/consumer-radiation/safety-cell-phones-cell-phone-towers.html  
39 http://www.lemonde.fr/planete/article/2015/01/29/une-loi-pour-encadrer-l-exposition-aux-
ondes_4565339_3244.html#meter_toaster 
40 expatica.com/be/news/belgian-news/TMag-Mobile-phones-to-be-banned-for-children_259994.html    
41 http://www.dailymail.co.uk/news/article-2929530/Does-toddler-play-iPad-Taiwan-makes-ILLEGAL-parents-let-children-
two-use-electronic-gadgets-18s-limit-use-reasonable-lengths.html 
42 https://www.facebook.com/1522020334715209/videos/1672938882956686/ (English subtitles) 
https://www.youtube.com/watch?v=996vzcCYCnE&feature=youtu.be 
43 http://www.babysafeproject.org/  

https://www.canada.ca/en/health-canada/services/consumer-radiation/safety-cell-phones-cell-phone-towers.html
http://www.babysafeproject.org/
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Appendix 1.  Recommendations from the 13th Report of the Standing Committee on Health (HESA),  
"Radiofrequency electromagnetic radiation and the Health of Canadians", June 2015, 41st Parliament44. 
 

Recommendations relating directly to vulnerable persons are recommendations 8, 9 and 12. 
 

 
RECOMMENDATION 1 

That the Government of Canada, in collaboration with the health departments of the provinces and territories, examine existing 
cancer data collection methods to improve the collection of information relating to wireless device use and cancer. 
 
RECOMMENDATION 2 

That Statistics Canada consider including questions related to electromagnetic hypersensitivity in the Canadian Community 
Health Survey. 
 
RECOMMENDATION 3 

That the Government of Canada, through the Canadian Institutes of Health Research, consider funding research into 
electromagnetic hypersensitivity testing, diagnosis and treatment, and its possible impacts on health in the workplace. 
 
RECOMMENDATION 4 

That the Canadian Medical Association, the Royal College of Physicians and Surgeons, the College of Family Physicians of 
Canada and the World Health Organization consider updating their guidelines and continuing education materials regarding the 
diagnosis and treatment of electromagnetic hypersensitivity to ensure they are based on the latest scientific evidence and reflect 
the symptoms of affected Canadians. 
 
RECOMMENDATION 5 

That the Government of Canada continue to provide reasonable accommodations for environmental sensitivities, including 
electromagnetic hypersensitivity, as required under the Canadian Human Rights Act. 
 
RECOMMENDATION 6 

That Health Canada ensure the openness and transparency of its processes for the review of Safety Code 6, so that all 
Canadians have an opportunity to be informed about the evidence considered or excluded in such reviews, that outside experts 
are provided full information when doing independent reviews, and that the scientific rationale for any change is clearly 
communicated. 
 
RECOMMENDATION 7 

That the Government of Canada establish a system for Canadians to report potential adverse reactions to radiofrequency fields. 
 
RECOMMENDATION 8 

That an independent scientific body recognized by Health Canada examine whether measures taken and guidelines provided in 
other countries, such as France and Israel, to limit the exposure of vulnerable populations, including infants, and young children 
in the school environment, to radiofrequencies should be adopted in Canada. 
 
RECOMMENDATION 9 

That the Government of Canada develop an awareness campaign relating to the safe use of wireless technologies, such as cell 
phones and Wi-Fi, in key environments such as the school and home to ensure that Canadian families and children are reducing 
risks related to radiofrequency exposure. 
 
RECOMMENDATION 10 

That Health Canada conduct a comprehensive review of all existing literature relating to radiofrequency fields and 
carcinogenicity based on international best practices. 
 
RECOMMENDATION 11 

That the Government of Canada, through the Canadian Institutes of Health Research, consider funding research into the link 
between radiofrequency fields and potential health effects such as cancer, genetic damage, infertility, impairment to 
development and behaviour, harmful effects to eyes and on the brain, cardiovascular, biological and biochemical effects. 
 
RECOMMENDATION 12 

That the Government of Canada and manufacturers consider policy measures regarding the marketing of radiation emitting 
devices to children under the age of 14, in order to ensure they are aware of the health risks and how they can be avoided. 

  

                                                           
44 http://www.parl.gc.ca/content/hoc/Committee/412/HESA/Reports/RP8041315/hesarp13/hesarp13-e.pdf 
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Appendix 2. Adverse health effects at radiofrequency/microwave radiation exposure levels below Health Canada's "safe" Safety 
Code 6 human exposure guidelines have been documented for every life stage of human development (except for the egg 
where only insect studies have been conducted45).  
 

The following are only some of the scientifically sound studies showing harm and potential harm from exposures below Safety 
Code 6 limits – some at many times below these limits – on pre-adult life stages. These studies include human, animal and 
cell/tissue studies.  
 

In each section, human studies are listed first and are followed by animal studies which provide support for what is being 
reported in people, and in some studies report possible effects in humans which have not been yet identified. 

 
1. PREGNANCY 

1.1. Women carrying to term  

 Spontaneous unexplained abortions: A case-control study (292 women with unexplained spontaneous 

abortions/308 normal pregnancies). Conclusion: Our result suggests that use of mobile phones can be related 

to the early spontaneous abortions.” Mahmoudabadi, F. S., et al. (2015)1 

 

 Embryo growth ceasing:  Watching TV and using mobile telephone during the first trimester of pregnancy may 

increase the risk of embryo growth ceasing significantly, in particular the high-risk pregnant women with 

embryo growth ceasing history." Han, J., et al. (2010).2 

 

 Amniotic cells:  exposure at 0.1 and 0.5 W/kg (6.3% and 31.3% of Safety Code 6). 

"... we conclude that membrane receptors could be one of the main targets that RFR [radiofrequency radiation] 
interacts with cells, and the dose-rate threshold, in the case of EGF [epidermal growth factor] receptors, is 
between SAR of 0.1 and 0.5 W/kg." Sun, W., et al. (2012).3 

 
1.2. Animal supporting studies 

 Implantation: Exposure 0.023023 W/kg (1.4 % of Safety Code 6): "We observed that implantation sites were 

affected significantly...Our findings led us to conclude that a low level of MW [microwave] irradiation-induced 

oxidative stress not only suppresses implantation, but it may also lead to deformity of the embryo in case 

pregnancy continues. We also suggest that MW radiation-induced oxidative stress by increasing ROS  

[reactive oxygen species] production in the body may lead to DNA strand breakage in the brain cells and 

implantation failure/resorption or abnormal pregnancy in mice.” Shahin, S., et al. (2013).4 

 
2. EXPOSURE IN THE WOMB (PRENATAL) OR AS A NEWBORN (POSTNATAL) 

2.1. Human 
1. Behavioural problems:  

 "The findings of the previous publication were replicated in this separate group of participants 

demonstrating that cell phone use was associated with behavioural problems at age 7 years in children, and 

this association was not limited to early users of the technology. Divan et al. (2012.5   

 "Maternal cell phone use during pregnancy may be associated with an increased risk for behavioral 

problems, particularly hyperactivity/inattention, in offspring."). Birks et al. (2017)6                                                                                                                                                              

2. Autism: A plausible link to exposure of wireless radiation to Attention Deficit Hyperactivity Disorder Spectrum 

(ADHDS) has been presented (Herbert  and Sage (2013)7, 8   and Herbert (2015). 9 

 

                                                           
45 Abnormal development: "All EMF [electromagnetic field] sources used created statistically significant effects regarding 
fecundity and cell death-apoptosis induction, even at very low intensity levels... well below ...guidelines..." Margaritis, L. H., et 
al. (2014). Drosophila oogenesis as a bio-marker responding to EMF sources. Electromagnetic Biology and Medicine, 33(3), 
165–189 http://www.ncbi.nlm.nih.gov/pubmed/23915130  
 

http://www.ncbi.nlm.nih.gov/pubmed/23915130
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2.2. Animal 

 Hyperactivity and impaired memory: “Neurobehavioral disorders are increasingly prevalent in children... 
we used a mouse model to demonstrate that in-utero radiofrequency exposure from cellular telephones 
does affect adult behavior. Mice exposed in-utero were hyperactive and had impaired memory... We 
present the first experimental evidence of neuropathology due to in-utero cellular telephone radiation." 
Aldad, T. S., et al. (201210 

 

 Kidney damage: "[Exposure] during the prenatal period can cause pathological changes in kidney tissue 

in 21-day-old male rats owing to oxidative stress and decreased antioxidant enzyme levels.” Odacı, E., et 

al. (2015).11 

 

 Developmental abnormailities including testes: "... exposure throughout embryogenesis may cause 

reductions in serum total T levels and in the size and weight of the testes of male rats, while causing 

modest increase in apoptosis.” Sehitoglu, I., et al. (2015).12 

 

 Memory loss: "... exposure to continuous-wave MW [microwave] radiation leads to oxidative/nitrosative 

stress induced p53 dependent/independent activation of hippocampal neuronal and non-neuronal 

apoptosis associated with spatial memory loss.” Shahin, S., et al. (2015).13 

 

 Abnormal brain cell development: "In conclusion, our study results show that prenatal exposure to EMF 

[electromagnetic fields] affects the development of Purkinje cells in the female rat cerebellum and that the 

consequences of this pathological effect persist after the postnatal period.” Odacı, E., et al. (2015).14 

 

 Abnormal sperm quality: "We found a higher apoptotic index, greater DNA oxidation levels and lower 

sperm motility and vitality in the NEMFG [new born exposed group] ... rat testes exposed to 900 MHz 

EMF [electromagnetic fields] exhibited altered sperm quality and biochemical characteristics.” Odacı, E., 

et al. (2016).15 

  

3. CHILDHOOD AND EARLY ADOLESCENCE 
3.1. Human 

 Attention Deficit Hyperactivity Disorder (ADHD)-mobile phones: A total of 2,422 children at 27 

elementary schools in 10 Korean cities were examined and followed up 2 years later... The ADHD 

[Attention Deficit Hyperactivity Disorder] symptom risk [was] associated with mobile phone use for voice 

calls but the association was limited to children exposed to relatively high lead.” Byun, Y.-H., et al. 

(2013).16 

 

 Addiction, depression: “...We analyzed three-year longitudinal data from the Korean Children and Youth 
Panel Survey conducted by the National Youth Policy Institute in Korea. A total of 1877 valid responses 
from 2011 to 2013 were analyzed....We found that each mobile phone addiction and depressive 
symptom in earlier years was associated with increasing severity in these conditions consistently over 
the three years.” Jun S. (2016)17 

 

 Fatigue: "The present study indicated that there was a consistent significant association between MP 

[mobile phone] use and fatigue in children. Further in-depth research is needed to explore the potential 

health effects of MP use in children.” Zheng, F., et al. (2015).18 
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 Well-being:  
o "... New Zealand early-adolescents’ subjective well-being and self-reported use of, or exposure to, 

wireless telephone and internet technology... increased risk of headaches ... . Using a wired 
cellphone headset was associated with tinnitus ...  headache ...  feeling down/depressed ... waking in 
the night... To safeguard young people’s well-being, we suggest limiting their use of cellphones and 
cordless phones to less than 15 minutes daily, and employing a speaker-phone device for longer 
daily use...” Redmayne, M., et al. (2013).19 

 
o '''...We recruited 619 fourth-grade students (8-11 years) from 37 schools around Melbourne and 

Wollongong, Australia... results for CP (cell phone] use were broadly consistent with our earlier study 
of older children...” Redmayne, M., et al.  (2016).20 

 

 Cognitive and behavioural effects: exposure median 285.94 μW/m2 and maximum 2,759.68 μW/m2 -

100kHz to 6GHz (0.01% and 0.14% of Safety Code 646, respectively): 

 
o "A subsample of 123 boys belonging to the Environment and Childhood cohort from Granada 

(Spain), recruited at birth from 2000 through 2002, were evaluated at the age of 9–11 years...children 

living in higher RF exposure areas (above median SRMS [root mean-square] levels) had lower 

scores for verbal expression/comprehension and higher scores for internalizing and total problems, 

and obsessive-compulsive and post-traumatic stress disorders... Calvente, I., et al. (2016).21 

 
o "Two groups of healthy school-age children aged 11-14 (12.5±1.5) years were included in the study, 

the one comprising those who are occasional users of a cellular phone (Group A) while the second 
those who do regularly use one (Group B)...CONCLUSIONS: HPA [The hypothalamic-pituitary-
adrenal ] axis response to cellular phone after mental stress in children and adolescents follow a 
different pattern in frequent users than in occasional users that seems to be influenced by the 
baseline thyroid hormone levels.” Geronikolou, S. A., et al. (2015). 22  

 

 Epigenetics: The subject of childhood development and epigenetics was recently reviewed by Sage and 
Burgio (2017).23 

 
3.2 Animal 

 Possible infertility: "Further, these adverse reproductive effects suggest that chronic exposure to 

nonionizing MW [microwave] radiation may lead to infertility via free radical species-mediated pathway.” 

Shahin, S., et al. (2014).24 

 

 Abnormal spinal cord development:  Biochemistry results revealed significantly increased 
malondialdehyde and glutathione levels... LM [light microscopy] revealed atrophy in the spinal cord, 
vacuolization, myelin thickening and irregularities in the perikarya. TEM [transmission electron 
microscopic] revealed marked loss of myelin sheath integrity.” İkinci, A., et al. (2015)25 

 

 Poor spatial memory: "... exposed rats exhibited poor spatial memory retention when tested 48 h after the 
final trial... Structural changes found in the hippocampus of RF-EMR [radiofrequency - elemtromagnetic 
radiation] exposed rats could be one of the possible reasons for altered cognition.” Narayanan, S. N., et 
al. (2015) 26 

 

 

 
 

                                                           
46 Calculated using 2,000,000 μW/m2 as the Safety Code 6 level. Safety Code 6 level at 6GHz is 10,000,000 μW/m2. 
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4.0 LATE-ADOLESCENCE AND EARLY ADULTHOOD 

 4.1 Human 

 Brain tumours/brain cancer  

 Children are not little adults. Studies indicate that children absorb more radiation than adults. 27,28 Dr. Om 
Gandhi of the Department of Electrical and Computer Engineering, University of Utah, has published 
multiple research studies indicating that children absorb radiation deeper into their brains than adults:47 

 Children absorb more radiation: “Computer simulation using MRI scans of children is the only possible way 
to determine the microwave radiation (MWR) absorbed in specific tissues in children. Children absorb more 
MWR [microwave radiation] than adults because their brain tissues are more absorbent, their skulls are 
thinner and their relative size is smaller... tumors induced in children may not be diagnosed until well into 
adulthood. The fetus is particularly vulnerable.” Morgan, L. L., et al. (2014).29 

 First use before the age of 20 increases risk: "... pooled analysis of two case-control studies on malignant 

brain tumours with patients ... aged 20-80 years and 18-75 years, respectively, at the time of diagnosis... 

Mobile phone use increased the risk of glioma... Use of cordless phones increased the risk ... First use of 

mobile or cordless phone before the age of 20 gave higher OR [Odds Ratio] for glioma than in later age 

groups.” Hardell, L., & Carlberg, M. (2015).30  

 Malignant brain tumors : A 2016 report published in the journal Neuro-Oncology and funded by the American 

Brain Tumor Association (ABTA) reports on the Central Brain Tumor Registry of the US (CBTRUS).  Brain 

tumors are the most common cause of cancer-related deaths in adolescents and young adults aged 15-39, 

and the most common cancer occurring among 15-19 year olds. American Brain Tumor Association. 

(2016)31  

 

 Canada: “The astounding increases reported in this study, especially in young people, mirror what I am 

seeing in my clinic,” responded Dr. Jacob Easaw, from the Tom Baker Cancer Centre in Calgary.  

 “Canada is in the process of establishing a comparable brain tumour registry, so these analyses will not be 
available here for 15 or 20 years. I am increasingly convinced that mobile phones are a major cause, and 
urgent action is needed.” Quoted by Prevent Cancer Now (2016)32 

 
o Recently published Canadian data for the 13-nation INTERPHONE study, used for the World Health 

Organization -International Agency for Research on Cancer (WHO-IARC)  Class 2B possible human 
carcinogen classification, confirmed the more than doubling of risk of glioma (odds ratio of 2.2 after 
adjustment for selection and recall bias). 33 

 

 Possible/probable/known human carcinogen: The 2011 WHO-IARC’s “possible carcinogen” designation 
was based primarily on the 13 country-wide INTERPHONE study 48, as well as a series of studies led by Dr. 
Lennart Hardell.34 In 2014, the well-designed CERENAT French study supported those findings.35  The 
international CEFALO study of children and adolescents indicated increased glioma risk with increased time 
of subscription, with significantly increased odds among the longest subscribers.36,37  
 
o There is more recent evidence that the current classification of radiofrequency/microwave radiation 

should be upgraded to a Group 2A probable carcinogen or Group 1 known carcinogen. The 2011 
classification of radiofrequency/microwave radiation as a Group 2B possible carcinogen was based 
largely on human studies. Baan, R., et al. (2011).38 On May 27th, 2016, results of a US National 
Toxicology Program study were released showing strong evidence that cancer in rats can be caused 
by cell phone radiation (details below).  
 

o Recently Dr. Hardell co-authored a paper calling for radiofrequency/microwave radiation from wireless 
phones to be classified as a Group 1, known carcinogenic to humans.39 Tobacco is in Group 1. 
 

                                                           
47 Environmental Health Trust: http://ehtrust.org/ 
48 See Appendix 2. https://academic.oup.com/ije/article/39/3/675/631387/Brain-tumour-risk-in-relation-to-mobile-telephone  

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7131429&queryText=Yes+the+children+are+more+exposed+to+radio-frequency+energy+from+mobile+t
https://academic.oup.com/ije/article/39/3/675/631387/Brain-tumour-risk-in-relation-to-mobile-telephone
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 4.2  Animal 

 Brain cell abnormalities:"... Histopathological evaluations were also performed on these sections. 
Histopathological observation showed abundant cells with abnormal, black or dark blue cytoplasm and 
shrunken morphology among the normal pyramidal neurons. ... Stereological analyses showed that the total 
number of pyramidal neurons in the cornu ammonis of the EMF-EG [electromagnetic fields -exposed group] 
rats was significantly lower...” Şahin, A., et al. (2015) 40 

 Brain cancer and schwannomas: In 2016 The US National Toxicology Program, National Institute of 
Environmental Health Science (NTP/NIEHS) released partial, but final, results of a major study finding a 
statistically significant association between cell phone radiation below USA safety standard (same as Health 
Canada's Safety Code 6) and cancer in male rats. "The occurrences of two tumor types in male Harlan 
Sprague Dawley rats exposed to RFR [radiofrequency radiation], malignant gliomas in the brain and 
schwannomas of the heart, were considered of particular interest....” 41 This study found that cancer occurred 
at non-thermal levels, below the Safety Code 6 danger threshold. DNA damage was also observed in the NTP 
animal study. Wyde, M., et al. (2016).42 

 Possible infertility: "... chronic exposure to nonionizing MW [microwave] radiation may lead to infertility via free 
radical species-mediated pathway.” Shahin, S., et al. (2014).43 
"...Data of the present study showed a significant increase in both excitatory and inhibitory amino acids in the 
cerebellum of adult and young rats and midbrain of adult animals after 1 hour of EMR [electromagnetic 
radiation]  exposure...The present changes in amino acid concentrations may underlie the reported adverse 
effects of using mobile phones.” Noor, N. A ., et al. (2011).44 
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Environmental Petition 
 
Name of petitioner(s): 
Barbara Payne on behalf of Electromagnetic Pollution Illnesses Canada Foundation (EPIC) 
Address of petitioner(s):  
Telephone number(s):  
Email address:  
 
Office of the Auditor General of Canada 
240 Sparks Street, Ottawa, Ontario, K1A 0G6 
Via email to petitions@oag-bvg.gc.ca 
 
Attention: Petitions 
 
 
Date: June 16, 2017 
 
Dear Commissioner, 
I hereby submit this petition to the Auditor General of Canada under section 22 of the Auditor General 
Act. 
Signature of the petitioner: 

 

 
 
Electromagnetic	  Pollution	  Illnesses	  Canada	  Foundation	  (EPIC)	  is	  a	  volunteer-‐based	  not-‐for-‐profit	  in	  
Canada	  established	  to:	  
	  

• provide	  support	  and	  services	  to	  adults	  and	  children	  affected	  by	  electromagnetic	  pollution;	  
• provide	  information	  to	  the	  public	  about	  electromagnetic	  pollution	  and	  its	  impact	  on	  health	  and	  

wellbeing;	  
• promote	  the	  creation	  of	  healthy	  environments.	  
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Title	  of	  the	  Petition:	  	  Recognition,	  protection,	  and	  accessibility	  for	  persons	  who	  suffer	  health	  
impairment	  related	  to	  contamination	  by	  electromagnetic	  pollution	  in	  indoor	  and	  outdoor	  
environments:	  Furthering	  Honourable	  Health	  Minister	  Philpott’s	  topic	  “Greater	  
Understanding	  and	  Management	  of	  Electromagnetic	  hypersensitivity	  (EHS)”	  in	  response	  to	  
the	  Standing	  Committee	  on	  Health	  (HESA)	  report	  Radiofrequency	  Electromagnetic	  Radiation	  
and	  the	  Health	  of	  Canadians	  (related	  to	  Safety	  Code	  6	  et	  al.)	  
 
We request a response from Health Canada, Statistics Canada, and the Honourable Minister of Science. 
 
INTRODUCTION: 
In the 41st Parliament, the Standing Committee on Health (HESA) studied Safety Code 6 and heard 
testimony from 22 witnesses. Meetings were held March 241, April 232, and 283, 2015. Consequently, a 
HESA report, Radiofrequency Electromagnetic Radiation and the Health of Canadians4, which included 
12 Recommendations, was tabled in the House of Commons in June 2015. Four of the report’s 
Recommendations are regarding Electromagnetic hypersensitivity (EHS). 
 
An immediate response was not prepared because of the dissolution of Parliament. The HESA in the next 
Parliament re-tabled the report in June 2016. On October 6, 2016, the Honourable Jane Philpott, Minister 
of Health, responded on behalf of the Government of Canada. 
 
The purpose of this petition is to ask questions regarding Minister Philpott's response to the four HESA 
Recommendations regarding EHS: 
 

RECOMMENDATION 2 
That Statistics Canada consider including questions related to electromagnetic hypersensitivity in the 
Canadian Community Health Survey. 
RECOMMENDATION 3 
That the Government of Canada, through the Canadian Institutes of Health Research, consider funding 
research into electromagnetic hypersensitivity testing, diagnosis and treatment, and its possible impacts on 
health in the workplace. 
RECOMMENDATION 4 
That the Canadian Medical Association, the Royal College of Physicians and Surgeons, the College of 
Family Physicians of Canada and the World Health Organization consider updating their guidelines and 
continuing education materials regarding the diagnosis and treatment of electromagnetic hypersensitivity to 
ensure they are based on the latest scientific evidence and reflect the symptoms of affected Canadians. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 March 24, 2015 -
http://www.parl.gc.ca/HousePublications/Publication.aspx?Language=e&Mode=1&Parl=41&Ses=2&DocId=78927
02 
2 April 23, 2015 - 
http://www.parl.gc.ca/HousePublications/Publication.aspx?Language=e&Mode=1&Parl=41&Ses=2&DocId=79364
69 
3 April 28, 2015- 
http://www.parl.gc.ca/HousePublications/Publication.aspx?Language=e&Mode=1&Parl=41&Ses=2&DocId=79451
28 
4 http://www.parl.gc.ca/content/hoc/Committee/412/HESA/Reports/RP8041315/hesarp13/hesarp13-e.pdf 
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RECOMMENDATION 5 
That the Government of Canada continue to provide reasonable accommodations for environmental 
sensitivities, including electromagnetic hypersensitivity, as required under the Canadian Human Rights 
Act. 

 
Minister Philpott's response consisted of an introduction and three sections that addressed the 12 
Recommendations. The section that is the subject of this petition is in Minister Philpott’s response5 titled 
“Greater Understanding and Management of Electromagnetic-hypersensitivity (EHS)” and addressed the 
above recommendations. 
 
We have divided the Minister’s response text (appears framed and in italics) according to six Topics, and 
within each Topic the Minister’s response is followed by our background information and our questions. 
Topics 7 and 8 deal with closely related issues.  
 
 
Topic	  16	   Health	  Canada's	  statement	  on	  symptoms	  attributed	  to	  

electromagnetic	  fields	  (EMFs)	  	  
 
Health Canada acknowledges that some people have reported an array of health symptoms that they 
attribute to exposure to EMF [electromagnetic fields]. At present, the symptoms attributed to EMF 
exposure have been termed idiopathic environmental intolerance (IEI-EMF) by the WHO, where 
“idiopathic” refers to unknown causes. This means that while the symptoms attributed by some persons to 
EHS are real, the scientific evidence provides strong support that these health effects are not associated 
with EMF exposure.7 
 
BACKGROUND: 
Electromagnetic hypersensitivity (EHS) is a descriptive term for symptoms caused by exposure to 
electromagnetic fields radiation (such as radiofrequency radiation, microwave radiation, et al.). Other 
names often used for EHS are: electrosensitivity (ES), electromagnetic sensitivity (EMS), 
electrohypersensitivity (EHS), electromagnetic fields (EMF) syndrome, and idiopathic environmental 
intolerance (IEI-EMF).8 
 
Physical symptoms of EHS can be acute or chronic and range from mild effects such as headache, nausea, 
tingling, skin reactions, anxiety, and tinnitus (buzzing/ringing in the ears) to severe effects such as pain, 
neurological conditions, cardiovascular irregularities, hormonal irregularities, blood sugar irregularities, 
seizures, paralysis, and stroke. For many people, sleep disruption is a symptom of EHS, and reduced 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 http://www.parl.gc.ca/HousePublications/Publication.aspx?DocId=8481964 
6 [Sentences 1-3] 
7 http://www.parl.gc.ca/HousePublications/Publication.aspx?DocId=8481964 
8 The Swedish Radiation Safety authority in its 2015 report uses the terms idiopathic environmental intolerance 
attributed to electromagnetic fields (IEI--EMF) and electromagnetic hypersensitivity (EHS) as synonyms depending 
on the use of the terminology in the original papers. Page 75.  
https://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2015/SSM-Rapport-2015-
19.pdf 
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quantity or quality of sleep contributes to further physiological and other problems. Behaviour, 
concentration, and memory can also be affected. Other information on EHS and other environmental 
illnesses can be found in “The Medical Perspectives on Environmental Sensitivities” on the Canadian 
Human Rights Commission website.9 
 
The World Health Organization (WHO) also uses the term “electromagnetic sensitivity” to describe this 
condition. However, the WHO’s information sheet, “Electromagnetic fields and public health. 
Electromagnetic hypersensitivity. Backgrounder. December 2005”10, is outdated. Likewise, the draft 
report, and latest version available to the public, on this topic that the WHO is working on does not 
include all of the more recent relevant studies. Concerns about the WHO working group and process that 
the WHO is using in preparing the report have been expressed.11, 12  
 
QUESTIONS:  

1. (a) How have Canadians reported their electromagnetic hypersensitivity (EHS) symptoms to 
Health Canada? (b) How many Canadians have reported their EHS symptoms to Health Canada? 
(c) Has Health Canada conveyed those reports to the World Health Organization? 

