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1. Call to Order
The meeting was called to order at 0930 h.

2. Introduction of those Present
Each of the attendees introduced her/himself.  (See Attachment 1 for attendance list.)

3. Approval of Agenda
Following a motion by Meltz that was seconded by Gettman, the agenda was approved as presented.  (See
Attachment 2.)

4. Approval of the Minutes (June  2015 Meeting)
Following a motion Meltz that was seconded by Bodemann the minutes of the June 2015 was approved
with the addition of J Elder to the list of attendees.

5. Secretary's Report
Petersen noted that he will be giving a detailed report at the TC95 meeting the following day (12 January)
but pointed out that both IEEE Std C95.1-2005 and C95.6-2002 expire on 31 December 2018 and will be
deemed inactive unless a revision is approved by the Standards Board before the end of that year.  He
explained that reaffirmation per se is no longer an option but an active standard can be sent for ballot
without change and if approved without comment it will essentially be a reaffirmation.  He also noted that
the PAR for the revision of IEEE Std C95.1-2005 and merging with C95.6-2002 expires 31 December
2016.  It is unlikely that the revision will be in Sponsor ballot this year and another PAR extension request
will be necessary.  Thus, there are only three years left in which to complete the revision in order for C95.1
to remain active.

6. Chairman’s Reports
The Chairmen’s report for SC3/SC4 was presented by SC4 Co-chairman Ziskin (see Attachment 3).  He 
reviewed several actions and tasks relating to the revision and merging of IEEE Stds C95.1-2005 and 
C95.6-2002 including major hurdles that will have to be resolved in order to complete the revision and the 
sponsor ballot process before the C95.1 standard expires 31 December 2018.  The appropriate interaction 
mechanism for establishing the adverse effect threshold levels could be a hurdle.  At frequencies where 
effects associated with electrostimulation dominate, the approach for establishing the adverse effect
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threshold value is based on statistics, while at frequencies where effects are related to heating, the 
approach is based on an absolute threshold.  Ziskin noted that there has been some discussion among the 
members of SC4 regarding the use of a statistical model at RF frequencies, but the consensus is that the 
absolute threshold basis is appropriate.  He explained how completion of the NATO standard, IEEE Std 
C95.1-2345-2014, slowed progress on the revision of C95.1/C95.6 but now that the standard has been 
published the Literature Review WG and the Editorial WG are moving forward with the revision and 
merger of C95.1 and C95.6.  Ziskin then expressed special recognition of the effort of Klauenberg in 
moving C95.1-2345-2014 forward.  He also expressed special recognition of the hard work of Pat Reilly 
that earned him the 2015 IEEE SA International Award.  Reilly expressed gratitude and explained how 
receiving the award was entirely unexpected.  In closing, Ziskin noted that with Dovan’s retirement and 
stepping down as Co-chairman of SC3, a candidate for co-chairman is being sought.   

7. Progress on revision of PC95.1-2005
a) Update on NATO standard C95.1-2345

Klauenberg reviewed the lengthy process that led to the 26 November 2015 promulgation of IEEE Std
C95.1-2345-2014 as the replacement for STANAG 2345 Ed 4.  (See Attachment 4.)  It was pointed
out that having a civil SDO develop a military standard sets a precedent.  Many issues had to be
overcome including pushback by some NATO member countries that supported instead the ICNIRP
limits that form the bases of EU Directive 2013/35/EU.  He briefly described features of the NATO
standard not found in IEEE Std C95.1-2005, e.g., environmental access zones (0 to 3), a specific
access zone where exposure may exceed upper tier ERLs but access is permitted to highly trained
workers under explicit guidelines in order to carry out necessary tasks.  He concluded by noting that
review every three years is a NATO requirement where the options are reaffirm, revise if necessary or
withdraw.

b) Update on the revision of C95.1-2005 and C95.6-2002
Faraone provided an update of the ICES literature review.  (See Attachment 5.)  Much of the
discussion related to fairness and balance in the selection of reviewers, e.g., establishing criteria
regarding qualification and affiliation of the reviewers to ensure openness, balance and absence of
conflicts of interests.  Inclusion of reviewers with extreme positions on both sides of an issue was
discussed and discouraged, but reviewers with positions slightly off center in both directions should be
encouraged.  A “review criteria” document “Guidelines for the Systematic Review of Scientific
Literature on Health and Electromagnetic Fields (0-300 GHz)” is being developed by a small task
group—the latest draft was distributed to the ICES membership 7 January 2016.  As feedback to the
task group, it was suggested that in many cases the word “approach” in the draft could be replaced
with the word “process,” and it was agreed that evidence of a paper trail is mandatory.

c) Literature surveillance
Elder provided an overview/update of the literature surveillance process.  (See Attachment 6).  He
noted that the core of the database can be found on the public pages of the ICES website, which is
open to everyone.  He noted that while many of the citations contain abstracts that can be downloaded,
the actual papers are on the password protected section of the website and are available only to those
writing reviews of specific research areas.  Presently the database contains over 6000 citations,
approximately 90% of which are linked to pdf files.  There are many ways of searching the database
including by author, key words, year of publication…).  Elder noted that a number of research papers
have a link to abstracts in PubMed and also noted that 198 papers listed in the Royal Society of
Canada database are not included, e.g., papers published in the Chinese or Russian language.

8. ANSI Z136/TC95: Issues at 300 GHz
Sliney, internationally recognized as an expert on laser and optical safety, gave a presentation on health
effects associated with exposure to radiation in the IR-C band, i.e., 3 µm– 1000 µm (100 THz to
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300 GHz), in which he described various challenges.  (See Attachment 7.)  He pointed out that what’s 
called the “THz region” is not agreed to universally, i.e., different organizations have different definitions 
of the term “THz region.”  Laser exposure guidelines in the far IR are typically 100 W/m2, as are the C95 
limits at 300 GHz.  Based on what is known from IR-C data, there are no known risks associated with 
exposure at the MPE values in the guidelines and no need for immediate changes in the values or rationale.  
He pointed out that at one time ICNIRP was going to address the issue of revising the exposure guidelines 
in the THz region but decided not to move forward since no verifiable adverse effects have been 
established at exposure levels within the current guidelines—see for example Attachment 8.  There are, 
however, suggestions that effects may be possible with exposure to narrowband sources, such as lasers, but 
this is only speculation.  Everything goes back to the question of penetration depth.  In response to a 
question from Elder regarding literature relevant to SC4, Sliney replied that he is unaware of any important 
studies at THz frequencies related to the revision of the C95.1 standards.   

9. New Subcommittee (SC-6): An Update
SC6 Chairman Hirata provided a detailed overview of the subcommittee’s low-frequency research agenda.
(See Attachment 9.)  He reviewed the well-attended SC6 low-frequency modeling/dosimetry workshop
held at the Asilomar Conference Center, 14 June 2015 immediately before the opening of BioEM2015,
and also provided a detailed overview of the draft paper “Recent progress in low-frequency dosimetry
modeling: from induction to electrostimulation” that is being prepared for publication in a special issue of
Physics in Medicine and Biology.  He expects completion of the first draft, which will be circulated to
ICES members for comment, during the 1st Q 2016.  The paper and the comments will be discussed at the
June 2016 meetings in Ghent Belgium.

10. Developing a WHO Standard on Non-Ionizing Radiation
Bodemann reported that the WHO EMF Project to develop recommendations for an international standard
is now on hold due to budgetary constraints and the complexity of the project.  He said that he is, however,
optimistic that the new structure of ICNIRP, including Eric von Rongen as Chairman and Akimasa Hirata
as a new member, will enhance collaboration between ICNIRP and ICES significantly, which should
facilitate WHO moving forward.

11. Technical Presentations
a) Possible Effect of Spark Discharge on Pacemakers

Kavet’s presentation addressed effects of spark discharge on a cardiac pacemaker implanted in a human
phantom.  (See Attachment 10.)  He pointed out differences between the definition of “spark discharge”
as defined in IEEE Std C95.6-2002 and in the “Red Book” (EPRI Transmission Line Reference Book –
200 kV), which provides information on all facets of electrical transmission.  He pointed out that
without having additional data there are in general issues relating field measurement data to spark
discharge data.  He reviewed several characteristics of spark discharge, including thresholds of
perception, and also 60 Hz thresholds on pacemaker susceptibility in terms of electric and magnetic
field strength as reported by the device manufacturers.  Several studies of interference of electric and
magnetic fields on pacemaker and defibrillator operation were discussed including in vitro studies.  The
study of effects on pacemakers implanted in a human phantom was discussed in detail.  In conclusion,
Kavet pointed out that based on a number of studies and reports, evidence suggests that spark discharge
is not an issue with implanted pacemakers, even for relatively large spark discharges.

b) RF Burns
The issue of setting science-based contact current limits to prevent RF burns was addressed by Tell.
(See Attachment 11.)  Differences in the contact current limits for touch contact in IEEE Std C95.1-
2005 compared with those in C95.1-2345-2014 were noted and both were compared with values Tell
found when conducting a number of experiments, including several in which he was the subject, which
included the determination of the sensation for pain in his finger at a number of frequencies.  Other
studies characterized temperature in synthesized human tissue based as a function of several
parameters.  He noted that several factors seem to significantly affect the threshold for sensation/pain
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and the current-induced temperature rise, including contact resistance and area and the wetness of the 
skin.  He found from a number of experiments using synthetic human tissue and a 1 cm2 contact source, 
the contact source acts as a heat sink, i.e., the tissue surface temperature beneath the electrode could be 
significantly higher than the surface temp of the electrode itself.  When the electrode was quickly 
removed, it was found that the actual skin surface temp could be higher than the surface temp of the 
electrode. .  He explained some of the complicating factors that will have to be addressed in moving 
forward to verify or revise the contact current limits in the C95.1 standards, including contact area, 
environmental conditions, pressure on the skin, and, especially, contact resistance.  Other 
considerations are whether the thresholds should be based on perception, pain or tissue damage from 
heating.    

12. New Business 
Gettman discussed the possibility of reserving space on the ICES website that could be used as a forum for 
discussion and exchange of information and promoting ICES, e.g., similar to Facebook and Twitter.  

ACTION ITEM 1 
Gettman will contact the ICES webmaster, Victor Carneiro, to explore the possibility of establishing 
space on the website for a discussion forum (similar to Twitter, Facebook) for exchanging 
information. 

13. Date and Place of Next Meeting 
The next TC95 meeting series will be held in Ghent Belgium, 2, 3 and 4 June 2016in conjunction with and 
immediately preceding BioEM2016.   

14. Adjourn 
There being no further business, the meeting was adjourned at 1450 h.   

 
 

Action Items Arising from the January 2016 SC3/SC4 Meeting 

 Action Assigned to: Status 
1.  Explore with the webmaster, Victor Carneiro, the 

possibility of establishing space on the ICES website for a 
discussion forum (similar to Twitter, Facebook) for 
exchanging information.  

Gettman  
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List of Attendees 
TC95 SC3/4 Meeting: 10 January 2016 – 1300-1700 h 

 Last Name First Name Affiliation Country IEEE Member? 

1.  Alon Leeor New York University US Y 
2.  Bailey Bill Exponent US Y 
3.  Bodemann Ralf Siemens DE Y 
4.  Butcher Matt SiteSafe US Y 
5.  Chou C-K Independent Consultant US Y 
6.  Cleveland Robert EMF Consulting US Y 
7.  Colville Frank US Army PHC US Y 
8.  Dovan Thanh Retired AU Y 
9.  Elder Joe Independent Consultant US  
10.  Faraone Antonio Motorola Solutions, Inc. US Y 
11.  Futch James FL Dept. of Health US  
12.  Gettman Ken NEMA US Y 
13.  Graf Kevin Exponent US  
14.  Haes Donald BAE Systems US  
15.  Harmon Ray URS Corporation US Y 
16.  Hatfield James H&D LLC US Y 
17.  Hirata Akimasa Nagoya Inst of Technology JP Y 
18.  Joyner Ken Consultant AU  
19.  Kavet Robert EPRI US Y 
20.  Kihnstrom Cory Verizon Wireless US  
21.  Kim Soo (IEEE Staff Liaison) US Y 
22.  Klauenberg B Jon USAF Human Effectiveness Dir. US Y 
23.  Maxson David Isotrope, LLC US Y 
24.  Meltz Marty Retired US Y 
25.  Petersen Ron R C Petersen Associates. LLC US Y 
26.  Reilly* J Patrick Metatec Associates US Y 

27.  Shelton Wesley AT&T US Y 
28.  Sliney David Ind. Consultant US  
29.  Tell Ric Richard Tell Associates, Inc. US Y 
30.  Visser Auke Royal Netherlands Navy NL  
31.  Wandel Eric Wavepoint Research US Y 
32.  Wessel Marvin Global RF Solutions US Y 
33.  Ziskin Marvin Temple University  US Y 

 
* By telephone. 
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Chairman’s Report

SC – 3/4
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SC – 3:       Safety Levels  0 Hz to  3 KHz
Co-Chairs: Rob Kavet

Thanh Dovan

SC - 4:      Safety Levels  3 KHz to 300 GHz
Co-Chairs: Art Thansandote

Marv Ziskin
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Major Task of SC – 3/4

Ongoing Revision of 
C95.1-2005   RF Safety Standard  (3 kHz – 300 GHz) 

to incorporate
C95.6-2002    LF Safety Standard (0 Hz – 3 KHz).

