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1. Call to Order 

Co-chairman Ziskin called the meeting to order at 1345 h. 

2. Introduction of those Present 

Each of the attendees introduced him/herself.  (See Attachment 1 for list of attendees.) 

3. Approval of Agenda 

Following a motion by Johnson and a second by Bushberg, the agenda was approved with the following 

changes: 

— Change heading 7 to “Other Reports” 

— Remove 7c (will be covered at the TC95 meeting) 

— Change 7a to “EM safety of persons with implants – Kuster” 

—  Change 7b to “Applying dosimetry to the revised IEEE standard – Kavet” 

—  Move 8a up as 7c “Interpretation request (contiguous controlled v public areas)” 

—  Add “Report from Editorial Committee – status of the merging work” as 8a and “Literature 

surveillance and review/evaluation” as 8b. 

(See Attachment 2 for approved agenda.) 

4. Approval of the 11 – 12 June 2010 SC3/4 Minutes 

Following a motion by Gettman and a second by Thansandote, the minutes of the 11 – 12 

June 2010 meeting were approved as presented. 

5. Secretary's Report 

Petersen pointed out that a more detailed report will be given at the TC95 meeting and today he 

will cover only items directly of interest to SC3/SC4.
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He noted that the PAR for the revision of C95.1-2005 was approved by the SASB in June 2010 

and the PAR for PC95.1-2345 (NATO) was approved in September 2009.  PARS for the revision 

of C95.2 (RF energy and current flow symbols) and C95.7 (RF safety programs) were approved 

in November 2010.  C95.6 (safety levels – low frequencies) was reaffirmed in 2007.  The 

standard will have to be withdrawn, reaffirmed or a revision PAR submitted before 31 December 

2012.  The choice will depend on the status of the revision of C95.1, which includes merging 

C95.1-2005 with C95.6.  It’s not clear the C95.6 can be reaffirmed again – an SASB ad hoc is 

examining issues related to reaffirmation, e.g., the reaffirmation process requires an up or down 

vote, which means a standard can be reaffirmed even if it contains errors that are known to the 

ballot group.   

6. Chairmen's Report 

Ziskin noted that Rob Kavet agreed to serve as SC3 co-chair with Thanh Dovan.  Thus the SC3 and 

SC4 leadership are as follows:  SC3—Thanh Dovan and Rob Kavet; SC4—Art Thansandote and 

Marv Ziskin.  He briefly discussed merging  C95.1 and C96.6 into a single standard pointing out 

that an Editorial Working Group (EWG) was established to prepare the draft.  The EWG, which is 

also addressing PC95.1-2345, met five times so far and complete drafts of the normative sections of 

the two standards are under review.  He noted that the latter will be discussed at tomorrow’s 

meeting.  Ziskin then introduced Niels Kuster, the first speaker under the next agenda item   

7. Other reports 

a) EM safety of persons with implants 

Kuster’s presentation (EM safety of person’s with implants –  see Attachment 3) specifically 

addresses the question of safety of elongated implants, i.e., leads, in patients undergoing MRI 

procedures. He noted that patients with implants are usually excluded from MRI procedures 

because of accidents reported in the past.  He pointed out that the focus of his research is to 

develop MRI-safe leads.  He described the temperature increase at the tip of the lead as a 

function of a number of factors including the characteristic impedance of the lead, length, 

surrounding media, phase variation along its length, form factor and the geometry of the tip of 

the lead.  A goal was to determine the SAR distribution along the length of the lead and the 

limiting SAR that would ensure that T < 1 K.  The results of numerical simulations were 

shown for a number of configurations along with plots of the fields necessary to increase T of 

1 K.  He concluded by noting that current safety standards do not protect people with certain 

implants, which could be an issue with emerging technologies that produce relatively uniform 

induced fields over the frequency range of 100 kHz to near 20 MHz, e.g., wireless power 

transfer.  

Chou noted that studies reported in the 1981 NCRP Report 67 (Radiofrequency 

Electromagnetic Fields—Properties, Quantities and Units, Biophysical Interactions and 

Measurements) show an enhanced SAR and temperature at the tips of implanted coaxial 

electrodes.  Based on this and Kuster’s work, it would appear that long leads with exposed tips 

must be avoided.  In response to a question from Meltz, Kuster pointed out that one option to 

resolve the issue is to develop high-impedance leads to reduce the pickup from the internal 

fields.  He said that the bottom line is that certain implants can lead to temperature increases far 

above 1 K under MRI procedures and also exposures to the fields from other technologies that 

meet current safety standards, e.g., wireless power systems.    

Ziskin noted that implants are common and while he is unaware internal burns, he is aware that 

burns are fairly common from cables associated with high MRI exposures.  He recognizes that 

exposure of isolated long leads with exposed tips is the issue and suggested that perhaps 

reducing the whole-body-average (WBA) and peak spatial-average SAR limits over a certain 

range of frequencies and averaging volumes should be investigated.  Kuster said that the 
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solution is to fix the standard so that exposures to MRI and new technologies that operate at 

frequencies below 100 MHz, are safe for folks with implants.   

Bodemann said he wondered what should be done with the standard, e.g., would a footnote 

suffice that explains that the standard does not apply to persons with implanted metal leads?  

He said that he would be against adjusting the standard to accommodate the impact of wireless 

power systems and other emerging technologies on implanted devices.   Hatfield noted that the 

issue is with implants and the emerging technologies—not with the safety standard and is 

against adjusting the standard.  Needy suggested that we should try to find out if the medical 

community is aware of the issue and are people with the implants advised about the issue.   

Curtis noted that perhaps something analogous to the old microwave oven/pacemaker warning 

signs would be worthwhile.   

In response to a question from Ziskin, Kuster explained that the WBA SAR and the averaging 

volume for the peak spatial-average SAR should be examined, and perhaps changed, over a 

limited frequency range to address the problem.  He also explained that the issue is important 

only when a significant portion of the implant is exposed.   

Chou reminded everyone that in 2007, SC4 agreed to look into using temperature increase ( T) 

as a basis for determining the limits for localized exposure but this is still an open issue.  

Swicord said that he sees the issue as being similar to the microwave oven – cardiac pacemaker 

issue in the 70’s, which was resolved by better design and shielding the implanted devices and 

wondered whether this should be an FDA issue.  Re-designing/hardening the implants should 

be the solution, i.e., the device should not drive the standard.  Kuster suggested that ultimately 

product standards may be necessary for emerging technologies such as wireless power system.   

Bodemann noted that approximately 20% of the population have implants of various types and 

questioned whether it would make sense to extend the scope of the standard to include people 

with medical implants.  Kavet pointed out that the case for long leads is a distinctive 

interference issue—the focus should not be on a single device or technology.  Erdreich 

suggested the following as an action item: 

Action Item 1: An “implant” ad hoc will investigate whether or not PC95.1 should be 

adjusted in order to address the issue of conductive implants and report their 

recommendations at the June 2011 meetings.  The ad hoc is chaired by DeFrank with 

Curtis, Kuster, Needy and Tell as members.    

b) Applying dosimetry to the revised IEEE standard 

Kavet briefly reviewed the rationale for the ICNIRP guidelines for low frequency magnetic 

fields and the rationale of C95.6-2002.  (See Attachment 4.) He included a review of the 

Lövsund and other data on magnetophosphenes that is the basis for the exposure limits at 

power frequencies.  He discussed the simple ellipsoid dosimetry model used in C95.6 

pointing out that newer anatomically correct models, e.g., those of Hirata, Stuchly and 

Dawson and others, are now available.  He pointed out that differences in results obtained for 

the voxel-maxim electric field values for the different models relate to the shape of the 

model, organ size and tissue conductivity values chosen.  He reviewed the significant work 

being carried out in laboratories in Japan, including the conclusions regarding differences and 

sources of error between the models used in the interlaboratory comparisons.  He concluded 

with the following: dosimetry is not required for electric fields and contact currents; for 

magnetic fields, exposures approaching the magnetophosphene threshold are extremely rare; 

contemporary ERLs at power frequencies are based on the Lövsund threshold (~ 8 mT at 

20 Hz); the ERLs should not change significantly regardless of changes to the DRL based on 

the results of anatomically-correct dosimetry models; dosimetry can be refined to further 
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explore mechanisms in the retina responsible for magnetophosphene dose and frequency-

response and mechanisms in the brain for reported effects such as evoked potentials. 

In response to a question from Reilly regarding the practicality of incorporating low-frequency 

dosimetry using anatomically-correct models into the revision of C95.1, Kavet explained that it 

should be included, even if as an informative annex for now.  He added that if the results of the 

various studies are included, it would require investigating, and perhaps changing, some of the 

data in the tables for the DRLs and ERLs. 

c) Interpretation request (contiguous controlled v public areas) 

Tell reviewed an Interpretation Request submitted by Karen Dyberg (see Attachment 5).  

Essentially the question relates to the correct limits to use outside a fenced-in area that contains 

a 15 GHz source.  An RF safety program is in place within the fenced-in area and the public, 

which has access to areas outside the fenced-in area, would be completely unaware of their 

exposure.  Would the correct limits be 10 W/m2 (“action Level”) or 100 W/m2 (upper tier)?  