2. What are the specific primary research studies (complete references with author, year, title, 
journal name), other than short-term provocation studies, that Health Canada relies on to make its 
evidence statement about association of health effects with EMF exposure?   

3. Has Health Canada contacted representatives in the Swedish government: to understand its 
decision to officially designate electrohypersensitivity (EHS) as a fully recognized functional 
impairment; and to identify what benefits are provided to individuals in Sweden who suffer due 
to EHS?  
 

 
Topic	  213	   Other	  agencies'	  statements	  on	  symptoms	  attributed	  to	  

electromagnetic	  fields	  (EMFs)	  
  
Other recent reviews have been carried out by international bodies including the Swedish Radiation Safety 
Authority (2015), Public Health England (2012) and the Australian Radiation Protection and Nuclear 
Safety Agency (2015); all reaching similar conclusions. Domestically, in its 2014 review of Safety Code 6 
the Royal Society of Canada found, “taken together, research in the past ten years does not provide firm 
evidence for the hypothesis that people with IEI-EMF can perceive RF energy levels below the limits in 
Safety Code 6 or that there is a causal link between exposure to RF and their symptoms”. 
 
BACKGROUND:  
None of the reports cited refer to the following highly relevant publications14.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 http://www.chrc-ccdp.gc.ca/sites/default/files/envsensitivity_en.pdf 
10 http://www.who.int/peh-emf/publications/facts/fs296/en/ [accessed 3 May 2017] 
11 http://www.bioinitiative.org/advisors-committee/ 
12 Starkey, S. J. (2016). Inaccurate official assessment of radiofrequency safety by the Advisory Group on Non-
ionising Radiation. Reviews on Environmental Health, 31(4), 493–503.  
13 [Sentences 4-5] 
14 Although the Minister cites the Australian report as being published in 2015 the title of the Australian Radiation 
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a) The “EUROPAEM [European Academy for Environmental Medicine] EMF Guideline 2016 
for the prevention, diagnosis and treatment of EMF-related health problems and illnesses”15 lists 
over 20 “health problems” and provides guidelines for treatment and diagnosis for family 
physicians to help identify and treat patients with EHS.* 
b) Belpomme, D., Campagnac, C., & Irigaray, P. (2015). Reliable disease biomarkers 
characterizing and identifying electrohypersensitivity and multiple chemical sensitivity as two 
etiopathogenic aspects of a unique pathological disorder. Reviews on Environmental Health, 
30(4), 251–271.* 
*Authors and their affiliations are listed in Appendix 1. 

 
It should also be noted that the opinions and conclusions in the reports cited by the Minister of Health are 
surrounded by controversy in aspects of flawed process, potential conflict of interest, and omissions – as 
detailed by the Swedish Radiation Protection Foundation16, the Australian group Oceania Radiofrequency 
Scientific Advisory Association (ORSAA)17, Starkey (2016)18, the BioInitative Working Group19, Pall 
(2015)20, the Canadians for Safe Technology report on “140 omitted studies”21, and in articles published 
in the Canadian Medical Association Journal (CMAJ). 22,23  
 
The concerns, which include bias of an unbalanced group evaluating the scientific literature, also extend 
to the European Union's report24 and are outlined in a letter to the European Ombudsman signed by over 
40 non-governmental organizations (NGOs).25 
 
In 2014, more than 50 Canadian medical doctors appealed to the Minister of Health for “guidelines and 
resources to assist Canadian physicians in assessing and managing problems related to microwave 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Protection (ARPANSA) report is “Review of Radiofrequency Health Effects Research - Scientific Literature 2000-
2012” Technical Report Series 164. [ARPANSA site http://www.arpansa.gov.au/ - accessed 3 May 2017] 
15  
https://www.researchgate.net/publication/305689940_EUROPAEM_EMF_Guideline_2016_for_the_prevention_dia
gnosis_and_treatment_of_EMF-related_health_problems_and_illnesses 
16 http://www.stralskyddsstiftelsen.se/english/   The report is on the conflict of interest of the experts in the 2016 
version which are the same experts as in 2015. http://www.stralskyddsstiftelsen.se/2016/05/varning-for-
stralsakerhetsmyndigheten-ssm-fyra-skal-till-varfor-du-inte-kan-lita-pa-ssm/ 
17 Personal communication with Steve Weller, member of Oceania Radiofrequency Scientific Advisory Association 
(ORSAA) - http://www.orsaa.org/.  
18 Starkey, S. J. (2016). Inaccurate official assessment of radiofrequency safety by the Advisory Group on Non-
ionising Radiation. Reviews on Environmental Health, 31(4), 493–503. 
19 The 2012 working group consisted of 29 electromagnetic field (EMF) experts from 10 countries - 
http://www.bioinitiative.org/report/wp-content/uploads/pdfs/sec25_participants.pdf 
20 Pall, M. L. (2015). Scientific evidence contradicts findings and assumptions of Canadian Safety Panel 6: 
microwaves act through voltage-gated calcium channel activation to induce biological impacts at non-thermal levels, 
supporting a paradigm shift for microwave/lower frequency electromagnetic field action. Reviews on Environmental 
Health, 30(2), 99–116. 
21 http://archives.c4st.org/website-pages/hc-resolution-documents/c4st-analysis-of-ignored-studies-full.html  
22 Scientists Decry Canada’s Outdated Wi-Fi Safety Rules 
http://archives.c4st.org/news/what-s-happening-in-canada/scientists-decry-canadas-outdated-wi-fi-safety-rules.html  
23 Canadian Medical Association Journal reports Health Canada's wireless limits are "A Disaster to Public Health" 
http://archives.c4st.org/news/what-s-happening-in-canada/canadian-medical-association-journal-reports-health-
canadas-wireless-limits-are-a-disaster-to-public-health.html 
24 Mentioned elsewhere in the Minister's response. 
25 http://www.stralskyddsstiftelsen.se/2015/03/bias-in-the-assessment-of-electromagnetic-fields-emf/ 
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radiation”26 (Appendix 2). 
 
QUESTIONS:  

4. Given the new information from experts in clinical settings from respected institutions, and the 
request to the Minister of Health outlined in the Canadian medical doctors’ 2014 declaration, will 
Health Canada update its assumptions regarding electromagnetic hypersensitivity (EHS)?  

5. (a) Will Health Canada provide the necessary resources to provide appropriate care for Canadians 
who suffer due to electromagnetic hypersensitivity (EHS)? (b) If not, why not?  

 
 
Topic	  327	   Accommodating	  Electromagnetic	  hypersensitivity	  (EHS)	  in	  the	  

workplace	  
 
Health Canada agrees that the Government of Canada should continue to provide accommodation 
measures for individuals suffering from disabilities, as required under the Canadian Human Rights Act 
and has shared a copy of the Committee’s report with officials at the Canadian Human Rights 
Commission for their consideration as appropriate. 
 
BACKGROUND: 
The Canadian Human Rights Commission establishes guidelines for employers to accommodate workers 
and has published a rationale titled “The Medical Perspectives on Environmental Sensitivities”.28  
We are aware that the Government of Canada has accommodated at least one individual in the workplace.  
 
More than 1000 physicians signed the “Freiburg Appeal” in 2002. The 2012 updated Appeal states,“… as 
physicians and scientists call again on our colleagues and the wider global community, but also on all 
politicians around the world to identify and clearly mark protected zones for electrohypersensitive 
people; establish public areas without wireless access or coverage, especially on public transport, similar 
to smoke-free areas for nonsmokers.”29 
 
QUESTIONS:  

6. What other proactive steps will Health Canada take to inform and educate within the public 
service, as well as in the private sector, to make employers aware of the potential consequences of 
firsthand and secondhand exposures to wireless radiation and increased risk to susceptible 
individuals? 

7. Are there any plans to determine the extent of electromagnetic hypersensitivity (EHS) within the 
federal public service?  

8. Why is the government of Canada not taking an active and visible approach to educate employers 
about the need to provide a safe working environment for employees as recommended by the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
26 http://www.c4st.org/images/documents/hc-resolutions/medical-doctors-submission-to-health-canada-english.pdf 
27 [Sentence 6] 
28 http://www.chrc-ccdp.gc.ca/sites/default/files/envsensitivity_en.pdf  
29 http://freiburger-appell-2012.info/en/home.php  
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Canadian Human Rights Commission?30 
 
 
Topic	  431	   Research	  on	  Electromagnetic	  hypersensitivity	  (EHS)	  
 
As outlined above, the Government of Canada supports research in areas related to EMF and health 
through CIHR’s investigator-initiated research programs. We encourage scientists interested in 
conducting further research studies in this area to make use of CIHR funding opportunities 
(https://www.researchnet- 
recherchenet.ca/rnr16/search.do?fodAgency=CIHR&fodLanguage=E&all=1&search=true&org=CIHR
&sort=pro gram&masterList=true&view=currentOpps). 
 
BACKGROUND: 
We did not find pertinent funding opportunities at the suggested website. 
 
QUESTION:  

9. What are the specific details of the opportunities for this type of project? Please provide links. 
 
 
Topic	  532	   Estimating	  prevalence	  of	  Electromagnetic	  hypersensitivity	  (EHS)	  in	  

the	  Canadian	  population	  
 
The Canadian Community Health Survey (CCHS) is a cross-sectional survey that collects information 
related to health status, health care utilization and health determinants for the Canadian population. New 
questions related to EHS could only be included in the CCHS once they meet Statistics Canada quality 
criteria for content. In the case of EHS, the lack of a clear etiology and definition by the research 
community (standard and accepted definition related to an accepted medical disorder) would limit the 
feasibility of interpreting and reporting on any data collected. 
 
BACKGROUND: 
There are no data for Canada. Studies elsewhere estimate per cent of the general population affected:  
 
a.  Sweden: Electrohypersensitivity (EHS) is officially a fully recognized, functional impairment, i.e. it is 
not regarded as a disease. Survey studies show that somewhere between 230,000 to 290,000 Swedish men 
and women – out of a population of 9,000,000 (2.6 to 3.2%) – report a variety of symptoms when being 
in contact with electromagnetic field (EMF) sources.33  
  

b. Taiwan: Tseng M, M.-C., Lin, Y.-P., & Cheng, T.-J. (2011). Prevalence and psychiatric comorbidity of 
self-reported electromagnetic field sensitivity in Taiwan: A population-based study. Journal of the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
30 http://www.chrc-ccdp.gc.ca/sites/default/files/envsensitivity_en.pdf 
31 [Sentence 7-8] 
32 [Sentences 9-10] 
33 http://iopscience.iop.org/article/10.1088/1755-1315/10/1/012005/meta  
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Formosan Medical Association, 110(10), 634–641. reported 13.3% of the population.  
 
c. United Kingdom: Eltiti, S., Wallace, D., Zougkou, K., Russo, R., Joseph, S., Rasor, P., & Fox, E. 
(2007). Development and evaluation of the electromagnetic hypersensitivity questionnaire. 
Bioelectromagnetics, 28(2), 137–151. found 4.0% of the population reported symptoms.   
 
d. USA (California): Levallois, P., Neutra, R., Lee, G., & Hristova, L. (2002). Study of self-reported 
hypersensitivity to electromagnetic fields in California. Environmental Health Perspectives, 110(Suppl 
4), 619–623. reported 3.2% of the population were affected.  
 
Based on information from other countries, it is not unreasonable to estimate that this condition could be 
affecting at least 3% of Canadians. 
 
Note that approximately 2% of Canadian children have a peanut allergy.34  
 
According to a January 2007 Statistics Canada report, approximately 5% of Canadians (1.2 million 
persons) suffer “medically unexplained physical symptoms”. These included multiple chemical 
sensitivity, fibromyalgia, and chronic pain.35 A similar survey was also conducted in 2014.36 Appendix 3 
shows a Statistics Canada table with population percentages: “Prevalence of disability by type, Canada, 
2012”; 8 of the 11 types are lower than 4%.  
 
QUESTIONS:  

10. Has the Government of Canada evaluated the potential loss in productivity and other economic 
factors with over 1 million Canadians possibly suffering from Electromagnetic hypersensitivity 
(EHS)? 

11. Would Statistics Canada conduct a survey similar to those conducted in 2007 and 2014 that 
would also include Electromagnetic hypersensitivity (EHS)? 

 
 

Topic	  637	   Clinical	  guidelines	  for	  Electromagnetic	  hypersensitivity	  (EHS)	  and	  
related	  education	  about	  EHS	  and	  EMFs	  in	  indoor	  and	  outdoor	  
environments	  

 
In response to the Committee’s recommendation for updates to clinical guidelines and continuing 
education materials for health care providers, Health Canada has shared the report of the Committee with 
the Canadian Medical Association, the Royal College of Physicians and Surgeons, the College of Family 
Physicians, and the WHO for their consideration of recommendations relating to their respective 
mandates as appropriate. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
34 Approximately 2% of the population has a peanut allergy - http://www.theglobeandmail.com/life/parenting/for-
schools-and-parents-what-is-the-right-approach-to-food-allergies/article16618717/    
35 http://www.statcan.gc.ca/pub/82-003-x/2006001/article/9526-eng.htm 
36 http://www.statcan.gc.ca/daily-quotidien/150617/dq150617b-eng.htm 
37 [Sentence 11] 
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BACKGROUND:  
EHS is an emerging medical phenomenon. Dr. Riina Bray, Medical Director, Environmental Health 
Clinic, Women's College Hospital in Ontario, in her testimony to the Parliamentary Standing Committee 
on Health (HESA) in April 201538, stated, “Since the time these diagnoses were initially made 10 years 
ago, the numbers have increased dramatically....” One key element of treatment involves identifying and 
reducing exposure to sources of wireless radiation. Yet, Canadian family physicians are not informed by 
Health Canada to interview symptomatic patients about the use of wireless devices in their personal, 
home, or work environments and to prescribe practices of prudent avoidance. In the absence of 
authoritative instruction, the Canadian physician’s standard of practice is to prescribe a costly treatment 
plan to abate the symptoms, instead of eliminating the cause. 
 
The following are two recent publications (mentioned previously) that outline objective testing, 
diagnoses, and treatment:  
 
a)  The “EUROPAEM EMF Guideline 2016 for the prevention, diagnosis and treatment of EMF-related 
health problems and illnesses”39 lists over 20 “health problems” and provides guidelines for treatment and 
diagnosis for family physicians to help identify and treat patients who suffer due to EHS.   
b)  Belpomme, D., Campagnac, C., & Irigaray, P. (2015). Reliable disease biomarkers characterizing and 
identifying electrohypersensitivity and multiple chemical sensitivity as two etiopathogenic aspects of a 
unique pathological disorder. Reviews on Environmental Health, 30(4), 251–271. 
 
In their published research paper “Electromagnetic hypersensitivity – an increasing challenge to the 
medical profession”, Dr. Lena Hedendahl et al.40 state, “It seems necessary to give an International 
Classification of Diseases to EHS to get it accepted as EMF-related health problems”.  
 
QUESTIONS:   

12. How can the Government of Canada invest resources to better understand electromagnetic 
hypersensitivity (EHS) testing, diagnosis, treatment, and possible impacts on health in the 
workplace that could impact over 1 million Canadians41? Will it invest; and if not, why not? 

13. (a) Has Health Canada undertaken to gather perspectives on the emerging public health issue of 
electromagnetic hypersensitivity (EHS) and suggestions for a working definition from the 
Environmental Health Clinic at Women's College Hospital, Toronto, Ontario42, the 
Environmental Health Centre, Rivers Falls, Nova Scotia,43 Dr. Stephen Genuis, MD44 in 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
38 http://www.parl.gc.ca/content/hoc/Committee/412/HESA/Evidence/EV7945128/HESAEV58-E.PDF. As an 
individual. 
39 https://www.emfanalysis.com/wp-content/uploads/2016/09/EUROPAEM-EMF-Guideline-2016.pdf  
40 https://www.ncbi.nlm.nih.gov/pubmed/26372109 
https://doi.org/10.1515/reveh-2015-0012  
41 3% of 35 million 
42  http://www.womenscollegehospital.ca/  
43 Integrated Chronic Care Service,, Environmental Health Centre, Nova Scotia 
http://www.cdha.nshealth.ca/integrated-chronic-care-service-iccs  
44 Author of: Genuis, S. J., & Lipp, C. T. (2012). Electromagnetic hypersensitivity: fact or fiction? The Science of 
the Total Environment, 414, 103–112. Dr. Genuis invited the members of the Royal Society of Canada to contact 
him if they had any questions when they had the public hearings. 
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Edmonton, Alberta,45 or any of the medical doctors who provided submissions to the Royal 
Society of Canada’s panel during their 2013 hearings46? (b) If not, why not? (c) If yes, when will 
details be publicly available? 

14. What is Health Canada doing to support the International Classification of Diseases initiative 
proposed by Dr. Lena Hedendahl et al. (2015) in their paper “Electromagnetic hypersensitivity – 
an increasing challenge to the medical profession”?47 

15. In keeping with Recommendation 4: (a) Did Health Canada provide the EUROPAEM (2016) and 
Belpomme et al. (2015) papers on clinical guidelines and markers for EHS as part of the “latest 
scientific evidence” on electromagnetic sensitivity when it forwarded the HESA Committee's 
report to the Canadian Medical Association, the Royal College of Physicians and Surgeons, the 
College of Family Physicians, and the World Health Organization? (b) What other “latest 
scientific evidence” was provided by Health Canada to these bodies?  
 

	  

Topic	  7	   Health	  Canada	  inaction	  regarding	  recommendations	  made	  by	  the	  
Royal	  Society	  of	  Canada	  expert	  panel	  in	  2014	  

 
BACKGROUND: 
The Royal Society of Canada panel’s 2014 report states: “Health Canada is urged to investigate the 
symptoms of IEI-EMF [Idiopathic Environmental Intolerance-Electromagnetic Fields] individuals with 
the aim of understanding the etiology of their condition, developing criteria for differential diagnosis of 
the condition, and finding ways to provide effective treatment for such individuals”48 
 
QUESTION:  

16. Health Canada references the Royal Society report at least three times in its defense of Safety 
Code 6.49,50,51 Why has Health Canada not followed through on this recommendation? 
 
 

Topic	  8	   Transparency	  and	  gaps	  in	  recordkeeping	  
 
BACKGROUND: 
In the 2009 update of Safety Code 6 (1999), the sentence “Certain members of the general public may be 
more susceptible to harm from microwave exposure” was removed. Attempts to learn under whose 
direction this sentence was removed have been made by filing a records request under the Access To 
Information Act. Official responses show that, “Health Canada has no emails or written correspondences 
regarding the rationale for removal of this statement.” (Appendix 4)  
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
45 Genuis, S. J., & Lipp, C. T. (2012). Electromagnetic hypersensitivity: fact or fiction? The Science of the Total 
Environment, 414, 103–112. 
46 These were later forwarded to Health Canada by Canadians for Safe Technology during the public consultations 
on Safety Code 6. 
47 Reviews on Environmental Health, 30(4), 209–215. https://www.ncbi.nlm.nih.gov/pubmed/26372109 
48 https://rsc-src.ca/sites/default/files/pdf/SC6_Report_Formatted_1.pdf 
49 http://www.parl.gc.ca/HousePublications/Publication.aspx?DocId=8481964  
50 http://www.hc-sc.gc.ca/ewh-semt/pubs/radiation/radio_guide-lignes_direct/index-eng.php  
51 https://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09583.html  
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QUESTIONS:  
17. Why was the above statement – about susceptibility to harm from exposure – removed from the 

2009 update to Safety Code 6?  
18. How is it possible that such an important statement was removed without any internal 

communication within Health Canada? 
19. Will a process be put in place so that any changes in the current Safety Code 6 (2015) 52 are made 

in a transparent manner with reasons given? 
 
  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
52 http://www.hc-sc.gc.ca/ewh-semt/consult/_2014/safety_code_6-code_securite_6/final_finale-eng.php 
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Appendix	  1	  
Lists	  of	  authors	  and	  their	  affiliations	  for	  the	  EUROPAEM	  publication	  and	  the	  
Belpomme	  et	  al.	  publication	  (re	  Topic	  2	  and	  Topic	  6)	  
 
a) Names and affiliations of authors of the EUROPAEM Guideline:  
 

 
 
b) Names and affiliations of authors of the publication on reliable disease markers for 

electrohypersensitivity (EHS): 
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Appendix	  2	  
Declaration	  sent	  by	  Canadian	  medical	  doctors	  to	  the	  Minister	  of	  Health	  during	  
the	  public	  consultation	  process	  regarding	  revisions	  to	  Safety	  Code	  6	  (2009)	  
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Appendix	  3	  
Excerpt	  from	  “Disability	  in	  Canada:	  Initial	  findings	  from	  the	  Canadian	  Survey	  on	  
Disability”	  (viewed	  May	  6,	  2017	  at	  http://www.statcan.gc.ca/pub/89-‐654-‐x/89-‐
654-‐x2013002-‐eng.htm)	  
 

 

  



Petition	  by	  EPIC	  •	  Furthering	  HESA’s	  recommendations	  re	  Electromagnetic	  hypersensitivity	  (EHS)	   17/17	  

Appendix	  4	  
Excerpt	  from	  a	  request	  made	  under	  the	  Access	  To	  Information	  Act	  
 
 
"I am writing in regards to your complaint filed with the Office of the  
Information Commissioner concerning your request A-2011-00827:  
 
("Previously disclosed records under A-2011-00503 that read as follows:) 
 
Request all submissions, emails, printed and electronic correspondence  
sent or received by Health Canada concerning the 2009 update of Safety  
Code 6 (Limits of Human Exposure to Radio-frequency Electromagnetic Energy  
in the Frequency Range from 3 kHz to 300 GHz)" 
 
Please note that our office of primary interest, Healthy Environments and  
Consumer Safety Branch- Environmental and Radiation Health Sciences  
Directorate (HECSB- ERHSD) at Health Canada has confirmed that there are  
no e-mails or written correspondence on why the sentence "Certain members  
of the general public may be more susceptible to harm from microwave  
exposure" was removed.  
 
We trust this information clarifies the matter.  
 
Sincerely, 
N. Muminovic  
Access to Information and Privacy  
Health Canada  
Public Health Agency of Canada  
Holland Cross, Tower B  
1600 Scott Street, 7th Floor  
Ottawa, ON K1A 0K9  
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Introduction 
In 2016, the Canadian Wireless Telecommunications Association (CWTA) reported over 
30 million cell phone subscriptions, 3 million machine-to-machine connections (e.g. 
“smart” meters for utilities), and wireless coverage for more than 99% of the population.1 
Microwave or radiofrequency radiation (RFR) connects many devices such as cell 
phones, baby monitors, cordless phones, local area networks (WiFi), and the proliferation 
of devices in the “Internet of Things.”  
Increasing exposures to RFR are ubiquitous, complex, and utilize more and more 
frequencies and modulations for a diversity of devices, for an expanding variety of 
applications. This increase of environmental exposures by many orders of magnitude 
over historical levels should trigger very careful scrutiny. Associated adverse health 
effects, even if subtle (e.g. lower fertility or IQ) or rare (e.g. brain cancer), can have 
large, costly impacts on public health and society. 
Responsibility for RFR exposure scientific assessment and exposure guideline 
development rests with the Consumer and Clinical Radiation Protection Bureau of Health 
Canada. Limits of Human Exposure to Radiofrequency Electromagnetic Energy in the 
Frequency Range from 3 kHz to 300 GHz, Safety Code 6 (2015) 2 applies to all 
individuals working at, or visiting, federally regulated sites, and has been adopted by 
Innovation, Science and Economic Development Canada (previously Industry Canada) as 
the scientific basis for equipment certification and RF field exposure compliance 
specifications for wireless devices in Canada. Safety Code 6 is also referred to by 
provincial and local public health authorities, school boards and others as being 
definitive, and as a reason not to restrict exposures further in order to protect vulnerable 
populations, such as children. 