Goal:

C95.1-xxxx   Safety Standard (0 Hz – 300 GHz)
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Editorial Working Group

Members:  
From both SC3 and SC4

Meetings:
Face to Face  ~ 4 times per year
Teleconferences  Several

Tasks:
Prepare Drafts
Address Comments 
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Major Hurdles

1. Defining appropriate limits for contact currents

2. Choosing approach to establishing thresholds
for adverse health effects:

C95.6  - Based on Statistics
C95.1 – Based on Absolute Threshold

Resolution:  Retain both approaches
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IEEE Standard for Military Workplaces—Force Health 
Protection Regarding Personnel Exposure to  Electric, 

Magnetic, and  Electromagnetic Fields,  0 Hz to 300 GHz

IEEE Technical Committee 95

Sponsored by the  IEEE International Committee on Electromagnetic Safety (ICES) 

IEEE 
3 Park Avenue  IEEE Std C95.1-2345™-2014 
New York, NY 10016-5997 
USA        
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C95.1-2345

Military Standard – 0 Hz to 300 GHz

May 16, 2014 
Approved by the IEEE Standards Association Standards Board (SASB)

Nov 23, 2015
STANAG 2345 has been ratified 
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IEEE Standard for Military Workplaces—Force Health 
Protection Regarding Personnel Exposure to  Electric, 

Magnetic, and  Electromagnetic Fields,  0 Hz to 300 GHz

Will now replace previous NATO RF Standard

STANAG 2345

Special Thanks to 
B. Jon Klauenberg
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ICES Literature Review 
Working Group

Members
• Antonio Faraone, Chair
• Bill Bailey
• Jerry Bushberg
• C-K Chou
• Joe Elder

• Ken Foster
• Marty Meltz
• Ron Petersen
• Mike Repacholi
• Marv Ziskin
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International Committee on Electromagnetic Safety  (ICES)

Procedures for
Systematic Review of Scientific Evidence for 

Human Exposure to
Electromagnetic (EMF) Fields (0– 300 GHz) 

Standard Setting

Technical Committee 95  - Subcommittees 3 and 4
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IEEE-SA AWARDS AND RECOGNITION COMMITTEE 

has presented 

The IEEE Standards International Award

To

Pat Reilly
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IEEE-SA AWARDS AND RECOGNITION COMMITTEE 

has presented 

The IEEE Standards International Award

To

Pat Reilly
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DISTRIBUTION STATEMENT  A:  Approved for public release; PS # TSRL 14-

STANAG 2345 – Ratification Status
IEEE/ICES
Motorola

Plantation, FL
January,12, 2016

Dr. B. Jon Klauenberg
Senior Research Physiologist

711th Human Performance Wing
Human Effectiveness Directorate

Bioeffects Division
Radio Frequency Bioeffects Branch

DISTRIBUTION STATEMENT A:  Approved for public release; PS # TSRL 14-0100
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2

Outline

1. The Transition From NATO to Civil Standards Process

2. Selection Of Standards Developmental Organization

3. Lessons Learned

4. C95.1-2345TM military standard

5. STANAG 2345 Ed 4

6. Way Ahead

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100

Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



3

“New IEEE Military Workplace Standard” signed 30 July 2009

Specific Agreement Between  
NATO and IEEE

“IEEE shall develop, maintain, 
revise, and update a new IEEE 
military workplace standard that 
will address normative military 
occupational/workplace-specific 
exposure limits to electric, magnetic 
and electromagnetic fields”

Not simply adopting a non-
governmental standard in lieu of a 
military drafted standard, but having 
civil SDO draft a military standard. 
This sets a precedent.

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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• Designated as “Essential STANAG”
(GENMED WG June 2001)

• Provides minimal exposure guidance

• USA Custodian 1993-present

• Based on civil standard (IEEE C95.1)

• Last revision 13 Feb 2003

• Triennial review: reaffirm, revise, cancel

NATO Radio Frequency 
Personnel Exposure Safety Standard

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-
0100
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• Not all standards setting organizations can do
personnel safety standards (i.e. CENELEC, IEC)

• NATO process is very slow: multiple steps, multiple
silences, lots of “desk time” (leads to “pushy” Custodian)

• IEEE ICES changes in standard can be lengthy time wise

• External influences of other standardization bodies

• National positions and misunderstandings cause delays

– Nations adopting non-existent draft Directive 2004/40/EC

– Nations failing to recognize minimal requirement nature

– Nations ignoring derogations

Lessons Learned

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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Military Exemption from European Union 
Directive on Electromagnetic Safety Obtained 

• Successfully led NATO action for derogation of
all military operating in EU

• Directive 2013/35/EU published 29 June 2013

Impact/Importance:
• EU NATO nations can use NATO STANAG 2345

• Maintains interoperability
• Removes impacts to operations

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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EMF Personnel Protection Standard 
IEEE C95.1-2345

• Approved 16 May 2014
• Published 30 May 2014

Combines C95.1 and C95.6
- 0 Hz – 300 GHz

• New environmental zone concept
• New concept for safety margin

−Relaxed exposure limit for experts
−Restricted expert only access zone
−New technologies facilitated

• New meaningful terminology
− Personnel protection program 

initiation level vs. action level

• Guidance for treating RFR
overexposures

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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• Provides command flexibility with safety

• Meets EU Framework Directive 89/391/EEC Article 6.3.(d)
“Only workers who have received adequate instructions may have access”

• Unlike EU Directive 89/391/EEC there is NO access “where
there is serious and specific danger.”

• Access is restricted to highly trained EMF workers to carry out
necessary activities under strict and explicit guidelines

• Safety procedures are enhanced - expert is closely monitored

• System-specific expertise required

Restricted Expert Only Zone 

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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Overexposure Risk

Safe: No Access Buffer

Safe: Expert Only

Safe: Informed Allowed
(Worker)

Safe: No Restrictions 
(Public)
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ICES Editorial Working Group 
(EDWG) 

• Ralf Bodemann, Chair ICES
• Ken Gettman, Vice-Chair ICES (host 11 meetings)
• Ron Petersen, Exec Secretary ICES
• C. K. Chou, Chair EDWG
• Ric Tell, SC2 Chair
• Rob Kavet, SC3 Co-Chair
• Thanh Dovan, SC3 Co-Chair
• Art Thansandote, SC4 Co-Chair
• Marv Ziskin, SC4 Co-Chair
• B Jon Klauenberg, NATO representative
• Pat Reilly, Electrostimulation expert
• John Osepchuk, Ex ICES Chair

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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• Market survey (1st Jun 08, 2nd Sep 08)

• SDO response (1 Oct 08) and selection of the SDO (22 Jan 09)

• Technical Cooperation Agreement  (14 May 2009)

• Specific Agreement for standard  (1 August 2009)

• SDO accepts NATO standard; PAR approved 11 Sep 2009

• SDO forms technical group  (1st meeting 22-23 July 2009)

• Revise or draft new (expected in 4 months)……… 5++ years 

• IEEE Published 30 May 2014
• NATO Force Health Protection WG review 4-5 Sept 2014
• Ratification draft submitted 26 January 2015
• NATO STANAG 2345 promulgation 26 November 2015
• ALL DONE!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

NATO Standards Transfer Process

Done

Done

Done

Done

Done

Done

Done

Done

Done

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100

Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



12

Sooo Good to be Done!!!!!!!!!!

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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• NATO requirement to review every three years

• Reaffirm, Revise if needed, or Cancel

• Estimate six months to assess need for revision:
September 2016

• Standardization Task due prior to revision: March 2017

• Revision of standard and STANAG due to Medical
Board for ratification of any changes no later than
January 2018

• Ratification to be completed by June 2018 with
possible one time 4 month extension

• Promulgation takes another 2-3 months

Next 

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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So it begins again

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100

It all began with a 
shocking event in 
the dark of night…..
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Thank you for your attention!

QUESTIONS?

B. JON KLAUENBERG, Ph.D., 
Air Force Research Laboratory 
711th Human Performance Wing 
Human Effectiveness Directorate 
Bioeffects Division 
Radio Frequency Bioeffects Branch 
bertram.klauenberg@us.af.mil
210-539-8058

????????  ?
QUESTIONS

Distribution A: Approved for public release, distribution unlimited; PA # TSRL 14-0100
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IEEE ICES Literature Review
January 2016 Status Report

Antonio Faraone – Review Coordinator
C-K. Chou, TC 95 Chair
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Summary
 Kick-off February 2015

 Identified topics and (lead) reviewers, defined (initial) review time-span 2003-2014
 Established timeline – goal to have review manuscripts in 4Q15

 Contacted Bioelectromagnetics to host review publication (~$30k funding to be addressed)

 Provided/suggested literature search resources
 IEEE ICES database  (http://ieee-emf.com/index.cfm)

 EMF-Portal (http://www.emf-portal.de/suche.php?l=e)

 PUBMED (http://www.ncbi.nlm.nih.gov/pubmed)

 June 2015 decision: Develop “review criteria” document
 Formed “Criteria Task Group”
 Initial draft for reviewers’ feedback issued October 6th 2015
 Revised draft based on reviewers’ feedback circulated to TG on December 14th 2015
 Improved draft circulated to ICES TC95 membership on January 7th 2016

ATTACHMENT 5
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Criteria Task Group
 Bill Bailey
 Jerry Bushberg
 C-K. Chou
 Joe Elder
 Antonio Faraone
 Ken Foster
 Marty Meltz
 Ron Petersen
 Mike Repacholi
 Marv Ziskin
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Main aspects to be finalized
 Selection of experts (reviewers)

 Declaration of reviewers’ “conflict of interest”
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Topics & Lead Reviewers
 Topics numbered per the current C95.1 Annex B

B.5.1 Thermoregulation M. Ziskin
B.5.2 Animal behavior, neurochemistry, neuropathology B. J. Klauenberg
B.5.3 Review of 0 Hz to 100 kHz studies Kavet & Reilly
B.6.1 Teratogenicity, reproduction, and development Bushberg
B.6.2 Hematology and endocrinology Pioli
B.6.3 Blood brain barrier (BBB) permeability Elder
B.6.4 Eye pathology Kojima
B.6.5 Auditory pathology and RF hearing Ravazzani & Parazzini
B.6.6 Membrane biochemistry Sheppard
B.6.7 Calcium studies and neuron conduction Sheppard
B.6.8 Other types of animal studies Faraone
B.6.9 Human provocation studies J. Withmore
B.7.1 Animal cancer bioassays Repacholi
B.7.2 Other animal and in vitro studies addressing cancer Vijay
B.7.3 Epidemiology studies (cancer and other endpoints) Erdreich
B.8 Mechanisms Balzano
Dosimetry and exposure system quality evaluation Faraone
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.    “The primary purpose of the IEEE (Institute of Electrical and Electronics Engineers) database 
(ieee-emf.com/) is to provide a comprehensive database of the world’s English language literature 
on radiofrequency (RF) energy to support the review and revision, if needed, of RF safety standards 
published by IEEE.  The goal is to identify all peer-reviewed research papers and other relevant 
reports such as peer-reviewed review articles and letters to journal editors.  In March 2011, the 
database had over 5000 references of which over 3200 are research papers.  Each entry has a brief 
description of the experimental approach/model and results; in addition, many of the research 
papers have a link to abstracts in PubMed.  The database can be searched by a number of ways 
(author, study type, key word, year, frequency range, etc.).  The core of the database is available 
without charge to the public; however, members of IEEE ICES (International Committee on 
Electromagnetic Safety) who are writing reviews of specific research areas have access to a 
password-protected area to support their work.”   
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At end of 2015, Database had

- 6132 citations  distributed in 2541 projects and 

- 5496 papers (PDF files).