Tell suggested that the upper tier values would be appropriate.  Hatfield pointed out that the 

upper tier would be inappropriate for FCC regulated sites.  Reilly disagreed with Tell noting the 

use of the upper tier for the situation described is certainly not the intent of C95.6 and he could 

never support Tell’s interpretation.  Hatfield agreed with Reilly.  Cotton added that the correct 

interpretation is that the upper tier (100 W/m2) applies and outside the fence the MPEs 

associated with the action level (10 W/m2) apply.  DeFrank asked for the clause in C95.1 that 

describes Tell’s interpretation and Klauenberg added that the upper tier can only be used when 

those exposed are informed and can take action to reduce their exposure. 

Reilly said that he sees this as being no different than using the lower tier limits for 

uncontrolled environments/general public, which would apply outside the fenced-in area, and 

the upper tier for controlled environments, e.g., inside the fence.  Bodemann suggested 

forming an ad hoc to address the issue, i.e., prepare a response to the interpretation request.  

He noted that the response to an interpretation request must have consensus of SC4 or the 

committee that prepares the response, which is different from a request for an explanation.  

This is clearly a request for an interpretation and we need to notify IEEE before 22 December 

that we are treating it as such.  Petersen added that a response to an interpretation request 

should clarify and explain the intent of the standard—not what the standard should have said 

and cannot constitute an alteration to the original standard.    

A straw vote was taken on Tell’s position, i.e., the upper tier limits apply outside the fence.  

The results were 6 in favor, 19 opposed. 

Action Item 2:  Tell will prepare a draft response to the interpretation request for 

circulation to SC4 for ballot.  The response should be circulated no later than 1 January 

2011.  

This concluded the first half of the SC3/SC4 meeting.  The meeting adjourned at 1650h. 
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Co-chairman Ziskin called the second half of the SC3/SC4 meeting to order at 0915 h.   

8. Issues on Merging of C95.1 and C95.6 

a) Report from Editorial Working Group – status of the merging work 

Chou provided a summary of the work being carried out by the Editorial WG.  He noted that 

most of their efforts addressed the normative sections of PC95.1 and PC95.1-2345. A number 

of changes in terminology have been made throughout the drafting stage including changing 

“established adverse effects” to “established adverse health effects” and adding the word 

“health” throughout where applicable.  He noted that one significant change is to replace 

“action level” and “exposures in controlled environments” with “unrestricted environments,” 

and “restricted environments” for the lower and upper tier, respectively.   

These changes let to considerable discussion.  Needy pointed out that whatever we decide we 

must stabilize these definitions, which seem to change every time the standard is revised.  

Murphy recommended retaining the terminology in C95.1-2005, Cleveland recommended 

using the same terminology as found in other standards and guidelines, e.g., ICNIRP.  Kavet 

pointed out that the user groups for the standard is increasing and now is the time to define 

terms and stick with what we decide.   

Hatfield asked if the revision will contain two tiers of limits, or are we trying to define a 

single-tier standard?  He pointed out that the terminology in the current C95.1-2005 standard 

could suggest a single tier, i.e., an upper tier and an action level.  He noted that “action level” 

is confusing and agrees that it should go.   Curtis pointed out the issue is important and has to 

be decided quickly—two standards are being merged, C95.6, where the two tiers are 

unambiguous, and C95.1, where the number of tiers could be ambiguous.  Trottier supported 

two tiers and suggested changing the lower tier to “persons in unrestricted environments,” 

etc.  Reilly added that perhaps the concept of “trained persons” and “untrained persons” could 

be incorporated.   

Kavet suggested the following 4-fold table to stimulate thought and agreement: 

Programs Trained 

No programs  Not trained 

Tell explained that he seems to see things differently from the others.  Specifically, the action 

level values are not exposure limits, but a point where some action is instituted, i.e., there is 
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only a single tier of exposure limits.  Curtis disagreed pointing out that the limits specified in 

the table under “action level” are in fact the lower tier exposure values.  Erdreich agreed 

pointing out that the lower tier limits provide assurance that there is no risk if the limits of the 

lower tier are not exceeded.  Tofani also agreed and noted that the Europe, standards specify 

two tiers—a lower tier for the general public, and an upper tier for occupational exposure.  

Following more discussion, a straw poll was taken and the consensus was that the revision of 

C95.1 will contain two tiers of exposure limits, and the tiers will be re-named, i.e., the lower 

tier will no longer be called an action level. 

Before moving on to addressing the open comments that resulted from SC3/SC4 review of 

PC95.1/D2.1 (July 2010) and the Editorial WG review of the submitted comments 

(Attachment 6), there was discussion on the following sentence (lines 88 – 89 of D2.1):  

“The safety factors are conservative so that exposures that exceed the DRL or ERL do not 

necessarily exceed the thresholds for adverse health effects associated with electrostimulation 

or heating.”   

It was argued that the sentence should not be specific, i.e., everything following 

“conservative” shout be deleted.  Tell made the following motion: 

Motion 1: Delete that portion of the sentence that follows “conservative.” 

The motion, seconded by Curtis, was approved unanimously. 

What follows are open items in Attachment 6. 

Item 19:  Remove and add as a footnote to the 1.1 (Scope). 

Item 21:  Augment text to describe safety factors associated with limits on localized 

exposure. 

Action Item 3: Augment text to state/describe the safety factors associated with limits on 

localized exposure (Ziskin, Chou, Thansandote). 

Item 32:  Discussed but not resolved.  Reilly pointed out that the current limits may be too 

conservative and should be combined with other source characteristics.  Deferred. 

Item 47:  Chou briefly revisited the history of threshold criteria, which initially was based on 

thermal models and applied to thermal effects.  Factors of 10 and 50 were added to the 

threshold SAR to define the DRLs for the upper and lower tiers, respectively.  Erdreich 

pointed out that EPA uses various safety factors, depending on the data.  Tell suggested re-

examining the threshold SAR for behavioral disruption to examine how the safety factor is 

defined before retaining or changing the current values.  Swicord pointed out that this may be 

an appropriate time to move forward and investigate T, instead or SAR, as a DRL.    

Action Item 4: Revaluate SAR “threshold” data in terms of how the safety factor is 

defined and suggest appropriate changes to either accommodate the present definition 

or create a new definition (Tell, Bushberg, Swicord). 

Item 58:  Not necessary. 

Item 69:  Accepted. 

Item 73:  Clause to be re-written. 

Action Item 5: Resolve issue of touch current in sub clause 4.2.3 (Tell, Hatfield, 

Klauenberg, Needy). 

Item 79:  Testagrossa to address. 

Action Item 6:  Add gridlines to Figure 3 and Figure 4 (Testagrossa).   

Item 81: Redraft sub clause 4.6 to make the application of safety factors consistent. 
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Action Item 7: Redraft sub clause 4.6 to make the application of safety factors consistent 

between localized exposures that may occur in controlled environments vs. those in 

unrestricted environments (Ziskin, Bushberg, Chou, Thansandote). 

b) Literature surveillance and review/evaluation 

Ziskin opened the discussion.  Elder said that he will take over the RF literature 

surveillance/evaluation process.  He asked anyone who wants to participate to contact him 

using his new e-mail address joeaelder@gmail.com.  Ziskin pointed out that there may be an 

issue obtaining all the relevant papers since many are published in proprietary journals, some 

of which may be inaccessible.  A number of members said that they have access to many of 

the journals in their libraries.  Chou reminded everyone that papers in the IEEE database are 

only available to members of the Literature Review WG, i.e., access is restricted.  He 

suggested collecting relevant papers by subject as was done for the 2005 standard.  He also 

suggested consideration of another special issue of Bioelectromagnetics, similar to that in 

1993, where all the summaries could be published.   

The ELF literature review was discussed.  Ziskin asked that anyone interested in taking the 

lead should contact him.  Erdreich said that she is interested in participating and 

receives/reviews many relevant papers that she could pass on but right now she does not have 

the time to take the lead.  Kavet pointed out that perhaps RF Gateway could participate by 

cataloging the relevant papers going back to 1995—the publication date of Reilly’s book on 

which much of C95.6 is based.  Kavet also recommended putting aside the in vitro ELF 

studies. Swicord noted that the current IEEE database contains a number of ELF papers, but 

is far from complete.   

9. Other New Business 

No other new business. 

10. Date and Place of Next Meeting 

The next TC95 meetings will be held in conjunction with the BEMS meeting in Halifax, Nova 

Scotia, CA.  SC3/SC4 will meet 10 June, 2011, immediately before the BEMS meeting.    

11. Adjourn   

There being no further business, following a motion by Hatfield and a second by Cotton, the 

meeting adjourned at 1206 h. 

mailto:joeaelder@gmail.com
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Action Items Arising from the December 2010 SC3/SC4 Meetings 

 

 Action Assigned to: Date Due Status 

1.  An “implant” ad hoc will investigate 

whether or not PC95.1 should be adjusted in 

order to address the issue of conductive 

implants and report their recommendations 

at the June meetings. 

DeFrank, Curtis, 

Kuster, Needy, 

Tell. 

10 June 

2011 

 

2.  Prepare a draft response to the Dyberg 

interpretation request for circulation to SC4 

for ballot.   

Tell 1 January 

2011 

 

3.  Ad hoc: Augment text to state/describe the 

safety factors associated with limits on 

localized exposure—Item 21, D2.1 

Comment Matrix (15 November 2010). 

Ziskin, Chou, 

Thansandote 
15 Feb 

2011 
 

4.  Ad hoc: Revaluate SAR “threshold” data in 

terms of how the safety factor is defined and 

suggest appropriate changes to either 

accommodate the present definition or 

create a new definition—Item 47, D2.1 

Comment Matrix (15 November 2010). 