Rapidly strengthening science indicates that RFR can affect basic biological reactions, 
with microscale effects on oxidative stress, membranes and DNA leading to diverse 
impacts such as neurodevelopmental impairment, infertility and cancers. These 
commonly used technologies are widely assumed to be “safe,” and even with 
knowledgeable efforts it is difficult to avoid continuous exposures. If current and future 
RFR levels precipitate even small shifts in hazards and risks of serious and chronic 
conditions, this has large implications for public health, and society overall. 
Hallmarks of wireless technologies deployment have included limited up front research, 
perpetuated (in the face of advancing scientific knowledge) by an absence of adaptive 
management in terms of regulation, and design and choices of technologies. Initial cell 
phones were already in use when absorption of RFR in the head was modelled in 1996 to 
be proportionally deeper into children’s brains compared with adults’.3 Higher frequency 
5G is currently being rolled out, with little research and apparently no critical scrutiny of 
effects on human health and the environment. In this context, a June 2017 Parliamentary 
Standing Committee on Environment and Sustainable Development review of the 
Canadian Environmental Assessment Act, 1999 references the need to consider RFR 
effects on biota.4 
On March 24, 2017, the Canadian Broadcasting Corporation (CBC) revealed that cell 
phones exceed Canada’s standard for exposure to RFR when held against the head or 
carried in a pocket, as done by the majority of Canadians (two thirds according to a CBC 
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poll).5 Furthermore, 81% of Canadians were not aware of warnings of excessive 
exposure, buried in fine print or deep in the device. A report from the Government of 
France replicated the findings that as they are commonly used, some cell phones greatly 
exceed exposure standards.6  

Periodic review of Safety Code 62 is meant to ensure that Canadians’ health is protected 
according to all of the available scientific knowledge, including the most recent research. 
The methods, process and findings of this scientific review were examined by the 
Parliamentary Standing Committee on Health (HESA) in 2015.7 The government did not 
respond to the report recommendations before the 2015 election, and the report was then 
re-tabled by the HESA Committee. Minister Philpott responded on behalf of Health 
Canada in 2016.8 This petition addresses the HESA hearing and the Health Canada 
response, in light of the evolving scientific evidence and standards for assessment. 

The present petition pertains to RFR, and the degree to which Canadians are protected by 
Health Canada’s guideline for exposure, Safety Code 6 (SC6),2 as follows: 

1. RFR catalysis of (bio)chemical reactions and other non-thermal effects – from 
engineering uses, to in vivo; 

2. Adequacy of margins of safety;  
3. Standard of scientific review and adequacy of evidence before technological roll-out; 

and 
4. Implementation of SC6 guidelines, including verification that devices in Canada 

comply as used by many Canadians, and incentives for the industry to design, 
manufacture and import non-emitting (e.g. wired) or “as low as achievable” emitting 
devices. 

 

Issue: Assumption that RFR cannot affect rates of chemical 
reactions – RFR catalysis of (bio)chemical reactions 
The basis of Safety Code exposure limits for RFR is that heating is the only effect of 
exposure to microwave (MW) radiation2 that is both “established” and “adverse.” The 
stated assumption that as long as heating is avoided then harm is avoided, is challenged 
by mounting evidence that biological effects and harms ensue at non-heating, “athermal” 
or “non-thermal” microwave/RFR exposure levels.  

This issue is obscured in Safety Code 6 by references to ionizing radiation, that imparts a 
high activation energy to break chemical bonds outright. In fact, this is irrelevant. 
Biochemical reactions in living systems do not result from such high energy chemical 
reactions. In all life forms enzymes catalyze reactions, and biochemical changes occur at 
very low activation energies. 

Catalysis of (bio)chemical reactions with MW energy in the absence of obvious heating 
is an established fact. Chemical engineers and chemists are routinely making use of and 
exploiting for profit MW catalysis, often with more rapid and complete chemical 
conversion.  

A recent application of the MW catalytic effect is reduction of the time for biochemical 
reactions for an Enzyme-Linked Immune Specific Antigen (ELISA) test for human IgG, 
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that takes 18 hours to complete using conventional heating, and less than 5 minutes using 
athermal MW radiation. 9 The authors postulated “… a microwave catalytic effect acting 
by lowering the activation energy of reactants.” 
A 2001 review with 603 references describes hundreds of long-standing “microwave 
assisted” chemical reactions, many occurring at temperatures lower than necessary with 
thermal heating.10  

Research from 2016 confirms that catalysis is tied to reduction of the activation energy 
for reactions. “Our findings ... open a promising avenue for the development of novel 
MW catalytic reaction technology.” 11 Further, a 2016 discovery of  MW interaction in 
electrochemistry provides “firm evidence of the microwave special non-thermal effect on 
the electron transfer reactions caused by interaction of oscillating microwaves and 
irradiated samples.”12 The same year, long-standing researchers Barnes and Greenbaum 
published a summary of interactions of electromagnetic fields in biochemistry, relating in 
vitro effects both to human disease, and to therapy.13 Indeed, the field is sufficiently 
recognized that a new journal Current Microwave Chemistry  has been established for the 
topic of effects and efficiencies of MW or radiofrequency radiation (RFR) for 
(bio)chemistry (benthamscience.com/journals/current-microwave-chemistry). 
Question: 
1. What is the process, and factors considered, when Health Canada assesses primary 

science regarding whether non-thermal effects are established (even if not adverse)? 
In this context, has Health Canada examined catalysis, decreased activation energy 
and electron-transfer as mechanisms of non-thermal effects of RFR?  

 

Issue: Adequacy of margins of “safety” 
Safety Code 6 2 sets the permitted energy deposition for workers at one tenth the 
exposure that causes heating of more than 1 Celsius degree in living, perfused tissue in 
animals. Guidance was extended to non-military/non-occupational situations with an 
additional “safety factor” of five-fold. Thus a 10 X 5 = 50 fold uncertainty factor is used 
to set permitted exposures for people in a non-occupational setting.  

In other contexts, much higher extrapolation or uncertainty factors are used to protect 
workers, as well as the rest of the population (including the most vulnerable such as the 
aged, young and unborn, as well as people with compromised health, and those with 
other, potentially interacting, adverse exposures). For example, pesticide extrapolation or 
uncertainty factors include: 10-fold intra-species (e.g. rat to people) and inter-species 
(e.g. adult to child) factors (i.e. 100-fold minimum), as well as a possible further 10-fold 
factor for vulnerable populations, and yet another 10-fold factor to address data gaps. In 
this context, the 50-fold uncertainty factor to avoid heating that is used for Safety Code 6 
– half the bare minimum for pesticides – does not appear to be substantial. 
Furthermore, actual exposures may exceed regulatory limits. According to March 2017 
CBC reports on radio (The Current) and television (Marketplace), RFR from modern cell 
phones is 3- to 4-fold higher than Safety Code 6. This was replicated in data released in 
May 2017 by the Agence Nationale des Fréquences (France).6 Thus, a child with a 



 
5 

cellphone against his/her head is being exposed to RFR levels comparable to those 
deemed appropriate for a healthy adult worker. Of note, with thinner skulls and smaller 
heads, deeper regions of the brain are more highly exposed in the young.3 
Some “eco” devices entail much lower RFR exposures and energy consumption, but are 
not available in Canada. During the HESA Committee hearing Bernard Lord, speaking on 
behalf of the industry, stated that industry will comply with what the Government of 
Canada requires. 
Questions:  
2. Given that the combined uncertainty factors in Safety Code 6 is significantly less than 

for other adverse exposures (pesticides for example), what is the biological origin and 
justification for the 5-fold extrapolation factor from a healthy adult worker to the 
most vulnerable individuals? 

3. With potentially severe and costly individual and public health implications, what 
modeling and surveillance programs are tracking RFR exposures in the workplace, 
schools, public places and private spaces?  

4. How can the public request investigations and access modeling, survey or 
surveillance data? For example, what are the average and peak exposures at various 
frequencies and modulations, of children in close proximity to one another streaming 
wireless data? 

5. What initiatives are planned and in place, to ensure that Canadians understand the 
“fine print” in their devices, and that they respect the manufacturers’ distance 
requirements?  

6. What encouragement and incentives are directed at the industry from the government, 
to design and market information technology products that incorporate best-practices 
to eliminate or minimize RFR exposures – both to protect the health of Canadians, 
and to position Canadian technological solutions at the global forefront as the safest 
possible technology?  

 
Issue: Systematic Scientific Review in Environmental Health 
In June 2015 HESA recommended: That Health Canada conduct a comprehensive 
review of all existing literature relating to radiofrequency fields and carcinogenicity 
based on international best practices. 7 

This recommendation was well founded, given evidence submitted during the hearing, of 
140 studies showing potential harm from RFR, within the timeframe of the review, that 
were absent from all relevant documentation including reports by Health Canada, a 
review by a panel convened by the Royal Society of Canada, as well as the numerous 
“authoritative reviews” referenced by Health Canada.  
Systematic review is a highly prescribed methodology in clinical medicine, and is 
demonstrated to produce more reliable, credible and actionable conclusions. Systematic 
reviewing is now formulated for application to environmental health questions, to provide 
the same benefits to public health.14 This methodology is used to address specific key 
questions that may pertain to: 
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• specific frequency ranges and exposure sources 
• experimental systems or populations (e.g. cell cultures, animal studies or human 

cases, cohorts or populations); and 
• particular outcomes (e.g. brain tumours, sperm damage, biochemical markers, etc.)  
Health Canada claims to examine all relevant literature, and to come to conclusions using 
a “weight of evidence” approach. This requires systematic presentation of the evidence, 
and the weighing thereof. To meet international best practice standards, this type of 
review should entail:  

• systematic searching for all relevant scientific research; 
• screening for relevance and streaming per key questions; 
• data extraction, compilation, analyses and meta-analyses; 
• grading of studies according to study quality and indicators of reliability (e.g. size of 

study, exposure ascertainment, controls, quality of reporting, funding sources, etc.); 
• application of the grading to the extracted evidence (sometimes termed “weighing”); 

and 
• drawing of conclusions regarding key questions. 
Systematic searches may identify thousands of peer-reviewed references, and a review 
may include data from more than a hundred studies for each key question. At a 
September 2014 meeting with Health Canada personnel, and Dr. David Moher and Dr. 
Meg Sears, it was evident that personnel lacked the wherewithal, and even familiarity 
with key features of a systematic review. For example, to minimize chance of bias 
overall, the best practice is to include all relevant studies and to account for potential 
weaknesses or biases during grading of the evidence. This was not Health Canada’s 
practice, and it was suggested in Minister Philpott’s response to the HESA report that 
Health Canada continues to exclude potentially relevant literature. 

A strong systematic review would cover the entire relevant timeframe. An updated 
review should only be carried out to build upon a previous, demonstrably rigorous 
systematic review, but evidence before the HESA Committee identified 140 studies 
demonstrating potential harm, published in the review timeframe but absent from 
Canadian reports, as well as international reviews referenced by Health Canada and the 
Royal Society of Canada panel.15 Thus, a systematic review is required from inception of 
the field of research, and this was recommended by the HESA Committee.7  
Although Health Canada has not completed any systematic reviews in the course of 
assessment, several have been published in the peer reviewed literature, including on 
athermal/low exposure effects,16 fertility17,18 and cancer.19,20,21  

The need to stay current is illustrated by a 2017 analysis of Canadian data from a large 
international study, showing doubled glioma risk with a mere 558 lifetime hours of cell 
phone use.22 As well, RFR may exacerbate effects of other adverse exposures, such as 
synergism with a carcinogen in animals,23 and with lead affecting behaviour in children.24 

Questions:  
7. What are some of the details of Health Canada’s systematic reviewing of health 

effects of RFR, including:  
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• Software and features used by Health Canada to maintain a database and to 
review systematically potentially relevant RFR exposure scientific literature; 

• Search strategies, updating and notification services to stay up to date; 
• Timeframe covered by the database, and number of records (papers) contained 

therein; 
• Topics identified for ongoing attention, and number of studies presently included 

for each topic; 
• Access for citizens to the bibliographic search strategies and results on key topics 

or specific outcomes (e.g. sperm damage, cancers, etc.), with reasons for study 
exclusions, and data extracted from included studies; 

• Health Canada capacity (staff, skills and competencies, and information 
technology) to catch up and to keep up with the relevant scientific literature for 
today’s common RFR exposures? 

8. In the Health Canada determination of the 36 studies that are in scope and meet 
quality criteria during the HESA hearing, studies using a cell phone or other wireless 
device as the source of exposure were excluded. Studies using realistic emissions 
from commercial devices also appear to have been excluded from the SC6 review, 
even when emissions were quantified. How does Health Canada integrate the large 
body of evidence from research using “status quo” exposures from commercial 
devices, in ongoing SC6 review?  

9. In the absence of Health Canada systematic reviews on key outcomes, will Health 
Canada take action on the basis of up-to-date independent systematic reviews by 
academic experts, published in the peer-reviewed literature? If Health Canada will not 
take action, what are the reasons for not doing so?  

10. Does Health Canada maintain and update a comprehensive list of relevant studies and 
database of results (extracted data), for RFR? If so, from the comprehensive list of 
potentially relevant studies, what numbers of bibliographic records are presently 
included and excluded in the Safety Code 6 literature compilation regarding 
RFR/MW effects on chemical/biochemical reactions and catalysis (in vitro and in 
vivo), addressing whether non-thermal RFR effects are established? 

11. Is it the role of the Office of the Minister of Science to ensure rigorous scientific 
review according to international best practices, of potentially adverse exposures of 
Canadian residents such as to RFR? If not, which bod(ies) is/are the arbiter of the 
conduct of science (methodologies) in toxicology, epidemiology and public health? 

 

Issue: Precautionary Approach 
In other health topics, Health Canada generally claims to take a precautionary approach 
in the face of uncertainty, to protect the health of Canadians. A precautionary approach is 
not to wait for final, incontrovertible proof before taking actions to reduce risks, 
particularly for severe outcomes that are appearing increasingly certain. A precautionary 
approach does not appear to be consistent with evidentiary requirements stated in the 
Minister’s response to the HESA report, referring to the “totality” of evidence, 
“consensus,” “established” and “adverse” (as opposed to assuming that perturbation of 
homeostasis will be adverse for those with other stressors). It is unclear that with the 
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inherent difficulties with epidemiology, and well-known generation of doubt and funding 
bias in research, that such extraordinarily high bars for proof will ever be met.20 

Question: 
12. How does Health Canada reconcile and incorporate precautionary approaches 

alongside the extraordinary stated evidentiary requirements for consensus on 
established, adverse effects of RFR radiation based on the “totality of the evidence”?  

 
Issue: Capacity of the Government of Canada to ensure 
compliance with SC6, to stay up to date with the scientific 
literature, and to carry out adaptive management 
As of 2014, near the culmination of the most recent iteration of Safety Code 6, Health 
Canada’s work was not supported with specialized software such as the world-class 
system developed in Ottawa and used by prominent methodology and systematic review 
scientists (e.g. DistillerTM), to support the necessary scale of systematic review. (At time 
of writing, the Public Health Agency of Canada was utilizing this software). 

During the HESA hearing, of the 140 studies indicating adverse effects of RFR but 
absent from Health Canada’s considerations, Health Canada identified 36 as meeting 
quality criteria and being in scope. The Committee asked for a report on these 36 studies, 
but was informed that it would take Health Canada staff an inordinate length of time to 
complete this task. Without doing the systematic review for a report, however, staff 
nevertheless indicated that the 36 studies would not influence the decision of Health 
Canada. Of the 36 studies, 26 were at levels below Safety Code 6 (Appendix 1). 
Research on health effects of RFR is rapidly evolving, with hundreds of studies to screen 
annually, and perhaps dozens of studies a year with relevant data that might contribute to 
meta-analyses. It is the responsibility of the Government of Canada to stay abreast of this 
information and to consult and act appropriately. For example, public consultations 
regarding 5G technologies and infrastructure are occurring in the U.S.1 

Questions: 
13. Given authoritative reports that cell phones as they are currently used do not comply 

with SC6 guidelines, what validation and verification does the Government of Canada 
conduct to ensure that Canadians are not exposed to RFR levels exceeding SC6 
guidelines, and what measures are taken to rectify circumstances resulting in over-
exposures? 

14. What identification of data requirements, research, outreach and exposure assessment 
activities are Health Canada, Innovation, Science and Economic Development 
Canada and the Public Health Agency of Canada engaged in, with respect to 5G 
deployment?  

15. If Health Canada is not currently collecting and reviewing scientific all relevant data 
with respect to higher frequency 5G, are there any plans to do so and if not, why not? 
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Appendix 1 “Missing studies” identified as in scope by Health 
Canada 
This material was kindly shared by Marg Friesen, MSc. 

During the HESA hearing, 140 studies were identified that indicated potential harm from 
RFR exposure, but that had been missed completely in the Health Canada review 
process. These studies are in the Canadians for Safe Technology (C4ST) "140 omitted 
studies" report submitted to Health Canada, 15 July 2014.15 None of the 140 studies are 
in Safety Code 6 Rationale (2015), nor in the Royal Society of Canada's Expert Panel 
report (2014), nor in any referenced "Authoritative Reviews." All studies are in the 
cell/mobile phone frequency range of 900MHz to 2450 MHz, except #26 (2573 MHz) and 
some listed in section IV below.  Specific Absorption Rate (SAR) levels were taken from 
the original papers and from EMF Portal   http://www.emf-portal.de/   

Health Canada then identified that 36 reports were in scope and met quality criteria for 
the Safety Code 6 Risk Assessment (see minutes of House of Commons, Standing 
Committee on Health, 2nd Session, 41st Parliament, 24 March 2015).  

Potentially harmful effects documented in 36 studies that Health Canada determined to 
meet quality criteria and to be in scope are indicated in Table I.  
 

Table I:  Potentially harmful effects reported in 36 “acceptable quality” studies: 
Case-control epidemiological studies (6), Case reports (1), Literature review (1), 

Laboratory tests (1)  ( 

CONDITION FINDINGS 
Brain cancer: #17,18 
Swedish case-control 
studies [note: Hardell et al. 
recently published further 
studies] 

Dr. Hardell now recommends a World Health Organization, 
International Agency on Cancer Research (WHO/IARC) Group 1, 
known carcinogen classification [along with asbestos and 
cigarette smoke]. Dr. Hardell's work was used by the WHO/IARC 
to reach a near unanimous Group 2b, possible carcinogen 
classification in 2011.  

Brain cancer: 
French case-control study 
#10 

Higher cancer incidence among earliest and heaviest mobile 
phone users; findings are consistent with Hardell's group’s work  

Breast cancer: #35 USA case report of four (4) young women with no familial history 
of breast cancer in the precise location where they tucked their 
cell phones in their bras 

Acoustic Neuroma: #19 
Benign tumour on 8th 
cranial nerve 

Confirmation of previous studies of an association with 
mobile/cordless phone use  

Infertility: #21 Review found adverse effects. Conclusion: "... men should not 
keep mobile phone in their trouser pockets or near testicles to 
avoid potential harmful effect..." 

Children: Attention 
Hyperactivity Deficit 
Disorder  (ADHD) #6 

Association with mobile phone use among children with higher 
lead levels 

Children: 7 years in age #13 Behavioural problems associated with prenatal exposure 
Electrohypersensitivity 
(EHS):#11 

Laboratory tests: thyroid and liver dysfunction, chronic 
inflammation 

# indicates the number of the reference in the list below. 
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II  Biological effects below Safety Code 6 SAR for the head, neck and trunk (1.6 
W/kg): Human, animal and cell culture studies 

 

 
III Biological effects below Safety Code 6 SAR for whole body (0.08) W/kg: 

Human, animal and cell culture studies 

%SC6 BIOLOGICAL EFFECTS %SC6 BIOLOGICAL EFFECTS 

1% Brain: single strand DNA breaks #12  21% Thyroid: cell stress #28 

1% Brain: oxidative stress, cognitive 
impairment, inflammation #27 

 

38% 
New born decreased body weight, 
effects on biochemistry #15 

20% Brain: neurodevelopment - 
increased damaged cells #3 

 

63% 
Brain: dopamine and serotonin 
changes, impaired behaviour # 25 

20% Brain: cell loss, decrease in Purkinje 
cells #32 75% Liver: DNA strand breaks #15 

 

 
IV Other studies 

Other studies (n=10) showed significant biological effects at levels >SC6. #5, 8, 9, 14, 20, 26, 29, 
31, 34, 36.  

 
References identified by Health Canada, among the 140 “missing studies” 
--------------------------------------------------------------------------------------------------------------------- 
1. Ammari (2010). GFAP [Glial Fibrillary Acidic Protein] expression in the rat brain following 
sub-chronic exposure to a 900 MHz electromagnetic field signal. International Journal of 
Radiation Biology, (France) 
2. Augner (2010). Effects of Exposure to GSM Mobile Phone Base Station Signals on 
Salivary Cortisol, Alpha-Amylase, and Immunoglobulin A. Biomedical and Environmental 
Sciences. (Austria) 
3. Bas (2009) 900 MHz electromagnetic field exposure affects qualitative and quantitative 
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features of hippocampal pyramidal cells in the adult female rat. Brain Research. 
(Turkey) 
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Environmental Petition 
Date:  27 June 2017 
 
Name of petitioner(s) -  
Address of petitioner(s): 
Telephone number:
Email address:
 
I hereby submit this petition to the Auditor General of Canada under section 22 of 
the Auditor General Act. 
 
Signature of the petitioner: via email to - petitions@oag-bvg.gc.ca 
 
 
Title of the Petition:  Health Canada's Safety Code 6 for Specific Absorption Rate 
(SAR) actual threshold of excessive heating and other adverse effects, for exposure 
of the eye, and of early human developmental stages e.g. newborn babies, to 
radiofrequency/microwave wireless radiation e.g. from baby monitors, cell phones and 
5th Generation (5G) technologies. 
 
I request a response from Health Canada. 
 
BACKGROUND:  
 
Health Canada maintains it uses evidence-based science to set threshold limits in 
Safety Code 61, its guidelines for safe exposure of humans to 
radiofrequency/microwave (RF/MW) radiation in the 3 kHz to 300 GHz range. This 
includes the range of 100 MHZ to 300 GHz used for many, if not all wireless 
telecommunications purposes such as for baby monitors, cell phones, smart meters, 
tablets, Wi-Fi devices and 2, 3, 4 and 5 G technologies as well as some medical 
equipment.  
 
On October 6, 2016 the Honourable Jane Philpott signed a response letter2 saying 
that: 
 "Health Canada's recommended human exposure limits are outlined in a document 
entitled “Safety Code 6 Limits of human exposure to radiofrequency electromagnetic 
fields in the frequency range 3 kHz to 300 GHz” (Safety Code 6). While the human 
exposure limits in Safety Code 6 were initially developed for, and applied by, 
federally-regulated employers, some of the exposure limits in the Code have since 
been referenced by other federal departments and non-federal jurisdictions. In 
particular, Innovation, Science and Economic Development Canada (ISEDC) requires 
compliance with Safety Code 6 as part of its technical standards for radio 
apparatus."  
 
Later Minister Philpott's letter states: 
"Safety Code 6 human exposure limits, established by Health Canada, are designed to 
provide protection for all age groups, including infants and children, on a 
continuous basis (24 hours a day/seven days a week). This means that if someone, 
                                                           
1 Safety Code 6 (2015)- Limits of Human Exposure to Radiofrequency Electromagnetic Energy in the Frequency Range from 3 
kHz to 300 GHz. Safety Code 6.  http://www.Health Canada-sc.gc.ca/ewh-semt/pubs/radiation/radio_guide-
lignes_direct/index-eng.php 
2 Response to the 13th report of the House of Commons Standing Committee on Health (HESA). 
http://www.ourcommons.ca/DocumentViewer/en/42-1/HESA/report-2/response-8512-421-78 
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including a small child, were to be exposed to RF energy from multiple sources for 
24 hours a day, 365 days a year, within the Safety Code 6 limits, there would be no 
adverse health effects.  
 
--------------------------- 

On June 8 and June 21, 2017, the Consumer and Clinical Radiation Protection Bureau 
(CCRPB) of Health Canada, responding to queries3 made May 24 and June 9, 2017, 
respectively, stated: 

Extract from June 8, 2017: "the recommended peak SAR limit of 1.6 W/kg is not the 
threshold for the occurrence of adverse health effects. In fact, as a precautionary 
measure, the peak SAR limit in Safety Code 6 was set more than 50 times below the 
level at which excessive tissue heating could occur in the most sensitive tissue 
(the eye). This means that the peak SAR limits in Safety Code 6 would need to be 
exceeded by more than 50 times before one would see any thermally related adverse 
health effects." 

Extract from June 21, 2017: "The peak spatially-averaged specific absorption rate 
(pk-SAR) limit in Safety Code 6 (SC6) applies to the head, neck and trunk. This 
limit is 1.6 W/kg, as averaged over any 1 g and for any 6 minute exposure period 
(reference period – please see Fact Sheet - What is Safety Code 6? for the 
explanation of the reference period). This limit is based upon avoiding cataract 
formation in the eye, which has been conservatively estimated to occur at sustained 
pk-SAR levels of 100-150 W/kg to the eye (as reviewed in Elder, 2003 and IEEE C95.1 
(2005)).4 
 
It is important to note that the recommended pk-SAR limit of 1.6 W/kg is not the 
threshold for the occurrence of adverse health effects. As mentioned in our previous 
email, the pk-SAR limit was set more than 50 times below the level where excessive 
tissue heating could occur in the eye.  This means that the pk-SAR limits in Safety 
Code 6 (SC6) would need to be exceeded by more than 50 times in the eye before the 
occurrence of any thermally-related adverse health effects would be possible. 
Exposures to the body (skin and underlying tissue) at the SC6 pk-SAR limit of 1.6 
W/kg would result in a localized temperature increase of less than a few tenths of 1 
degree Celsius (Anderson et al., 2010; Moore et al., 2017)." 5 
-------------------------------- 
To summarize: According to the CCRPB statement the actual threshold, in the 
frequency range of 100 MHz to 300 GHz, the only established effect on the eye 
recognized by Health Canada in Safety Code 6 is heating (thermal); and that 
excessive heating i.e. adverse effects, would not occur until levels were above 80 
W/kg.6  
                                                           
3  Relating to the 100 MHz to 300 GHz radiofrequency/microwave range. 
4 - Elder JA. Ocular effects of radiofrequency energy. Bioelectromagnetics Suppl. 6:S148-161 (2003). 
     - Institute of Electrical and Electronics Engineers. Safety Levels with Respect to Human Exposure to Radiofrequency 
Electromagnetic Fields C95.1, 3 kHz to 300 GHz. New York, USA (2005). 
5  - Anderson V, Croft R, McIntosh RL. SAR versus S(inc): What is the appropriate RF exposure metric in the range 1-10 
GHz? Part I: Using planar body models.  Bioelectromagnetics. 2010 Sep;31(6):454-66. 
      - Moore SM, McIntosh RL, Iskra S, Lajevardipour A, Wood AW. Effect of adverse environmental conditions and 
protective clothing on temperature rise in a human body exposed to radiofrequency electromagnetic fields. 
Bioelectromagnetics. 2017 Mar 24. doi: 10.1002/bem.22048. [E-pub ahead of print] 
6  - 1.6 W/kg x 50 (safety margin) 

http://www.hc-sc.gc.ca/ewh-semt/pubs/radiation/radio_guide-lignes_direct/safety_code_6_fs-code_securite_6_fr-eng.php
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If this is the case, then according to the CCRPB's statements it appears that Health 
Canada's position is that if the eye is not adversely affected, then even a newborn 
baby would be unaffected by RF/MW radiation7 at below 80 W/kg. This petition 
presents information questioning the underlying assumption that the eye is not 
adversely affected below the Safety Code 6 (2015) safety margin threshold.  