- approximately 90% of citations have PDF file

In 2015:

+ 428 new citations 

+ 116 new projects 

+ 393 PDF files.
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FAR-INFRARED (IR-C – 3 – 1,000 µM) 
HEALTH EFFECTS AND EXPOSURE LIMITS

David Sliney, Ph.D.
Associate – Dept of Environmental Health Sciences, 
Johns Hopkins University School of Public Health
Formerly – US Army Center for Health Promotion 
and Preventive Medicine
Member ACGIH Physical Agents TLV Committee
Past Member – ICNIRP and IRPA/INIRC
IEC & ISO TCs on lasers etc.
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IR-C AND THZ SPECTRAL
DESIGNATIONS

 Traditional Dividing Line between far-infrared 
(IR-C Band) and microwave (sub-mm) regions has 
been at 300 GHz, i.e., @ λ = 1 mm in standards and 
publications related to occupational and 
environmental health, e.g., AIHA, ACGIH, ANSI, 
WHO, ICNIRP, ICOH, etc.

 CIE/ISO/ACGIH/ICNIRP Definition –
 IR-C extends from 3 µm (100 THz) to 1 mm (300 GHz)

 Definition of “THz region” overlaps this boundary, 
but spectral range varies within different 
publications, e.g., from 0.1-3 THz to 3 – 10 THz
 Lower Boundary - as low as 30–100 µm (100 – 30 THz)
 Upper Boundary from , or more than-300 µm to 3 µm.
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CURRENT EXPOSURE GUIDANCE

Laser exposure limits extend to 3 mm.
At present, ICNIRP and ACGIH, exposure 

guidelines for non-laser infrared are 
provided only explicitly for IR-A and IR-B 
spectral bands (780-3,000 nm)

The Exposure Limit is 100 W/m2 (10 
mW/cm2) for continuous exposure, or 
higher values for short periods up to 1,000 
s.  

Assessment of IR-C is excluded because it 
dominates background at 300 K and 
typical industrial environments, and if a 
potential hazard is only as a part of heat 
strain and heat stress
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BLACKBODY SOURCES AND IR-C

 ICNIRP has been frequently asked why there are no 
explicit guidelines for IR-C (non-laser) exposures

 There are several reasons, but key are:
 Because IR-C is always a background and does not pose a

significant fraction of the radiant energy risk for most
hazardous thermal sources

 Because, when IR-C is the significant stressor, heat
stress guidelines should be used and not a permissible
irradiance

 Example  100 mW/cm2 (1 kW/m2) is warming, pleasant
and comfortable at 5o C ambient, but painful at 30o C
ambient
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THE IMPORTANCE OF AMBIENT
CONDITIONS

Unlike IR-B and IR-A hazardous sources, the 
ambient determines whether IR-C sources 
are a problem, unless one is speaking of 
lasers
 An irradiance of 100 W/m2 is just detectable at

room temperature, but pleasant at freezing
conditions

 An irradiance of 1 kW/m2 gives life-saving
warmth under frigid conditions, but would
provoke a heat stroke at 35o C outdoors.

 IR-C is readily filtered from a radiometer 
reading by a glass window; ambient 
fluctuations then do not complicate readings
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CONSIDER BLACKBODY RADIATION

 The following curves were plotted to illustrate 
the relative contribution of IR-C  and to compute 
values of radiance as a function of black-body 
temperature.

 IR-C irradiance values are also provided for 
different source temperatures for different source 
sizes.
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BLACKBODY RADIANCE FOR THREE CONDITIONS
- IMPORTANT FOR RETINAL HAZARD ANALYSIS

Radiance
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FRACTION OF RADIANCE IN IR-A,B/C

Fraction of total Radiance
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BLACKBODY IRRADIANCE
Irradiance for 2π,  0.1, and 0.001 steradians
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BLACKBODY IRRADIANCE FROM DIFFERENT
SIZE SOURCES

Irradiance for 2π,  0.1, and 0.001 steradians
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ICNIRP STATEMENT ON FAR-INFRARED - 2006

 ICNIRP provides guidelines to limit exposure to 
intense infrared radiation up to  3 µm. 

 Guidelines for exposure to energy at longer far-
infrared wavelengths (referred to as IR-C) from 
lamps and other industrial sources were not 
provided because these wavelengths contribute a 
small fraction of the total radiant heat energy.

 Guidance is being provided for special conditions 
of lengthy far-infrared exposure that can occur 
despite the conditions of hyperthermia and skin 
discomfort. This can occur with elective exposure 
for perceived health benefit, in infrared warming 
cabins or “infrared saunas.”

 IR-C is frequently the main spectral emission 
encountered in infrared warming cabins.
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BACKGROUND – INFRARED (IR) 
RADIATION

 Infrared (IR) radiation is defined as 
optical radiation in the wavelength range 
of approximately 780 nm – 1 mm. 

 IR radiation is divided into IR-A (~780 to 
1400 nm), IR-B (1400-3000 nm) and IR-C 
(3000 nm – 1 mm).

Most high-intensity light sources emit 
negligible levels of IR-C compared to 
shorter wavelengths.

Thermal discomfort typically reduces 
potentially hazardous exposures to the 
eyes and skin. Hazardous sources are 
typically contained, filtered or baffled.
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BLACKBODY SPECTRAL DISTRIBUTION
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STEFAN-BOLTZMANN LAW
Stefan-Boltzmann Law

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E+06

1.00E+07

1.00E+08

0 1000 2000 3000 4000 5000 6000 7000

T (K)

W
 (W

 m
-2
)

ATTACHMENT 7Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



ICNIRP EXPOSURE GUIDELINES, IR 
HAZARDS TO THE EYE
 Cornea and lens (770-3000 nm):

 EIR < 18 t-3/4 kW m-2 t < 1000 s
 EIR < 100 W m-2 t > 1000 s

 Exemption: In cold environments, the limits may be 
increased to 40 mW cm-2 at 0°C and 30 mW cm-2 at 10°C 
when IR sources are used for comfort reasons. The 
relaxation of the limits is based on environmental exchange 
rates for the head, with the final temperature of the lens 
being calculated from ambient temperature.

 Retina (IR heat lamp, or any near-IR source 
where no strong visual stimulus is present):
 IR-A (770-1400 nm) should be limited to:

Σ Lλ R(λ) ∆λ < 6 kW m-2 sr-1/α t > 10 s
 The radiance is not averaged over angles less than αmin

= 11 mrad.  For very large sources α is limited to 100
mrad.

ATTACHMENT 7Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



ACGIH & ICNIRP EXPOSURE
GUIDELINES, VISIBLE AND IR 
THERMAL HAZARDS TO THE SKIN
 The radiant exposure for durations less than 10 s 

should be limited to:
 H = 20,000 t

1/4
J m

-2 
= 2 t

1/4
J cm

-2

 ACGIH has no IR skin limits since this is a matter 
of whole-body heat stress and not localized 
irradiation 

 But ICNIRP wanted something, so this was the 
ultra-conservative recommendation

 No limit is provided for longer exposures; normal 
avoidance behavior will impose limits. 

 Much longer exposures are dominated by heat-
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MAXIMAL RADIANT EXITANCE W
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ELECTIVE EXPOSURE IN INFRARED
WARMING CABINS OR “SAUNAS”
Classic example: wet sauna, which have 

been used by millions of people.
Exposure time can be long despite 

discomfort.
Far-infrared warming cabins primarily 

emitting IR-C are increasingly used.
Skin heating and hyperthermia from an 

IR-C warming cabin is produced 
differently from a conventional sauna. 

The heat exchange between the body and 
environment is almost purely radiative.
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MAXIMUM EMISSION WAVELENGTHS
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DANGERS OF IR-C CABIN EXPOSURES
 IR-C limits are not known.
 Because the primary heat exchange in an IR-C 

cabin is radiant heating, higher irradiance values 
are needed to achieve whole-body hyperthermia.

 IR-C cabins are potentially dangerous if not used 
with limitations on irradiance and without 
homogeneity of radiant distribution.

 From chronic IR exposure: Erythema ab igne – a 
mottled hyperpigmentation from exposures over 
many (10-20) years, where the individual is 
accustomed to exposure to a heat source that 
would be very uncomfortable for most persons. 
Condition is also known as “turf-fire cancer.” 

 Some photocarcinogenic potential is possible for 
erythema ab igne, if this is experienced with 
exposure to other agents, like UVR and 
chemicals.
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BIOEFFECTS - EYE

 IR-A and IR-B are usually the main concern.
 Aversion response, limiting exposure to 0.25 – 10 

s is typically sufficient to protect the eyes and 
skin.

 Lenticular opacities may develop from chronic 
overexposure. This has occurred in glass and 
steel workers.

 Corneal and lenticular exposure is significantly 
affected by relative position of light source and 
lid closure.

 Thermal injury depends strongly on heat 
conduction away from irradiated tissue; if 
exposure is less intense, surrounding tissue 
conducts heat away from the exposed site. Hence, 
spot-size must be specified for the exposure. 
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BIOEFFECTS - SKIN

 Tissue interactions are primarily thermally – not 
photochemically – initiated. 

 Some have suggested that infrared and heat may act 
synergistically with ultraviolet radiation to be 
potentially photocarcinogenic.

 IR-A penetrates more deeply than IR-B or IR-C, and 
has been used for medical purposes.

 Erythema ab igne (a mottled hyperpigmentation) may 
occur from chronic overexposure over many years.

 Again, thermal injury depends strongly on heat 
conduction away from irradiated tissue; if exposure is 
less intense, surrounding tissue conducts heat away 
from the exposed site. Hence, spot-size must be 
specified for the exposure. 
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SKIN PENETRATION DEPTH
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BIOEFFECTS - THERMOREGULATION

 The human body maintains 37 °C “core body 
temperature” in its deep interior

 This changes slightly during the circadian 
rhythm, and more strongly with exercise, 
possible disease states, and with thermal loading 
from ambient conditions.

 Heat exchange due to body heat, physical 
activity, convective heat exchange, evaporative 
cooling, sweating, etc. with the environment 
must be balanced in order to maintain a 
relatively constant body temperature.

 Heat stress, effective temperature and thermal 
comfort indices have been developed for use in 
the workplace.
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BIOEFFECTS - MEDICAL APPLICATIONS

 IR-A used for most applications.
Used for physical medicine for treatment 

of sports injuries, muscle aches, pain, and 
some diseases.

Recent interest in IR-A for hyperthermic 
treatment of cancers and Raynaud’s 
syndrome.

 IR-C is not widely used, but has been 
suggested for use as a “detoxifying” 
method following cancer chemotherapy.
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CURRENT ICNIRP GUIDELINES
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RECOMMENDATIONS, CONCLUSIONS
 There is already an urgent need to provide guidance for 

treating far-infrared exposures to the skin and eye. This 
problem will increase as lamp designs and technology are 
continuing to evolve.

 Must distinguish IR-C, IR-B, and IR-A, which penetrate 
skin differently. Deep heating with IR-C is only achieved by 
heat transfer, and with epidermal temperature is higher 
than loads from shorter wavelengths.

 Increase awareness of problem signs: acute erythema 
(lasting 1-2 hours) and reticulated patterns. Absence of 
pain does not indicate “no adverse effect.”

 There is an absence of controlled clinical trials showing the 
health benefits of saunas and IR-C warming cabins.