Tell, Bushberg, 

Swicord 
15 Feb 

2011 
 

5.  Ad hoc: Resolve issue of touch current in 

sub clause 4.2.3 of Draft 2.2 (yellow 

highlighted paragraphs beginning at line 

1124 and ending at 1163). 

Tell, Hatfield, 

Klauenberg, 

Needy 

  

6.  Add gridlines to Figure 3 and Figure 4— 

Item 79, D2.1 Comment Matrix (15 

November 2010).  

Testagrossa 15 Feb 

2011 
 

7.  Redraft sub clause 4.6 to make the 

application of safety factors consistent 

between localized exposures that may occur 

in controlled environments vs. those in 

unrestricted environments— Item 81, D2.1 

Comment Matrix (15 November 2010). 

Ziskin, Bushberg, 

Chou, 

Thansandote 

15 Feb 

2011 
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Approved Agenda 
IEEE/ICES TC95 Subcommittee 3 

Safety Levels with Respect to Human Exposure to Electromagnetic Fields, 0 - 3 kHz 

and 

IEEE/ICES TC95 Subcommittee 4 

Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 

3 kHz to 300 GHz 

 

Motorola Solutions, Inc. 

8000 West Sunrise Blvd. 

Plantation, FL 

9 December 2010: 1330 – 1700 h 

10 December 2010: 0900 - Noon 

 

1. Call to Order   

2. Introduction of those Present All 

3. Approval of Agenda SC3/SC4 Co-chairs 

4. Approval of the 11 – 12 June 2010 SC3/4 Minutes SC3/SC4 Co-chairs 

5. Secretary's Report Petersen 

6. Chairmen's Report SC3/SC4 Co-chairs 

7. Other reports 

a) EM safety of persons with implants Kuster 

b) Applying dosimetry to the revised IEEE standard Kavet 

c) Interpretation request (contiguous controlled v public areas) Tell 

8. Issues on Merging of C95.1 and C95.6 SC3/SC4 Co-chairs 

a) Report from Editorial Committee – status of the merging work Chou 

b) Literature surveillance and review/evaluation  TBD 

9. Other New Business SC3/SC4 Co-chairs 

10. Date and Place of Next Meeting Chou 

11. Adjourn   



EM Safety of Persons with Implants 

Adamos Kyriakou
Andreas Christ
Esra Neufeld
Niels Kuster

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Provocative Statement

‣ compliance with the current standard does not protect persons with 
implants

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Background

• IT’IS is active 
- in the development of MR safe leads 
- demonstration of safety during MR scanning at 64/128MHz

• IT’IS also performs research in
- safety of MRI 
- wireless power transfer systems (0.1 - 10 MHz)

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Implants and MR diagnostics

• patient with elongated implants are generally excluded from MR 
diagnostics

• severe accidents are reported to FDA
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Severe Brain Injury During MR Exam

• patient with implanted deep brain stimulation electrodes

• permanent neurological damage due to protein denaturation

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

FDA Interlaboratory Comparison Study 

ASTM Standard

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Simple Wires in MR (psSAR1g)

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Simple Wires in MR (psSAR1g)

ATTACHMENT 3
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SAR Increase as a Function of Incident Phase 

MR Safety of Implants                                                                                                            BioEM2009, June 16, 2009

Validation - FDA Wire

MR Safety of Implants                                                                                                            BioEM2009, June 16, 2009

Validation Test Setup as Defined by ISO/IEC

Dielectric and thermal parameters of the wire Dielectric and thermal parameters of the tissue simulant 

Tip -2mmTip -5mm

axial

insulated stainless steal lead (200mm length) with bare tips (10mm)

measurement paths

MR Safety of Implants                                                                                                            BioEM2009, June 16, 2009

SAR Validation Measurement in the MITS 1.5

phantom with rounded side walls
in the MITS 1.5 birdcage coil

measured SAR along the 5mm path 
in comparison to numerical reference
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MR Safety of Implants                                                                                                            BioEM2009, June 16, 2009

Temperature Validation (E = 9.7 V/m)

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

ΔT as a Function of AIMD Design

• AIMD = Active Implantable Medical Device

• the AIMD may receive RF energy over its entire length and deposit it 
very locally

• the picked-up RF power per incident field is a function of 
- characteristic impedance of the structure, 
- length 
- surrounding media
- phase variation along the AIMD 
- form factor

• ΔT 
- geometry of the lead tip

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Induced Field Distributions (psSAR1g)

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Exposure by Wireless Systems

ATTACHMENT 3
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Exposure Evaluation

• Simple Question
- what SAR is required to achieve a local temperature increase of 1˚C
- SAR as a function of frequency and implant length

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Generic Implant

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Methods: Model

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Simulation Platform

• EM Simulation: SEMCAD X V14

• Thermal Simulation: SEMCAD X V14 
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SAR & Temperature Distributions

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

T (t)

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Induced Fields Necessary for !T of 1K at the Tip

IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Induced Fields Necessary for !T of 1K at the Tip

2 W/kg
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IEEE/ICES TC95 Subcommittee 4  Plantation, December 9th, 2010

Conclusions

‣ the current safety limits do not protect people with implants

• new technologies will be introduced that produce relatively uniform 
exposures (induced fields) in the range between 100kHz and <20 
MHz
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Applying Dosimetry to the 
Revised IEEE Standard

Rob Kavet

IEEE AdCom Meeting

December 9-10, 2010

Plantation, Florida

2© 2009 Electric Power Research Institute, Inc. All rights reserved.

Outline

•Background and review

• Interlaboratory comparisons

•Use of 99th percentile in situ electric field

•Akimasa Hirata’s analysis for SC3

•Conclusion
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3© 2009 Electric Power Research Institute, Inc. All rights reserved.

WHO (2007) on Guidelines

•“Acute biological effects have been 
established…that may have adverse 
consequences… 

•Therefore, exposure limits are needed.  

•International guidelines exist 
…Compliance… provides adequate 
protection.”

4© 2009 Electric Power Research Institute, Inc. All rights reserved.

Magnetophosphene Data of Lovsund et al: basis for 
power-frequency exposure limits

Lövsund (1979) cited in:

WHO Environmental Health Criteria 69, 1987

ATTACHMENT 4
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5© 2009 Electric Power Research Institute, Inc. All rights reserved.

IEEE C95.6 (2002) Approach to Magnetic 
Field Dosimetry

•Basis for 2002 IEEE Standard

– Whole body shown

– Smaller models for specific sites

•Ellipsoids

•Homogeneous

• Isotropic
•Analytic Solutions

• (ICNIRP 1998 was based on simple 
loop)

6© 2009 Electric Power Research Institute, Inc. All rights reserved.

Current Generation of Standards Based on 
Anatomically-Correct Models

Stuchly & Dawson, 2000
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7© 2009 Electric Power Research Institute, Inc. All rights reserved.

ICNIRP (2010) on Dosimetry

• “The most useful…results…have been obtained…with 
voxel sizes below 4 mm (Dimbylow 2005; Bahr et al 
2007; Hirata et al 2009; Nagaoka et al 2004).”

• “For a specific tissue, the 99th percentile value of the 
electric field is the relevant value to be compared with 
the basic restriction.”  

• For brain at 50 Hz
– 23-33 mV m-1 per mT, 
– 1.7-2.6 mV m-1 per kV m-1

• “There is no conversion factor for peripheral nerve 
tissue available at present… skin…chosen as a worst-
case target tissue.” (12-33 mV m-1 per kV m-1)

• In view of the uncertainties in…dosimetry as well as the 
influence of body parameters…ICNIRP is taking a 
conservative approach in deriving reference levels...”

8© 2009 Electric Power Research Institute, Inc. All rights reserved.

Peripheral Nerve: (dB/dt)pk & te
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9© 2009 Electric Power Research Institute, Inc. All rights reserved.

Peripheral Nerve: ERheobase

10© 2009 Electric Power Research Institute, Inc. All rights reserved.

Inter-Laboratory Dosimetry 
Comparisons: Sources of Variation

Anatomy

s

ATTACHMENT 4
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11© 2009 Electric Power Research Institute, Inc. All rights reserved.

Inter-Laboratory Dosimetry Comparisons: 
Sample Result for Avg E-field

“several factors…contribute to the differences 
observed. Relatively small errors are associated 
with the numerical methods…More important 
contributors to the relative differences …are the 
differences in model shape, organ sizes and the 
conductivity values allocated to tissues.”

12© 2009 Electric Power Research Institute, Inc. All rights reserved.

U Vic/NRPB Comparison

“The numerical modelling in both laboratories uses the 

quasi-static approximation and the scalar potential finite 

difference method (SPFD). However, the actual computer 

codes…are quite different.”
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13© 2009 Electric Power Research Institute, Inc. All rights reserved.

U Vic/NRPB Comparison: Results

“The evaluation of model size, shape and 
resolution has confirmed previous observations, 
and further illuminated the reasons for large 
differences in voxel maximum electric fields for 
various human body models.”

14© 2009 Electric Power Research Institute, Inc. All rights reserved.

Comparison Among Laboratories in Japan

• 6 research groups/4 computational methods
– Impedance method (Central Research Institute of Electric Power 

Industry & National Institute of Information and Communications 
Technology)

– Space potential finite difference (Utsunomiya University & 
Takamatsu National College of Technology)

– Fast-multipole surface-charge-simulation method (Kyoto University)

– Quasi-static FDTD method (Nagoya Institute of Technology)

• Identical physical model (TARO)
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15© 2009 Electric Power Research Institute, Inc. All rights reserved.