The Royal Society of Canada expert panel, when it was contracted by Health Canada to 
review certain questions regarding proposed revisions to Safety Code 6 (2009), was 
provided by Health Canada with a draft of a document titled Safety Code 6 (2013) 
Rationale. An updated version of the rationale, Safety Code 6 (2015) Rationale is 
available to the public from Health Canada upon request. This petition also presents 
information indicating that Health Canada has stated in its Safety Code 6 (2015) 
Rationale that the 50x safety margin for the Safety Code (2015) power density (W/m2) 
does not apply in all cases; specifically not to newborn babies with a low Body Mass 
Index (BMI). 
 
A. The Eye 
 
The level of SAR for the eye has shifted from being most protective in the 1991 
version of Safety Code 6 (0.2 W/kg) to the least protective level in the current 
2015 version (1.6 W/kg)(Table 1). 
 

 

 
Table 1. Specific Absorption Rates (SARs) as set out in each Safety Code 6 version 
since first published in 19798. The SAR level 50x safety margins are also 
indicated*. 

 
Health Canada 
Safety Code 6 

Specific Absorption Rate 
(SAR) for eye (W/kg) 

Specific Absorption Rate SAR 
for the eye (W/kg) 
x 50 (safety margin)* 

1979 (first 
version) 

No value No value 

1991 0.2 10 
1993 0.4 20 
1999 0.2 (suggested) 10 
2009 0.4 (suggested) 20 
2015 1.6 80 

* assuming that a 50x safety margin applies in all versions. 

 

 
 
There is scientific evidence documented in at least four studies (Addendum 19) 
published since the Royal Society panel's report10 and Safety Code 6 (2015) Rationale 
were made available, that indicate adverse effects at below 80 W/kg. Furthermore, 
there are at least seven additional studies (Addendum 2) showing adverse effects in 
the eye below 80 W/kg which the Royal Society panel's report and the Safety Code 6 
(2015) Rationale did not include in their evaluations.11  
                                                           
7 Relating to the 100 MHz to 300 GHz radiofrequency/microwave range. 
8 Source: Health Canada 
9 Source: PubMed - US National Library of MedicineNational Institutes of Health 
10 https://rsc-src.ca/sites/default/files/pdf/SC6_Report_Formatted_1.pdf 
11 http://c4st.org/c4st-reviews-ignored-studies/ 

https://www.nlm.nih.gov/
https://www.nlm.nih.gov/
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These adverse effects in the eye, identified in human and animal studies, include: 
 

 alteration in the cornea and lens  
 cell proliferation alterations 
 blurring of vision 
 retinal development derangement in embryos 
 oxidative stress changes 
 protein expression changes. 

 
 
B. Early human developmental stages: the embryo, fetus, premature babies and small 
children 
 
Health Canada's Safety Code 6 (2015) Rationale, on page 33, states:  
 
"It should be pointed out that the estimation formula in Hirata (2010) is 
approximate and that the discrepancy of it versus the SAR calculation of the newborn 
model in Dimbylow et al. (2010; having a BMI12 of 14.8 kg/m2) is an underestimation 
of 11%. Thus the information in Table A-4 and Figure A-3 should be treated with some 
caution. However, it can be used to arrive at some qualitative conclusions, the most 
important of which, is the likelihood that any future calculations of WBA-SAR13 on 
models of premature newborns will likely produce non-compliance of the power density 
reference levels to the basic restriction. This cannot be prevented without a 
further reduction of the power density reference levels at the frequencies of 
isolated, whole-body resonance. Thus, the power density reference levels in SC6 
(2015) provide the full margin of safety (50-fold) for most of the population, but 
not for all population sub-groups (e.g. low BMI newborns) in all worst-case exposure 
scenarios. The portion of the population that does not receive the full measure of 
the intended safety margin (50-fold) is a small one, consisting of low BMI, 
premature newborns who would be unlikely to be exposed to levels  of  power density 
anywhere  near the SC6 (2015) reference levels under any conceivable scenario."14 
 
The gestational age for the youngest newborn shown in Safety Code 6 (2015) Rationale 
in Table 4, is listed as 29 weeks and the corresponding Body Mass Index (BMI) 
appears to be the data used in further determinations in that document. However, it 
is not uncommon for premature babies to be born and survive at 22 to 23 weeks with 
considerably lower BMI values. For example, in 2013 a baby was born in McMaster 
University Medical Centre, Ontario weighing 330 grams and "could easily have fit in 
her father's hand."15 The developing fetus, from conception to birth, naturally, is 
much smaller in body mass early in development - the embryo being miniscule at 
conception. 
 
Although the Rationale states that the population sub-group is a "small one", it is 
estimated that 1 in 12 babies in Canada are born prematurely. In Alberta there are 
over 4,000 premature babies born per year.16 This is a subgroup that is 
physiologically fragile and often undergoes highly intensive medical treatment. 
                                                           
12 Body Mass Index 
13 WBA-SAR is Whole Body Averaged- Specific Absorption Rate 
14 Bolded portions have been added by me. 
15 http://www.cbc.ca/news/canada/hamilton/hospital-s-tiniest-preemie-ever-thrives-and-is-now-at-home-1.2101677 
16  Canadian Premature Babies Foundation - http://www.cpbf-fbpc.org/ 
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Further adverse exposures as a neonate may have lifelong ramifications and costs for 
the individual, family, medical system and society. 
 
QUESTIONS:   

1) Would Health Canada confirm that it has identified no other adverse effects 
except excessive heating at Specific Absorption Rates (SARs) at and below 80 W/kg of 
exposure, in the 100 MHZ to 300 GHz range, in any human or animal studies?  

2) If other adverse effects have been identified, what are they? 

3) The Safety Code 6 Specific Absorption Rate (SAR) levels are calculated using 
extrapolations and assumptions. Can Health Canada say with 100% certainty that these 
assumptions and extrapolations accurately apply to actual small living children (as 
opposed to computerized models) for both heating and non-heating effects?   

4) What data other than extrapolations are used to determine safe levels for an 
embryo, fetus and newborn child?  

5) What is known about the protective capacity of the pregnant woman for her 
fetus, for example if she were to stream a movie on a tablet or cell phone directly 
next to her pregnant belly? 

5)  Given that Safety Code 6 (2015) Rationale states that a newborn child with a 
low Body Mass Index could be non-compliant of Safety Code 6 power density (W/m2) 
safety margins, what would the safety margin be for a newly conceived child (embryo) 
and for a (premature) newborn baby 330 grams and 20 cm in length? 

6) How has Health Canada evaluated, in its weight-of-evidence approach, the 
eleven studies presented here showing adverse effects to the eye at less than 80 
W/kg and which have not been evaluated in the Royal Society of Canada panel report 
or in the Safety Code 6 (2015) Rationale? 

7)  What five most credible peer-reviewed studies on living people or animals 
would Health Canada name which justify the shift in the easing of Safety Code 6 SAR 
level for the eye from the 1991 level of 0.2 W/kg to the 2009 suggested level of 0.4 
W/kg? 

8) What five most credible peer-reviewed studies on living people or animals would 
Health Canada name which justify the shift in the easing of Safety Code 6 SAR from 
the 2009 suggested level for the eye of 0.4 W/kg to the 2015 level of 1.6 W/kg? 

9) What five of the most credible peer-reviewed studies would Health Canada name as 
ensuring that the human eye, or people in any stage of development, will not be 
adversely affected from exposures by the proposed widespread roll-out of 5th 
Generation (5G) technologies that will require intense infrastructure near homes and 
schools?  
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Addendum 1. Studies published since the release of the Royal Society of Canada's 
expert panel report and Health Canada's Safety Code 6 (2015) Rationale indicating 
adverse effects below Safety Code 6 (2015) safety margin threshold. 

 

 
1. Effect: Long-term - adverse effects on visual evoked potentials and oxidant/oxidative 

status 
 
Hidisoglu, E., Kantar Gok, D., Er, H., Akpinar, D., Uysal, F., Akkoyunlu, G., … 
Yargicoglu, P. (2016). 2100-MHz electromagnetic fields have different effects on 
visual evoked potentials and oxidant/antioxidant status depending on exposure 
duration. Brain Research, 1635, 1–11 doi:10.1016/j.brainres.2016.01.018   
 
ABSTRACT: “The purpose of the present study was to investigate the duration 
effects of 2100-MHz electromagnetic field (EMF) on visual evoked potentials 
(VEPs) and to assess lipid peroxidation (LPO), nitric oxide (NO) production and 
antioxidant status of EMF exposed rats. Rats were randomized to following 
groups: Sham rats (S1 and S10) and rats exposed to 2100-MHz EMF (E1 and E10) for 
2h/day for 1 or 10 weeks, respectively. At the end of experimental periods, VEPs 
were recorded under anesthesia. Brain thiobarbituric acid reactive substances 
(TBARS) and 4-hydroxy-2-nonenal (4-HNE) levels were significantly decreased in 
the E1 whereas increased in the E10 compared with their control groups. While 
brain catalase (CAT), glutathione peroxidase (GSH-Px) activities and NO and 
glutathione (GSH) levels were significantly increased in the E1, reduction of 
superoxide dismutase (SOD) activity was detected in the same group compared with 
the S1. Conversely, decreased CAT, GSH-Px activities and NO levels were observed 
in the E10 compared with the S10. Latencies of all VEP components were shortened 
in the E1 compared with the S1, whereas latencies of all VEP components, except 
P1, were prolonged in the E10 compared with the S10. There was a positive 
correlation between all VEP latencies and brain TBARS and 4-HNE values. 
Consequently, it could be concluded that different effects of EMFs on VEPs 
depend on exposure duration. In addition, our results indicated that short-term 
EMF could provide protective effects, while long-term EMF could have an adverse 
effect on VEPs and oxidant/antioxidant status.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/26776477 
 

2. Effects: negative impact on ocular symptoms 
 
Kim, J., Hwang, Y., Kang, S., Kim, M., Kim, T.-S., Kim, J., … Park, S. K. 
(2016). Association between Exposure to Smartphones and Ocular Health in 
Adolescents. Ophthalmic Epidemiology, 23(4), 269–276 
doi:10.3109/09286586.2015.1136652   
 
ABSTRACT: “PURPOSE: Smartphone use has dramatically increased in recent years. 
Smartphones may have adverse health effects, particularly on the eyes, because 
users stare at the screen for a much longer time than they do with ordinary 
mobile phones. The objective of this study was to elucidate the relationship 
between smartphone use and ocular symptoms among adolescents.METHODS: 
Information on smartphone use and ocular symptoms (blurring, redness, visual 
disturbance, secretion, inflammation, lacrimation and dryness) related to eye 
fatigue and strain from 715 adolescent subjects from three cities in Korea was 
obtained using a structured questionnaire. Ocular health was scored using number 
of ocular symptoms. Odds ratios (ORs), 95% confidence intervals (95% CIs) and p-
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values for ocular symptoms were calculated with binomial and multinomial 
logistic regression models.RESULTS: Higher prevalence rates for ocular symptoms 
were observed in groups with greater exposure to smartphones (p < 0.05). Longer 
daily smartphone use was associated with a higher likelihood of having multiple 
ocular symptoms (5-7 symptoms out of 7 symptoms; p = 0.005). 
Excessive/intermittent use (>2 hours daily and ≤2 hours continuously) and 
excessive/persistent use (>2 hours daily and >2 hours continuously) compared to 
shorter use (<2 hours daily) were associated with multiple ocular symptoms (OR 
2.18, 95% CI 1.09-4.39; OR 2.26, 95% CI 1.11-4.57, respectively). A higher 
lifetime exposure to smartphones was associated with a higher likelihood of 
having multiple ocular symptoms (OR 3.05, 95% CI 1.51-6.19; p = 
0.001).CONCLUSION: Increasing exposure to smartphones can have a negative impact 
on ocular health in adolescents.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/27254040 
 
 

3. Effects: significant association between health problems and mobile phone use.  
 
Stalin, P., Abraham, S. B., Kanimozhy, K., Prasad, R. V., Singh, Z., & Purty, A. 
J. (2016). Mobile Phone Usage and its Health Effects Among Adults in a Semi-
Urban Area of Southern India. Journal of Clinical and Diagnostic Research: JCDR, 
10(1), LC14-16 doi:10.7860/JCDR/2016/16576.7074   
 
ABSTRACT: “INTRODUCTION: Worldwide, mobile phone usage has been increased 
dramatically which could affect the health of the people. India has the second 
largest number of mobile phone users. However there are only few studies 
conducted in India to assess its effects on health.AIM: To determine the 
prevalence and pattern of mobile phone usage and to assess the relationship 
between certain selected health problems and mobile phone usage among 
adults.SETTINGS AND DESIGN: Community-based cross-sectional study was conducted 
in Kottakuppam, a town panchayat in Villupuram district of Coastal Tamil Nadu, 
Southern India. It is a semi-urban area with a population of about 16,000. 
Majority of the residents are Muslim by religion and belong to different socio 
economic status.MATERIALS AND METHODS: The study was approved by the 
Institutional Ethics Committee. A total of 2121 study participants were 
interviewed by the pre-final medical students through house-to-house survey 
using a pretested structured questionnaire. The questionnaire included the 
variables such as socio demographic profile, mobile phone usage and pattern, 
selected health problems, perceived benefits and threats and blood pressure. 
Selected health problems included headache, earache, neck pain, tinnitus, 
painful fingers, restlessness, morning tiredness, tingling fingers, fatigue, eye 
symptoms, sleep disturbance and hypertension.STATISTICAL ANALYSIS USED: Only 
2054 were included for data analysis using SPSS 17 version. Proportions were 
calculated. Chi-square test was used to measure the p-value. The p-value < 0.05 
was considered as statistically significant.RESULTS: The prevalence of mobile 
phone usage was 70%. Calling facility (94.2%) was used more than the SMS 
(67.6%). Health problems like headache, earache, tinnitus, painful fingers and 
restlessness etc., were found to be positively associated with mobile phone 
usage. There was negative association between hypertension and mobile phone 
usage.CONCLUSION: The prevalence of mobile phone usage was high. There was 
significant association between selected health problems and mobile phone usage. 
In future, higher studies are required to confirm our findings.” 
 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740623/ 
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4. Effects: oxidative stress 
 
Tök, L., Nazıroğlu, M., Doğan, S., Kahya, M. C., & Tök, O. (2014). Effects of 
melatonin on Wi-Fi-induced oxidative stress in lens of rats. Indian Journal of 
Ophthalmology, 62(1), 12–15 doi:10.4103/0301-4738.126166   
 
ABSTRACT: “INTRODUCTION: Melatonin has been considered a potent antioxidant that 
detoxifies a variety of reactive oxygen species in many pathophysiological 
states of eye. The present study was designed to determine the effects of Wi-Fi 
exposure on the lens oxidant, antioxidant redox systems, as well as the possible 
protective effects of melatonin on the lens injury induced by electromagnetic 
radiation (EMR).MATERIALS AND METHODS: Thirty-two rats were used in the current 
study and they were randomly divided into four equal groups as follows: First 
and second groups were cage-control and sham-control rats. Rats in third group 
were exposed to Wi-Fi (2.45 GHz) for duration of 60 min/day for 30 days. As in 
the third group, the fourth group was treated with melatonin. The one-hour 
exposure to irradiation in second, third and fourth took place at noon each 
day.RESULTS: Lipid peroxidation levels in the lens were slightly higher in third 
(Wi-Fi) group than in cage and sham control groups although their concentrations 
were significantly (P < 0.05) decreased by melatonin supplementation. 
Glutathione peroxidase (GSH-Px) activity was significantly (P < 0.05) lower in 
Wi-Fi group than in cage and sham control groups although GSH-Px (P < 0.01) and 
reduced glutathione (P < 0.05) values were significantly higher in Wi-Fi + 
melatonin group than in Wi-Fi group.CONCLUSIONS: There are poor oxidative toxic 
effects of one hour of Wi-Fi exposure on the lens in the animals. However, 
melatonin supplementation in the lens seems to have protective effects on the 
oxidant system by modulation of GSH-Px activity.” 
 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3955064/ 
 

 
Addendum 2. Studies not evaluated in the Royal Society of Canada's expert panel report 
nor in Health Canada's Safety Code 6 (2015) Rationale indicating adverse effects below 
Safety Code 6 (2015) safety margin threshold. 

 

 
1. Effects: alterations in rat cornea 

 
Akar, A., Karayiğit, M. Ö., Bolat, D., Gültiken, M. E., Yarim, M., & Castellani, G. 
(2013). Effects of low level electromagnetic field exposure at 2.45 GHz on rat cornea. 
International Journal of Radiation Biology, 89(4), 243–249 
doi:10.3109/09553002.2013.754557  
 
ABSTRACT: “PURPOSE: To investigate the effects of low level electromagnetic field (low 
level-EMF) exposure, as frequently encountered in daily life, on the normal rat cornea 
using histological and stereological method.METHODS: Twenty-two adult male Wistar rats 
were randomly divided into two groups: Study group (n = 11) and control group (n = 
11). Rats in the study group were exposed to 2.45 GHz microwave (MW) radiation (11.96 
± 0.89 V/m), 0.25 W/kg specific absorption rate (SAR) for 2 hours each day for 21 
days. The corneal thickness and the anterior epithelium corneal thickness were 
measured using two different methods.RESULTS: Using the histological method, the mean 
corneal thicknesses in the control and study group were 278.9 ± 54.5 μm, and 272.4 ± 
85.6 μm, respectively. There was no statistically significant difference between the 
groups (p > 0.05). The anterior corneal epithelium thickness was 28.1 ± 4.9 μm in the 
control group and 31.7 ± 5.5 μm in the study group. There were statistically 
differences between the groups with regard to the thickness of anterior epithelium (p 
< 0.05). In the measurement made by the stereological method, the percentage of the 
cornea occupied by anterior corneal epithelium was 15.94% in the control group and 
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17.9% in the study group. Despite the fact that there was a relation between increased 
anterior epithelial area (AEA) and radiation exposure, no statistically significant 
relationship in area fraction of each compartment was found between the control and 
study groups.CONCLUSIONS: Results of this preliminary study show that exposure to MW 
radiation might cause alterations in the rat cornea.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/23206266 

 
 

2. Effect: oxidative stress in rat cornea and lens 
 

Balci, M., Namuslu, M., Devrim, E., & Durak, I. (2009). Effects of computer monitor-
emitted radiation on oxidant/antioxidant balance in cornea and lens from rats. 
Molecular Vision, 15, 2521–2525   
 
ABSTRACT: “PURPOSE: This study aims to investigate the possible effects of computer 
monitor-emitted radiation on the oxidant/antioxidant balance in corneal and lens 
tissues and to observe any protective effects of vitamin C (vit C).METHODS: Four 
groups (PC monitor, PC monitor plus vitamin C, vitamin C, and control) each consisting 
of ten Wistar rats were studied. The study lasted for three weeks. Vitamin C was 
administered in oral doses of 250 mg/kg/day. The computer and computer plus vitamin C 
groups were exposed to computer monitors while the other groups were not. 
Malondialdehyde (MDA) levels and superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px), and catalase (CAT) activities were measured in corneal and lens tissues of 
the rats.RESULTS: In corneal tissue, MDA levels and CAT activity were found to 
increase in the computer group compared with the control group. In the computer plus 
vitamin C group, MDA level, SOD, and GSH-Px activities were higher and CAT activity 
lower than those in the computer and control groups. Regarding lens tissue, in the 
computer group, MDA levels and GSH-Px activity were found to increase, as compared to 
the control and computer plus vitamin C groups, and SOD activity was higher than that 
of the control group. In the computer plus vitamin C group, SOD activity was found to 
be higher and CAT activity to be lower than those in the control group.CONCLUSION: The 
results of this study suggest that computer-monitor radiation leads to oxidative 
stress in the corneal and lens tissues, and that vitamin C may prevent oxidative 
effects in the lens.” 
 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2787304/ 

 
3. Effects: blurring of vision, inflammation of eyes 

 
Kucer, N. (2009). Some Ocular Symptoms Experienced by Users of Mobile Phones. 
Electromagnetic Biology and Medicine, 27, 205–209 doi:10.1080/15368370802072174   
 
ABSTRACT: “This survey study was conducted, using a questionnaire, on 229 university 
students (181 women, 48 men) in Kocaeli, Turkey. Six ocular symptoms experienced 
during use of mobile phones were studied by means of the chi-square test with Yates 
correction. The studied symptoms were blurring of vision, redness of the eyes, vision 
disturbance, secretion of the eyes, inflammation in the eyes, and lachrymation of the 
eyes. A significant increase in blurring of vision (p < 0.05) was reported by users of 
mobile phone possession >2 years compared to users of mobile phone possession <2 
years. In users of mobile phones, women significantly (p < 0.05) complained more often 
of inflammation in the eyes than men.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/18568938 
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4. Effects: oxidative stress 
Ni, S., Yu, Y., Zhang, Y., Wu, W., Lai, K., & Yao, K. (2013). Study of oxidative 
stress in human lens epithelial cells exposed to 1.8 GHz radiofrequency fields. PloS 
One, 8(8), e72370 doi:10.1371/journal.pone.0072370   
 
ABSTRACT: “OBJECTIVES: The aims of the present study were to determine oxidative 
stress and to explore possible reasons of reactive oxygen species (ROS) increase in 
human lens epithelial (HLE) B3 cells exposed to low intensity 1.8 GHz radiofrequency 
fields (RF).METHODS: The HLE B3 cells were divided into RF exposure and RF sham-
exposure groups. The RF exposure intensity was at specific absorption rate (SAR) of 2, 
3, or 4 W/kg. The ROS levels were measured by a fluorescent probe 2’7’-
dichlorofluorescin diacetate (DCFH-DA) assay in the HLE B3 cells exposed to 1.8 GHz RF 
for 0.5, 1, and 1.5 h. Lipid peroxidation and cellular viability were detected by an 
MDA test and Cell Counting Kit-8 (CCK-8) assays, respectively, in the HLE B3 cells 
exposed to 1.8 GHz RF for 6, 12, and 24 h, respectively. The mRNA expression of SOD1, 
SOD2, CAT, and GPx1 genes and the expression of SOD1, SOD2, CAT, and GPx1 proteins was 
measured by qRT-PCR and Western blot assays in the HLE B3 cells exposed to 1.8 GHz RF 
for 1 h.RESULTS: The ROS and MDA levels significantly increased (P<0.05) in the RF 
exposure group and that the cellular viability, mRNA expression of four genes, and 
expression of four proteins significantly decreased (P<0.05) compared with the RF 
sham-exposure group.CONCLUSIONS: Oxidative stress is present in HLE B3 cells exposed 
to 1.8 GHz low-intensity RF and that the increased production of ROS may be related to 
down-regulation of four antioxidant enzyme genes induced by RF exposure.” 

 
https://www.ncbi.nlm.nih.gov/pubmed/23991100 

 
5. Effects: review finds studies on the lens and lens cells showing effects on lens 

transparency, altered cell proliferation and other adverse effects. 
 