 There is a strong need to lay to rest the concerns related to 
alternative damage mechanisms for infrared cataract, and a 
need to know the dose response curve for erythema ab igne.
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ICNIRP Statement

ICNIRP STATEMENT ON FAR INFRARED RADIATION
EXPOSURE

The International Commission on Non-Ionizing Radiation Protection*

INTRODUCTION

THE INTERNATIONAL Commission on Non Ionizing Radia-
tion Protection (ICNIRP) currently provides guidelines
to limit human exposure to intense, broadband infrared
radiation (ICNIRP 1997). The guidelines that pertained
to infrared radiation (IR) were developed initially with an
aim to provide guidance for protecting against hazards
from high-intensity artificial sources and to protect work-
ers in hot industries. Detailed guidance for exposure to
longer far-infrared wavelengths (referred to as IR-C
radiation) was not provided because the energy at longer
wavelengths from most lamps and industrial infrared
sources of concern actually contribute only a small
fraction of the total radiant heat energy and did not
require measurement. Based upon the total optical emis-
sion of industrial sources and high intensity lamps, the
limited IR-C contribution was incorporated into the
derivation of the limits. Furthermore, when the limits
were developed, the glass or quartz windows used with
most portable thermal radiometers blocked most energy
beyond 3–4 �m; thus, it was reasoned that the appropri-
ate field measurements of IR sources could best be
accomplished by limiting the measurements for risk
assessments to wavelengths less than 3 �m. Therefore,
ICNIRP previously did not provide specific guidance for
IR-C (3 �m–1,000 �m) radiation; although, it was
recommended that IR-C radiation should be included in
measurements if this was of concern.

Industrial workers in very hot environments, such as
in the glass, steel, and aluminum industries have tradi-
tionally had to deal with excessive infrared exposure.
Industrial protective measures have evolved to counter

the health hazards associated with these hot environ-
ments. Heat strain and discomfort (thermal pain) nor-
mally limit skin exposure to infrared radiation levels
below the threshold for skin-thermal injury, and this is
particularly true for sources that emit largely IR-C.
Furthermore, limits for lengthy infrared exposures would
have to consider ambient temperatures. For example, an
infrared irradiance of 1 kW m�2 (100 mW cm�2) at an
ambient temperature of 5°C can be comfortably warm-
ing, but at an ambient temperature of 30°C this irradiance
would be painful and produce severe heat strain. There-
fore, ICNIRP provided guidelines to limit skin exposure
to pulsed sources and very brief exposures where thermal
injury could take place faster than the pain response time
and where environmental temperature and the irradiated
skin area were minor factors. Current exposure limits for
the skin are to protect against thermal burns within
exposure durations less than 10 s only, i.e., no exposure
limits are provided for exposure durations longer than
10 s. For exposure durations longer than 10 s, potential
health risks other than burning, such as heat strain
resulting from excessive heat stress (core body temper-
ature elevation), may become relevant, for which cur-
rently no exposure limits can be recommended.

Limits for greater exposure durations exist for ocu-
lar exposure, but the ambient temperature must be
considered.

The primary impetus for this statement arose from
conditions of human exposure where individuals person-
ally elect to be exposed to relatively intense IR radiation
and in some cases to induce mild hyperthermia for
perceived health benefit. In recent years, relatively new
types of infrared heating appliances (e.g., radiant warm-
ers and infrared warming cabins, sometimes referred to
as “infrared saunas”) have been introduced for home and
spa use. IR-C is frequently the main spectral emission
encountered in infrared warming cabins, but there are
also types which peak in the IR-A or IR-B wavelength
range. There has been little or no physiological and
medical research on the health effects of IR warming

* ICNIRP, c/o BfS, Gunde Ziegelberger, Ingolstaedter Landstr. 1,
85764 Oberschleissheim, Germany.

For correspondence contact G. Ziegelberger at the above address
or email at g.ziegelberger@icnirp.org.

(Manuscript accepted 24 July 2006)
0017-9078/06/0
Copyright © 2006 Health Physics Society
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cabins, despite the existence of many claims of health
benefits (Meffert and Piazena 2002).

This statement was prepared to provide guidance for
the special conditions where lengthy periods of far-
infrared skin exposure can occur despite the limitations
normally imposed by hyperthermia and skin discomfort.
This statement examines the potential risks of repeated
human exposure to infrared radiant energy and provides
expanded guidance for assessing the health risk from
IR-C exposure.

BACKGROUND

Infrared radiation spectral regions
Optical radiation in the wavelength range of �780

nm to 1 mm is known as infrared (IR) radiation. As noted
above, the infrared region is often subdivided into IR-A
(0.78–1.4 �m), IR-B (1.4–3 �m), and IR-C (3 �m–1
mm). The wavelength range of visible radiation (VIS) is
usually considered to lie within the wavelength range of
380 nm to 780 nm. These spectral bands, defined by the
International Commission on Illumination (CIE 1987),
can be useful as “short hand” notations in discussions of
the photobiological effects of optical radiation, although
the predominant effects have less sharply defined spec-
tral limits. The three infrared spectral bands roughly
distinguish between different penetration depths into
tissue, which are strongly dependent upon water absorp-
tion. IR-A radiation penetrates several millimeters into
tissue. IR-B penetrates less than 1 mm, and at the
penetration depth (1/e) is least (approximately 1 �m) at
wavelengths near 3 �m, where water has its highest
absorption peak. IR-C does not penetrate beyond the
uppermost layer of the dead skin cells, the stratum
corneum.

Most high-intensity broad-band sources (e.g., arc
and incandescent sources) produce negligible levels of
IR-C compared with the emissions at shorter optical
wavelengths, and IR-C radiation can thus be largely
ignored in risk assessments of these types of optical
sources. Therefore, ICNIRP guidelines do not contain
explicit recommended exposure limits for IR-C radiation.
Only lasers pose serious potential hazards in this spectral
region and current ICNIRP guidance extends to 1 mm for
protecting the skin and eyes from laser irradiation
(ICNIRP 1996, 2000).

Current guidance (ICNIRP 1997) assumes that all of
the IR energy from IR-A and IR-B (780–3,000 nm)
poses a risk to the human eye, whereas the contribution
from IR-C in a white-light source would be small, or at
least more or less equivalent for different sources. There
is no strong wavelength dependence for absorption at
wavelengths greater than 3 �m. IR radiant energy is

nearly totally absorbed and only a very small fraction is
reflected, thus a CO2 laser emitting 10.6 �m radiation
requires the least irradiance to heat up the skin surface.

Optical radiation from artificial sources is used in a
wide variety of industrial, consumer, scientific, and
medical applications. In most instances the visible and
infrared energy emitted is not hazardous. In certain
unusual situations, however, potentially hazardous levels
are accessible, and excessive infrared radiation is typi-
cally filtered or baffled to reduce discomfort. Where
sufficient visible radiation is present, the natural aversion
response of the eye to bright light will substantially
reduce potentially hazardous ocular exposure. Moreover,
if the total irradiance is sufficiently high, the thermal
discomfort sensed by the skin and cornea will also
produce an aversion response that will limit the exposure
time to a few seconds or less. Nevertheless, certain
exposures remain potentially hazardous. Examples in-
clude those that may result from molten metals and
infrared lamps for surveillance and heating. A variety of
electrically heated metallic and ceramic rods and plates
are used for radiant heating and drying in industry and in
many medical, consumer, and office appliances. Where
there is a need for comfort, these sources are frequently
enclosed or baffled and seldom pose an actual hazard.
Conventional lamps, as well as light-emitting diodes
(LEDs), emit relatively little IR-C radiation. Emissions
of current infrared LEDs are limited to near-infrared
wavelengths.

The optical properties of laser radiation differ sig-
nificantly from those of conventional, broadband optical
radiation. Therefore, the exposure limits for broadband
optical sources necessarily differ from those applicable
to lasers. In addition, laser guidelines incorporate as-
sumptions of exposure that may not apply to conven-
tional optical sources (ICNIRP 1996, 2000). Most lasers
emit radiation over one or more extremely narrow
wavelength bands, and no detailed knowledge of the
spectral output is required for purposes of hazard evalu-
ation. By contrast, evaluation of the potential hazards of
broadband conventional light sources requires spectro-
radiometric data for application of several different
photobiological action spectra for UV and visible hazard
evaluation, as well as knowledge of the exposure geo-
metry. Photobiological action spectra are not relevant in
the infrared, and spectroradiometric measurements are
not required to apply the exposure guidelines for risk
assessment (Heath Council of Netherlands Committee on
Optical Radiation 1993).

In research studies spectroradiometric data are use-
ful to evaluate the relative effectiveness of different
broadband infrared radiation sources—particularly in the
short- and mid-wavelength range (IR-A and IR-B). This
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is due to the strong dependence of the spectral absorption
coefficient on wavelength in the tissue. Furthermore, the
geometry of the exposure has to be considered because
the thermal effects in the tissue depend on both the
irradiated area and the irradiance.

Thermal radiation
All bodies emit a broad spectrum of optical radiation

which depends on their absolute temperature expressed
in Kelvin (K) and on their spectral emissivity �(�).
(Note: The temperature in Kelvin is the temperature
expressed in degrees Celsius � 273.15.)

Based upon spectral emissivity, which in general
depends on wavelength (�) and on temperature, all
bodies can be divided into three types. These are perfect
blackbodies with a constant emissivity of �(�) � 1 for all
temperatures of the emitting body; “grey bodies” with a
smaller but also spectrally flat emissivity (which may
depend on the surface temperature); and spectrally selec-
tive radiators showing a smaller and spectrally different
emission than perfect blackbodies at a given temperature
[�(�) � f (�,T) � 1].

For perfect blackbodies the spectral radiant exitance
W� (in units of W m�2 nm�1) is described by Planck’s
Law of Radiation (eqn 1):

W� � �2 c2h/�5� � �ehc/�kT � 1��1, (1)

where c � 2.997925 � 108 m s�1 is the vacuum speed of
light, h � 6.6256 � 10�34 Js is Planck’s Constant, k �
1.380662 � 10�23 JK�1 is Boltzmann’s constant and
where the wavelength � is expressed in meters (m).

Fig. 1, from Plank’s Law, provides the theoretical
spectral radiant exitance for ideal blackbodies with dif-
ferent temperatures in the range between 273.15 K (i.e.,

0°C) and about 1,000 K (typical of a red-hot electric
heater coil).

The peak spectral emission of blackbodies and
grey-bodies continues to shift to shorter wavelengths for
higher temperatures. This is known as Wien’s Displace-
ment Law (eqn 2):

�max � 2898/T, (2)

where �max is the wavelength of maximum radiant exi-
tance in units of �m, and T is the temperature in units of
K. At the typical environmental background temperature
of 300 K, the peak emission is at about 9.7 �m (IR-C),
and at the temperature of molten steel (�1,800 K), the
peak has shifted to �1.6 �m (IR-B), but at the surface
temperature of the sun (�6,000 K), the peak has shifted
to about 0.48 �m (VIS).

Fig. 2 provides the spectral peak shifts of some
representative blackbody temperatures.

The spectral and semi-spatial integration of the
spectral radiant exitance results in the specific radiant
exitance (i.e., the surface radiant flux density), which is
related to the absolute temperature T in the Stefan-
Boltzmann Law according to eqn (3):

W � � � � � T4, (3)

where � � 5.6687 � 10�8 W m�2 K�4 is the Stefan-
Boltzmann constant, and � is the total emissivity of the
material (with a maximal value of 1.0 for a perfect
blackbody). Note that the emitted thermal radiant energy
increases very rapidly with temperature.

Fig. 3 provides the specific radiant exitance for a
perfect blackbody in comparison with data for bodies of

Fig. 1. Dependence of spectral radiant exitance W� (Planck’s Law)
for theoretically perfect blackbodies with temperatures between
273 K (� 1°C) and 1,000 K (Planck’s Law) as a function of
wavelength � in �m.

Fig. 2. The wavelength of maximal radiant exitance �max as a
function of the absolute temperature for a perfect blackbody
(dashed line) and for different bodies with temperatures between
273.15 K (0°C) and 6,000 K (Wien’s Displacement Law).
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different total emissivities at temperatures from 300 K to
about 3,000 K. For example, the total radiant exitance for
the surface of the sun, which can be approximated as a
blackbody at 6000 K, is about 7.348 � 107 W m�2. For
a blackbody surface at 600 K the Stefan-Boltzmann Law
predicts 7.348 � 103 W m�2.

SPECIFIC APPLICATIONS

Medical applications
The medical use of infrared radiation has a long

history. It has been widely used in physical medicine for
treatment of sports injuries, muscle aches, pain, and some
chronic diseases (Licht 1967; Vaupel and Krüger 1992,
1995). In recent years there has been an interest in the use
of IR-A sources for hyperthermic treatment of cancers
(von Ardenne 1994, 1997; Vaupel and Krüger 1995;
Wehner et al. 2001). Because of the deeper penetration of
IR-A, this is used almost exclusively, and water filtering
of IR to achieve pure IR-A has been recommended in
therapeutics. There are also special IR-A therapeutic
apparatuses that have been used for hyperthermic treat-
ment of cancers and Raynaud’s syndrome (i.e., white
finger disease). The typical treatment irradiance of sev-
eral therapeutic IR devices fall in the range of 800 W
m�2. A German standard (DIN 5031-10; DIN 2000)
limits IR-A to 1,200 W m�2 in therapeutic equipment.
Monitoring rectal temperature is the most basic indicator
of core body temperature. Therefore in cases of extreme

heat environments, workers are sometimes medically
monitored in this way to determine the onset of heat
strain (ACGIH 2005a, 2005b). This is also used for
patients undergoing IR-A therapy.