Comparison Among Laboratories in 
Japan: Results

“Differences in the maximal and 99th percentile value of the in 
situ electric field were less than 30 and 10 % except for the 
result by one group…suggests that computational 
uncertainty …due to different methods and coding is 
relatively smaller than that caused by different models and 
conductivities of tissues…”

16© 2009 Electric Power Research Institute, Inc. All rights reserved.

99th Percentile in situ Field: Stabler Than 
Tissue Maximum? Surrogate for Maximum? 

“…the volume-averaged electric field in the nerve tissue 
decreases with the averaging volume. In addition, the 99th

percentile value of the volume-averaged in situ electric field 
in nerve tissue is more stable than that of the maximal value 
for different averaging volume.”

 

Algorithm (iii)  Averaging Volume (mm
3
)  

A-P 1 mT (50 Hz) 2 4 5 6 8 10 

Max 69.8 34.0 33.6 33.4 27.7 27.4 

99
th

 Pctl 25.3 21.2 21.1 21.1 18.3 18.2 

Vert 1 kV/m (50 Hz)       

Max 2.86 1.71 1.71 1.71 1.24 1.24 
99

th
 Pctl 1.28 1.07 1.06 1.06 0.93 0.93 

Values in table are mV/m 
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17© 2009 Electric Power Research Institute, Inc. All rights reserved.

Next: Analysis by Akimasa Hirata for the 
Induction Task Group

Note:  All of Aki’s slides follow for the record, 
but the oral presentation will consider 
selected material

18

Computation of in-situ electric 

field with voxel human models
in-situ electric field vs external field

Task Group of ‘Induction Modeling’

8.Dec.2010
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 Recent intercomparison suggests that the differences

between computational dosimetric quantities is within a

few dozen percents.

# 5:1 peak difference and 2:1 differences were observed in

earlier study.

 Significant difference was observed between the 99th

percentile value of in-situ electric field (200-300%).

Further investigation was required.

 Difference between elliptical shape model and

anatomically based model should be clarified.

19

Brief Summary of Previous Repot

(Jun 2010)

A. Hirata et al, Rad. Prot. Dos., 2010.

Stuchly & Gandhi, Bioelectromagnet., 2000.

A. Hirata et al., Phys. Med. Biol., 2010.

Agenda

1. In-situ electric field calculated by analytic

solution and computed result with voxel

model

a) Multi-sphere model

b) TARO(anatomically-based Japanese model)

-Effect of model resolution

-Difference between maximum and 99th percentile value

2. Electric field in Brain for B-field exposure at

Basic restriction

20
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 sin
2

r
BE z

Analytical Solution





Bz

Ex

y

z

r

 In-situ electric field in multi-layer sphere

r sin 

FDTD Computation

x y

z

 Magnetic Field

1 mT,  z direction

[Unit:cell]

(Cell size:2mm)

235

2
3

5

50

50

50

50

16 PML

Skin 0.1

Born 0.02

Brain 0.1

Conductivity [S/m]

Skin 2

Born 8

Brain ---

Depth [mm]

† C. Gabriel, Brooks Air Force Technical Report AL/OE-TR-1996 -0037, 1996.

†

Radius = 100 [mm]

Frequency = 50 [Hz]
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Electric Field Distribution (z=0 on x-y plane)

Analytic solution FDTD method

20
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 1 mT at 50Hz, exposure direction: z

 Model resolution of 2 mm

z x

y

Difference in In-situ Electric Field between 

Analytical and FDTD Method
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FDTDana
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z x

y
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Brain

Skin Bone

Three-layer Model

Skin (2mm), bone (8mm)
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In-Situ Electric Field in Multi-Sphere

Model with Different Model Resolution
Skin

2mm 1mm 0.5mm

Analytic FDTD Errors [%] Analytic FDTD Errors [%] Analytic FDTD Errors [%]

Avg 12.2 11.8 3.2 12.2 12.0 1.6 12.4 12.2 1.1

L99 15.6 16.8 7.3 15.7 17.1 9.2 15.7 16.7 7.0

Max 15.7 18.6 18.4 15.7 19.0 21.1 15.7 19.9 26.5

Born

2mm 1mm 0.5mm

Analytic FDTD Errors [%] Analytic FDTD Errors [%] Analytic FDTD Errors [%]

Avg 11.6 11.7 0.8 11.6 11.7 0.4 11.8 11.8 0.1

L99 15.2 16.6 9.2 15.3 16.2 6.5 15.3 15.7 3.1

Max 15.4 19.2 24.9 15.4 20.2 31.2 15.4 19.5 26.4

Brain

2mm 1mm 0.5mm

Analytic FDTD Errors [%] Analytic FDTD Errors [%] Analytic FDTD Errors [%]

Avg 8.3 8.3 0.031 8.4 8.4 0.005 8.2 8.2 0.018

L99 13.8 13.8 0.2 13.8 13.7 0.6 13.8 13.8 0.3

Max 14.1 16.0 12.9 14.1 16.2 14.8 14.1 16.4 15.8

Summary for multi-layer model

 Maximum in-situ electric field become larger with higher

resolution for most tissues. This tendency coincides with

the results by Dawson et al (ACES, 2000).

 A model with finer resolution provide results in good

agreement with analytical solution even for higher

percentile values; especially for thin tissue (skin).

 Voxel models would provide conservative in-situ electric

field than that of analytic solution when using 99-th

percentile.

 The model resolution of 2 mm would be sufficient at least

for multi-layer model.

28
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Japanese male TARO, female HANAKO 

and 3-years old child, developed at NICT

†† T. Nagaoka et al., Phys. Med. Boil., 

vol.53, pp.6695-6711, 2008.

† T. Nagaoka et al., Phys. Med. Boil., 

vol.49,pp.1-15, 2004.

Anatomical Human models

Eurpean male Duke, female Ella and 6-years old 

child Thelonious, developed at IT’IS Foundation
††† Christ A. et al., Phys Med Biol. vol.55, pp.23-38, 2010.

Eurpean male NORMAN, developed at NRPB
†††† P. J. Dimbylow, Phys. Med. Boil., vol.42, pp.479-490, 1997.

TARO
†

HANAKO
†

3-years
††

Duke
†††

Ella
†††

Thelonious
†††

NORMAN
††††

Height [m] 1.73 1.61 0.9 1.74 1.6 1.17 1.76

Weight [kg] 65 53 13 70 58 17 76

x

y

z

30Model and Exposure Scenario

[Unit:cell]

(Cell size:2mm)

16 PML

x y

z

930

224

 ELF Exposure

 50 Hz

 z direction

 Standing in free space

 Numeric Model

 TARO†

 Resolution: 2 mm or 1 mm

 Retina was manually added. A

medical doctor has checked the

anatomical reliability of 1-mm

model (especially around eye).

†  T.Nagaoka, S.Watanabe, K.Sakurai, E.Kunieda, S.Watanabe, M.Taki, Y.Yamanaka, 
Phys. Med. Biol, vol.49, pp.1-15, 2004.
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In-situ electric field for B-Exposure at 1mT

Difference = 
e-field(1mm) – e-field(2mm)

e-field(1mm)
×100

1mm 2mm 1mm 2mm 1mm 2mm

Brain 8.51 8.55 20.44 21.39 66.18 52.81

Spinal cord 4.35 4.78 21.24 21.71 45.96 55.00

Retina 2.56 3.16 8.26 8.77 12.14 9.45

Average 99th Percentile Max

Average 99th Percentile Max

Brain 0.4 4.7 20.2

Spinal cord 10.0 2.2 19.7

Retina 23.8 6.2 22.2

In-situ electric field for 1mT B-field exposure(z-direction) [mV/m]

Difference of in-situ electric field between 1mm and 2mm models [%]

● X-direction, 2mm

● Y-direction, 2mm

○ X-direction, 1mm

○ Y-direction, 1mm

● Z-direction, 2mm

○ Z-direction, 1mm

Percentile Value of Electric Field in TARO 

Model for Resolution of 1 mm and 2 mm
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Sphere [%] Anatomic [%]

2mm 16 176

1mm 24 276

Difference between Max and L99

120
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33© 2009 Electric Power Research Institute, Inc. All rights reserved.

Similarity of Hirata Result to Unpublished 
Dawson/Stuchly Magnetic Field Data (50th-Max)

34© 2009 Electric Power Research Institute, Inc. All rights reserved.

Similarity of Hirata Result to Unpublished 
Dawson/Stuchly Magnetic Field Data (90th-Max)
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Front to Back Side to Side Top to BottomExposure Direction

B

B

B

Cross section 

across the head

B

Current direction in the human body due to uniform

magnetic field exposures

Summary for anatomical model

 No closed-form solution for anatomically-based model

 Difference between maximum and 99-th percentile value

in anatomically-based model was larger than that in

multi-sphere model.

 Difference of 99th percentile value for different resolution

is marginal.

 The effect of exposure direction can not be neglected

(the limitation of isolated head model).

 In the following computation, the model resolution is 2

mm and 99th percentile value is considered.

38
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0.0

0.5

1.0

1.5

2.0

1 2 3 4 5 6 7

Ratio of electric field of 99th percentile value to threshold in brain 39

0

R
at

io

TARO

1.0

0.5

2.0

1.5

HANAKO NORMANDuke Ella Thelonious3 years 

Child

Exposure 

direction

x (Side to side)

y (Front to back)

z (Top to bottom)

99th percentile value in brain for 8.14mT 

B-field exposure

in-situ E-field threshold for synapse activity 

alteration at 20Hz (53mV/m)†

Ratio = 

† IEEE Std C95.6-2002, 2002.