Yu, Y., & Yao, K. (2010). Non-thermal Cellular Effects of Lowpower Microwave Radiation 
on the Lens and Lens Epithelial Cells. The Journal of International Medical Research, 
38(3), 729–736 
 
ABSTRACT: “Because of the increased use of modern radiofrequency devices, public 
concern about the possible health effects of exposure to microwave radiation has 
arisen in many countries. It is well established that high-power microwave radiation 
can induce cataracts via its thermal effects. It remains unclear whether low-power 
microwave radiation, especially at levels below the current exposure limits, is 
cataractogenic. This review summarizes studies on the biological effects of low-power 
microwave radiation on lens and lens epithelial cells (LECs). It has been reported 
that exposure affects lens transparency, alters cell proliferation and apoptosis, 
inhibits gap junctional intercellular communication, and induces genetic instability 
and stress responses in LECs. These results raise the question of whether the ambient 
microwave environment can induce non-thermal effects in the lens and whether such 
effects have potential health consequences. Further in vivo studies on the effects on 
the lens of exposure to low-power microwave radiation are needed.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/20819410 
 

6. Effects: deranged epithelial chicken embryo retinal differentiation 
 

Zareen, N., Khan, M. Y., & Ali Minhas, L. (2009). Derangement of chick embryo retinal 
differentiation caused by radiofrequency electromagnetic fields. Congenital Anomalies, 
49(1), 15–19 doi:10.1111/j.1741-4520.2008.00214.x   
 
ABSTRACT: “The possible adverse effects of radiofrequency electromagnetic fields (EMF) 
emitted from mobile phones present a major public concern. Biological electrical 
activities of the human body are vulnerable to interference from oscillatory aspects 
of EMF, which affect fundamental cellular activities, in particular, the highly active 
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development process of embryos. Some studies highlight the possible health hazards of 
EMF, while others contest the hypothesis of biological impact of EMF. The present 
study was designed to observe the histomorphological effects of EMF emitted by a 
mobile phone on the retinae of developing chicken embryos. Fertilized chicken eggs 
were exposed to a ringing mobile set on silent tone placed in the incubator at 
different ages of development. After exposure for the scheduled duration the retinae 
of the embryos were dissected out and processed for histological examination. The 
control and experimental embryos were statistically compared for retinal thickness and 
epithelial pigmentation grades. Contrasting effects of EMF on the retinal 
histomorphology were noticed, depending on the duration of exposure. The embryos 
exposed for 10 post-incubation days exhibited decreased retinal growth and mild 
pigmentation of the epithelium. Growth retardation reallocated to growth enhancement 
on increasing EMF exposure for 15 post-incubation days, with a shift of pigmentation 
grade from mild to intense. We conclude that EMF emitted by a mobile phone cause 
derangement of chicken embryo retinal differentiation.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/19243412 

 
7. Effects: changes in protein expression in human lens cells  

 
Zhang, Y., Yao, K., Yu, Y., Ni, S., Zhang, L., Wang, W., & Lai, K. (2013). Effects of 
1.8 GHz radiofrequency radiation on protein expression in human lens epithelial cells. 
Human & Experimental Toxicology, 32(8), 797–806 doi:10.1177/0960327112472353   
 
ABSTRACT: “Objective: The aim of the present study was to observe the effects of 1.8 
GHz radiofrequency (RF) radiation on the protein expression of human lens epithelial 
cells (hLECs) in vitro. Methods: The hLECs were exposed and sham-exposed to 1.8 GHz RF 
radiation (specific absorption rate (SAR) of 4 W/kg) for 2 h. After exposure, the 
proteins extracted from LECs were loaded on the Ettan MDLC system connected to the 
LTQ-Orbitrap MS for screening the candidate protein biomarkers induced by RF. The 
quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the 
levels of messenger RNA of candidate biomarkers. After the hLECs were exposed to 1.8 
GHz RF (SAR of 2, 3 and 4 W/kg) for 2 h, the Western blot assay was utilized to 
measure the expression levels of the above-screened candidate protein biomarkers. 
Results: The results of shotgun proteomic analysis indicated that there were eight 
proteins with differential expression between exposure and sham exposure groups. The 
results of qRT-PCR showed that there were three genes with expressional differences 
(valosin containing protein (VCP), ubiquitin specific peptidase 35 (USP35) and signal 
recognition particle 68 kDa (SRP68)) between exposure and sham exposure groups. The 
results of Western blot assay exhibited that the expressional levels of VCP and USP35 
proteins significantly increased and the expressional level of protein SRP68 
significantly decreased in hLECs exposed to 1.8 GHz RF radiation (SAR of 3 and 4 W/kg) 
for 2 h when compared with the corresponding sham groups (p < 0.05). Conclusion: The 
shotgun proteomics technique can be applied to screen the proteins with differential 
expression between hLECs exposed to 1.8 GHz RF and hLECs sham-exposed to 1.8 GHz RF, 
and three protein biomarkers associated with RF radiation were validated by Western 
blot assay.” 

 
https://www.ncbi.nlm.nih.gov/pubmed/23338683 
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Safety Code 6 (2015) –Rationale  
 
Most radiofrequency (RF) field exposure standards express exposure limits in terms of 
basic restrictions (internal dose quantities) and reference levels (externally applied field 
strengths or internal body currents). The role of reference levels is to provide an easily 
measured or calculated field strength or body current that can be used as a reference to 
judge whether the basic restrictions are exceeded or not. Reference levels prescribe the 
lowest possible external field strength or body current that produces the basic restriction 
in the body for the worst case body size and exposure condition (e.g. polarization of the 
field, grounding of the body, etc.). Standards often make note of the fact that since 
reference levels are derived from the worst-case conditions, non-compliance with them 
does not always imply non-compliance with the basic restrictions. Sometimes a further 
analysis of the specific exposure conditions confirms the basic restrictions are adhered to, 
despite the reference levels being exceeded. 
 
This document provides an overview of the rationale for the basic restrictions and 
reference levels within the revised version of Safety Code 6 (SC6, 2015). This document 
is not intended as an authoritative scientific review of the relevant literature, as that 
would entail a much more thorough discussion of the relevant scientific literature. Such 
reviews have been recently conducted by other groups (SCENIHR, 2013; AGNIR, 2012; 
ANSES, 2013; WHO Draft Monograph on RF fields, 2014). Where appropriate, 
references are provided to authoritative reviews of the scientific literature or to some 
individual studies which form the scientific basis on specific issues. Since SC6 provides 
guidance for maximum human exposure to electromagnetic radiation across a wide 
frequency spectrum and the thresholds for adverse health effects are based upon different 
biological phenomena at different regions within this frequency range, this document has 
been subdivided into four (4) sections, namely: 
 

1. Electric and Magnetic Fields (3 kHz – 10 MHz) 
2. Induced and Contact Current (3 kHz – 110 MHz) 
3. Electric-fields, Magnetic-fields  and Power Density (10 MHz – 6 GHz) 
4. Electric-fields, Magnetic-fields  and Power Density (6 GHz – 300 GHz) 

 
In the 3 – 100 kHz band, the threshold for adverse health effects is based upon the 
avoidance of peripheral nerve stimulation (PNS) by induced fields within the body from 
external magnetic fields. Basic restrictions in this frequency band are specified for 
electric field strength within the body (internal). In the 100 kHz – 10 MHz frequency 
range, the threshold for adverse health effects are based upon the avoidance of both PNS 
and thermal effects. As such, basic restrictions are specified for both internal electric field 
strength and specific absorption rate (SAR; whole body average and peak spatially-
averaged SAR). In the frequency range 10 MHz – 6 GHz, the threshold for adverse 
effects is based upon the avoidance of tissue heating and basic restrictions are specified 
for whole-body average SAR and spatially-averaged peak SAR. In the frequency range 
from 6 - 300 GHz, since measurements of whole-body SAR and peak spatially-averaged 
SAR are not readily achievable or appropriate due to the superficial nature of tissue 
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heating within the body, reference levels for electric- and magnetic-fields and power 
density form the basis of the human exposure limits in this frequency range. 
 
The basic restrictions outlined in SC6 (2015) are intended to protect against all 
established adverse health effects from electromagnetic radiation in the frequency range 3 
kHz – 300 GHz. In the WHO Framework for the Development of EMF Standards (2006), 
adverse health effects are defined as “a biological effect that has health consequences 
outside the compensation mechanisms of the human body and is detrimental to health or 
well-being”. It is important to note that the WHO endorses international guidelines that 
are based upon a weight-of-evidence risk assessment of the scientific literature, such as 
those established by the International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) and the Institute of Electrical and Electronics Engineers (IEEE), and it 
encourages member states to adopt these international guidelines or to base national 
exposure limits on similar risk assessment principles. Where justified, SC6 (2015) has 
been harmonized with applicable international standards. 
 
 
Section 1 Electric and Magnetic Fields (3 kHz – 10 MHz) 
In the frequency range 3 kHz – 10 MHz, the threshold for adverse health effects in SC6 
(2009) and other science-based human exposure limits have been based upon the 
avoidance of both PNS and thermal effects from externally applied electric and/or 
magnetic fields (ICNIRP 1998, 2010; IEEE C95.1, 2005; Lin, 2007). PNS predominates 
at the lower end of this frequency range, while tissue temperature elevation due to energy 
absorption (e.g. SAR) generally predominates at higher frequencies.  In the 100 kHz – 10 
MHz range, low-duty cycle electromagnetic fields may elicit PNS before thermal effects 
arise, while continuous-wave exposures may elicit thermal effects before PNS occurs, 
therefore basic restrictions for both biological endpoints are required in the revised 
version of SC6, and both must be respected for compliance with SC6. While central 
nervous system (CNS) tissue and cardiac tissue can also be stimulated by induced 
internal electric fields, the thresholds for these effects occur at higher exposure levels 
than that for PNS in this frequency range. Since the last version of SC6 (2009), no newly 
identified adverse health effects have been established in this frequency range. Therefore, 
the avoidance of PNS and thermal effects remains the basis for the basic restrictions in 
this frequency range. 
 
Peripheral Nerve Stimulation (PNS) 
In unperturbed conditions, voltage-gated ion channels maintain the “resting” membrane 
potential of neurons at approximately -60 to -75 mV. Externally applied magnetic fields 
can induce internal electric fields that can perturb the “resting” membrane potential on 
neurons and can stimulate action potentials in peripheral nerve axons if the induced 
membrane depolarization is above a threshold value sufficient for the opening of voltage-
gated sodium channels to become self-sustaining (WHO, 2007). Numerous studies have 
estimated that the minimum internal electric field strength threshold for perception of 
PNS (tingling sensation) to be in the range of 4 - 6 Vm-1 using theoretical calculations of 
nerve stimulation thresholds (Reilly 1998, 2002) and empirical data from volunteers 
exposed to switched gradient magnetic resonance (Ham et al., 1997; Bourland et al., 
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1999; Nyenhuis et al., 2001; Den Boer et al., 2002; Zhang et al., 2003; Recoskie et al. 
2009). The avoidance of PNS perception serves as the basis for the basic restrictions and 
reference levels in SC6 (2015). 
 

Magnetic Field  PNS-based reference levels and basic restrictions 3kHz-10 MHz 

The process of development for most electromagnetic exposure standards is to first derive 
a basic restriction (in this case, the induced electric field strength in tissue or Ei) that 
incorporates reduction or safety factors below the threshold for effect. This is followed by 
development of a reference level (in this case the externally applied magnetic flux density 
B or magnetic field strength H) that is found from dosimetric analysis (dosimetric 
analysis can be defined as the estimation of induced electric field strength in the body due 
to an externally applied magnetic flux density) to determine the flux density that 
produces the basic restriction.  

Historically,PNS-based basic restrictions are developed from empirical data for nerve 
stimulation from MRI-based human volunteer studies or from in-vitro studies on isolated 
nerves. In the case of the former, threshold stimulation data is obtained in the form of 
time-rate-of-change of external magnetic flux density (dB/dt) that human volunteers were 
exposed to. This data can then be converted into internally–induced electric field strength 
(the dose quantity) through a dosimetric analysis. Using this approach, dosimetric 
analysis (modelling) is used (in two stages) when going from the empirical dB/dt data to 
a basic restriction for Ei and then back again to a reference level for B. Alternatively, 
basic restrictions have also been developed from electrical threshold data (voltages, 
currents and electric field strengths) from studies of isolated nerves. Since the dose 
quantity is applied directly to the nerve, this approach is independent of dosimetric 
analyses.  

Dosimetric analyses or induction modelling has been carried out using a number of 
computational methods and models. Methods include numerical algorithms such as the 
scalar potential finite difference (SPFD), quasi-static finite difference time domain 
(FDTD), finite element and moment methods. Sophisticated models have been developed 
in the form of realistic 3-dimensional voxel representations of various human body sizes 
with conductivity assigned to each voxel. In addition to numerical algorithms, induction 
modelling applied by some organizations have been carried out using Faraday’s law 
applied to simple homogeneous structures such as loops and ellipsoids (IEEE C95.1, 
ICNIRP 1998).  

In general, induction modelling attempts to find the maximum sinusoidal induced electric 
field strength in the model for a given external sinusoidal magnetic flux density. In most 
cases, some form of averaging or filtering algorithm is applied to the induced electric 
field (as either required by an exposure standard or applied by the authors of scientific 
studies) in order to smooth numerical artefacts. Methods particularly prone to this type of 
artefact are ones based on finite differences where larger than expected induced electric 
field strengths occur at the interface of voxels with high conductivity contrast with 
respect to neighbouring ones (sometimes called “stair-casing error”). 
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The parameter that defines the result of a dosimetric analysis or induction modelling is 
the induction coefficient Ci given by:   

Ci =  
Ei

𝑓𝑓 Bext
                                                                                 (1) 

where Ei is the maximum induced electric field strength in the body or organ of interest 
(after averaging or filtering) in units of V/m, Bext is the externally applied magnetic flux 
density in units of T (Tesla) and  f is the frequency in Hz (Hertz or cycles per second). 
The induction coefficient has units of (V/m) per (Hz-T) or (V/m) per (T/s) and is usually 
frequency independent except where the conductivity in the model changes with 
frequency. In this case, the change of Ci with frequency is very gradual, in line with the 
gradual change of tissue conductivity with frequency.   

The induction coefficient is useful for calculating a reference level flux density from the 
basic restriction electric field strength or vice versa by the appropriate manipulation of 
(1). A review of computational dosimetric analyses was carried out and induction 
coefficients judged to be representative of worst-case exposure scenarios were calculated 
from the published results. This is summarized in Table 1 below in terms of the worst-
case 99th and 100th (or maximum) percentile induction coefficients found in the studies. 
The 99th percentile is calculated by using the level of induced electric field strength 
exceeded by only 1% of the voxels or discrete averaging volumes in the tissue. The 100th  
percentile is calculated using the maximum averaged Ei in the tissue of interest. Filtering 
by choosing the 99th percentile value is used by many authors and is specified in the 
ICNIRP 2010 standard as a means of dealing with stair-casing errors. 

Table 1. Summary of worst-case 99th percentile and 100th percentile (maximum) induction 
coefficients using various anatomical modelling results: 

Author(s) 

Induction Coefficient (V/m 
per Hz-T) Model 

Grid 
(mm) 

Skin 
cond. 
(S/m) 

Comments 
99th %tile 100th %tile 

Dimbylow (2005) 1.02 2.6 2 0.1 -adult male & female 

So et al., (2004) 1.28 4.7 3.6, 2 0.1 -used non-uniform exposure field, 
adults only 

Schmid et al., (2013) 
0.90 3.0 1 0.1 -10 yr old female model 

0.75 88.0 1 0.0002 -10 yr old female model 

Bakker et al., (2012) 3.1 N/A 2 0.0002 -6 yr old male model 

Caputa et al., (2001) 
1.63 19.3 2 0.0002 -76 kg male model 

1.68 22.5 2 0.0002 -104 kg male model 
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ICNIRP 2010 1.20 n.a. n.a. 
-value used in the derivation of 
magnetic flux density reference 
levels 

IEEE 2005 1.03 n.a. n.a. 
-obtained from homogeneous 
ellipsoidal model. Used in the 
derivation of reference level. 

n.a.- not applicable, N/A – not available 

As can be observed from Table 1, the induction coefficients derived from the various 
induction modelling studies outlined above are variable and known to be influenced by 
voxel (grid) size, numerical modelling procedures, body model size, applied conductivity 
parameters and tissues chosen as part of the modelling exercise, among others.  With the 
exception of the results of Bakker et al., (2012), the 99th percentile induction coefficients 
ranged from 0.75 to 1.68 V/m per Hz-T, with a mean of approximately 1.2.  

Derivation of magnetic flux density reference level 

For the frequency range applicable to SC6 (i.e. greater than 3 kHz), the IEEE C95.1-2005 
and ICNIRP 2010 standards specify the basic restriction for induced electric field 
strength in the form: 

EBR(𝑓𝑓) =  
Eo
K

 
𝑓𝑓
𝑓𝑓e

      for   𝑓𝑓 ≥  𝑓𝑓e                                                           (2) 

where Eo is the rheobase threshold induced electric field strength, K is a safety or 
reduction factor (reduction factors are typically 5 or 10 depending on the protected 
population group) and fe is the transition frequency beyond which, the basic restriction 
has a linear dependence on frequency. For example, the ICNIRP 2010 general public 
basic restriction has Eo/Kfe =1.35 x 10-4 V/m/Hz, K = 10 and fe = 3000 Hz.  

The flux density reference level can be calculated by rearranging (1) to give: 

BRL =
EBR
𝑓𝑓 Ci

 =  

Eo
K𝑓𝑓e �

Ci
                                                        (3) 

It can be seen from (3) that the large disparity of induction coefficients obtained through 
induction modelling would lead to a wide variation in derived reference levels. In 
addition, ICNIRP 2010 specifies So et al. (2004) as its reference for its adopted value of 
Eo = 4 V/m. The study of So et al. (2004) was essentially a dosimetric analysis of 
induced electric fields in 3 different realistic anatomical voxel models exposed to MR 
gradient coils. So et al. (2004) used their calculated induction coefficients obtained from 
induction modelling to convert empirical, rheobase threshold dB/dt data from Den Boer 
et al. (2002) into a rheobase threshold electric field strength Eo. Thus, the steps in going 
from the original empirical dB/dt data to the calculation of a reference level B in ICNIRP 
2010, ultimately relied upon two dosimetric modelling steps.  
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An alternate approach to the derivation of flux density reference levels that does not rely 
on dosimetric analysis is based on the strength-duration relationship for electro-
stimulation of nervous tissue written in terms of dB/dt (Den Boer et al. 2002) as:  
 

�
dB
dt
�
Th

=  �
dB
dt
�
Rh
�1 +  

τe
tp
�                                                       (4) 

where (dB/dt)Th is the nerve stimulation threshold as a function of stimulus duration tp , 
τe is the “chronaxie” or SD time constant and (dB/dt)Rh is the rheobase time-rate-of-
change of the magnetic flux density B(t). 

Relationship (4) has been found to accurately describe the empirical threshold response in 
a wide range of experimental studies on human volunteers using magnetic resonance 
imaging (MRI) gradient systems and other means of magnetically-induced electro-
stimulation (Den Boer et al., 2002; Bourland et al., 1999; Recoskie et al., 2009). 
Rheobase thresholds and chronaxie times vary for different nervous tissue types (Reilly 
1998) and for different individuals. 

Reference levels are usually derived for exposure to continuous sinusoidal fields while 
the relationship (4) is obtained from so-called “trapezoidal” waveforms of B(t) consisting 
of ramps of duration tp followed by flat-topped plateaus. To derive a reference level, it is 
assumed that the stimulus waveform for which the parameters in (4) were found, consists 
of a triangular wave with stimulus duration tp = T/2 =1/2f , where T is the period and f is 
the frequency of the waveform. A sinusoidal flux density with amplitude Bo and the same 
frequency f will have its maximum derivative equal to 2π f Bo . Equating the maximum 
derivative of the sinusoid to the nerve stimulation threshold in (4), divided by a reduction 
factor K, gives: 

2π𝑓𝑓Bo  =  
1
K
�

dB
dt
�
Rh

(1 +  2𝑓𝑓 τe)                                                     (5) 

The peak sinusoidal flux density Bo in (5) is equivalent to a peak sinusoidal reference 
level since it should not be exceeded by an environmental field. As is customary in most 
standards, for the range of frequencies f > 1/2τe , the asymptotic form of (5) is used (i.e. 
the “1” inside the brackets is ignored) and  the RMS reference level becomes: 

BRL,RMS =
τ𝑒𝑒

π √2 K
  �

dB
dt
�
Rh

                                                         (6) 

where the factor √2 arises from the conversion of a sinusoidal peak to RMS quantity.  

Using (6), magnetic flux density reference levels can be calculated using data from a 
number of empirical human MR studies. Table 2 outlines mean (50% percentile) 
rheobase threshold levels, chronaxie times and calculated reference levels (for a reduction 
factor K=10) from the  human volunteer study data summarized by Zhang et al., 2003; 
Table 5.  
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Table 2. Mean threshold magnetic flux density for perception of PNS with a 
reduction factor K=10 incorporated, calculated using (6). 

Study 
Number 

of 
Subjects 

Waveform 
Rheobase 
(dB/dt)Rh 

(T/s) 

Chronaxie 
τe (ms) 

Magnetic flux 
density 

B RL (µT RMS) 
Ham et al. (1997) 4 Trapezoidal n/a 0.810 n/a 
Bourland et al. (1999) 84 Trapezoidal 14.9 0.365 122 
Hebrank & Gebhardt 
(2000) 65 

Trapezoidal 16.3 0.526 193 
Sinusoidal 12.4 0.672 232 

Zhang et al. (2003)  22 Trapezoidal 23.8 0.370 198 
Den Boer et al. 
(2002) 153* Trapezoidal 18.8 0.360 153 

Note (*) – This study was a meta-analysis of 3 previous studies, comprised of results from 153 
subjects.  

The meta-analysis study of Den Boer et al. (2002) combined data from 3 separate studies 
(Ham et al., 1997; Bourland et al., 1999; and Hebrank et al., 2000) using a total of 153 
volunteers and provided statistics concerning the weights, heights and ages of the 
subjects, which indicated that they were mostly young, fit adults. This exposure group 
represents the most sensitive population for PNS as children and individuals suffering 
from a variety of peripheral neuropathies display higher perception thresholds (i.e. 
rheobase) for PNS and longer chronaxie than young healthy adults (Karup and 
Moldovan, 2009; Farrar et al., 2013; Bae et al., 2008; Yerdelen et al., 2010). The meta-
analysis data of Den Boer et al. (2002) represents the most reliable estimate of human 
PNS perception thresholds. 

Using the reported means and standard deviations of the rheobase threshold and 
chronaxie times (18.8±0.6 T/s and 0.36±0.02 ms, respectively) in Den Boer et al. (2002), 
reference levels based on different coverage factors (other than the 50th percentile) using 
the expanded uncertainty can be calculated. An RMS magnetic flux density value of 153 
µT is obtained for the mean (50th percentile) value of PNS perception for the uncontrolled 
environment (with a safety factor of 10 incorporated). Standard uncertainties of both 
rheobase and chronaxie parameters were calculated as the decibel equivalent of one 
standard deviation below the mean, normalized to the mean, resulting in standard 
uncertainties of -0.28 dB and -0.50 dB, respectively, with a combined standard 
uncertainty of -0.78 dB. By applying these uncertainty factors, Table 3 indicates that at a 
RMS magnetic flux density of 117 µT, there is a probability greater than 99% (coverage 
factor of 3) that the mean threshold for perception of PNS falls above this value, with a 
10-fold margin of safety incorporated. 
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Table 3. Estimated magnetic flux density reference levels for different expanded 
uncertainty coverage factors. Data for mean and standard deviation of rheobase 
threshold and chronaxie was from Den Boer et al. (2002). 

Coverage factor Expanded Uncertainty 
BRL at coverage factor 

(RMS values) 

1 -0.78 dB 139 µT 

2 -1.56 dB 127 µT 

3 -2.34 dB 117 µT 

 

Based upon the above considerations, the RMS magnetic flux density value at a coverage 
factor of 3 can be used for deriving Uncontrolled Environment magnetic field strength 
reference levels in SC6 (2015). Conversion into RMS magnetic field strength (H) and 
rounding down yields reference levels for Uncontrolled- and Controlled-Environments of 
90 A/m and 180 A/m, respectively.  
 
PNS-based basic restrictions from empirical human MR data 

So far the reference levels derived in the previous section pertain to exposure of the main 
trunk of the body since they were ultimately based on whole body MRI gradient coil 
exposure data. The main trunk of the body, having the largest cross-sectional area, has 
the lowest perception thresholds in terms of dB/dt. If trunk-only exposure were the only 
consideration in the standard, then the need for a basic restriction, at least in regards to 
magnetically-induced stimulation, might be thought of as unnecessary. However, it is 
known from Faraday induction principles that body parts with smaller cross-sectional 
areas can be exposed to higher external magnetic flux densities at the same level of 
induced electric field strength as for larger cross-sectional areas. Thus, having a basic 
restriction is useful for allowing the estimate of an effective reference level for limbs if 
an induction coefficient for that part of the body and exposure field orientation is known. 
For example, an induction coefficient corresponding to an axially-oriented magnetic flux 
density in the arm or leg can be calculated using a simple homogeneous loop model. In 
this case the induction coefficient is known to be equal to the number pi times the radius 
of the limb (in m) (ICNIRP, 1998).   

If the trunk-only reference level BRL,RMS is established, the basic restriction can be 
calculated by rearranging (1) into: 

 EBR =   Ci  𝑓𝑓 BRL,RMS                                                                   (7) 

 

where EBR is the sinusoidal RMS basic restriction for the affected nerve tissues in the 
trunk arising from whole body exposure. If it is assumed that the nerve tissues in the 
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limbs exhibit similar threshold behaviour as nervous tissue in the trunk, then the EBR 
from (7) can be considered a universal basic restriction for PNS throughout the body. 

Using (7) and an assumed induction coefficient of 1.2 V/m per Hz-T (mean value in 
Table 1) and the RMS flux density reference level of 113 μT (converted from HRL,RMS 
=90 A/m) for uncontrolled environments , an RMS internal electric field strength basic 
restriction of 1.36 x10-4f  is computed for the Uncontrolled Environment. Since ICNIRP 
(2010) has specified a similar basic restriction of 1.35 x10-4f for Uncontrolled 
Environments, which is slightly lower than the value derived above, SC6 (2015) will 
harmonize its basic restriction for the avoidance of PNS perception in the 3 kHz to 10 
MHz frequency range with that of ICNIRP (2010) for the Uncontrolled Environment at 
1.35 x10-4f.  The Controlled Environment basic restriction in SC6 (2015) would therefore 
also be harmonized with ICNIRP (2010) at 2.7 x10-4f.  These values provide an estimated 
10 fold (for uncontrolled environment) safety margin for perception of PNS at the 
assumed induction coefficient of 1.2 V/m per Hz-T.  

Therefore, the basic restrictions for the avoidance of PNS perception in SC6 (2015) are: 
Exposure Group Frequency range Internal E-field (Vm-1) 

(for any part of the body) 
Controlled Environment 3 kHz – 10 MHz 2.70x10-4f 

Uncontrolled Environment 3 kHz – 10 MHz 1.35x10-4f 
- f denotes frequency in Hz 
 
For localized exposures to the limb (which have small cross-sectional areas and therefore 
lower rates of induction), the reference levels of 90 A/m (Uncontrolled) and 180 A/m 
(Controlled) may be exceeded provided that the basic restrictions within the limb are not 
exceeded. 
 