IR-C is not widely used in therapeutic applications,
although it has been suggested for use as a “detoxifying”
method following cancer chemotherapy.

Warming cabins
Elective hyperthermia—the classical being wet

sauna and hot baths—dates back millennia. There are
approximately 26 million regular users of sauna in
Germany alone (Meffert and Piazena 2002), and there is
an increasing number of far-infrared warming cabins
being used. There are a variety of infrared warming
cabins that are constructed somewhat like a sauna, except
that electrically heated ceramic or metal radiators are
placed typically to the back and front of the cabin, such
that the seated individual is exposed from the rear and the
front. The heating elements are typically heated to about
300o to 400°C when designed to emit primarily IR-C. It
is not always recognized that the skin heating and the
resulting hyperthermia are produced differently in an
IR-C warming cabin compared to a conventional sauna.
The heat exchange between the body and the environ-
ment is almost purely radiative in the case of far-infrared
warming cabins. There are at least three varieties of
infrared warming cabins to consider:

1. Cabins with large area low temperature heaters (ba-
sically the whole wall becomes hot) which have much
lower surface temperatures (about 50 to 70°C) where
the irradiance of the skin is relatively low and the
emission is purely in the IR-C (with peak wavelengths
at �7 �m);

2. Cabins with IR-C heaters that are typically ceramic or
metallic rods with a length of about 50 cm or plates of
the order of 5 cm by 20 cm. The surface temperature
is generally in the range of 300–400°C and the back
of the radiator housing forms a metallic reflector. The
radiators that are positioned in the back are recessed
with respect to the backrest by typically 10–15 cm.
The distance of the front-side heaters to the irradiated
person is usually of the order of 50 cm to 1 m. The
fraction of IR-B that is emitted by these radiators is
negligible and the emission lies mainly in the IR-C
region; and

3. In some IR warming cabins, filtered filament lamps
are used that produce emissions in the IR-B or in the
IR-A. The lamps are basically quartz-tungsten lamps
with an elongated filament, where the visible compo-
nent is strongly decreased by filters. However, these
lamps also emit a small amount of visible light so that

Fig. 3. Stefan-Boltzmann Law. The specific radiation exitance (W
m�2) as a function of the absolute temperature for a perfect
blackbody (dashed line) and for bodies of different temperature
and total emissivities (�). Water and human skin (� � 0.96–0.97),
wood (� � 0.8–0.9 at 300 K), steel (� � 0.065 at 300 K), tungsten
(� � 0.03 at 300 K; � � 0.111 at 1,000 K; � � 0.242 at 2,000 K,
and � � 0.318 at 3,000 K), fireproof stone (� � 0.65–0.85 at 800
K and � � 0.75–0.90 at 1,300 K), a radiant heater (� � 0.3 at
400°C), and the surface of the sun (� � 1.0 at about 6,000 K).
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they can be easily distinguished from the lower
temperature IR-C radiators that do not emit any
visible radiation. The red light is more obvious from
radiators with a maximum emission in the IR-A than
the radiators with a maximum emission in the IR-B.
As filament temperatures need to be high to produce
main emission in the IR-A, cooling of the radiator
becomes an issue to prevent exposure levels which are
uncomfortable or produce a pain response.

The following discussion mainly refers to IR-C
warming cabins with heating element temperatures of
about 300–400°C. The air temperature of conventional
saunas is maintained typically at approximately 85–
90°C. However, the IR-C cabin air temperature may be
of the order of �40°C or less, and the primary heat
transfer is by radiant heating. The IR-C skin irradiance in
a conventional wet sauna is of the order of 110–200 W
m�2 from the hot walls, and at least half of the total body
heating occurs from convection. The heating of the skin
with IR-C warming cabins is faster than the older,
conventional sauna, but higher irradiances of the skin
must be applied in order to produce noticeable sweating
(normally desired by the user) because of the absence of
humidity normally present in a traditional sauna. How-
ever, in an IR warming cabin, there is negligible or little
heat exchange by convective heating, thus the IR-C
irradiance values must be higher to achieve a similar
whole-body hyperthermia. Since the walls in an IR
warming cabin are at a lower temperature than in a
conventional wet sauna, the irradiance pattern on the
body is far less uniform (except for large area, low
temperature heating plates). To achieve the same degree
of hyperthermia in these cabins, the average IR-C irra-
diance at the skin surface measures about 200–400 W
m�2, with hot-spots of the order of 1 kW m�2. Many
sauna enthusiasts actually have two units—both the
original sauna and now an infrared cabin for a more rapid
session (Piazena and Meffert 2001).

BIOLOGICAL EFFECTS OF INFRARED
RADIATION

Optical radiation is generally absorbed superficially
in skin and ocular tissues, but with varying penetration
depths depending on wavelength. In the eye, the cornea,
lens and retina can be at risk, depending upon spectral
band. Following absorption of the radiant energy, the
interaction with tissue can be either thermal or photo-
chemical (where individual photons interact directly with
individual molecules to directly induce chemical
changes). Indirect effects are also possible, ranging from
whole-body heat stress (hyperthermia) to cellular effects,
where elevated cell temperatures can also interfere with

DNA repair. Chronic, repeated elevated skin temperature
can also result in pigmentary changes that are referred to
as erythema ab igne.

General

Mechanisms of interaction with biological tissue.
The eye and skin are adapted to protect the body against
optical radiation from the natural environment. Humans
have learned to use appropriate additional protective
devices. The aversion response normally limits the du-
ration of exposure to less than 0.25–10 s. This protects
the eyes and skin against thermal injury from sources
such as the sun, incandescent lamps, and radiation
emitted by hot objects. Although the aversion response to
bright light is formalized in eye-safety standards at
0.25 s, there is no such formalism for the thermal
aversion response due to the skin’s thermal receptors.
Large areas of the skin will be more readily heated to
higher temperatures than smaller areas (as from a laser
beam) for the same irradiance (Sliney and Wolbarsht
1980; UNEP/WHO/IRPA 1982). Because of the distri-
bution of thermal pain sensory endings in the skin, the
sensation of heat is more certain when the irradiated skin
area is larger (Blick et al. 1997; Cook 1952; Hardy et al.
1953).

Tissue interactions in the ultraviolet and visible por-
tions of the optical spectrum are either thermally or photo-
chemically initiated. However, for infrared optical sources,
thermal injury of skin and ocular tissues is the dominant
interaction mechanism. Skin cancer caused by optical radi-
ation sources in the absence of ultraviolet radiation is not
considered to be a significant risk (UNEP/WHO/IRPA
1982, 1994; IRPA 1985; IARC 1992) and is discussed in
more detail in the section below. In recent years there has
also been research showing photochemical interactions in
the red and IR-A spectral region that can affect cellular
activity (Karu 1987, 1998). However for IR-B and IR-C
interactions with biological tissues, only thermal interaction
mechanisms are known.

IR-A penetrates deeper (to several mm) into tissue
than IR-B and IR-C (Hardy et al. 1956). The penetration
of IR-C in tissue is only superficial. The penetration
depth expressed as 1/e (37%) of the incident irradiance is
of the order of 0.1 mm or less. At approximately 0.25
mm, 95% of the incident radiation has been attenuated by
absorption and scattering. For this reason, IR-A is more
frequently applied medically for delivering thermal en-
ergy to the vasculature and to muscle tissue. Fig. 4 shows
the skin penetration depth in mm at different IR wave-
lengths.

Characteristics of thermal interaction mecha-
nisms. Unlike photochemical injury, thermal injury does
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not show reciprocity between irradiance and exposure
duration. Thermal injury is strongly dependent upon heat
conduction from the irradiated tissue (Cunningham 1970;
Davis 1963). It requires an intense exposure within
seconds to cause tissue coagulation. If the exposure is
less intense, surrounding tissue will adequately conduct
heat away from the exposed site. Thresholds for acute
thermal injury of both cornea and retina in experimental
animals have been corroborated for the human eye by
flash burn accident data (Sliney and Wolbarsht 1980).
The time-temperature history for brief exposures has
been studied largely with laser pulses and detailed data
were obtained for porcine skin and for small images on
the retina (Brownell et al. 1969; Priebe and Welch 1978;
Allen and Polhamus 1989). The irradiance required to
achieve these temperatures depends upon the ambient
tissue temperature and the exposed area or irradiated spot
size.

Because of the more efficient cooling of small spots,
injury of a small spot requires higher irradiances than
injury of a large spot. This more rapid cooling of small
areas also limits the duration of elevated temperature
after the cessation of optical exposure, therefore influ-
encing the critically important time-temperature history
of the exposed tissue. Thus there is no single critical
temperature for a given exposure duration. The spot size
must be specified for describing ocular or skin exposures.

Effects on the skin

Acute infrared exposure and skin burns. Nor-
mally a temperature of at least 45°C is necessary to
produce a thermal burn (Greene and Hardy 1962; Hardy
and Oppel 1937; Hardy et al. 1962; Hardy 1968, 1978;
Moritz and Henriques 1947; Derksen et al. 1963; Hendler
and Hardy 1960; Hendler et al. 1963; Stolwijk 1980).
Higher temperatures (Henriques and Moritz 1947; Hen-
riques 1948) are required for thermal injury to result from
exposures of shorter duration (e.g., about 47°C for 10 s or
57°C for 1 ms). There has long been a debate about the
dose-response curve for the production of infrared in-
duced thermal skin burns, which also varies with the
spectral distribution. Some reports refer to damage stud-
ies with white light sources, others to laser damage, but
in all cases the assumption is that the injury mechanism
is purely thermal. Skin reflectance plays a major role in
reducing risk from visible and near-infrared sources
(Hardy et al. 1956).

It is critically important to distinguish IR-C (and
IR-B) from IR-A, where the infrared penetrates well into
the dermis and even deeper into the sub-cutis. The dermis
is approximately 1 mm thick and contains most of the
nerve endings, whereas the epidermis is at least 100 �m
thick and has no blood vessels. IR-B is absorbed in the
epidermis and dermis, but is not absorbed as deeply as is
IR-A radiation. IR-C is totally absorbed in the stratum
corneum and superficial epidermis. Thus, deep heating
by IR-C is only achieved by heat transfer, i.e., heat
conduction in the tissue and by blood flow. The resulting
epidermal temperature is higher when the skin is irradi-
ated with IR-C than similar thermal loads from shorter
wavelengths. The prolonged erythemal response pro-
duced by IR-C exposure is probably the result of in-
creased epidermal temperatures with this type of radia-
tion.

Histological analyses show detectable early changes
even in skin previously exposed to infrared radiation at
levels below thermal pain. These include vasodilatation
and perivascular accumulation of degranulated mast cells
(signs of cellular stress as can be observed following an
exposure to UV radiation, but not related to DNA
damages). Brief, single infrared exposures also induce
the expression of the prostaglandins D2, E2, and F2

(Juhlin et al. 1983; Schulze et al. 1985).

Delayed effects. The only widely reported delayed
effect from infrared irradiation is erythema ab igne.
Erythema ab igne appears at the site of chronically
repeated episodes of elevated skin temperatures not
sufficient to burn the skin (Edwards et al. 1999). The
appearance is reticular, macular (or slightly infiltrated),

Fig. 4. Skin penetration depths of optical radiation to 37% (1/e) of
the incident surface irradiance in the spectral range 0.3–3.0 �m
into fair human skin as a function of wavelength, and compared
with the order of thickness of the epidermis (0.1 mm) and of the
dermis (1 mm). The calculated values by using spectral data of the
absorption coefficient and of the reduced scattering coefficient
published by different authors are shown as stars. These are
compared with the data of Anderson and Parrish (1982) (circles).
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and reddish to brown color (initial signs are red, then
later darker). Initial effects of repeated elevated skin
temperature are epidermal atrophy, a dermal mixed-cell
infiltrate and pigmentation caused by melanophages,
free-lying melanin granules, and hemosiderin. Later,
basophilic degeneration of connective tissue, including
the alteration of elastic fibers and hyperkeratosis with
and without dyskeratosis, are observed (Shahrad and
Marks 1977; Hurwitz and Tisserand 1987; Findlayson et
al. 1966).