40© 2009 Electric Power Research Institute, Inc. All rights reserved.

Summary/Suggestion

•Progress has been made to address the sources of 
large inter-model variations among induction 
models (maximum  & averaged values, e.g., no 
longer 5 and 2 times);

•The 99th percentile in situ electric field (or current 
density) provides a more stable estimate of the 
induced quantity in the upper tail of the distribution 
(using the 99th or 99.5th percentile helps to mitigate 
unavoidable stair casing errors);

•The 99th percentile is a good lower bound to act as 
a surrogate for the Maximum, although values
> 99th & <Max may be considered;

•Alternatively, a multiplier (e.g., 1.2) could be applied 
to the 99th percentile value to provide a 
conservative estimate of the Maximum. 
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41© 2009 Electric Power Research Institute, Inc. All rights reserved.

Final Thoughts

•Dosimetry is not required for electric fields and 
contact currrents, whose limits are based on 
conscious reactions;

– For magnetic fields, exposures approaching the 
magnetophosphene threshold are extremely rare 
(virtually nonexistent in the utility industry);

•The ERL is based on Lövsund threshold (8.14 mT at 
20 Hz), and will not change regardless of how the 
DRL may change based on anatomical dosimetry;

•Dosimetry can be refined to further explore 
mechanisms in the retina responsible for 
magnetophosphene dose- and frequency-response 
and mechanisms in the brain for reported effects, 
such as evoked potentials.

42© 2009 Electric Power Research Institute, Inc. All rights reserved.

Together…Shaping the Future of 
Electricity
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IEEE Standards Interpretation Request 
Requests for interpretations should only be submitted for seeking clarification of: 

 

 The meaning of portions of standards as they relate to specific applications; and/or 

 The exact nature of the contents of the standard. 

 

If the interpretation request meets the above criteria, complete the following and send to the   

stds-interps@ieee.org . 

 

Name:  Karen Dyberg 

 

Email:  kdyberg@ieee.org 

 

Phone:  978-440-4022 

 

Mobile:  508-450-9236 

 

IEEE Std: C95.1
TM

 
-  

2005  

 

Standard Title:  IEEE Standard for Safety Levels with Respect to Human Exposure to Radio 

Frequency Electromagnetic Fields, 3 kHz to 300 GHz 

 

 

Topic: 

 

Please provide an interpretation of C95.1-2005 regarding the correct limit to use for the general 

public when an RF Safety Program is in place.  See the following 5 pages for an illustrative 

example and relevant C95.1-2005 clauses and tables. 

 

 

 

 

 

 

NOTE FOR RESPONDERS:  Attach your response here.  If you are responding to more 

than one interpretation request, please label your responses as “Interpretation Response 

#1,” “Interpretation 

mailto:d.ringle@ieee.org,%20p.stanton@ieee.org,%20d.messina@ieee.org
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Please provide an interpretation of C95.1-2005 regarding the correct limit to use for the general 

public when an RF Safety Program is in place.  Is it the Action Level or the Upper Tier?  

 

Below is a hypothetical situation to help illustrate the need for interpretation.  The frequency was 

chosen to simplify the example.   

1. A company has an RF emitter that operates at 15 GHz.  It's installed on company 

property and there are no local RF exposure standards except for the company-adopted 

IEEE C95.1-2005. 

2. The RF emitter is located inside a fenced-in area and is controlled by an RF Safety 

Program.   Access to the area is limited to personnel trained in accordance with the site 

specific RF Safety Program.  The RF Safety Program also has established "keep-out" 

zones to prevent any access to areas above the Upper Tier, as well as signage and other 

controls commensurate with the power density levels capable of being produced by the 

RF emitter.   

3. Outside of the fenced-in area is the general public, who is unaware of what is happening 

on the other side (company property).  The company’s RF Safety Program limits the 

power density levels from the RF emitter to which the general public is being exposed. 

4. As part of the company’s RF Safety Program, what level must not be exceeded outside of 

the fence for the general public, 1 mW/cm
2
 or 10 mW/cm

2 
? 

 

Cited below are portions of C95.1-2005 relevant to the above situation.  Sections underlined, 

support the interpretation that the answer is the upper tier limit of 10 mW/cm
2
. 

 

1.3.2 RF risk assessment and RF safety programs 
Throughout the RF spectrum to which this standard is applicable, the MPEs apply to exposure of 

individuals.  Areas wherein intense RF fields exist (that exceed the MPEs) would be an exposure 

issue only when individuals have access to those areas and may become exposed.  Hence, 

compliance with this standard is to be determined by assessing whether persons may be exposed 

to RF fields exceeding the MPEs and not necessarily by whether RF fields simply exceed the 

MPEs.  This standard recommends that when and where there may be access to RF fields, 

currents, and/or voltages that exceed the lower tier MPEs (action levels), exposures are to be 

controlled through the implementation of an RF safety program, as described in IEEE Std C95.7-

2005.  Application of an RF safety program results in various control measures that can be taken 

to reduce the probability of a person's exposure exceeding the BRs and MPEs of the upper tier. 

 

3.1 Definitions 

 

3.1.1 action level: The values of the electric and magnetic field strength, the incident power 

density, contact and induced current, and contact voltages above which steps should be initiated 

to protect against exposures that exceed the upper tier, specifically, implementation of an RF 

safety program. 

 

3.1.35 lower tier: A set of limits that provide an additional margin of safety, i.e., a margin of 

safety greater than that for the upper tier. See: action level. 
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NOTE—The lower tier, which is recommended as an action level above which an RF safety 

program should be implemented, recognizes public concerns, uncertainties in exposure 

assessment, and supports the process of harmonization with other standards. 

 

3.1.59 RF safety program (RFSP): An organized system of policies, procedures, practices and 

plans designed to protect against hazards associated with RF fields, contact voltage, and contact 

and induced currents.  RFSPs shall be documented in writing. 

 

NOTE 1—Implementation of an effective RF safety program is to ensure that persons are not 

exposed in excess of the MPEs of the upper tier. 

 

3.1.79 upper tier: A set of RF exposure limits that are scientifically based and that provide a 

margin of safety for all, including those in a controlled environment. 

 

 
Table 6—BRs for frequencies between 100 kHz and 3 GHz 

 
See footnote “a” in Table 6 above. 
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See footnote “a” in Table 7 above . 

 

4.3 BRs for frequencies between 3 GHz and 300 GHz 
BRs to protect against adverse effects associated with heating are established for incident power 

density for frequencies between 3 GHz and 300 GHz.  Such restrictions are derived with 

consideration of adverse effects thresholds (based on the literature review and evaluation), their 

distribution among the population, and safety factors.  The BRs for frequencies between 3 GHz 

and 300 GHz are the same as the corresponding MPEs shown in Table 8 and Table 9, and are 

considered appropriate for all human exposure. 

 

 

Table 9—Action level (MPE for the general public when an RF safety program is 
unavailable)  (see Figure 4 for graphical repres0entation) 
 

 

4.8 RF safety programs 
Throughout the RF spectrum applicable to this standard, the MPEs apply to exposure of people, 

i.e., compliance with this standard is determined by whether or not exposures of people to RF 

fields, currents and voltages exceed the applicable MPEs. Where there may be access to RF 

fields, currents, and/or voltages that exceed the lower tier (Action Level) of this standard, an RF 

safety program such as detailed in IEEE Std C95.7-2005 shall be implemented to ensure that 

exposures do not exceed the MPEs or BRs for persons in a controlled environment. Application 

of an RF safety program results in various mitigative measures that can be taken to reduce the 

probability of exceeding the MPE for the upper tier. This program typically includes RF 
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awareness training, implementation of protective measures such as signage and the use of 

personal protective equipment (PPE), incident response, periodic evaluation of program 

effectiveness, and assigned responsibilities for implementing the program (IEEE Std C95.7-

2005). 

 

C.1 Introduction 
.... 
In summary, this standard incorporates a reasonably large margin of safety and an RF safety 

program is required to provide part of the margin of safety for those exposed above the relevant 

action level (lower tier).  This standard may also be considered especially conservative, since the 

safety factors are applied against perception phenomena (electrostimulation and behavioral 

disruption), which are far less serious effects than any permanent pathology or even reversible 

tissue damage that could occur at much higher exposure levels than those for perception 

phenomena.   

 

 

C.1.1.2 Differences: 
a) IEEE Std C95.1, 1999 Edition contains two tiers; an upper tier for “exposures in controlled 

environments” and a lower tier for “exposures in uncontrolled environments.” In this standard, 

two tiers have also been set. As in the 1999 Edition of this standard, an upper tier has been set for 

exposure of persons in controlled environments. While the weight of scientific evidence supports 

the conclusion that no measurable risk is associated with RF exposures less than the upper tier of 

this standard, it is impossible to scientifically prove absolute safety (the null hypothesis). Thus a 

lower tier has been set with an extra margin of safety that applies to all other individuals. The 

lower tier, called an “action level,” recognizes public concerns, takes into account uncertainties 

in laboratory data and in exposure assessment, and supports the process of harmonization with 

other standards, e.g., the NCRP recommendations [B95] and the ICNIRP [B62] guidelines. For 

practical purposes, the lower tier may be used for the general public or as an action level, above 

which an RF safety program shall be implemented to protect against exposures that exceed the 

upper tier. (See Clause 3 for definitions of “lower tier,” “upper tier,” and “action level.”) 