 
 
 
 
Thermal Effects: SAR-based basic restrictions 
 
In the 100 kHz – 10 MHz frequency range, SC6 (2009) specified basic restrictions for the 
avoidance of thermal effects. These basic restrictions specified limits on whole-body 
average (WBA) specific absorption rate (SAR; a measure of energy deposition rate 
within the body), and peak spatially-averaged SAR (maximum energy deposition rate 
within a discrete tissue volume). These basic restrictions are based upon scientific 
consensus of a threshold value of approximately 4 W/kg for thermally-related (~1oC 
colonic temperature rise) behavioural changes in rodents, non-human primates and in 
human volunteers (reviewed in IEEE C95.1, 2005; Foster and Adair, 2004; Adair and 
Black, 2003; Foster and Glaser, 2007). Existing international (ICNIRP 1998; IEEE 
C95.1, 2005) and national (SC6, 2009; FCC, 2006) science-based exposure standards 
have incorporated safety margins of 10 and 50 in the derivation of basic restrictions for 
the avoidance of thermal effects for exposures in Controlled and Uncontrolled 
Environments, respectively. These safety factors ensure that worst-case human exposures 
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to RF fields incurred in uncontrolled- and controlled-environments, within the prescribed 
exposure limits, do not result in alterations in core body temperature of the individual of 
more than a few tenths of 1oC (reviewed in IEEE C95.1, 2005). 
 
The basic restrictions for WBA-SAR in SC6 (2009) are identical to those in ICNIRP 
(1998) and IEEE C95.1 (2005). These basic restrictions remain unchanged in the revised 
version of SC6 (2015) since no new adverse health effects have been identified at 
exposures below these levels since the last version of SC6 (2009). 
 
 
The basic restrictions specified for WBA-SAR in SC6 (2015) are: 

Exposure Group Frequency range WBA-SAR limit (W/kg)* 
Uncontrolled Environment 100 kHz – 10 MHz 0.08 
Controlled Environment 100 kHz – 10 MHz 0.40 

* - averaged over any 6 minute reference period. 
 
In addition to basic restrictions on WBA-SAR, SC6 (2009) also includes basic 
restrictions for peak spatially-averaged SAR within discrete volumes of tissue. The 
original derivation of peak spatially-averaged SAR limits in SC6 and other international 
standards were based upon dosimetric estimates of a 20:1 variation in peak spatially-
averaged SAR to WBA-SAR within the human body, whereby a 1.6 W/kg peak spatially-
averaged SAR limit for the uncontrolled environment was based upon a WBA-SAR limit 
of 0.08 W/kg. With refinements in dosimetry, it was later determined that the actual 
variation among peak spatially-averaged SAR to WBA-SAR was more approximately a 
100:1 ratio (Bernardi et al., 2003).  
 
On the other hand, numerous studies have demonstrated cataract formation in 
experimental animals at peak spatially-averaged SARs of ~100-150 W/kg (Elder, 2003), 
presumably due to thermal effects in the eye (tissue volume ~ 10 g). However, recently 
Hirata et al. (2008) used modern computational approaches to re-examine some of the 
early work on cataract formation in rabbit eyes conducted by Guy et al. (1975). They 
found that the threshold for the occurrence of cataracts in rabbit eyes observed by Guy et 
al. (1975) may actually have occurred at a lower SAR (~67 W/kg) than previously 
estimated, although the use of anaesthesia in the Guy et al. (1975) study predisposed the 
animals to thermal effects in the lens. Additional work is required to study the effect of 
localized RF exposure in the near-field on temperature responses in the eye. Based upon 
a considerable breadth of historical information on cataract induction in animals, ICNIRP 
(1998) and IEEE C95.1 (2005) have established Uncontrolled Environment peak 
spatially-averaged SAR limits of 2 W/kg averaged over 10 g tissue, based upon an 
estimated 50-fold reduction below the threshold for cataract formation in animals (~100 
W/kg).  
 
Studies modelling the thermal response to RF fields in discrete volumes of human tissue 
have indicated that temperature changes in the eye from exposures at the ICNIRP (1998) 
Controlled Environment peak spatially-averaged SAR limits of 10 W/kg averaged over 
10 g of tissue, are no more 1.4oC above pre-exposure levels (Wainwright, 2007). This is 
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well below the temperature threshold required for the induction of thermally-induced 
cataract effects, which requires lens temperature to reach ~41oC. Similarly, studies on 
temperature increases in brain tissue at the ICNIRP (1998) Controlled Environment peak 
spatially-averaged SAR limit of 10 W/kg averaged over 10 g of tissue, found maximum 
discrete (10 g) temperature responses in the brain ranging from 0.6-1.2oC (reviewed in 
IEEE C95.1, 2005). These increases are also well within the normal physiological range 
for brain tissue and well below the threshold required to induce pathological effects. 
Since SC6 (2009) specifies peak spatially-averaged SAR limits that are 20% lower than 
those in specified in ICNIRP (1998) and IEEE C95.1 (2005), and are averaged over 1 g 
of tissue (instead of 10 g), the relative temperature increases in human brain and eye 
tissues from peak spatially-averaged SARs at the Controlled Environment peak spatially-
averaged SAR limit outlined in SC6 (2009) would be much lower than that estimated 
above. 
 
The following table lists the basic restrictions on peak spatially-averaged SAR in SC6 
(2015), ICNIRP (1998) and IEEE C95.1 (2005): 
Exposure Group Tissue Frequency 

range 
Peak 

spatially-
averaged 
SAR limit 

(W/kg) 

Averaging 
Volume (g) 

SC6 (2015)  
Controlled Environment 

Head, neck, 
trunk 

100 kHz- 6 GHz 8* 1 

Limbs 20* 10 
SC6 (2015) 
Uncontrolled Environment 

Head, neck, 
trunk 

100 kHz- 6 GHz 1.6* 1 

Limbs 4* 10 
 
ICNIRP/IEEE-C95.1 
Controlled 

Head, neck, 
trunk 

100 kHz- 6 GHz 10* 10 

Limbs 20* 10 
ICNIRP/IEEE-C95.1 
Uncontrolled 

Head, neck, 
trunk 

100 kHz- 6 GHz 2 10 

Limbs 4 10 
*averaged over any 6 minute reference period. 
 
While the peak spatially-averaged SAR limits in ICNIRP (1998) and IEEE C95.1 (2005) 
are biologically-based (cataract formation) and those in SC6 (2009) and FCC (2006) were 
derived from early dosimetric considerations, the peak spatially-averaged SAR limits in 
ICNIRP (1998) and IEEE C95.1 (2005) are less restrictive than those in SC6 (2009) for 
two reasons: 1) for localized exposures in the head, neck and trunk, SC6 (2009) specifies 
a maximum SAR of 1.6 W/kg and 8 W/kg for Uncontrolled and Controlled 
Environments, respectively, compared to 2 W/kg and 10 W/kg in the ICNIRP (1998) and 
IEEE C95.1 (2005) guidelines for the Uncontrolled and Controlled Environments, 
respectively; and 2) the peak spatially-averaged SAR in the head, neck and trunk is 
calculated over 1 g of tissue in the SC6 (2009) standard, whereas the peak spatially-
averaged SAR is calculated over 10g of tissue in the ICNIRP (1998) and IEEE C95.1 
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(2005) standards. The lower tissue averaging volume in SC6 (2009) results in a more 
restrictive peak spatially-averaged SAR limit, as it provides more protection against the 
occurrence of small regions with thermal hot-spots. Based upon the uncertainties in 
exposure assessment, the occurrence of relatively higher brain peak spatially-averaged 
SARs in children compared to adults from near-field sources (e.g. cell phones) (Wiart et 
al., 2008; Christ et al., 2010), the uncertainty in possible long-term health risks associated 
with cell phone use and ongoing public concern about cell phone safety, the basic 
restriction for peak spatially-averaged SAR limits in SC6 (2015) remain unchanged from 
those in the previous version of SC6 (2009) to maintain an additional margin of safety.  
 
 
SAR-based reference levels, 100 kHz-10 MHz 
 
In this frequency range, electric and magnetic fields display characteristics similar to 
static fields in that they are, to a large extent, uncoupled and therefore can be treated 
separately. In addition, due to the long wavelengths at these frequencies, exposure from a 
source is typically in the near-field region and power density is not a useful metric. This 
means that, in general, both the electric field strength and magnetic field strength should 
be characterized when assessing electromagnetic safety.  
 
In the quasi-static frequency range, the induction of internal voltages and currents in the 
body due to externally applied electric and magnetic fields is strongly determined by the 
constituent electrical parameters of tissue, namely the magnetic permeability, electrical 
permittivity and conductivity. The magnetic permeability of tissue is identical to that of 
free space and the induction of electric fields and currents in tissues from externally 
applied magnetic fields is governed by faraday’s law. For electric field exposure, the high 
permittivity and conductivity of tissues result in the coupling of strong surface charges on 
the body and relatively weak electric field strengths and currents within the body. 
 
As indicated above, two biological phenomena exist that require two separate basic 
restrictions in this frequency range. Since PNS and thermal effects have significantly 
different latency times (onset from exposure to effect), the specification of two different 
sets of reference levels is warranted. PNS–based basic restrictions and reference levels 
require an effectively instantaneous reference period, for comparison to the exposure 
limits in SC6 (2015), due to the ability of induced electric fields to cause an instantaneous 
alteration of the resting membrane potential of neurons. Therefore, basic restrictions and 
reference levels for the avoidance of PNS require limits on the instantaneous peak (RMS) 
amplitudes of internally-coupled or external fields. Alternatively, SAR-based basic 
restrictions and reference levels are related to thermal effects and are therefore influenced 
by the thermal time constant of the human body to externally applied thermal influences. 
For the purposes of establishing SAR-based basic restrictions and reference levels, a six-
minute reference period, based upon the thermal time constant of living tissues (i.e. the 
time it takes for tissue temperature to begin to rise in the case of sufficiently high 
exposure), has been selected to restrict the temporally averaged internally-coupled or 
external fields. 
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For pulsed RF field strengths at frequencies where both types of basic restrictions exist 
(0.1-10 MHz for magnetic fields and 1-10 MHz for electric fields), the effect of having 
the two sets of reference levels is to limit both the peak amplitude and duty factor, such 
that both sets of basic restrictions are respected. 
 
 
SAR-based Magnetic Field Reference Levels, 3kHz – 10 MHz  
 
Two simultaneous criteria were considered when establishing the reference levels for 
SC6 (2015) in the 3 kHz to 10 MHz frequency range. These were: 1) the adoption of 
separate basic restrictions for PNS and thermal effects, and 2) harmonization with 
international standards, where justified.  
 
SAR in a discrete volume of tissue is proportional to the local conductivity and the square 
of the magnitude of the induced electric field strength. Therefore, SARs (whole-body-
averaged and spatial-peak, 1g) from purely magnetic field exposure in this frequency 
range are due to the induction of internal electric fields. The distribution of SAR 
intensities in the body follow the patterns of induced electric field strength and locations 
of spatial peak 1g SAR in the body are likely to be close to those for peak induced 
electric field strength that are of interest to PNS dosimetry. 
 
As in the case for PNS-oriented dosimetric analyses, a SAR-based induction coefficient 
similar to (1) can be defined as the square root of either the whole-body-averaged SAR 
(WBA-SAR) or spatial-peak, 1g SAR (SP1g-SAR) divided by the frequency, f, and the 
external magnetic field strength (usually uniform), Hext: 
  

KWBA =  
√WBA − SAR

𝑓𝑓 Hext
      ,      KSP1g =  

�SP1g − SAR
𝑓𝑓 Hext

                          (8) 

  
where KWBA and KSP1g are the SAR-based induction coefficients corresponding to whole-
body-averaged and spatial-peak, 1g SARs, respectively.  
 
For sinusoidal, external magnetic field exposure, the induced electric field strength is 
proportional to frequency. Thus, for a frequency-invariant conductivity, the square roots 
of whole-body-averaged or spatial-peak, 1g SARs are proportional to frequency and the 
resulting SAR-based induction coefficients are constant. However, in this frequency 
range, tissue conductivities slowly increase with frequency, yielding slowly changing 
values of KWBA and KSP1g  with frequency (since they vary with the square root of 
conductivity, their change with frequency is relatively small). An in-house dosimetric 
study using 2mm voxel models and conductivity data from Gabriel (1996), resulted in 
values of KWBA and KSP1g that increased by 36% from 100 kHz to 10 MHz. Below 100 
kHz, their values changed by less than 3%. 
 
From the definition of the SAR-based induction coefficients in (8) and the fact that basic 
restrictions for WBA-SAR and SP-1g SAR are frequency independent, a SAR-based 
reference level with f -1 dependence would be appropriate in this frequency range. This is 
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evidenced in the IEEE C95.1-2005 and ICNIRP 1998 standards (see Figures 1(b) and 
2(b), respectively). 
 
Limited SAR-based dosimetric analyses have been reported for pure magnetic field 
exposure in this frequency range (Kaune et al., 1997, Dawson & Stuchly, 1998). The 
results from these studies have been converted into values of Hext that produce the 
uncontrolled and controlled environment WBA-SAR basic restrictions of SC6 (2015) and 
are plotted in Figures 1(b) and 2(b). The models include a homogeneous adult ellipsoid 
(Kaune et al., 1997) and an adult male voxel model (Dawson & Stuchly, 1998). For the 
latter, SAR calculations were performed only at 60 Hz so it was necessary to extrapolate 
to higher frequencies using the known variation of conductivity with frequency in the 
Gabriel, 1996 dataset. 
 
In addition, an in-house study using voxel models of a 19.4 kg six year old and a 72.6 kg 
adult male (Christ et al. 2010) was undertaken (HC internal report, 2014). These models 
also utilized the conductivity data in Gabriel (1996) and computations were made using 
the magneto quasi-static FDTD solver available in the commercial software SEMCAD 
V14. Results from that study in terms of Hext that produces the uncontrolled and 
controlled environment WBA-SAR and SP1g-SAR basic restrictions are also plotted in 
Figures 1(b) and 2(b).  
 
From Figures 1(b) and 2(b) it can be seen that the homogeneous ellipsoid model 
produced the highest KWBA of all the models and consequently the lowest threshold of 
Hext that produces the basic restriction, for each frequency. The larger of the two 
different-sized voxel models used in the in-house study produced the higher KWBA as 
expected from consideration of Faraday’s law (i.e. the larger the cross-sectional area 
normal to the incident magnetic field, the greater the induced electric field strength). 
Also, it was found that KSP1g is marginally greater than KWBA for the 72.6 kg adult voxel 
model, suggesting that the spatial-peak, 1g SAR basic restriction is the most limiting 
factor for voxel-model-based dosimetry. Interestingly, it was observed that the locations 
of maximal SP1g-SAR in the adult voxel model, for frequencies at 100 kHz and higher, 
tended to be on the periphery of the trunk, in the general area of the hips. This is also the 
same general location as the maximum induced electric field strength and is an area often 
given as the site of  experimentally-induced peripheral nerve stimulation in magnetic 
resonance imaging (MRI) studies (Glover, 2009)   
 
A SAR-based reference level, when plotted versus frequency, should be below the lowest 
value of Hext that produces the basic restriction (see Figures 1(b) and 2(b)). If set at the 
same rate of fall-off as the dosimetry Hext data, it should have an f -1 dependence (as 
explained previously). Ideally, it should begin at the frequency where the NS-based 
reference level and the SAR-based reference level curves intersect. This is based on the 
consideration that NS-based RLs limit the temporal maximum of a waveform while the 
SAR-based ones limit the time averaged values, which must always be less that the 
temporal maximum. 
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For the SC6 (2015) SAR-based magnetic field reference levels, the sloped portion of the 
ICNIRP (1998) limits were extended back to 100 kHz (for the Uncontrolled 
Environment) or set to begin at 100 kHz (for the Controlled Environment). Both sets of 
frequency dependent limits are extended to 10 MHz as shown in Figures 1(b) and 2(b). 
This approach gives a common start frequency for controlled and uncontrolled reference 
levels and the same frequency dependency (f -1). The ICNIRP (1998) magnetic field 
reference levels below 100 kHz were meant to protect against PNS, however this 
frequency range is covered by the new PNS‐based reference levels specified in SC6 
(2015). Therefore, it was decided to begin the SAR-based reference levels only at 100 
kHz. The resulting reference levels are slightly more restrictive than the SAR-based 
reference levels in SC6 (2009).  Based upon the dosimetry data depicted in Figures 1(b) 
and 2(b), there is a large margin of compliance of the SC6 (2015) SAR-based reference 
levels to the basic restrictions.  
 
Magnetic Field Strength Reference Levels in SC6 (2015) 

Frequency 
 

(MHz) 
 

Reference Level 
Basis 

Reference Level HRL,  
(A/m) (rms) Reference 

Period (min) Uncontrolled 
Environment 

Controlled 
Environment 

0.003 – 10 PNS 90 180 Instantaneous 
0.1 – 10 SAR 0.73 / f 1.6 / f 6 minutes 

- Frequency, f, is in MHz. 
- PNS, peripheral nerve stimulation 
- SAR, specific absorption rate 

 
 
Electric Field Reference Levels, 3kHz-10MHz 
  
As with magnetic fields, two simultaneous criteria were considered when establishing the 
electric field reference levels for SC6 (2015). These were: 1) the adoption of separate 
basic restrictions for PNS and thermal effects, and 2) harmonization with international 
standards, where justified. Over the frequency range 3 kHz to 10 MHz, the ICNIRP 
(2010) NS-based electric field strength reference levels (uncontrolled and controlled) 
have been adopted in SC6 (2015) (see Figures 3 and 4).  
 
For SAR-based reference levels, harmonization of the reference levels in SC6 (2015) 
with those of ICNIRP (1998) is relatively straight-forward for Uncontrolled 
Environments since the SAR-based and PNS-based reference levels intersect at 
approximately 1 MHz (the precise frequency is 1.10 MHz). Therefore, the Uncontrolled 
Environment SAR-based reference level for SC6 (2015) was applied at 1.10 MHz and 
follows the ICNIRP (1998) Uncontrolled Environment reference level up to 10 MHz. 
This also provides a match to the 10 MHz – 6 GHz electric field strength reference levels 
where the two frequency ranges meet and results in a convenient f -0.5 frequency 
dependency.  
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For Controlled Environments, harmonization with ICNIRP (1998) was somewhat more 
difficult because of the f –1 frequency dependency of ICNIRP (1998) SAR-based 
Controlled Environment reference level. It was decided that matching the Controlled 
Environment electric field strength reference level at 10 MHz to the value specified for 
the 10 MHz - 6 GHz range and maintaining the same frequency dependency as for the 
Uncontrolled Environment, were the most important factors. The resulting Controlled 
Environment SAR-based reference level curve is shown in Figure 4. It can be seen that 
the SAR-based and PNS-based reference level curves do not conveniently intersect at 1 
MHz. The precise frequency of intersection is 1.29 MHz and therefore, it was decided to 
apply the Controlled Environment SAR-based reference levels at 1.29 MHz.    
 
Comparison of the SAR-based electric field strength reference levels to the minimum 
electric field strengths required to meet the basic restrictions in Figures 3 and 4, 
demonstrates that compliance for whole body SAR is achieved (Durney et al., 1986), 
however peak spatially-averaged SAR in the limbs at ~10 MHz is not (Gandhi et al., 
1985). At this specific frequency, the margin of non-compliance is small (this case is due 
to induced current flowing in the ankles, with good contact to the ground and a vertically 
polarized electric-field). However, this situation is likely also non-compliant with 
induced current reference levels specified in SC6 (2015), see Section 2. This reinforces 
the notion that even though electric field strength levels may be compliant with the 
reference levels, induced current reference levels may be exceeded. Therefore, 
measurement of induced current is a necessary component of a complete RF compliance 
assessment. 
 
Similarly, this same situation can occur with contact currents, as illustrated in Figures 5 
and 6. In these figures, the levels of incident electric field strength of sufficient intensity 
to cause perception-level and let-go level contact currents are plotted for different 
ungrounded objects and are compared to the Uncontrolled- and Controlled-Environment 
electric field strength reference levels in SC6 (2015). Let-go level currents are defined as 
the maximum current at which a person can release an energized conductor using 
muscles that have been stimulated by the current. The amount of current is highly 
variable from person to person and is dependent upon the type of contact (finger touch 
versus hand grasp). All data represents the 50th percentile response (Gandhi et al., 1982; 
Bernhardt, 1988).         
  
In Figures 5 and 6, it can be seen that both the Uncontrolled and Controlled Environment 
reference levels provide a greater level of protection from potential contact currents in 
SC6 (2015) as compared to SC6 (2009). However, it should be recognized that there are 
still situations in the Uncontrolled Environment where the electric field reference levels 
may be complied with, but contact current limits are exceeded. Therefore, in situations 
where contact with energized, ungrounded conductors can occur, assessment of 
compliance to the contact current reference levels in SC6 (2015) is necessary.    
 
Based upon the above dosimetric information, the electric- and magnetic-field strength 
reference levels in the 3 kHz – 10 MHz frequency range of SC6 (2015) are: 
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Electric Field Strength Reference Levels in SC6 (2015) 

Frequency 
 

(MHz) 
 

Reference Level 
Basis 

Reference Level ERL, (V/m) (rms) 
Reference 

Period Uncontrolled 
Environment 

Controlled 
Environment 

0.003 – 10 PNS 83 170 Instantaneous 
1.0 – 10 SAR 87 / f 0.5 193 / f 0.5 6 minutes 

- Frequency, f, is in MHz. 
- PNS, peripheral nerve stimulation 
- SAR, specific absorption rate 
- The precise frequencies at which SAR-based electric field strength reference 

levels for Uncontrolled and Controlled Environments begin are 1.01MHz and 
1.29 MHz, respectively. 

 
Recommendations for Spatial Averaging 
For electric field exposure, the highest induced field strengths and current densities occur 
for the condition where the external electric-field vector is parallel to the long axis of the 
body and the body is standing on a conductive earth. At these frequencies, the body 
behaves similarly to a conductor where the distorted external field lines terminate 
perpendicularly on the surface of the body and induce a surface charge. At any horizontal 
cross-section through the body, the total current flowing towards ground is dependent on 
the total surface charge above that cross-section (Dimbylow, 2005). The result is that the 
highest current densities and induced electric field strengths occur in the ankle area and 
are a function of the surface area of the body above. This implies that a spatial average 
over the vertical extent of the body is a reasonable estimate of the equivalent uniform 
electric field strength that was used in the derivation of the reference levels. 
 
For magnetic field exposure, the highest internally induced electric field strengths occur 
for geometries of the tissue or organs with the lowest conductivities that present the 
highest cross-sectional area to the field vector. A low-conductivity tissue or organ 
surrounded by high-conductivity tissue will selectively respond with higher induced 
electric-field strengths than the surrounding tissues despite the fact that the exposure field 
is uniform (Dimbylow, 2005). This implies that a spatially non-uniform external 
magnetic field and a uniform one with the same spatial peak magnitude could potentially 
induce the same internally induced electric-field strength in a target tissue or organ. In 
this case, spatial averaging of the non-uniform external magnetic field would give an 
under-estimate of the corresponding internally induced electric field strength. Thus, to 
ensure that the basic restriction for PNS is complied with, comparison of the spatial peak 
magnetic field strength (instead of the spatially-averaged magnetic field strength) should 
be made to the reference level at frequencies less than 100 kHz.  
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At frequencies where both PNS- and SAR-based BRs exist and beyond, spatial averaging 
of both the external electric- and magnetic-field strength are permitted since the SAR-
based reference levels are based on whole-body absorption. 
 
 
Section 2 Induced and Contact Currents (3 kHz – 110 MHz) 
Contact currents can occur when a person simultaneously touches two conductive objects 
that are at different electrical potentials, resulting in current flowing through the body. 
The magnitude of the current is proportional to the electrical resistance between those 
two points (WHO 2007). Induced currents can occur when a person is exposed to EMF, 
typically in close proximity to the source, whereby internal body electric currents are 
induced by external fields.  The magnitude of the induced current is dependent on the 
proximity to the source, frequency, orientation/polarization of the body to the incident 
field and grounding (e.g. footwear). 
 
In the previous version of SC6 (2009), the induced and contact current limits were based 
upon avoidance of PNS (perception and/or pain) at frequencies from 3 – 100 kHz and 
thermal effects (thermal perception and/or pain) for frequencies from 0.1 – 110 MHz. 
These effects are known to be frequency-dependent in the 3 - 100 kHz frequency range, 
but quite stable at frequencies from 0.1 -110 MHz. However, the basic restrictions in SC6 
(2009) were derived from volunteer studies conducted using adult men. 
 
Additional studies assessing men, women and children exposed to EMF in the 3- 100 
kHz range have identified the threshold for PNS (perception of tingling sensation) of 
induced/contact current to be in the range of ~1 – 25 mA for the most sensitive 
individuals under worst-case conditions across this frequency range. For finger-touch 
contact current, the threshold for pain on finger contact is estimated to be in the range of 
~2 – 33 mA, dependent on frequency. The let-go threshold for painful shocks are 
estimated to be ~15 – 112 mA, dependent on frequency. Based upon this information, 
IEEE 95.1 (2005) and ICNIRP (2010) have established maximum contact current limits 
of 167f and 200f (where f is frequency in MHz), respectively, for exposures in the 
Uncontrolled Environment in the 3 – 100 kHz frequency range. While the basic 
restrictions in SC6 (2009) for contact current are below the threshold for the occurrence 
of painful let-go shocks for both the Uncontrolled and Controlled Environments, the 
occurrence of field perception (tingling sensation) and painful finger-contact shocks 
cannot be ensured. SC6 (2015) has been revised to avoid the occurrence of finger-touch 
shocks in the 3 – 100 kHz frequency range.  
 