Before the advent of central heating, thermal kera-
toses and erythema ab igne was once found frequently on
the naked shins of fireplace owners. Today erythema ab
igne is rare, although it has been reported to result from
chronic use of hot water bottles on the abdomen (Fitz-
patrick 1999). It has various other names and was once
common in actors and actresses from unfiltered lamps
used in 18th century theaters and amongst blacksmiths.

It is not clear if erythema ab igne is more likely to
occur from far-infrared than IR-A, since the latter deliv-
ers radiant energy more deeply. Since erythema ab igne
is also observed in cases where the skin heating occurred
from contact with hot surfaces without exposure to
infrared radiation, the induction of erythema ab igne is
generally linked to repeated episodes of elevated skin
temperatures, by whatever means the heat is transferred.

If the heating practice is discontinued, erythema ab
igne disappears after some years. However, there have
been anecdotal reports that chronic inflammation can be
the site of development of skin cancer. Indeed, this was
termed “turf-fire cancer” or “Irish farmers’ wives can-
cer,” or “cangri cancer.” The associated cancer is nearly
always a squamous cell carcinoma and rarely a basal cell
carcinoma. There is no evidence to support the hypoth-
esis that infrared radiation is a carcinogen. There are only
a few publications that have suggested infrared effects
upon DNA. For example, in studies of infrared photo-
protection by the introduction of mineral reflecting sub-
stances (TiO2, zinc) in sunscreen preparations (Pujol and
Lecha 1992/1993), there have been concerns that infrared
and heat may act synergistically with UV radiation to
produce cutaneous DNA denaturation (Roth and London
1977) and may also be potentially photocarcinogenic
(Freeman and Knox 1964). Others have argued that near
infrared radiation may protect normal human dermal
fibroblasts from solar UV phototoxicity (Menezes et al.
1998). However, there is also evidence that increased
temperature can reduce the repair efficiency of existing
DNA damage and it is not unreasonable that repeated
heating of the epidermis may promote (accelerate) skin
cancer formation induced by other agents (such as
ultraviolet radiation). Edwards et al. (1999) reported
increasing thickness of epidermis in IR irradiated skin as

well as cytochemical changes in Glucose-6-phosphate
dehydrogenase which are similar to changes observed in
solar keratoses and in preneoplastic and neoplastic tissue
caused by UV exposures. Perhaps because of these
observations, Dover et al. (1989) suggested a photocar-
cinogenic potential of IR radiation, but these tissue
changes produced by increased temperatures do not
confirm direct thermally induced DNA damage in the
exposed tissue. A review of the literature supports the
conclusion that heat alone is not expected to produce
DNA damage (Dewhirst 2003b) in normal cells. How-
ever, excessive epidermal temperature could act as a
co-carcinogen (promoter) by reducing the efficiency of
DNA repair from damage initiated by UV or chemical
exposures. It is known that elevated temperatures alter
ultraviolet-induced erythema thresholds. Elevated tem-
peratures can genomically destabilize an already trans-
formed cell, leading to cancer progression (Boukamp et
al. 1999). Temperature can be considered as a co-
carcinogenic factor. However, there is experimental ev-
idence that UV irradiation between 280 and 340 nm was
less effective than the full spectrum of a powerful
medium pressure mercury arc, and it is suspected that
elevated skin temperatures from VIS and IR might be
responsible (Bain and Rusch 1943; Bain et al. 1943).
They demonstrated that at room temperature between
35–38°C, the UV (280–340 nm) carcinogenesis evolved
at a much enhanced rate in comparison to normal room
temperature (around 23°C, which showed little differ-
ence with 3–5°C). Freeman and Knox (1964) confirmed
these latter results on room temperatures (32 vs. 24°C).
Overall result indicates a 3–7% higher efficacy in UV
dosages per degree C (van der Leun and de Gruijl 2002).
Van der Leun and de Gruijl postulated that climate
change could have an unexpected impact on skin cancer
incidences. For this reason, it is important to warn users
to avoid the use of warming cabins for at least 24 h
following substantial sun exposures or tanning with
artificial sources.

Studies of erythema ab igne (Findlayson et al. 1966;
Hurwitz and Tisserand 1987; Sharad and Marks 1977)
could be of some value; however, as this is no longer
widely observed, there are no recent scientific studies
and much evidence remains anecdotal (Fitzpatrick et al.
1974; Fitzpatrick 1999). There have been attempts to
produce erythema ab igne in animals (Walsder and
Hargis 2002) with some success. Meffert and Piazena
(unpublished†) measured the time course of elevated skin
temperatures for IR-C irradiation of 100 W m�2 and
1,000 W m�2. They noted the development of erythema

† Meffert H, Piazena H. Personal Communication. Berlin: Der-
matology Hospital; June 2003.
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after a 15-min exposure to 1,000 W m�2 (i.e., 100 mW
cm�2 leading to a radiant exposure of 90 J cm�2). There
was no pain reported by most of the subjects (indicating
a skin temperature less than 45°C). Initially the erythema
appears uniform, but after some minutes becomes retic-
ular, corresponding to the locations of small dermal
blood vessels. This may be an early step in the develop-
ment of a long persistent erythema, i.e., erythema ab
igne. The lasting erythema may result more from an
inflammatory response of the epidermis than from the
direct dilatation of blood vessels that is characteristic of
the transient erythema induced by IR-A exposures below
burn threshold. First-degree skin burns are homogeneous
and appear rapidly. There is leakage of small vessels and
a persistent redness in a burn. The distinction between a
clear case of first-degree burn and IR-C persistent ery-
thema may be ill defined.

Erythema ab igne on its own is not a serious health
problem, but more a cosmetic problem. However, it
indicates a thermal damage of skin which may increase
the risk of skin cancer development in the presence of
carcinogenic chemicals or UVR exposure. It is important
to note that the thresholds doses to induce erythema ab
igne may be below the thresholds of thermal pain.
Currently available data (Meffert and Piazena unpub-
lished†) indicate the existence of a threshold exposure
dose and irradiance to cause abnormally persisting ery-
thema of the skin. Further studies are needed to provide
a definitive threshold.

However, a practical recommendation is to consider
that if the acute erythema is persistent (i.e., it lasts for at
least an hour or two), this is abnormal, and should be
considered as a warning sign of abuse. Likewise, if a
reticulated pattern appears, this is a clear signal to limit
future exposures. When exposures are not repeated, the
erythema disappears after some time, i.e., if exposure
leading to persistent erythema is not often repeated, there
should not be a delayed effect. It should be noted,
however, that with many infrared warming cabin designs
the exposure is largely to the back and the dermal
response may not be readily observed by the user. The
absence of pain is not an indication of lack of an adverse
effect. Persistent erythema has appeared even when the
subject does not experience pain at the time of exposure
(Helm et al. 1997).

Effects on the eye
Any calculation of potential thermal hazards from

intense incoherent optical sources normally includes a
consideration of the contributions of IR-A and IR-B, but
IR-C is seldom considered for most light sources, includ-
ing the sun or molten metals, since the contribution of
IR-C is marginal. Different ocular structures are affected

by different infrared spectral bands: for wavelengths up
to 1,350–1,400 nm, the ocular media transmit energy to
the retina. At longer wavelengths, the anterior segment of
the eye absorbs incident energy. Only very intense
sources such as xenon-arc lamps and nuclear fireballs can
produce retinal exposures that can produce thermal
burns. The infrared radiation that is absorbed by the
anterior segment (the cornea, aqueous, and lens) can
produce clouding of the cornea and lens when the
corresponding thresholds are exceeded. Exposure limits
are set to protect both against acute as well as chronic
exposure.

Data on which to base exposure limits for chronic
exposure of the anterior portion of the eye to infrared
radiation are very limited. Sliney and Freasier (1973)
stated that the average corneal exposure from infrared
radiation in sunlight was of the order of 1 mW cm�2,
considering that the eyes are seldom directed toward the
sun except at sunrise and sunset. Glass and steel workers
exposed in hot environments to infrared irradiances of
the order of �80–400 mW cm�2 daily for 10–15 y have
reportedly developed lenticular opacities (Sliney and
Wolbarsht 1980; Lydahl 1984). The corneal and lentic-
ular exposures are affected by the relative position of the
source and the degree of lid closure.

Pitts and Cullen (1981) showed that the threshold
exposures for acute lenticular changes caused by IR-A
were of the order of 50 MJ m�2 (5 kJ cm�2) for exposure
durations of the order of an hour or longer. Threshold
irradiances for damage were at least 40 kW m�2 (4 W
cm�2). Wolbarsht (1978, 1992) showed somewhat simi-
lar levels using a Nd:YAG laser operating at 1064 nm,
and Scott (1988a, 1988b) and Okuno (1991, 1994)
showed that the calculated temperature rise was several
degrees. Although Vos and van Norren (1994) argued
that an irradiance of 1 kW m�2 would not increase the
temperature of the anterior segment of the eye by more
than 1°C, and that this level would be acceptable (as with
collimated laser beams), such an irradiance over the
entire head or much of the body from an incoherent
source would not be acceptable for extended periods. The
Commission therefore recommended that, for very warm
environments (	35°C), the ocular irradiance should not
exceed 100 W m�2 for lengthy exposures. However,
higher irradiances could be safely sustained for shorter
periods. Higher irradiances are permitted in cold envi-
ronments provided that the lenticular temperature is
maintained below 37°C. For radiant warming in outdoor
environments in winter, irradiances of the order of 300 W
m�2 are routinely used. Radiant energy absorbed in the
cornea, aqueous humour, and lens is transported by
conduction, and some heating will occur in the lens
regardless of the optical penetration depth. Penetration
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depth strongly varies in the IR-A and IR-B spectral
bands, but these variations—between 1.2 and 3 �m—
have only a minor effect on the final temperature rise
resulting from exposure to a continuous source once
thermal equilibrium is achieved. The final temperature of
the lens also depends on the ambient temperature (Sliney
1986). For each degree that ambient temperature falls
below 37°C, an added radiant exposure of at least 6 W
m�2 (0.6 mW cm�2) would be required to maintain the
temperature of the lens (Stolwijk and Hardy 1977).

There are no comprehensive epidemiological studies
that were directed toward environmental cataract and
temperature. Miranda (1979, 1980) and Weale (1981)
noted the differences in the incidence of cataract and the
time of onset of cataract and presbyopia in different
geographical regions. It was clear that the time of onset
of both was earlier in hotter environments. More re-
cently, a latitudinal variation in the type of cataract was
shown by Sasaki et al. (1999). This and laboratory
studies (Kojima et al. 2002) may suggest a thermal
component—particularly with regard to the incidence
and time of onset of nuclear cataract (Sliney 2002).

As previously noted, rapidly changing photochemi-
cal action spectra are characteristic of ultraviolet and
short-wavelength light exposure. Spectral data are there-
fore particularly important in that wavelength range.
Because the infrared effects are thought to be largely
thermal, chronic infrared exposures of the cornea and
lens are not believed to involve rapid changes in spectral
sensitivity (Barthelmess and Borneff 1959; Sliney 1986,
2002).

There have been several efforts to mathematically
model heat transport within the eye and to calculate
temperature rises in an IR-exposed eye. Calculations for
the human eye (Scott 1988a, b; Okuno 1991, 1994) show
that ocular temperatures generally rise rapidly with
exposure time for the first two minutes, then gradually
level off and reach the maximum within approximately 5
min. Scott (1988a, b) also showed that it takes several
minutes for the eye to cool down after an exposure
ceases. For IR-B or IR-C exposure of the eye, Okuno
(1991, 1994) showed that the temperature rise is the
largest at the corneal surface and decreases gradually
toward the retina. He also showed that the temperature
rise is the quickest at the corneal surface and is slightly
delayed at deeper ocular structures. A trial measurement
of ocular temperatures in the rabbit eye exposed to
infrared radiation (Kojima et al. 2002) exhibits all these
trends. Focal radiation in the lens can occur with the use
of certain ophthalmic-instrument light sources (Okuno et
al. 2005). The cornea is extremely sensitive to thermal
stimulus and this will tend to limit hazardous infrared
exposure (Dawson 1963; Beuerman and Tanelian 1979).