 

C.2.2.1 Basic restrictions for whole-body exposure 
…. 
Within the committee that drafted this standard, a strong scientific argument, based on the 

biological effects database for potentially adverse effects was made for a single tier standard at 

0.4 kg WBA SAR. The upper tier is considered protective for all with an acceptable margin of 

safety. Nevertheless, similar to IEEE Std C95.1, 1999 Edition [B70] a lower tier, with an 

additional margin of safety is included. The upper tier in this standard applies to persons in 

controlled environments; the lower tier, with an extra margin of safety, applies to all other 

individuals. 

 

Since publication of ANSI C95.1-1982 [B69], significant advances have been made in our 

knowledge of the biological effects of RF exposure. This increased level of knowledge 

strengthens the basis for and confidence in the statement that the MPEs provided in this standard 

are protective against established adverse health effects with an adequate margin of safety. 

Nonetheless, because of the inherent limitations of the biological effects data base, these MPEs 
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are presented as upper limits of exposure. While the weight of scientific evidence supports the 

conclusion that no measurable risk is associated with RF exposures less than the upper tier of this 

standard, it is impossible to scientifically prove absolute safety (the null hypothesis).  The lower 

tier thus recognizes public concerns, serves as an action level above which implementation of an 

RF safety program is required, helps account for uncertainties in laboratory data and exposure 

assessment, and supports the process of harmonization with other standards, e.g., the NCRP 

recommendations [B95] and the ICNIRP [B62] guidelines. While exposures slightly in excess of 

the MPEs are not necessarily harmful, such exposures are not desirable and should be avoided. 

Wherever RF exposures can exceed the Action Levels of this standard, steps should be taken to 

ensure that the MPEs will not be exceeded.  

 

Arguments supporting the lower tier are: 

a) It is traditional to afford the general public a greater margin of safety. The general public 

includes, but is not limited to, children, pregnant women, the aged and infirm, individuals with 

impaired thermoregulatory systems, individuals equipped with electronic medical devices, and 

persons using medications that may result in poor thermoregulatory system performance. 

b) This approach is consistent with the previous IEEE Std C95.1 standard and most other health 

and safety standards for RF exposure. 

c) It is traditional to warn individuals of exposures to potentially harmful agents, and to 

implement safety measures to mitigate the hazards. Therefore the lower tier can be a useful 

criterion, or “action level,” for determining when RF “awareness” communication is required 

and above which other elements of an RF safety program shall be implemented. RF “awareness” 

is particularly important for protecting against accidental excessive exposures. 

d) Exposure standards such as IEEE Std C95.1 traditionally have been used as the basis for 

environmental limits (limits for the general environment whether people are there or not) through 

a lower tier that incorporates a larger margin of safety.  

….. 

 

C.6.3 Conclusions 
There is no substantiated evidence of illness or injury resulting from exposure to electromagnetic 

energy in the RF range when the exposures are within the limits of this standard. The experience 

of RF burns is well known to the occupational RF and medical communities, and is a principal 

hazard to be protected against by compliance with this standard. Transient electrical sensations, 

even those that are painful, are sometimes experienced by electrical workers; these are made 

improbable by compliance with this standard. Over all, the standard incorporates a reasonably 

large margin of safety. An RF safety program shall be employed for those potentially exposed 

above the lower tier. Indeed, the standard may be considered especially conservative, since the 

safety factors are applied against perception phenomena (electrostimulation, behavioral 

disruption) which are far less serious than reversible tissue damage and any permanent pathology 

that would occur at exposure levels much higher than those for perception phenomena. 
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COMMENT FORM 
 

Title of Document: PC95.1/D2.1, Draft Standard for Safety Levels with Respect to Exposure to Electric, 

Magnetic and Electromagnetic Fields, 0 Hz to 300 GHz; Draft 2.1, July 2010 

 

Date:  15 November 2010 

 

Comments and Resolution 

 

 Submitted by 

[Name] 

Text Reference 

Location 

[Line number] 

Technical (T) 

or 

Editorial (E) 

Comment –Rationale 

or 

Error 

Proposed Change: 

 

Resolution of 

Comment by 

SC3/SC4 WG 

1.  Duvdevany General T General public This term is commonly used, 

and adopted by ICNIRP and 

authorities 

Accepted 

(partially) 

2.  Testagrossa General E Switch from BR/MPE to 

DRL/ERL 
Sorry if I missed the 

discussion/reasoning behind this 

change – would it be beneficial 

to include something in an 

appendix regarding rationale in 

using these new terms? 

Accepted – 

Annex A 

3.  Gallant/Nappert 55 E Health was removed in adverse 

effects in human. The previous 

version stated 'adverse health 

effects'.  The motion to remove 

health did not pass in Seoul. 

Therefore, health should remain. 

Change phrase to: 

'Recommendations are made to 

protect against established 

adverse health effects in...' 

Accepted  

4.  Duvdevany 62 T "Whole-body heating" - means 

that scope is limited to whole 

Body heating Not accepted 

(localized 
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body heating heating is 

included) 

5.  Tell 113 E/T Date of 2003 needs to be brought 

up to date. 
Revise date to be as current as 

feasible relative to review of 

literature. 

Accepted 

(literature 

review and 

evaluation not 

complete) 

6.  Smit 125 E Error B48 must be B49 

B47 must be B48 

Accepted 

7.  Smit 126 E Error B49 must be B50 Accepted 

8.  Smit 128 E Error B44 must be B45 Accepted 

9.  Smit 131 E Comment Missing reference for  US 

National Institute 
Not accepted 

(single 

reference- 

NIEHS, NTP) 

10.  Smit 133 E Error B f S must be BfS Accepted 

11.  Smit 134 E Error B43 must be B47 Accepted 

12.  Weller 138 E Word mis-spelled (de minimus is 

incorrect) 
De minimis Accepted 

13.  Smit 150 E Comment Low level sounds  vague. 

Maybe add below DRLs  

Accepted 

14.  Testagrossa 156 E emphasize “living” std philosophy Consistent with the scope & 

purpose of this standard, t 

Subcommittees continue to 

evaluate new research on short-

term effects and modeling.  

Accepted 

15.  Testagrossa 164 E Institutional RB for the Use of 

Human Subjects  - this is a 

general term/reference 

Perhaps providing a footnote 

with an example? US DHHS 

OHRP 

Accepted 

(Chou to 

provide) 
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16.  Testagrossa Page 4 – 

footnote 3 
E “…while limited epidemiological 

evidence exists for an association 

of residential magnetic fields with 

childhood leukemia …” 

while limited epidemiological 

evidence exists for  a potential  

association of residential 

magnetic fields with childhood 

leukemia  

Not accepted 

(“potential” is 

incorrect)  

 

17.  Tell 172 E The text implies that it is only in 

electric fields that spark 

discharges may occur.  This 

should be corrected to include the 

presence of magnetic fields.  

Electric and magnetic fields 

substantially less than the lower 

tier limits can lead to significant 

“spark discharge” and RF burns.  

Recommend deleting “…in the 

controlled environment.” 

Revise sentence to: “…within 

electric and magnetic fields.” 

Accepted 

18.  Tell 177 NOTE E 12th line of NOTE has extra word 

“to” that should be removed. 
Remove “to” at end of present 

12th line in NOTE. 

Accepted 

19.  Testagrossa 203-205 E The limits in this standard are 

intended to protect against 

adverse effects and may not 

prevent such sensations or against 

spot burns and startle reactions 

associated with contact with RF-

energized conductive structures.  

Should some portion of this 

statement be included in the 

“Scope”? 

TBD 

20.  Gallant/Nappert Clause 3.1 

Definitions 

253 

General The use of different terms for 

similar definitions (e.g. lower 

tiers, action levels) throughout the 

standard can be confusing for the 

user of the standard. 

Limit the use of different terms 

when possible. 
Accepted 

21.  Tell 229 T There is no explanation of the 

safety factor for ERLs for 

localized exposure.  The 

presumption is that the Fs would 

Text should be augmented to 

state the safety factors 

associated with limits on 

TBD 
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be the same as that for whole 

body exposure, i.e., 10 for upper 

tier and 50 for lower tier 

exposure. 

localized exposure. 

22.  Smit 254 E Error RF safety: leave RF or change 

rule 608 

Accepted 

23.  Duvdevany 313 E environment Exposure environment Accepted 

24.  Tell 313 E This definition refers to the 

definition for “environment”.  

There is no definition for 

environment. 

Revise reference to “see 

exposure environment”. 

Accepted 

25.  DeFrank 313 E controlled environment: (See 

environment.) 
controlled environment: (See 

exposure environment.) 

Accepted 

26.  Karabetsos  333- 334 E The term basic restriction is not 

previously mentioned 

in the text 

The term basic restriction should 

be defined or analyzed more 

here or somewhere earlier in the 

text  

Accepted 

(partially – 

referred to in 

the 

definitions) 

27.  Gallant/Nappert 333 T DRL for SAR is limited to a 

frequency range up to 3 GHz.  In 

ICNIRP, it is limited to 10 GHz. 