Studies on volunteers exposed to EMF in the 0.1 – 110 MHz frequency range have 
indicated thermal perception in the limbs at an internal current of 100 mA and the 
possibility of burns at exposure levels of 200 mA. This effect is not frequency-dependent. 
The current version of SC6 (2009) set basic restrictions for the avoidance of thermal 
effects from induced and contact currents (one foot) at 100 mA and 45 mA for the 
Controlled and Uncontrolled Environments, respectively. Alternatively, IEEE C95.1 
(2005) and ICNIRP (2010, 1998) have established exposure limits for contact currents at 



 19 

lower levels, providing an additional margin of safety from the occurrence of such 
effects. 
 
 
 
Basic restrictions on Induced- and Contact Currents at 3 – 100 kHz specified in SC6 
(2009), ICNIRP (2010) and IEEE C95.1 (2005) are: 

Exposure 
Group 

Type of Exposure 
(Environment) 

Maximum Induced 
Current (mA) 

(One foot) 

Maximum Contact 
Current (mA) 

SC6 (2009) Controlled 1000f 1000f 
Uncontrolled 450f 450 f 

 
ICNIRP 
(2010) 

Controlled n/a 400 f 
Uncontrolled n/a 200 f 

 
IEEE C95.1 
(2005) 

Controlled 500 f 500 f 
Uncontrolled 167 f 167 f 

f – denotes frequency in MHz 
 
Basic restrictions on Induced- and Contact Currents in the 0.1 – 110 MHz range specified 
in SC6 (2009), ICNIRP (1998, 2010) and IEEE C95.1 (2005) are: 

Exposure 
Group 

Type of Exposure 
(Environment) 

Maximum Induced 
Current (mA) 

(One foot) 

Maximum Contact 
Current (mA) 

SC6 (2009) Controlled 100 100 
Uncontrolled 45 45 

 
ICNIRP (2010, 
1998) 

Controlled n/a 40 
Uncontrolled n/a 20 

 
IEEE C95.1 
(2005) 

Controlled 100 50 
Uncontrolled 45 16.5 

f – denotes frequency in MHz 
 
While the basic restrictions in SC6 (2009) are below the threshold for the occurrence of 
RF shocks and burns for both the Uncontrolled and Controlled Environments, the 
occurrence of thermal perception in the Controlled Environment cannot be excluded. 
Therefore, the induced- and contact-current reference levels in SC6 (2015) have been 
revised to take into account recent dosimetric information and to provide a larger safety 
margin for the avoidance of painful RF shocks and burns.  
 
Since induced- and contact current limits are actually derived from the basic restrictions 
for internal electric field strength and SAR (except for contact current below 100 kHz 
whose limits are based on results from human volunteer studies), these limits are now 
specified as reference levels in SC6 (2015). 
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Reference levels 
Induced Current 
For the purposes of most electromagnetic exposure guidelines, induced current is usually 
defined as the longitudinal flow of current through a body that is in good electrical 
contact with the ground (often defined as standing barefoot). At frequencies at and below 
the whole body resonance, the response of a grounded body to an incident vertically-
polarized electric field is to behave somewhat like a short-circuited metallic monopole 
where the induced current distribution is greatest near the ground and diminishes towards 
the upper parts of the body (Gandhi et al., 1986). The implication of this is that the largest 
currents flow through the ankles, which have a narrow cross-section of conductive tissue 
to carry the current. This results in relatively high SAR in the ankle at frequencies where 
tissue heating is of concern or results in high current density and induced electric field 
strength for frequencies where PNS is the limiting factor. 
 
The empirical formula that relates induced current magnitudes to electric field strength 
states that the ratio of current to field strength is proportional to frequency and to the 
square of the body height (Gandhi et al., 1985; 1986). This would imply that for the same 
frequency, taller individuals would be subjected to greater induced currents. This 
relationship is valid up to the whole body resonance frequency (under grounded 
conditions), which is approximately 40 MHz for a 1.75m adult, 51 MHz for a 1.38m (10y 
old) child and 63MHz for a 1.12m (5y old) child (Gandhi et al., 1986). 
 
The resulting SAR or current density is a function of the effective cross sectional area, 
Ae, of current flow. In the case of SAR, it is equal to SAR=I2/(Ae

2σρ), where I is the 
induced current through one limb, σ is the conductivity of the current carrying wet tissues 
and ρ is the mass density (usually taken to be 1000 kg/m3). In the case of current density 
J, it is given by J=I/Ae, while the resulting induced electric field, Ei, is related to the 
current density through Ohm’s law: Ei = J/σ. Thus, the resulting SAR or induced electric 
field is strongly dependent on the reciprocal of the effective cross section, 1/Ae, which 
would typically be larger for smaller sized bodies (short adults and children). This effect 
partially compensates for the increase in induced current for larger sized bodies, 
suggesting that at the same frequency, SARs between children and adults may be similar. 
However, it is also noted that induced current magnitudes reach a peak at whole body 
resonance and given the higher frequencies at which these occur for children and the fact 
that conductivity increases with frequency, it is expected that worst-case ankle SAR for 
constant incident electric field strength would be higher for smaller bodies. This can be 
observed in Figure 7 both from the empirical data from (Gandhi et al., 1986) and the 
numerically-simulated data from realistic voxel models of a male and female (Dimbylow, 
2002; 2006). 
 
Since the conditions for optimal induction of ankle current are not common in practice, 
separate reference levels for induced current are usually provided in most exposure 
standards. This allows electric field strength reference levels to be less restrictive than if 
they had to protect against peak spatially-averaged SAR in the ankles, however the 
measurement of induced current becomes an additional requirement in order to 
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demonstrate compliance to all of the basic restrictions. Admittedly, it is not always easy 
to judge under what circumstances measurement of induced current is warranted. Some 
guidance on this is given in IEEE C95.1 (2005, p22-23), where it is suggested that for 
electric field strengths greater than approximately 16 or 17% of the reference levels, the 
induced current reference level may be exceeded (for frequencies from about 1 MHz to 
whole body resonance).  Induced current can also be mitigated by footwear and in 
occupational settings, by floor coverings and operator training.   
 
3 kHz to 400 kHz 
ICNIRP (1998) does not specify reference levels for induced current at frequencies below 
10 MHz, while ICNIRP (2010) makes no recommendations for induced current reference 
levels. While there is only limited human experimental data on the stimulatory effects of 
induced current in the frequency range 3 - 400 kHz in the scientific literature upon which 
to base reference levels, an estimation of induced currents in the ankles of sufficient 
magnitude to exceed the basic restrictions for induced electric field can be made. This 
was the approach used to derive reference levels for induced current in the 3 kHz to 400 
kHz range. 
 
In this frequency range, the basic restrictions for both Controlled- and Uncontrolled 
Environments for induced electric field have the form E=k f , where f is the frequency in 
hertz and k is a constant. An approximation of the reference level current flowing through 
the ankles, IRL required to meet the basic restriction can be written as IRL= σ Ae E where 
the terms σ and Ae are defined in the paragraphs above. If the effective area and 
conductivity are assumed to be constant over this frequency range, then it can be seen 
that the reference level induced current should have a f 1 frequency dependency.  
 
Figures 8 and 9 depict the induced current reference levels in SC6 (2015) and calculated 
estimates of the induced currents necessary to meet the basic restrictions for PNS 
(induced electric field) in the 3 kHz – 1 MHz frequency range. The sloped portions of the 
reference level curves (controlled and uncontrolled) were designed to have a f 1 frequency 
dependency and approximately follow the dosimetric data derived from (Dimbylow, 
1988). The flat portion was based on thermal considerations and is discussed in the 
following section. The two curves intersect at 400 kHz (thus explaining why 400 kHz 
was chosen as the frequency boundary between PNS and SAR-based reference levels). 
Extending the PNS (sloped) reference level curve beyond the intersection frequency (as 
was done for electric field reference levels) may result in unacceptably high induced 
currents in the 400 kHz – 10 MHz frequency range that could lead to RF burns. 
Therefore, it was decided to extend the PNS-based induced current reference levels, with 
their associated reference time, only to 400 kHz where they meet the frequency 
independent SAR-based reference levels (with a reference period of 6 minutes). 
 
The method for estimating the dosimetric data derived from Dimbylow (1988) in Figures 
8 and 9, was based on calculations of current densities in the ankle of a realistic voxel 
model of an adult. For comparison to the basic restriction, the maximum current densities 
given in Table 4 (model C) of Dimbylow (1988) were divided by the conductivity of 
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muscle to obtain the equivalent maximum induced electric field for a pre-defined induced 
current amplitude.  
 
The method for estimating the other threshold data in Figures 8 and 9 is from the 
formula: I = σ Ae EBR where Ae = 9.5 cm2  for the effective cross-section of current flow 
along with values of muscle conductivity ranging from 0.44 S/m at 10 kHz to 0.55 S/m at 
1 MHz (Gandhi, [7]). As seen in Figures 8 and 9, the resulting estimates using this 
method are only slightly lower than the ones derived from the voxel model calculations 
(Dimbylow, 1988). In either case, given the approximate nature of the dosimetric data, it 
is difficult to estimate to what extent the induced current reference levels are protective of 
the basic restrictions. 
 
 
400 kHz to 110 MHz 
Figure 10 shows the Uncontrolled Environment induced current reference level of 40 mA 
for this frequency range, which is based on avoidance of peak spatially-averaged SAR in 
the ankles. A proportionate value of 90 mA for the Controlled Environment is based on 
the standard ratio 2.2:1 for SAR-based current or field strength quantities. 
 
In the frequency range from 400 kHz to 110 MHz, the magnitude of induced current 
required to meet the basic restriction for SAR in the limbs rises slowly with frequency. 
This can be observed in Figure 10 where the induced currents in the ankles required to 
meet the Uncontrolled Environment basic restriction for SAR of 4 W/kg (averaged over 
10 g) are plotted. The data from Gandhi et al. (1986) was calculated using the 
relationship between SAR and induced current I : SAR=I2/(Ae

2σρ), where the effective 
cross-sectional area estimated by Gandhi was 9.5 cm2 (for a 1.75m adult) and 
conductivity data versus frequency was obtained from Dimbylow (1997). The SAR, so 
calculated, is effectively averaged over an approximate area of 10 cm2.  If it is assumed 
that the longitudinal SAR distribution is uniform over a 1 cm vertical distance, then the 
SAR values can be considered to be an approximate 10 g average as well.  
 
These values can also be compared to actual 10 g averaged SARs computed from realistic 
voxel models of a 1.76m male (Dimbylow, 1997) and a 1.63m female (Dimbylow, 2006). 
In all cases, it can be seen that the Uncontrolled Environment induced current reference 
level in SC6 (2015) provides sufficient protection to ensure that the basic restriction for 
SAR in the ankles is not exceeded. The same relationships hold for the Controlled 
Environment induced current reference levels in SC6 (2015), since the reference levels 
and the basic restrictions have the same ratio for controlled-to-uncontrolled on a power 
basis (5:1).   
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Induced Current Reference Levels in SC6 (2015) 

Frequency 
(MHz) 

 

Reference Level 
Basis 

Reference Level (IRL), 
through a single foot  

(mA) (rms) Reference 
Period Uncontrolled 

Environment 
Controlled 

Environment 
0.003 – 0.4 PNS 100 f 225 f Instantaneous 
0.4 – 110 SAR 40 90 6 minutes 
- Frequency, f, is in MHz. 
- PNS, peripheral nerve stimulation 
- SAR, specific absorption rate 

 
Contact Current 
Contact current is usually termed an indirect effect of exposure to electromagnetic fields. 
It can be defined as the flow of current from an insulated, conductive object energized by 
an ambient electromagnetic field, through a body that is in physical contact with the 
object, to ground. Conversely, it can also be defined as the current that flows from an 
insulated, energized body in contact with a grounded conductive object. In either case the 
factor that makes contact current potentially hazardous is the current flowing through 
parts of the body with narrow cross-section (fingers, wrists, ankles) that can give rise to 
large current densities and limb SARs. 
 
As seen from Figures 5 and 6, adherence to the electric field reference levels may not 
preclude contact currents that can be perceived either as a tingling sensation or if flowing 
long enough, as heat. Unlike all other dosimetric quantities, contact currents not only 
depend on the electrical parameters of the human body and the field intensity and 
polarization, but also on the shape and size of the conductive object being contacted as 
well as the type of contact (finger touch as opposed to hand grasp). Since finger touch 
appears to have the lowest perception thresholds (Chatterjee et al., 1986), it forms the 
basis for the contact current reference levels in SC6 (2015).  
 
Finger touch can be described as touching the energized conductor with the tip of a single 
finger, while hand grasp implies that the conductor is gripped in a closed hand. Human 
volunteer experiments on perception and pain from contact current in Chatterjee et al. 
(1986) suggest a marked delineation of effects at ~100 kHz. Contact currents at 
frequencies below 100 kHz, at sufficient intensities, typically results in a tingling 
sensation, while sufficiently intense contact currents at frequencies above 100 kHz tend 
to cause heating effects. Perception of tingling or warmth during a finger touch is usually 
localized in the finger near the point of contact. Hand grasp, with its significantly larger 
surface area of contact, results in much higher perception thresholds. At frequencies 
below 100 kHz, the location of sensation is near the electrode being grasped while above 
this frequency, it is localised in the wrist where current flow is restricted to a small area 
of relatively high conductivity tissue (Chatterjee et al., 1986).    
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In terms of latency times, Chatterjee et al. (1986) observed that perception-level currents 
applied for only 10 to 20 seconds caused pain when the frequency was greater than 100 
kHz, but painful sensations were not experienced at frequencies below 100 kHz for 
similar durations of exposure. This would suggest that a latency time considerably less 
than 6 minutes needs to be adopted for the contact current reference levels for frequencies 
up to 10 MHz. Therefore, as a precautionary measure, an effective reference period for 
contact current reference levels are specified as instantaneous for frequencies from 3 kHz 
to 10 MHz, and 6 minutes for frequencies from 10 MHz to 110 MHz.  In view of this, 
overlapping PNS-based and SAR-based reference levels in the frequency range from 100 
kHz to 10 MHz were deemed unnecessary. 
 
The Uncontrolled- and Controlled-Environment contact current reference levels are 
plotted in Figures 11 to 14. Figures 11 and 12 depict the Uncontrolled- and Controlled 
Environment contact current reference levels in the 3 – 100 kHz range, while Figures 13 
and 14 depict the contact current reference levels in the 100 kHz – 10 MHz frequency 
range. The contact current reference levels in SC6 (2015) are identical to those specified 
in ICNIRP (1998) and ICNIRP (2010). Also plotted are the experimentally- and 
dosimetrically-derived threshold contact currents required to meet the basic restrictions in 
SC6 (2015).  
 
In Figure 11, it can be seen that estimated perception thresholds for children are almost 
one half of that for male adults. ICNIRP (2010) uses this as the rationale for setting their 
general public (Uncontrolled Environment) reference levels to be one half of those for the 
Controlled-Environment. Considering that the perception threshold data is based upon the 
50th percentile of a given population group, it can assumed that some members of the 
population group would perceive contact currents at the reference levels. This is also true 
for the Controlled Environment (Figure 12). Thus, the reference levels in SC6 (2015) for 
contact current in the 3 – 100 kHz frequency range provide some protection against, but 
do not prevent, the occurrence of perception (tingling sensation or warmth). However, 
these reference levels do provide protection against painful contact current exposures. 
 
In the 100 kHz – 110 MHz frequency range, experimental perception data from 
Chatterjee et al. (1986) is nearly frequency independent. The Uncontrolled-Environment 
contact current reference level in Figure 13 appears to protect against the 50th percentile 
for perception by children with the same proviso that some members of the child 
population group may perceive contact currents at reference levels.  
 
Figure 14 demonstrates that the Controlled-Environment contact current reference level is 
approximately at the 50th percentile perception threshold for adult males and below the 
corresponding pain threshold for the same group. It is not known what percentage of 
adult males would experience pain at reference level contact currents. However, 
opportunities for mitigation of painful contact current exposures are readily available in 
occupational environments for the avoidance of such effects.   
 
Wrist currents that meet the basic restriction for SAR, averaged over 10 g in the limbs 
and calculated from realistic voxel models, are also plotted in Figures 13 and 14. This 
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data is pertinent to the case of hand grasp, where the bulk of the power deposition is in 
the wrist. Unfortunately no similar data on SAR in the finger resulting from a finger 
touch could be found. The result is that the empirical data from human volunteer studies 
constitutes the foundation for establishing reference levels. 
 
Contact Current Reference Levels in SC6 (2015) 

Frequency 
(MHz) 

 

Reference Level 
Basis 

Reference Level (IRL), 
(mA) (rms) Reference 

Period Uncontrolled 
Environment 

Controlled 
Environment 

0.003 – 0.10 PNS 200 f 400 f Instantaneous* 
0.10 – 10 SAR 20 40 Instantaneous* 
10 – 110 SAR 20 40 6 minutes 
- Frequency, f, is in MHz. 
- PNS, peripheral nerve stimulation 
- SAR, specific absorption rate 

 
 
Section 3 Electric fields, Magnetic Fields and Power Density (10 MHz – 6 GHz) 
Basic Restrictions 
In the frequency range 10 MHz – 6 GHz, the threshold for adverse effects in SC6 (2009) 
was based upon the avoidance of tissue heating and basic restrictions have been specified 
for whole-body average SAR and peak spatially-averaged SAR. Since the last revision of 
SC6 (2009), no new adverse health effects have been established in this frequency range 
(SCENHIR 2009; ICNIRP 2009; AGNIR 2012; SCENHIR, 2013; ANSES, 2013; WHO, 
2014). Therefore, the avoidance of thermal effects remains the basis for the basic 
restrictions in this frequency range. 
 
Recently, the International Agency for Research on Cancer (IARC) classified RF energy 
as “possibly carcinogenic to humans” (Class 2B) (Baan et al., 2011). The IARC 
classification on RF fields reflects the fact that some (limited) evidence exists that RF 
fields may be a risk factor for cancer. This classification was largely based upon 
epidemiological investigations of brain cancer incidence in cell phone users over time. 
While the largest of these studies (INTERPHONE Study Group, 2010) found no overall 
risk among cell phone users, they identified a subset of long-term ‘heavy-users’ in which 
elevated odd-ratios were observed. It is unclear whether these observations were the 
result of methodological confounding or represent a true biological effect. The vast 
majority of supporting scientific information to date, from animal and cellular studies, 
does not support a link between RF energy exposure and carcinogenesis. Recent studies 
of national brain cancer incidence rates (Northern Europe, UK, US) have also reported no 
relative increase in glioma rates over the past 10-15 years, despite a dramatic increase in 
cell phone users over the same time period (Deltour et al., 2009, 2012; Frei et al., 2011; 
De Vocht et al., 2011; Little et al., 2012). Such information, while tentative at this time 
due to a possible delayed latency time for the onset of neoplasms from cell phone use, 
adds to the weight of evidence that does not support a causal link between cell phone use 
(and therefore exposure to RF fields in the 900-1900 MHz range) and brain cancer 



 26 

development. At present, no national or international science-based exposure standards 
have established basic restrictions or reference levels for the avoidance of cancer risks 
from radiofrequency fields in the frequency range 10 MHz – 6 GHz, as the science 
supporting this health endpoint is not sufficiently well established. 
 
Based upon the uncertainty surrounding a possible long-term risk of cancer, Health 
Canada recently updated its advice to cell phone users, describing practical ways of 
reducing exposure to radiofrequency (RF) energy from these devices (such as reducing 
call time, using hands-free devices or texting). This advice pertains only to cell phone use 
and not to RF field exposures from other wireless devices (such as Wi-Fi, Smart Meters, 
baby monitors), since the intensity and distribution of the RF energy absorbed within the 
body from these devices are very different than those from cell phones. This is deemed 
the most appropriate precautionary approach for dealing with the current uncertainty 
regarding possible long term risks from cell phone use. 
 
As indicated in Section 1, the basic restriction against thermal effects in SC6 (2009) 
consists of WBA-SAR and peak spatially-averaged SAR limits. The limits outlined for 
the avoidance of thermal effects in the 100 kHz- 10 MHz range also apply in the 10 
MHz- 6 GHz range. 
 
WBA-SAR and peak spatially-averaged SAR in SC6 (2015): 
Exposure Group Tissue Frequency range Peak 

spatially-
averaged 

SAR 
(W/kg) 

WBA-SAR 
(W/kg) 

SC6- Controlled 
Environment 

Head, neck, 
trunk 10 MHz - 6 GHz 8 0.4 
Limbs 20 

 

SC6- Uncontrolled 
Environment 

Head, neck, 
trunk 10 MHz - 6 GHz 

1.6 
0.08 

Limbs 4.0 
 
Since no additional adverse health effects have been established at exposure levels below 
the basic restrictions specified in SC6 (2009), no changes to the basic restrictions are 
recommended for SC6 (2015). Since the last revision of SC6 (2009), it is now recognized 
that when anatomically-derived models of children are used to assess the adequacy of the 
existing reference levels, the basic restrictions for WBA-SAR may not be respected in the 
frequency range of body resonance (~50 MHz to 6 GHz) for the Uncontrolled 
Environment for the WBA-SAR limit of 0.08 W/kg (Dimbylow, 2002; Wang et al., 2006; 
Dimbylow and Bolch 2007; Conil et al., 2008; Nagaoka et al., 2008; Kühn et al., 2009; 
Findlay et al. 2009; Lee and Choi, 2012). For this reason, the reference levels in SC6 
(2015) have been revised in the 10 MHz- 6 GHz frequency range based upon dosimetric 
refinements.   
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Note: Ocular Effects 
As mentioned in Section 1, ocular effects on cataractogenesis from intense RF field 
exposures have been established for many years with a threshold response of ~100-150 
W/kg in experimental animals. In previous versions of SC6 (1991, 1999, 2009), basic 
restrictions and/or recommendations were specified for the local SAR in the eye. This 
guidance was not based upon the avoidance of cataractogenesis, but rather represented a 
conservative approach based upon observations of transient lesions in the corneal 
endothelium of anaesthetized monkeys following exposure to pulsed or continuous-wave 
2.45 GHz RF fields at 2.6 W/kg from one laboratory (Kues et al., 1985; 1992). This 
effect was reported to be enhanced by pre-treatment with the ophthalmic drug timolol 
maleate, whereby the threshold for effect was reduced to 0.26 W/kg (Kues et al., 1992). 
A similar study by the same group reported transient changes in electroretinogram 
activity in conscious monkeys following exposure to 1.25 GHz pulsed RF fields at a SAR 
of 4.0 W/kg (Kues and Monohan, 1992). However, later studies by Kamimura et al. 
(1994) and Lu et al., (2000) found no evidence of optical (including corneal) lesions in 
the eyes of conscious monkeys following exposure to 1.25 or 2.45 GHz RF fields at 
similar or higher intensities than those employed by Kues et al. (1985, 1992). Lu et al. 
(2000) did observe changes in the electroretinogram response in conscious monkeys at 
SARs > 8 W/kg, but the authors noted that these were transient changes and that no 
pathological changes were observed. 
 
The use of anaesthesia in exposed animals (rabbits and monkeys) has been suggested to 
have compromised heat dissipation in the eyes of RF exposed animals, potentially 
leading to an artificially enhanced sensitivity to thermal effects in early RF field studies 
(Kamimura et al, 1994). This phenomenon was observed by Kojima et al. (2004) and 
Hirata et al. (2006) in rabbit eyes following exposure to 2.45 GHz RF fields, where 
markedly increased temperatures were observed in anaesthetized animals compared to 
non-anaesthetized animals. Observations of corneal lesions and vascular leakage in the 
eyes of anaesthetized monkeys in early studies in one laboratory were not confirmed in 
later studies in other laboratories using conscious monkeys.  
 
Overall, there is an inadequate body of scientific evidence upon which to support the 
causality of adverse health effects of RF fields on the human eye at exposure levels 
below the peak spatially-averaged SAR limits in SC6 (2015). Despite the widespread use 
of a variety of consumer devices (e.g. cell phones, push-to-talk radios) over the past 15 
years by the general population in Canada and abroad, Health Canada has not received 
any complaints and is not aware of any ocular injuries that have occurred from RF field 
exposures at levels below the current basic restrictions on peak spatially-averaged SAR 
outlined in SC6 (2009). Since the basic restrictions and reference levels in SC6 (2015) 
are intended to be based upon established adverse health effects, it is not considered 
scientifically-justifiable to establish basic restrictions or to maintain separate 
‘recommendations’ for peak spatially-averaged SAR for the eye, since the available 
scientific evidence for non-cataractogenic effects on the eye below the current peak 
spatially-averaged SAR limits in SC6 (2009) is extremely limited, contradictory and not 
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causally-established. A similar conclusion has been established by IEEE C95.1 (2005), 
ICNIRP (1998) and ICNIRP (2009, 2010). 
 
Health Canada will continue to monitor the scientific literature related to this issue and 
will revise/create relevant basic restrictions if/when scientifically warranted.  
 
Uncontrolled-Environment Reference Levels 
Recent developments in electromagnetic dosimetry using MRI-derived voxel models of 
the human body have shown that for certain body dimensions and frequencies, the basic 
restriction of whole-body SAR may be exceeded for exposure field strengths (or power 
densities) at reference levels corresponding to SC6 (2009) and ICNIRP (1998) . Figures 
15 and 16 depict the Uncontrolled- and Controlled-Environment reference levels in SC6 
(2015), in comparison to calculated power densities required to meet the basic restriction. 
These reference levels are intended to provide a full 50-fold margin of safety for all 
members of the population under worst-case exposure scenarios. 
 