In addition to the criteria to protect the cornea and
lens against thermal damage from infrared exposure, a
second criterion is required to protect the retina against
thermal injury. Viewing specialized IR-A illuminators
with visible radiation removed by filters results in a loss
of the aversion response to bright light. This criterion for
retinal protection (ICNIRP 1997) is based largely on the
studies of Ham et al. (1976), who demonstrated the
absence of photochemical effects in the infrared spectral
bands.

Synergism between thermal and photochemical ef-
fects in the lens and retina has been studied in a number
of experiments. Thermal enhancement of photochemical
reaction has been experimentally demonstrated (Pitts and
Cullen 1981; Ham and Mueller 1989), although the effect
is less than a factor of two; this has been taken into
account in deriving the exposure limits by introducing a
greater margin of safety.

Thermoregulation
The human body maintains itself at a nearly constant

temperature of about 37°C in the deep interior; this is
referred to as the “core body temperature.” The term
thermoregulation is normally used to describe the main-
tenance of this core body temperature within a given
range near 37°C (Adair 1983; Adair et al. 1985, 1998;
Berglund 1983; Dewhirst et al. 2003a; Gagge et al. 1941;
Hardy and Bard 1974; Hardy 1978; Nielsen and Nielsen
1965; Stolwijk and Hardy 1966, 1977; Stolwijk 1980;
Walters et al. 2000; Whittow 1971). The actual temper-
ature varies somewhat with the individual and time of
day (circadian rhythm), but only within about 1°C. With
vigorous exercise or in a disease state (Shimada and Stitt
1983), the core body temperature could vary from a
lower extreme of approximately 35.5°C to an upper
extreme of about 40°C. The thermal loading also affects
the core temperature. Thermal loads come from the
alteration in ambient conditions (air temperature, ambi-
ent vapor pressure, air velocity, irradiation and clothing)
and from changes in heat production within the body
(endogenous sources) (Werner and Buse 1988). The Law
of Conservation of Energy forms the basis for the study
of thermoregulation (Bligh and Johnson 1973). In order
to maintain a relatively constant body temperature, heat
exchange with the environment must be balanced. The
main constituents of heat exchange are:

● metabolic heat generation (�100 W for an adult);
● physical activity—100 W to 400 W for sustained

activity;
● radiation exchange—depending upon the temperature

difference between the skin and environment (Stefan-
Boltzmann Law);
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● convective heat exchange—depending upon air tem-
perature, air velocity, exposed skin surface, etc.;

● evaporative cooling—depending upon relative humid-
ity, exposed skin surface, etc.; and

● heat storage within the body—depending upon body
mass, etc.

The thermoregulatory system functions as a nega-
tive feedback control system, with a reference (or “set”)
temperature. Thermal sensors are located throughout the
body to provide information about the local tissue tem-
perature environment. The thermal sensors located
within the skin are the most important, but there are
others deeper in the body. Animal studies of heat stress
and thermoregulation can sometimes be misleading,
particularly for small rodents, which have less resilience
when thermally stressed to produce heat strain.

Sweating plays a major role in environmental heat
exchange (Nadel et al. 1971a, 1971b; Wenger 1983).
Ogawa (1991) reported that there is little direct effect of
IR on sweat glands. The direct effect is small, and is not
dependent upon wavelength.

Quantitative approaches to describe heat exchange
have taken several forms, depending upon the objective.
There are complex equations of heat exchange, several
types of heat stress indices (ACGIH 2005a, 2005b;
Gagge 1937; Belding and Hatch 1955; ISO 1989a,
1989b, 2004a, 2004b), and effective temperature and
thermal comfort indices. Radiant heating tends to play a
greater role for indoor work environments, since sunlight
provides the principal radiant heat load on the body for
outdoor workers, and skin reflects significant solar radi-
ation, which is predominantly visible, and IR-A radia-
tion. By contrast, the IR-B and IR-C radiation that is
dominant in hot industrial work environments is not
significantly reflected by the skin as shown in Fig. 5
(Clark et al. 1959). Since heat strain depends not only

upon the radiant heat load (i.e., upon irradiance levels)
but also upon air temperature, humidity, and air move-
ment, it is not possible to set simple irradiance limits to
prevent heat stress and the resulting heat strain, unless
worst case values were recommended—as was once the
approach in developing microwave exposure limits. The
latter type of guidance would be too restrictive in many
cases for environmental infrared exposure or for radiant
heating in cold environments. For the special case of
infrared warming cabins or saunas, some level of heat
strain is often intended, and limiting heat stress to
prevent heat strain would be regularly exceeded. If deep
body core temperature is of concern, as it might be for
intense IR-A warming cabins, it could be monitored
directly by specialized instrumentation. Rapid increase in
body heat content may cause a prolonged attenuation in
physical performance capacity and even predispose to
heat related illnesses (Ilmarinen et al. 2004).

EXPOSURE LIMITS

The current ICNIRP (1997) guidelines for infrared
radiation and recommendations for their application to
IR-C wavelength ranges are as follows.

CORNEA AND LENS

To avoid thermal injury of the cornea and possible
delayed effects on the lens of the eye (cataractogenesis),
infrared radiation (770 nm � � � 3 �m) should be
limited to 100 W m�2 (10 mW cm�2) for lengthy
exposures (	 1,000 s), and to 1.8 t�3/4 W cm�2 for shorter
exposure durations:
or

EIR � 18t�3/4 kW m�2 for t 	 1,000 s
(4a)

EIR � 1.8t�3/4 W cm�2 for t 	 1,000 s

or

EIR � 100 W m�2 for t 
 1,000 s
(4b)

EIR � 10 mW cm�2 for t 
 1,000 s.

Exemption. In cold environments, these limits may
be increased to 40 mW cm�2 at 0°C and approximately
30 mW cm�2 at 10°C for special applications, i.e., where
infrared sources are used for radiant heating for reasons
of comfort. When these limits are observed, lenticular
temperature will not exceed 37°C (Stolwijk and Hardy
1977). If applying the guidelines to the IR-C wavelength
range, it is stated that to protect the lens and cornea from
excessive heating due to IR-C radiation, the application
of the limit can be extended to include IR-C radiation,

Fig. 5. Spectral reflectance of lightly (dotted line) and darkly
(dashed line) pigmented human skin.
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i.e., the irradiance EIR, which is compared to the exposure
limit and is the total integrated radiant energy.

Retina (IR-A only)
Higher temperature sources may produce significant

levels of IR-A radiation. For an infrared heat lamp or any
near-IR source that provides no strong visual stimulus,
the near-IR, or IR-A (770–1,400 nm), should be limited
to:


 L� � R��� � �� � �6,000 W � m�2

� sr�1�/� �for t 
 10 s� (5a)

or


 L� � R��� � �� � �0.6 W � cm�2

� sr�1�/� �for t 
 10 s�, (5b)

where L� is the spectral radiance, which is not to be
averaged over angles of acceptance less than 11 mrad.
R(�) is the retinal thermal weighting function defined in
ICNIRP (1997) and � is the angular subtense of the
source specified in units of milliradians. For very large
sources � is limited to 100 mrad and the spectrally
weighted radiance reduces to 60 kW cm�2 sr�1, or 6 W
cm�2 sr�1.

For exposure durations less than 10 s, eqn (4) of the
ICNIRP (1997) guidelines applies.

Since wavelengths greater than 1,400 nm do not
contribute to the retinal hazard, this limit does not relate
to IR-C exposure.

Thermal injury to the skin
To protect the skin from thermal injury from optical

radiation in the wavelength range of 400 nm to 3 �m, the
radiant exposure for durations less than 10 s should be
limited to:

H � 20,000 t1/4 J m�2 (6a)

or

H � 2 t1/4 J cm�2. (6b)

The guidance to address any concern about exposure to
IR-C wavelength ranges is conservative.

To protect the skin from thermal injury due to IR-C
radiation, the application of the limit can be extended to
include IR-C radiation, i.e., the irradiance EIR, which is
compared to the exposure limit and is the total integrated
visible and thermal radiation.

No formalized limit is provided for longer exposure
durations because of the strong dependence upon ambi-
ent thermal environmental conditions. Depending upon
initial skin temperature and ambient temperature, normal
pain response and avoidance behavior will impose limits

on duration of exposure. Much longer exposure durations
are dominated by concerns of heat stress and heat strain.
For lengthy exposures, the reader is referred to the
appropriate guidelines for avoiding heat strain discussed
below.

Other standards
There are a number of industrial health guidelines

dealing with heat strain. Among these are the ISO
(1989a, 2004a), the ASHRAE handbook (ASHRAE
1986), and ACGIH Threshold Limit Values and Biolog-
ical Exposure Indices (ACGIH 2005b), which make use
of the WBGT (Wet-Bulb-Globe-Temperature) index, the
Heat Stress Index (HSI), or related formulations.

There is also a detailed consideration of skin expo-
sure in a German national standard, DIN 33403 (part 3;
DIN 2001) (“Climate at the workplace and its environ-
ment; assessment of the climate which can be tolerated
by human beings”). In addition to the classical heat stress
factors (air temperature, air velocity, humidity, thermal
radiation, work load, clothing insulation factors), the
DIN 33403 standard also deals with the isolated effects
of thermal radiation. Two conditions are considered.

Heat strain. Maximum long-term irradiance values
that can be tolerated and limit heat stress are promulgated
in DIN 33403. These values are also dependent on the
individual’s work load.

Pain response. The borderline between an absence
of pain and the onset of pain if the skin is irradiated by
thermal radiation is shown as a plot of the irradiance (in
kW m�2 “effective irradiance”) as a function of the
duration of exposure (clause 5.2) in Fig. 6. Thus, for a
given exposure duration the irradiance that just produces
a pain sensation can be determined. Similarly, for a given
irradiance, one can determine the exposure duration for
the onset of the pain sensation. The borderline is not
provided as a fine line, but is shown as a spread of values.
This reflects the fact that there are individual variations
in the reaction to thermal radiation (Nadel et al. 1973).
The figure is valid for acclimatized and non-acclimatized
people. It is valid for the unprotected skin, and the values
are independent of the size of the irradiated skin area.
The wavelength range of the radiation is not specified.
Therefore, it can be assumed that it covers all wave-
lengths that significantly contribute to the radiation
exposure. Fig. 6 compares the currently recommended
ICNIRP guidelines for limiting skin exposure with the
pain thresholds in DIN 33403 (DIN 2001).

Note that “effective irradiance” used in infrared
standards is the difference between the radiant flux
density that is irradiated on the skin of a human being and
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the radiant flux density that is emitted by the skin. As the
skin temperature is assumed to be at 32°C, the radiation
emission from the skin plays a minor role if the radiation
source’s temperature is much higher (e.g., several hun-
dred degrees Celsius).

CONCLUSION

General
As stated in the ICNIRP “Guidelines on Limits of

Exposure to Broad-band Incoherent Optical Radiation”
(ICNIRP 1997), for all currently known arc and incan-
descent sources the contribution made by the IR-C
spectral region (3–1,000 �m) is normally of no practical
concern from a health hazard standpoint. However, there
may be situations where substantial IR-C exposure is
present and may contribute significantly to heat stress.
Because heat stress depends upon other environmental
factors such as air movement, temperature, and humidi-
ty—as well as the radiant thermal load—IR-C cannot be
evaluated as an isolated factor. Heat stress must be
evaluated using appropriate guidelines that consider all
contributing factors.

Infrared exposure resulting in tissue heating should
not be considered as a carcinogen or even a promoter for
UV or chemical carcinogenesis. However, based upon
some past experimental data, elevated skin temperatures
might accelerate the evolution of skin cancer due to
carcinogens such as UV radiation or chemical agents
(Bain and Rusch 1943; Bain et al. 1943; Freeman and
Knox 1964; Goss and Parsons 1976; van der Leun and de
Gruijl 2002). These effects are however not limited to

infrared radiation exposure, and apply to generally ele-
vated skin temperatures. There is anecdotal evidence
from past clinical observations of a higher risk of skin
cancer development on skin suffering from erythema ab
igne. In addition, there is some experimental evidence
that tissue heating accelerates ultraviolet-induced photo-
aging of the skin (Dover et al. 1989; Kligman and
Kligman 1984).