In certain national guidelines,  the 

frequency range for SAR is up to 

6 GHz.  

What is the rationale to limit the 

SAR frequency range to 3 GHz? 
Considered 

(to be 

explained in 

the Annexes)  

28.  Karabetsos  350 E The word ordnance is wrong Correction or deletion of this 

word  
Accepted 

(deleted –  

“ordnance” 

should 

probably 

remain in  

PC95.1-2345) 
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29.  Smit 355 E/T Comment  Add comment: 

(In order not to perturb the field) 

Accepted 

30.  Weller 356-361 E Definition seems poorly written. An electromagnetic wave having 

power density equal in 

magnitude to the power density 

of a equivalent plane wave 

having the same electric (E) or 

magnetic (H) field strength.  

(May need more work.) 

Accepted  

31.  Smit 358 T Error or magnetic field, must be and 

magnetic field.  
Accepted 

32.  Tell 384 T Definition of “exposure” does not 

include “open circuit voltage” 

which is the principal source for 

RF burns. 

Revise statement as follows:  

“…induced and contact currents 

or open circuit voltages other 

than…” 

Not accepted 

(need 

explanation) 

33.  Tell 387 T The present definition is 

unnecessarily lengthy and 

potentially inconsistent. 

Revise definition to:  “An area 

that is accessible to those who 

are appropriately informed and 

knowledgeable about the 

potential for exposure and 

associated adverse effects and 

can control their exposure to not 

exceed the upper tier of 

exposure limits. 

NOTE-Access to controlled 

exposure environments is 

usually associated with persons 

performing an occupational task 

but may also be associated with 

members of the general public 

(see "general public"). 

Accepted 

(partially) 

34.  DeFrank 414 E general public:…. (See also: 

controlled environment. 
general public:…. (See also: 

exposure environment.) 
Accepted 
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35.  Karabetsos  415 & 313 E & T The text : (See also controlled 

environment, is wrong, irrelevant 

and misleading. Even if someone 

looks at the term controlled 

environment in line 313, he is 

redirected to the term 

environment which does not exist 

at all in the definitions  

Delete  (See also controlled 

environment in line 415 

and provide proper definition of 

this term in line 313 

Accepted  

36.  Weller 418 E Recognition of interference to 

electronic medical devices is 

contrary to 63-64 

eliminate Accepted 

37.  Weller 443 E The definition should clarify that 

values below the let-go current do 

not result in involuntary 

contraction.   

Replace “at which” with “above 

which” 
Accepted 

38.  Tell 454 T The definition states that the 

lower tier exposure limits 

recognize uncertainties in 

exposure assessment.  This 

implies that the upper tier does 

not make such recognition. 

Delete clause “uncertainties in 

exposure assessment” to make 

more consistent with statement 

on line 139. 

Accepted 

39.  Smit 462 E Comment Change to: Low level EM-fields Accepted 

(partially) 

40.  Weller 467-469 T In air and simple media, B and H 

are simply related.  This should be 

stated. 

Add:  In air and simple (non-

magnetizable) media, B and H 

are related by B = μH, where mu 

is the permeability of the 

medium.   

Accepted 

41.  Bassen 499 T,E Error  The radiating near field region 

extends out to a distance from 

the antenna equal to 2 a2/ λ,  

where  λ is the wavelength, and 

a  is the largest linear dimension 

Accepted 
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of the antenna [B23].  

42.  Weller 534 T Formula is incorrect. For a plane wave, the magnitude 

of the power density is given by 
2

2E
S EH H  

Accepted 

43.  Smit 536 T Comment Change to: 120  ≈377 ohms Accepted 

44.  Smit 566 E Comment  Add and: and can be the 

source… 
Accepted 

45.  Tell 566 T There is no definition for ‘RF 

burn”.   
Include new definition for RF 

burn.  Suggest:  “An event that 

occurs when contact is made 

with a 

conductor, most often immersed 

in an RF electromagnetic field, 

that results in immediate and 

painful heating of tissue most 

commonly commensurate with 

visible skin damage and an 

involuntary reaction to withdraw 

from contact.” 

Accepted 

(partially – 

added 

definition) 

46.  Smit 567 E Comment Remove highly Accepted 

47.  Tell 591 T The term safety factor is difficult 

to apply to RF heating effect data.  

It is far easier to apply to shock 

effects.  The present definition is 

derived from shock effect data, 

NOT RF heating data.  See 

definition of “probability factor” 

(see line 539). 

SC3/4 needs to reevaluate the 

SAR “threshold” data in terms 

of how the safety factor is 

defined and make appropriate 

changes to either accommodate 

the present definition or create a 

new definition. 

TBD 

48.  Testagrossa 592 E “…provides for the protection of 

exceptionally sensitive 

This statement suggest that we 

are recognizing the validity of 

Accepted 

(partially; 
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individuals, uncertainties 

concerning ..” 
EHS .. definition re-

written) 

49.  Karabetsos  594 T & E The uncertainties due to the 

variability of the environmental 

conditions are not mentioned here 

These uncertainties should be 

added  
OK 

50.  Duvdevany 610 T "to protect against exposure that 

exceeds the adverse effects limit" 

- means that upper tier values can 

be exceeded (relieving comparing 

to the former version, which uses 

the "upper tier" values)   

"Upper tier" instead of "adverse 

effects limit". 

If the SC wishes to relieve - 

"adverse effects exposure level" 

instead of the above 

Accepted 

51.  Smit 611 E Comment Add ): (See: Lower tier) Accepted 

(deleted 

parenthesis) 

52.  Weller 621-623 T Definition is incorrect.  The sum 

of the squares is not the same as 

the square of the sums.   

For frequencies from 0.1 MHz 

to 3 GHz, the rms values of the 

squares of the electric or 

magnetic field strength, or for 

frequencies exceeding 300 MHz, 

the plane wave equivalent power 

density, are averaged over an 

area equivalent to the projected 

cross section of the human body  

 

Check with 

Weller 

53.  Weller 625-627 T Limits or formula seems 

impractical.  At 3 GHz, the 

formula leads to an averaging area 

of 10,000 sq cm, or 3.16 sq. m.  

This is MUCH larger than the 

area of the human body.  The 

averaging area should not be 

larger than the human body.   

 Not Accepted 

(Area is 1 m
2
) 
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54.  Weller 643 E Cubic meters is not correctly 

expressed in equation. 

3m  Accepted 

55.  Smit 646 E Comment Leave mass, density is defined 

as mass per unit volume. 
Accepted 

56.  Weller 677 E “adverse change” is undefined. Change to “adverse effect” Accepted 

(adverse 

health effect.) 

57.  Weller 706-707 E “cross section” needs to be 

refined.  Exposure across the 

knees would be a cross-section of 

the body, but not the whole body. 

Perhaps add “sagittal” to cross 

section. 
Accepted 

(partially – 

definition re-

written) 

58.  Smit Page 22 section 

3.4 
E Comment  Add:  C: coulomb  

(and change rule 787 to C) 

 

S: Siemens A/V 

H: Henry (Ω.s) 

T: Tesla 

Ω: ohm 

G : Gauss 

TBD 

(Necessary?) 

59.  Smit 775 & 776 E Error Using Twice the symbol H. 

Chang rule 775 to hper 
Accepted 

60.  Weller 820 E 0 Hz is inconsistent with 0 kHz.  

See 822, 830, etc. 
Change to 0 kHz. Not accepted 

(0 Hz is 

correct) 

61.  Gallant/Nappert 848 T Frequency range for these DRLs 

is supposed to be from 0 to 5 

MHz.  However, the Table only 

covers 1 frequency per tissue.  

How would the user apply these 

limits for instance in the case of 

compliance assessment. 

Partially 

accepted  

(Table 1 is not 

for 

compliance 

assessment.) 
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62.  Smit 848 E Comment Exposed tissue: print it bold Accepted 

63.  Karabetsos  860 T The term General Public should 

be kept 
The term General Public should 

be kept 
Accepted 

64.  Tell 860 T JPR’s concern is driven by the 

difference in bioeffects of shock 

and heating. 

This needs to be discussed to 

arrive at a consistent way of 

explaining “lower tier” and 

“upper tier”. 

Accepted 

65.  Gallant/Nappert Table 1 

Note 2 

860 

E I agree with the following note.  

The term action item is not very 

intuitive.  Also, there are too 

many terms with the same 

definition. Note 2. I have great 

difficulties with accepting the 

term “Action Levels” instead of 

“General Public.” At the last 

editorial meeting at NEMA, there 

was a consensus to keep General 

Public – not Action Levels. If 

necessary, we may need to revisit 

this issue in the next editorial 

meeting.]  

May want to verify if Action 

Level is used in standard and 

revise accordingly. 

Accepted 

66.  Gallant/Nappert Table 3 

903 

T Frequency range for these ERLs 

is supposed to be from 0 to 5 

MHz.  However, the Table does 

not cover the full frequency range 

for the H field. 

 Not Accepted 

(Covers full 

frequency 

range) 

67.  Smit 1048 E Comment Add induced to table 5 (see table 

7) 
Accepted 

68.  Smit 1049 

1057 

1164 

E Comment Trained to make grasping 

contact? 

 

Change to: are trained, and 

Not accepted 
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therefore aware of the potential 

adverse health effect caused by 

touching energized conducting 

objects. 

69.  Tell 1070 E The statement does not emphasize 

that behavioral disruption is the 

most sensitive indicator of a 

potentially adverse effect. 

Revise statement to read: “…and 

has been demonstrated to be the 

most sensitive, reproducible 

effect across animal species and 

frequency that is potentially 

adverse…” 

Defer 

discussion 

until 

December 

70.  Tell 1074 T This statement is confusing and 

provides no confidence in the 

safety of the upper tier of 

exposure limits. 