Reference Levels for Electric Field Strength, Magnetic Field Strength and Power Density in 
Uncontrolled Environments in SC6 (2015) are: 

Frequency 
(MHz) 

Electric Field 
Strength (ERL), 

(V/m, RMS) 

Magnetic Field 
Strength (HRL), 

(A/m, RMS) 

Power Density  
(SRL), (W/m2) 

Reference 
Period 

(minutes) 
10 – 20 27.46 0.0728 2.00 6 
20 – 48 58.07 / f 0.25 0.1540 / f 0.25 8.944 / f 0.50 6 
48 – 300 22.06 0.05852 1.291 6 

300 – 6000 3.142 f 0.3417 0.008335 f 0.3417 0.02619 f 0.6834 6 
6000 –15000 61.4 0.163 10 6 

15000 – 150000 61.4 0.163 10 616000 / f 1.2 
150000 – 300000 0.158 f 0.5 4.21x10-4 f 0.5 6.67x10-5 f 616000 / f 1.2 

- Frequency, f, is in MHz. 
 
Lee and Choi (2012) show from their calculations that for the same aged voxel model, the 
“arms up” posture has the effect of increasing the WBA-SAR for the same incident 
power density and slightly decreasing the whole-body resonance frequency. The data in 
both Lee and Choi (2012), Findley et al. (2009) and others confirm that WBA-SARs at 
the whole-body resonance frequency are greatest for grounded conditions as opposed to 
isolated conditions. 

The question therefore arises as to what other postures may possibly increase the resonant 
WBA-SAR further? Some clarity on this question is found in Hirata et al. (2012) where 
an empirical relationship between the WBA-SAR at grounded, whole-body resonance 
and body mass index (BMI) is derived. Their analysis shows that the ratio of the WBA-
SAR to incident power density (at grounded, whole-body resonance) is directly 
proportional to the square of the individuals height divided by his or her body mass. 
Since BMI is defined as the mass divided by the square of the height, the maximum 
WBA-SAR attained at grounded, whole-body resonance is entirely proportional to the 
inverse of the BMI. This would suggest that thin individuals (low BMI) have the highest 
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WBA-SARs at resonance per unit incident power density than heavier persons of the 
same height.  

This relationship also helps to explain the results of Lee and Choi (2012), since raising 
the arms can be seen as a means of increasing the overall body height without increasing 
the mass (i.e. lowering the effective BMI). In terms of answering what other postures 
may increase the WBA-SAR at grounded resonance, the relationship observed by Hirata 
et al. (2012) suggests that postures that reduce the overall height are likely to reduce the 
WBA-SAR and that the posture with arms up is likely the worst-case scenario. 

Having a formula for predicting the WBA-SAR for grounded, whole-body resonance 
allows the use of population BMI statistics to predict an upper bound WBA-SAR for a 
given percentile of the population’s BMI distribution. Hirata et al. (2012) presents the 
upper bound of WBA-SAR per incident power density level for the 2.5th percentile of the 
Japanese population versus age (Figure 8 in Hirata 2012). The ages with the lowest BMI 
are in the 5yr to 7yr age range and result in an upper bound of approximately 0.06 W/kg 
per W/m2. This value, when translated to a power density reference level, implies that 
over the grounded whole-body resonance frequency range and with an “arms down” 
posture, the power density limit should be 1.3 W/m2.  

A final point to consider is what happens when an individual with low BMI is standing 
either isolated or grounded with the arms up posture. Lee and Choi present calculations 
for 1yr, 5yr and 20yr old models that have arms up and have been modified to 
approximately conform to the 10th percentile of the US population in terms of BMI 
(Figure 2 in Lee and Choi, 2012). The highest WBA-SAR at whole-body resonance is for 
the isolated 5yr model. The value of reference level power density that would confer 
compliance to the 0.08 W/kg basic restriction for this case is 1.29 W/m2.  

 

Applicability of induced current reference levels as a proxy for meeting WBA-SAR basic 
restriction: 

Reliance on meeting the induced current reference level to ensure compliance with the 
WBA-SAR basic restriction may be unjustified considering the paucity of data available. 
Data in Hirata et al. (2012) allows this assumption to be tested for a limited number of 
grounded body models with their hands at their sides (normal posture; these body models 
are somewhere near the 50th percentile BMI in their respective age classes). Hirata et al. 
(2012) presents values of the “vertical component of the conduction current ... at their 
respective resonance frequencies” for 3yr, 7yr, adult female and adult male (all Japanese 
models). If the induced current (i.e. leg current) is assumed to be primarily made-up of 
the vertical conduction current then the response of this reference level quantity can be 
compared to the WBA-SAR basic restriction at the same exposure level. The results are 
tabulated in Table 3. 
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Table 3. Grounded, whole-body (WB) resonance frequencies, power density RLs, 
fraction of the induced current RL and fraction of the WBA-SAR basic restriction (BR) 
for 3yr, 7yr, adult female and adult male body models from Hirata et al. (2012). 

 Grounded WB 
resonance 
frequency 

(MHz) 

SC6 (2015) 
Power 

Density RL 
(W/m2) 

Fraction of 
Induced Current 
RL (0.08A, both 

feet) 

Fraction of WBA-
SAR BR 

(0.08W/kg) 

Adult male 39 1.43 169% 72% 

Adult 
female 45 1.33 122% 60% 

7yr 
 61 1.29 90% 79% 

3yr 
 85 1.29 65% 77% 

Note: Induced current is proportional to the electric field strength or the square root of the 
power density while WBA-SAR is proportional to the square of the electric field strength 
or to power density directly. 

 

Adult male and Adult female: The fraction of the induced current reference level exceeds 
the fraction of the WBA-SAR basic restriction for exposure to reference level power 
densities. Thus, the induced current is the more restrictive quantity for power density 
reference levels and complying with the induced current reference level confers 
compliance to the WBA-SAR basic restriction. 

7yr: For the power density reference level, compliance is respected at the reference level 
power density, however, if the exposure level is increased such that the induced current 
reference level is reached, the WBA-SAR will still be in compliance. Thus, for this case, 
compliance to the induced current reference level confers compliance to the WBA-SAR 
basic restriction. 

3yr: For power density reference levels, both the induced current and WBA-SAR are in 
compliance for exposures equal to their respective reference level power densities. 
However, if the exposure level is increased such that the induced current reference level 
is reached, the WBA-SAR will not be in compliance. Compliance to the induced current 
reference level does not confer compliance to the WBA-SAR basic restriction. 

To summarize these findings, for grounded adults and probably larger children at their 
respective resonance frequencies, compliance to the WBA-SAR basic restriction does not 
confer compliance to the induced current reference level (or likely the spatial-peak 10g 
average SAR in the lower limbs for which the induced current reference level is intended 
to protect against). For this reason, induced current measurements are advised at whole-
body resonance frequencies of adults and large children when the exposure field levels 
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begin to be an appreciable fraction of the reference level. Conversely, if the induced 
current limits are respected then the WBA-SAR basic restrictions will also likely be 
respected. 

For smaller children under the same type of exposure conditions, both the WBA-SAR 
and induced current are likely to be in compliance at reference level power densities. This 
can partly be explained by the relationship between induced current and body height as 
pointed out in Gandhi et al. (1985) where the induced current is proportional to the square 
of the height. Shorter subjects will experience dramatically lower induced currents than 
taller ones for the same exposure conditions unlike WBA-SAR, which is dependent only 
on the reciprocal of the BMI. Height plays only a partial role in determining the WBA-
SAR at resonance.  For small children, there is probably no need to measure the induced 
current if the power density limits are respected. However, these conclusions are based 
on a small data set pertaining to average BMI subjects. 

  

Isolated Newborn 

The power density reference levels required to produce the WBA-SAR basic restriction 
are plotted in Figure 15 as purple squares. The data is a composite of the worst case (i.e. 
lowest power density) of a number of polarizations and incidences (i.e. front-to-back, 
side-to-side, top-to-bottom etc.). There is a primary resonance at approximately 240 MHz 
and a secondary one at approximately 900 MHz. The primary resonance is a case of 
isolated, whole-body resonance where the electric field is parallel to the long axis of the 
body (Dimbylow et al., 2010).  

Since isolated whole-body resonance occurs at higher frequencies than grounded whole-
body resonance, isolated whole-body resonance of newborns will likely form the upper 
frequency limit for this phenomenon. It has been demonstrated that the frequency of 
isolated whole-body resonance occurs when the body height is equal to 0.39 (±0.01) of 
the free space wavelength (Hirata, 2010). Thus shorter newborn models could potentially 
have higher resonant frequencies than the one in Dimbylow et al. (2010). The flat portion 
of the revised reference levels in SC6 (2015) extend to 300 MHz, which could 
accommodate a model 20% shorter than the one in Dimbylow et al. (2010).   

In terms of the WBA-SAR at resonance, Hirata et al. (2010) has developed a formula for 
estimating WBA-SAR for isolated whole-body resonance that is similar to the one 
derived for grounded whole-body resonance (Hirata 2012). The main feature of this 
formula is that WBA-SAR per unit incident power density is again proportional to the 
reciprocal of the BMI (specifically, WBA-SAR/Sinc =0.752/BMI where Sinc is the 
incident power density). The resonant WBA-SAR for the Dimbylow et al. (2010) 
newborn predicted by this formula is 11% lower than the calculated value for the voxel 
model. Thus newborn models with lower BMI may possibly yield higher WBA-SAR at 
resonance. This might also include newborn models with an “arms up” posture.   

To gain some insight on how much the “arms up” posture might increase the WBA-SAR 
of the newborn, the data in Lee and Choi (2012) was used to calculate the increase in 
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WBA-SAR caused by raising the arms for isolated resonance amongst the 4 voxel models 
used in that study. The WBA-SAR increase was 13%, 20%, 19% and 36% for the 1yr, 
5yr, 7yr and 20yr models, respectively. The revised limits shown in Figure A-1 can 
accommodate an increase in WBA-SAR of the newborn of 10% before a state of non-
compliance arises. This is commensurate with the increase in WBA-SAR with “arms up” 
for the 1yr model in Lee and Choi (2012), but below those for the larger models.  

More importantly than accommodating for the “arms up” posture, the SC6 limits can only 
accommodate a 10% reduction in BMI of the newborn. To investigate further, data for 
the 5th percentile BMI of newborns versus gestational age were obtained from Brock et 
al. (2008) and are given in Table 4. Also shown in the table are the WBA-SAR per unit 
incident power density calculated using the estimation formula in Hirata (2010) for 
isolated, whole-body resonance and the power density reference level that would be 
required to comply with the 0.08 W/kg basic restriction. 

 

Table 4. Fifth percentile BMI of Brazilian newborns (male and female) for gestational 
ages 29, 36 and 42 weeks, WBA-SAR per unit incident power density (Sinc) estimated 
using the formula in Hirata (2010) for isolated, whole-body resonance and power density 
RL to comply with the 0.08 W/kg BR. 

Gestational 
age 

(weeks) 

5th percentile 
BMI (male) 

(kg/m2) 

5th percentile 
BMI (female) 

(kg/m2) 

Greater of the 
Male or female 
WBA-SAR/Sinc 

W/kg per (W/m2) 

Required PD RL 
to maintain  

0.08 W/kg BR 
(W/m2) 

29 7.31 7.32 0.103 0.78 
36 11.14 11.30 0.0675 1.19 
42 12.56 12.25 0.0614 1.30 

 

The Uncontrolled Environment power density reference level in the whole-body 
resonance frequency range is 1.29 W/m2 in SC6 (2015), which is compliant with the 0.08 
W/kg basic restriction for 42 week gestational age (5th percentile BMI). For the younger 
gestational ages (29 and 36 weeks), the power density reference levels do not afford the 
same level of safety margin (e.g. less than 50-fold). Using the Hirata (2010) formula, a 
critical value of BMI can be calculated such that the 0.08 W/kg basic restriction is 
complied with at the power density reference level of 1.29 W/m2. This value is 12.13 
kg/m2. The data in Brock et al. (2008) was searched to find the percentile BMI that is 
compliant at the various gestational ages. The results for males is plotted in Figure 17 
(female results are similar). Note that some interpolation of the data in the tables in Brock 
et al. (2008) was necessary. 

The interpretation of the curve in Figure 17 is that, for a given gestational age, the curve 
defines the smallest percentile of BMI that is still compliant. All percentile BMI values 
below the curve are non-compliant in the sense that the WBA-SAR will exceed 0.08 
W/kg at an exposure equal to 1.29 W/m2 for isolated, whole-body resonance at the 
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resonant frequency. For instance, at 35 weeks gestational age, newborns having BMI 
equal to or greater than the 50th percentile value will be in compliance.  

It should be pointed out that the estimation formula in Hirata (2010) is approximate and 
that the discrepancy of it versus the SAR calculation of the newborn model in Dimbylow 
et al. (2010; having a BMI of 14.8 kg/m2) is an underestimation of 11%.  Thus the 
information in Table A-4 and Figure A-3 should be treated with some caution. However, 
it can be used to arrive at some qualitative conclusions, the most important of which, is 
the likelihood that any future calculations of WBA-SAR on models of premature 
newborns will likely produce non-compliance of the power density reference levels to the 
basic restriction. This cannot be prevented without a further reduction of the power 
density reference levels at the frequencies of isolated, whole-body resonance. Thus, the 
power density reference levels in SC6 (2015) provide the full margin of safety (50-fold) 
for most of the population, but not for all population sub-groups (e.g. low BMI 
newborns) in all worst-case exposure scenarios. The portion of the population that does 
not receive the full measure of the intended safety margin (50-fold) is a small one, 
consisting of low BMI, premature newborns who would be unlikely to be exposed to 
levels of power density  anywhere near the SC6 (2015) reference levels under any 
conceivable scenario. 

 
Controlled Environment Reference Levels 
The same data that was used to justify the revisions to the uncontrolled environment 
reference levels can also be used as a basis for revisions to the controlled environment 
reference levels. In this case, however, it was decided to exclude data pertaining to body 
sizes smaller than 7 yr old children since it was felt that this body height (and associated 
BMI) was a conservative lower bound for adults of short stature. Figure 16 shows much 
of the same data in Figure 15 except scaled to a WBA-SAR of 0.4 W/kg, the controlled 
basic restriction. The only exceptions are that the data from Findley (2009) and Lee and 
Choi (2012) only include data for body sizes for ages 7 yrs and up. Plotted points for the 
other references contain some data for smaller size bodies but their inclusion does not 
impact the changes to the reference levels required for the whole-body resonance region 
below 100 MHz.   

 
Reference Levels for Electric Field Strength, Magnetic Field Strength and Power Density in 
Controlled Environments in SC6 (2015) are: 
 

Frequency 
(MHz) 

Electric Field 
Strength (ERL), 

(V/m, RMS) 

Magnetic Field 
Strength (HRL), 

(A/m, RMS) 

Power Density, 
(SRL), (W/m2) 

Reference 
Period 

(minutes) 
10 – 20 61.4 0.163 10.0 6 
20 – 48 129.8 / f 0.25 0.3444 / f 0.25 44.72 / f 0.5 6 
48 – 100 49.33 0.1309 6.455 6 

100 - 6000 15.60 f 0.25 0.04138 f 0.25 0.6455 f 0.5 6 
6000 – 15000 137 0.364 50 6 

15000 – 150000 137 0.364 50 616000 / f 1.2 
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150000 – 300000 0.354 f 0.5 9.40x10-4 f 0.5 3.33x10-4 f 616000 / f 1.2 
- Frequency, f, is in MHz. 

 
Peak Pulsed RF field levels 
SC6 (2009), IEEE C95.1 (2005) and ICNIRP (1998) have all contained provisions to 
limit the intensity of individual or infrequent RF field pulses. This is to avoid excessive 
pressure waves in the head from rapid thermo-elastic expansion of tissues caused by 
absorption of intense RF field pulses (Elder and Chou, 2003). The limits for power 
density in Tables 5 and 6 of Safety Code 6 (2015) include a note (6) which limits the 
temporal peak power density for pulsed RF fields (in the 10 MHz – 300 GHz frequency 
range) to no more than 1000 times the reference level for power density. This provision 
was included as part of the harmonization effort with the ICNIRP (1998) exposure limits, 
and replaces the previous guidance on pulsed RF field power density in SC6 (2009). The 
following analysis demonstrates that the adoption of note 6 in Tables 5 and 6 of SC6 
(2015) provides approximately equivalent protection as the specifications for peak power 
density of pulsed RF fields contained in SC6 (2009). 
 
In Section 2.2.1 of SC6 (2009), the limit for the peak power density was specified as: 
 
∑ SPK Тp ≤ (SRL* Ta)/5                  (Criterion 1) 
 
where SPK = peak power density limit 
           SRL = power density reference level 
           Тp = pulse duration 
           Ta = averaging time 
and the summation on the left hand side is over 0.1s 
 
Criterion 1 states that the total energy density in any 0.1s period within the averaging 
time should not exceed one-fifth of the total energy density permitted during the entire 
averaging time of a continuous field. A maximum of 5 pulses with pulse durations of less 
than 0.1s are permitted in any period equal to the averaging time. If it is assumed that 
either a single pulse occurs in the 0.1s period or 5 or fewer pulses occur all having the 
same amplitude, the criterion for the peak power density, SPK, can be written as: 
 
SPK ≤ (SRL* 72)/ ∑ Тp                 (Criterion 2) 
 
Here it is assumed that the frequency range corresponds to the one for which the 
averaging time is 6 minutes or 360s. 
 
The criterion in note 6 of Tables 5 and 6 of SC6 (2015) can be written as,  
 
SPK ≤ (SRL* 1000)                       (Criterion 3) 
 
Examination of the Criterion 2 reveals that the allowable peak power density is inversely 
proportional to the amount of pulse “ON” time in the 0.1s period (given by the term ∑ 
Тp). Thus, the criterion for peak power density is the most restrictive (i.e. has the smallest 
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value) when, for a single pulse, the pulse period is the full 0.1s allowed, or in the case of 
multiple pulses, their “ON” times occupy almost the full 0.1s. In either case the resulting 
criterion for peak power density becomes: SPK ≤ (SRL* 720).  
 
The criterion in note 6 of SC6 (2015) and that in SC6 (2009) become identical for cases 
where the sum of the pulse periods, ∑ Тp , is equal to 72 ms, while for smaller pulse 
periods, note 6 of SC6 (2015) becomes more restrictive. In the worst case, the criterion in 
note 6 of SC6 (2015), allows 39% higher pulsed power density amplitudes for pulse 
durations between 72-100 ms, when compared to the criterion in SC6 (2009). However, 
SC6 (2015) still provides several orders of magnitude of protection against the pressure 
wave effect (Elder and Chou, 2003).  
 
Section 4 Electric fields, Magnetic Fields and Power Density (6 GHz – 300 GHz) 
Basic Restrictions 
In the frequency range from 6 - 300 GHz, since measurements of whole-body SAR and 
peak spatially-averaged SAR are not readily achievable or appropriate due to the 
superficial nature of energy deposition within tissue, reference levels for electric- and 
magnetic-fields and power density form the basis of the human exposure limits in this 
frequency range. Since the last revision of SC6 (2009), no new health effects have been 
established in this frequency range (SCENHIR 2009; ICNIRP 2009; AGNIR 2012; 
ANSES, 2013; SCENIHR, 2013; WHO, 2014)). Therefore, the avoidance of thermal 
effects remains the basis for the reference limits in this frequency range and no changes 
in the basic restrictions are required. 
 
Reference Levels 
The reference levels in the 6 – 300 GHz range remain unchanged from SC6 (2009). 
 
Uncontrolled Environment Reference Levels for Electric- and Magnetic-field 
strength and Power Density in the 6 – 300 GHz frequency range in SC6 (2015). 

Frequency 
(GHz) 

Electric Field 
Strength, ERL  
(V/m) (rms) 

Magnetic Field 
Strength, HRL  
(A/m) (rms) 

Power Density, 
SRL (W/m2) 

Reference 
Period 

(minutes) 
6 –15 61.4 0.163 10 6 

15 – 150 61.4 0.163 10 616000 / f 1.2 
150 – 300 0.158 f 0.5 4.21x10-4 f 0.5 6.67x10-5 f 616000 / f 1.2 
Frequency, f, is in MHz. 

 
Controlled Environment Reference Levels for Electric- and Magnetic-field strength 
and Power Density in the 6 – 300 GHz frequency range in SC6 (2015). 

Frequency 
(GHz) 

Electric Field 
Strength, ERL  
(V/m) (rms) 

Magnetic Field 
Strength, HRL  
(A/m) (rms) 

Power Density, 
SRL (W/m2) 

Reference 
Period 

(minutes) 
6 – 15 137 0.364 50 6 

15 – 150 137 0.364 50 616000 / f 1.2 
150 – 300 0.354 f 0.5 9.40x10-4 f 0.5 3.33x10-4 f 616000 / f 1.2 

 Frequency, f, is in MHz. 
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Figure 1(a). Magnetic field strength reference levels for Uncontrolled Environments in SC6 (2015) and 
other standards. Also shown are magnetic field strengths required to meet the NS-based Uncontrolled 
Environment basic restrictions in SC6 (2015) for different PNS dosimetric analyses under worst-case 
conditions. 
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Figure 1(b). Magnetic field strength reference levels for Uncontrolled Environments in SC6 (2015) and 
other standards. Also shown are magnetic field strengths required to meet the SAR-based Uncontrolled 
Environment basic restrictions in SC6 (2015) for different SAR dosimetric analyses under worst-case 
conditions. 
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Figure 2(a). Magnetic field strength reference levels for Controlled Environments in SC6 (2015) and 
other standards. Also shown are magnetic field strengths required to meet the NS-based Controlled 
Environment basic restrictions in SC6 (2015) for different PNS dosimetric analyses under worst-case 
conditions. 
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Figure 2(b). Magnetic field strength reference levels for Controlled Environments in SC6 (2015) 
and other standards. Also shown are magnetic field strengths required to meet the SAR-based 
Controlled Environment basic restrictions in SC6 (2015) for different SAR dosimetric analyses 
under worst-case conditions. 
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Figure 3. Electric field strength reference levels for Uncontrolled Environments in SC6 (2015) 
and electric field strengths required to meet the NS- and/or SAR-based Uncontrolled 
Environment basic restrictions in SC6 (2015) (in various numerical models exposed under worst-
case conditions). 
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Figure 4. Electric field strength reference levels for Controlled Environments in SC6 (2015) and 
electric field strengths required to meet the NS- and/or SAR-based Controlled Environment basic 
restrictions in SC6 (2015) (in various numerical models exposed under worst-case conditions). 
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Figure 5. Electric field strength reference levels for Uncontrolled Environments in SC6 (2015) 
and electric field strengths of sufficient intensity to cause perception-level and let-go level contact 
currents for different objects under worst-case conditions. 
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Figure 6. Electric field strength reference levels for Controlled Environments in SC6 (2015) and 
electric field strengths of sufficient intensity to cause perception-level and let-go level contact 
currents for different objects under worst-case conditions. 
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Figure 7. Uncontrolled Environment electric field strength reference levels and electric field 
strengths (vertically polarized, plane-wave) of sufficient intensity to produce limb SAR that meet 
the Uncontrolled Environment basic restriction of 4 W/kg in SC6 (2015). 
  



 53 

 
 
Figure 8. Induced current reference levels for Uncontrolled Environments for the frequency 
range 3 kHz to 1 MHz in SC6 (2015). Also shown are estimates of induced current required to 
meet the Uncontrolled Environment basic restriction for induced electric field. 
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Figure 9. Induced current reference levels for Controlled Environments for the frequency range 3 
kHz to 1 MHz in SC6 (2015). Also shown are estimates of induced current required to meet the 
Controlled Environment basic restriction for induced electric field. 
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Figure 10. Induced current reference levels for Uncontrolled Environments for the frequency 
range 400 kHz to 10 MHz in SC6 (2015). Also shown are estimates of induced current required to 
meet the Uncontrolled Environment basic restriction for peak spatially-averaged SAR in the 
limbs (4 W/kg averaged over 10 g). 
 
 
  



 56 

 
Figure 11. Uncontrolled-Environment contact current reference levels for the 3 - 100 kHz 
frequency range in SC6 (2015). Also depicted are the 50th percentile perception threshold 
currents (adult and children) for finger contact. 
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Figure 12. Controlled-Environment contact current reference levels for the 3 - 100 kHz 
frequency range in SC6 (2015). Also depicted are the 50th percentile perception threshold 
currents (adult and children) for finger contact. 
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Figure 13. Uncontrolled-Environment contact current reference levels in SC6 (2015) in the 100 
kHz – 110 MHz frequency range. Also plotted are the 50th percentile perception currents for 
finger-contact for adults and children, and the contact currents flowing in the wrist required to 
meet the basic restriction on peak spatially-averaged SAR in the limbs of 4 W/kg averaged over 
10 g. 
 
  



 59 

 
Figure 14. Controlled-Environment contact current reference levels in SC6 (2015) in the 100 kHz 
– 110 MHz frequency range. Also plotted are the 50th percentile perception currents for finger-
contact for adults and children, the pain threshold for adults for finger contact, and the contact 
currents flowing in the wrist required to meet the basic restriction on peak spatially-averaged 
SAR in the limbs of 20 W/kg averaged over 10 g. 
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Figure 15. Plane–wave power densities necessary to produce the WBA-SAR basic restriction of 
0.08 W/kg in different voxel models under various exposure conditions. Also plotted are the SC6 
(2015) Uncontrolled Environment power density reference levels (red line).   
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Figure 16. Plane–wave power densities necessary to produce the WBA-SAR basic restriction of 
0.4 W/kg in different voxel models under various exposure conditions. Also plotted are the SC6 
(2015; red line) Controlled Environment power density reference levels. 
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Figure 17.  Percentile BMI versus gestational age for which the power density reference level of 
1.29 W/m2 is compliant with the 0.08 W/kg basic restriction, based on the isolated, whole-body 
resonance formula in Hirata (2010). 