Delete the statement: Applied to 

members of the general public, 

the lower tier provides more 

assurance that continuous, 

chronic exposure of all 

individuals in the population, 

will be without risk of adverse 

effects.”  Replace with 

something like:  “The lower tier 

of exposure limits represents 

Action Levels, signifying that an 

RF Safety Program shall be 

instituted to insure that 

exposures will not exceed the 

upper tier limits, i.e. the MPE. 

Accepted 

(partially) 

71.  Duvdevany 1080 E SARc at the first row, right 

column 
SARb Accepted 

72.  Duvdevany 1101 T "the limits of table 5 extrapolated 

beyond 100 kHz" 
A clarification (and practical 

implementation) is needed 
Not accepted 

(Not 

considered 

necessary) 

73.  Tell 1119 T The text that starts at 1119 never 

mentions the importance of open 

circuit voltage on production of 

Propose rewrite of text 

beginning at 1119 for inclusion 

in Appendix.  But, the 

Defer to Tell 

(and Kavet) to 

rewrite text 
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RF burns.  RF burns are not 

simply due only to the magnitude 

of current that flows but the local 

current density during the current 

flow.  When surface arcing 

occurs, when sufficiently high 

voltages exist, electrical arcing 

between the RF energized object 

and the body can occur prior to 

physical contact with the object 

and during these arcs, the current 

density is extraordinarily high, 

commonly leading to RF burns.  

The text should be revised to 

provide a more complete account 

of what leads to RF burns. 

importance of open circuit 

voltage should be emphasized in 

the normative section. 

beginning at 

line 1119 (and 

clause 4.5) 

and move 

most of 

material to 

Annex – 

before 

December 

meeting. 

74.  Smit 1175 

1181 

E Comment Change of text size! Accepted 

75.  Smit 1221 & 1236 E/T Error Greater than 400 MHz, must be: 

Greater than 300 MHz. (See also 

note on rule nr. 1276. 

Accepted 

76.  Smit 1226-end E Error Change of page numbers? Accepted 

77.  Duvdevany 1293 E DRL ERL Accepted 

(partially –  

ERL is 

correct – term 

on right of the 

equation 

removed.) 

78.  Duvdevany 1295 E ≤28.8 J/Kg "≤" or analogy? (units)  See above 

79.  Testagrossa Figures 3 & 4 E  Need to add grid lines TBD 

80.  Tell 1302 E Open circuit voltage, which is the Revise title of Section 4.5 to:  Accepted 
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driver for RF burns, is not 

declared as either a DRL or ERL.  

Shouldn’t this be the case? 

“ERL for contact voltage to 

protect against RF burns”. 

 

Include NOTE:  It is important 

to recognize that the ERLs for 

electric and magnetic field 

exposure do not protect against 

high RF voltages (and currents) 

that can be induced in large 

conductive objects such as 

cranes, electric power 

transmission lines, etc. and, 

hence, do not provide protection 

against RF burns. 

81.  Tell 1321/1329 T There is a discrepancy between 

the safety factor above 3 GHz for 

the upper and lower tiers.  The 

apparent hazard threshold for 

exposure above 3 GHz is higher 

for the lower tier. I.e., when the 

ERLs are multiplied by the 

applicable Fs, 10 (upper tier) and 

50 (lower tier), the lower tier 

yields an HT greater than that for 

the upper tier.  For example, at 30 

GHz, the HT for the lower tier 

would be 1000 mW/cm2 

compared to the presumed HT for 

the upper tier of 317 mW/cm2.  

This implies that the lower tier 

would provide less protection 

against localized exposure than 

the upper tier or that persons 

within uncontrolled exposure 

environments may be subject to a 

Section 4.6 needs to be redrafted 

to make the application of safety 

factors consistent between 

localized exposures that may 

occur in controlled 

environments vs. unrestricted 

environments. 

Defer to 

December 

meeting. 
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greater potential hazard than those 

in controlled exposure 

environments. 

82.  DeFrank 1331 – 1386 

(4.7.2) 

T See attached ppt slides. At the end of this section, 

include a statement regarding 

exclusion for low power devices 

for localized exposure SAR 

criteria. 

Partially 

accepted. 

83.  Gallant/Nappert 1341 T Need to text and reference 

C95.3.1 for low-frequency 

assessment. 

Add text and reference to 

C95.3.1 
Considered 

(text has not 

yet been 

written for  

4.7.1) 

84.  Bassen 1370 -1375 T Error Generally, when measuring at 

closer distances with 

commercially available isotropic 

field probes, large uncertainties 

exist. These are due to spatial 

averaging (resulting in lower 

readings of the local E or H 

field)  plus  coupling between 

the probe and source (resulting 

in higher readings). Therefore, it 

is recommended that the 

minimum measurement 

distances prescribed in C95.3-

2002 [B23] and C95.3.1, 2010 

[B24] be used. 

Accepted 

85.  Duvdevany 1380-2 E  Words order  

86.  Gallant/Nappert 1383 T Would it be warrant to provide 

information of the power of the 

sources for smaller humans (e.g. 

women, children)? 

 Already 

addressed by 

resonant 

curve in 
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ERLs, safety 

factor, etc. 

87.  Ammann Annex F E Reference [B14] Health Physics 

Society, 

http://hps.org/documents/mobilete

lephonefactsheet.pdf, 2009  

link has been moved 

 

New link is  

http://hps.org/documents/Mobile

_Telephone_Fact_Sheet_update

_May_2010.pdf 

Accepted 

88.  Ammann Annex F E Reference [B27] Ireland Expert 

Group on Health Effects of 

Electromagnetic Fields, 31 

http://www.dcmnr.gov.ie/NR/rdo

nlyres/9E29937F-1A27-4A16-

A8C3 32 

F403A623300C/0/Electromagneti

cReport.pdf, 2007  

link has been moved 

New link is  

http://www.dcenr.gov.ie/NR/rdo

nlyres/9E29937F-1A27-4A16-

A8C3-

F403A623300C/0/Electromagne

ticReport.pdf 

 

Accepted 

89.  Ammann Annex F E [B34] Nordic Radiation Safety 

Authorities, “Exposure of the 

General Public to Radiofrequency 

10 Electromagnetic Fields – A 

joint statement from the Nordic 

Radiation Safety Authorities,” 11 

http://www.stuk.fi/stuk/tiedotteet/

fi_FI/news_578/_files/824682612

51448918/default/Nordic_Statem

ent-12 EMF161109.pdf, 2009  

Link does not exist 

http://www.stralsakerhetsmyndi

gheten.se/Global/Pressmeddelan

den/2009/091116norden-

emf.pdf 

 

Accepted  

90.  Ammann Annex F E [B43] Spain’s Comité Cientifico 

Asesor en Radiofrecuencias y 

Salud (CCARS), 36 

http://www.ccars.es/docs/informe

s/INFORME%20CCARS%20200

New link at  

http://www.ccars.es/publicacion

es/informes_miembros_CCARS 

Accepted 

http://hps.org/documents/Mobile_Telephone_Fact_Sheet_update_May_2010.pdf
http://hps.org/documents/Mobile_Telephone_Fact_Sheet_update_May_2010.pdf
http://hps.org/documents/Mobile_Telephone_Fact_Sheet_update_May_2010.pdf
http://www.dcenr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3-F403A623300C/0/ElectromagneticReport.pdf
http://www.dcenr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3-F403A623300C/0/ElectromagneticReport.pdf
http://www.dcenr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3-F403A623300C/0/ElectromagneticReport.pdf
http://www.dcenr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3-F403A623300C/0/ElectromagneticReport.pdf
http://www.dcenr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3-F403A623300C/0/ElectromagneticReport.pdf
http://www.stralsakerhetsmyndigheten.se/Global/Pressmeddelanden/2009/091116norden-emf.pdf
http://www.stralsakerhetsmyndigheten.se/Global/Pressmeddelanden/2009/091116norden-emf.pdf
http://www.stralsakerhetsmyndigheten.se/Global/Pressmeddelanden/2009/091116norden-emf.pdf
http://www.stralsakerhetsmyndigheten.se/Global/Pressmeddelanden/2009/091116norden-emf.pdf
http://www.ccars.es/publicaciones/informes_miembros_CCARS
http://www.ccars.es/publicaciones/informes_miembros_CCARS
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7-2008.pdf, 2008  

Link moved 

91.  Ammann Annex F E Reference B50, WHO/IARC 

(World Health 

Oranization/International Agency 

for Research on Cancer) World 3 

Cancer Report 2008. 

http://www.iarc.fr/en/Publications

/PDFs-online/World-Cancer-

Report, 2008  

the link has been moved.   

New link is  

http://www.iarc.fr/en/publicatio

ns/pdfs-online/wcr/index.php 

 

Accepted 

92.  Bassen 1899-1902 T Error The far field of a simple antenna 

is generally defined as starting at 

a distance of  2 a2/ λ,  where  λ 

is the wavelength, and a  is the 

largest linear dimension of the 

antenna.[B23]. 

Accepted 

93.  Bassen 1922  D.4.2 

Induced current 

measurements 

T rationale Add: For induced current 

measurements , it is 

recommended that the  detailed 

provisions of c95.2, 2002 

[B23_and  C95.3.1, 2010 [B24] 

be used. 

Accepted 
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1.  15 Chou 

2.  32 Tell 

3.  52 Petersen 
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