The relative contribution of IR-C radiation to tem-
perature elevation of the crystalline lens of the eye, when
compared to the heating from shorter wavelength infra-
red bands, would normally be small when considering
incandescent and thermal sources. The infrared industrial
heat cataract is recognized as largely the result of IR-A
and IR-B exposure (ICNIRP 1997; Lydahl 1984).

As indicated in the ICNIRP guidelines (1997) in the
section on IR-C measurement, the IR-C radiation can be
included in the determination of the exposure level,
which is then compared to the exposure limits for
protection of the anterior parts of the eye (cornea and
lens) and for protection against thermal injury of the skin.
Exposure limits for protection against thermal injury
(burns) of the skin for exposure durations greater than
10 s are not provided since ambient temperature would
greatly impact the threshold irradiance for thermal injury.
Thermal pain is induced by skin temperatures that are
lower than the temperatures needed to produce a thermal
burn, and this pain would limit the exposure so that a
thermal injury is prevented. It should be noted, however,
that some medications, drugs and alcohol can decrease
the pain sensation, and thus individuals under such
influence should not be exposed to significant levels of
optical radiation.

If it is necessary to limit exposure to visible and
infrared radiation for individuals who would not experi-
ence the natural aversion responses (i.e., pain sensation),
the values given in DIN 33403 for thermal pain for
prolonged exposure durations may be consulted as a
reference point to limit exposure. A very conservative
irradiance guideline for continuous exposure is provided
by the whole-body IR-C laser irradiation limit of 100 W
m�2, and this limit, while overly conservative for cooler
environments, would preclude delayed effects such as
erythema ab igne. A general application of this guideline
would adversely impact many useful applications of
IR-C in industry and in cooler environments. An upper
limit where continuous exposure would produce adverse
heat stress even in cool environments is 1 kW m�2.

Lamp designs and infrared technology are undergo-
ing continuous evolution, using newer and often more
powerful sources of optical radiation. Because of the
rapid growth in the use of new types of special-purpose
radiant heaters and warmers, the importance of infrared

Fig. 6. Current ICNIRP exposure limit (EL) guidelines for IR-A
and IR-B skin exposure are defined for exposure durations for up
to 10 s. The function for the EL has been extended in the plot to
exposure durations beyond 10 s for comparison with the change in
slope of pain thresholds (top two curves) as adopted from the
standard DIN 33403 (2001).
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radiation exposure limits will increase. There is an urgent
need for research related to damage mechanisms of
infrared cataract and the dose response curve for produc-
ing erythema ab igne. Research is needed to further study
the potential delayed effects (and benefits) of IR-C
cabins and for the manufacturers to prevent localized
areas of irradiation and to limit the irradiance to that
which is necessary, and to properly inform the user that
he/she should not overuse infrared warming cabins and
perhaps to perform self examination to prevent persistent
erythema, which may develop into erythema ab igne.

Infrared cabins
Infrared warming cabins represent a special type of

exposure situation, as irradiance level of the skin can be
relatively high, often combined with elevated air temper-
atures, and exposure is elective. To date, there have been
no reported cases of erythema ab igne associated with the
continued use of IR cabins. Indeed, it would be highly
unlikely for erythema ab igne to result from typical use
patterns of IR warming cabins. Erythema ab igne has
been characteristically induced by intense chronic infra-
red exposure for hours each day. Cabins with large area
heaters have much lower surface temperatures (about 50
to 70°C), and the irradiance is much lower than in cabins
with higher temperature heating elements.

Because of the long history of sauna use, it has long
been presumed that there are not adverse health effects
from conventional sauna (Teir et al. 1976). However,
there is also an absence of controlled clinical trials or
prospective epidemiological studies that clearly show the
health effects of the sauna. There are also no controlled
studies of the benefit of infrared warming cabins. How-
ever, some insight into possible risks of excessive expo-
sure may be drawn from more general studies of the
effects of heat upon biological systems.

Recommendations
Further research is needed to determine if routine

IR-C exposures that produce heat stress and some degree
of heat strain are without risk.

With regard to potential adverse delayed effects as
revealed by experimental research, persons should be
discouraged from heating of the skin either simulta-
neously with or within 24 h after UVR exposure from
artificial sources and sun-bathing.

Individuals who may be at risk from hyperthermia,
such as individuals suffering from cardiovascular dis-
ease, should seek medical advice before use of infrared
warming cabins.

When persistent erythema (reddening of the skin
lasting more than a day) and netlike color changes persist
after regular exposure to infrared radiation, exposure

should not be repeated and medical advice should be
sought to prevent development of erythema ab igne.

Persons with compromised heat pain sensation
should not use infrared warming cabins, which include
persons under the influence of alcohol and tranquilizers.
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Slide 2

IEEE ICES

LF Research Agenda (1)

Modeling of in-situ fields induction from externally 
applied EMF or electric current
A.1. Measurement of Tissue Conductivity
A.2. Modeling of skin, muscle, and CNS tissue
A.3. Numerical Artifacts
A.4. Spatial averaging
A.5. Diversity of induction models among investigators
A.6. .Synaptic effects
A.7. Validation
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Slide 3

IEEE ICES

LF Research Agenda (2)

ES modeling
B.1. Target tissue representing the PNS
B.2. dE/dx vs. E magnitude
B.3. Consistency of excitation models
B.4. Waveform sensitivity
B.5. Modeled organ
B.6. Type of neuron
B.7. Synapse model for CNS interactions
B.8. General availability
B.9. Computational artifacts
B.10. Validation
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Slide 4

IEEE ICES

LF Research Agenda (3)

Issues related to exposure limits
C.1. Target tissue representing the PNS
C.2. Consistency of induction model for BR vs. RL/MPE 
determination
C.3. Induction model specificity
C.4. Reduction Factors applied to RLs
C.5. dE/dx vs. E magnitude
C.6. Compliance tests for nonsinusoidal waveforms
C.7. Induction plus excitation model structure
C.8. Statistical models of reaction thresholds
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Slide 5

IEEE ICES

LF Workshop (1)

0830 – 1640 h        Sunday, 14 June 2015
Chapel Hall, Asilomar Conference Center
Pacific Grove, California, USA

Opening Remark
“Rationale behind EMF Compliance Assessment Protocols,”
Andreas Christ (Research Consultant, Cabo Frio (RJ), Brazil ) and Jafar Keshvari 
(Microsoft Corporation, EMF Research and Standards, Espoo, Finland )
“Measurement of dielectric characteristics of biological tissues from ELF to 
MMW frequencies,” Kanako Wake, Kensuke Sasaki, and Soichi Watanabe
(National Institute of Information and Communications Technology, Tokyo, Japan )
“The role of skin modelling in ELF/LF magnetic field exposure assessment based 
on IEEE C95.6 and ICNIRP 2010,” Schmid Gernot (Seibersdorf Laboratories, 
Austria )
“Review of ELF/LF dosimetry for magnetic field exposure in Japan,” Kenichi 
Yamazaki (CRIEPI, Yokosuka, Japan
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IEEE ICES

 “Modeling of transcranial Electrical Stimulation (tES): Implications for Safety 
and Efficacy,” Dennis Truong and Marom Bikson (City College New York, USA )

 “Survey of Electrostimulation models,” J Patrick Reilly (Metatec Associates, 
USA) 

 “Magnetophosphene perception threshold in humans exposed to ELF MF up to  
50 mT – experimental data and a modelling approach,” Alexandre Legros
(Lawson Health Research Institute, Canada)

 “Insights on human response to EMF exposure obtained by combining detailed 
anatomical induction models and modern neuronal dynamics models,” (IT’IS 
Foundation, Switzerland )

 “Multi-scale induction and electrostimulation model with experimental 
validation,” Ilkka Laakso and Akimasa Hirata (Nagoya Institute of Technology, 
Japan)

 Discussion on Future Research Topics

Participants; 82 +

LF Workshop (2)
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Some papers are solicited from the talks presented at the 
IEEE International Committee on Electromagnetic Safety 
Workshop held in June 2015 (Monterey, USA).
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Editorial Committee Members: 
 Akimasa Hirata (Nagoya Inst. Tech., Japan)
 Ilkka Laakso (Aalto Univ., Finland)
 Kenneth Foster (Univ. Pennsylvania, USA) 
 Marvin Ziskin (Temple Univ., USA); SC4 

RF Research Agenda
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Slide 9

IEEE ICES

Electromagnetic Dosimetry
A.1. Measurement of dielectric constants and its modeling 
A.2. Computational uncertainty
A.3. Dosimetry modeling at higher frequencies
A.4. Modeling of heat sensitive tissues
A.5. Validation

Tentative Table of Contents (1)
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Slide 10

IEEE ICES

Thermal Dosimetry
B.1. Measurement of thermal constants and its 
modeling 
B.2. Modeling of core temperature
B.3. Stair-casing Error
B.4. Modeling of thermophysiology including age 
dependency
B.5. Modeling of heat sensitive tissues
B.6. Validation

Tentative Table of Contents (2)
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Slide 11

IEEE ICES

Items related to Limits
C.1. Threshold for skin sensation 
C.2. Averaging Time
C.3. Averaging volume of SAR
C.4. Averaging area of power density (over GHz region) 
C.5. Upper and lower frequencies of SAR
C.6. Issues related to product safety

Tentative Table of Contents (3)
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 1st draft: February-March
Circulated to ICES SC6 Members 
Discussed at ICES June 2016 Meeting

Schedule
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Pacemakers Exposed 
to Spark Discharge in 

a Human Phantom
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Spark Discharge Defined

Red Book (2005): “Discharges between conductive
bodies at different potentials that come into contact
in a power frequency electric field. For instance,
spark discharges may occur when a person touches
a vehicle near a high-voltage transmission line. The
discharge occurs in the air gap just before the
contact occurs.”
IEEE (2002): “The transfer of current through an air
gap requiring a voltage high enough to ionize the
air, as opposed to direct contact with a source.”
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Spark Discharge Circuits (From: Red Book, 2005) 

Person-to-Ground Object-to-Person
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Red Book Example of Spark Discharge
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Spark Discharge Used in 2004 EPRI 
Dosimetry Study
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Lower Arm – 1 Amp Peak (40 MHz BW)

Average 99th percentile

Fat

Bone
marrow

Muscle

Fat

Bone
marrow

Muscle

ATTACHMENT 10Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



7

Sensory Responses to Spark Discharge
(from Reilly & Larkin, 1987)

“The voltage needed to conduct a spark discharge
to dry intact human skin is in the vicinity of 500 V.”
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Electric Fields Thresholds of Spark Discharge 
Perception (Red Book)
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Electric Fields Thresholds of Spark Discharge 
Perception (Based on Red Book)

*  Based on EPRI, 2005
**  Values are unperturbed electric fields, i.e., electric fields in the 
absence of subjects.
***  No data, curve extrapolates to 0.4 kV m-1

Perception (kV m-1)** Annoyance (kV m-1)

Contact 
with: 5th Pctl Median (50th) 5th Pctl Median (50th)

Wet 
umbrella - -*** 1.22 2.00 4.46

Ankle 1.01 1.67 1.45 4.90

Dry umbrella 1.01 2.29 2.10 6.38

Finger 1.16 2.76 2.84 7.13
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Electric Fields Beneath High Voltage 
Transmission Lines
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Electric Utility JEM

Job Title Electric Field Nuisance 
Shocks

Access to
Low Voltage

Cable Splicer High High Yes

Electrician High High Yes

Line Worker High High Yes

Substation 
Worker High High Yes

“…the worker surveys indicated a reduction in 
nuisance shocks over time attributable in part to 
new work practices and an emphasis on safety.”
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UK Linemen & Microshocks

SuspensionTension

Compared to five years ago, “Ten percent of participants 
with more than 5 years’ service indicated that microshock
incidents had decreased; compared with 51% of them who 
believed the level of incidence remained about the same.”
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Pacemaker & ICD Implants Worldwide, 2009
From: Mond & Proclemer, 2011

Location New PM Replace 
PM New ICD Replace 

ICD Total % of Grand 
Total#

Europe 242,230 86,001 54,910 23,383 406,524 29.2%

North Am (incl
Canada est) 261,750 112,273 148,074 81,355 603,451 43.4%

Other* 167,024 52,501 16,947 4,031 240,503 17.3%

Total 671,004 250,775 219,931 108,769 1,250,478

61 Nations 
(+Canada est) 764,023 276,055 237,219 113,758 1,391,054#

Accounted for: 87.8% 90.8% 92.7% 95.6% 89.9%

* Argentina, Australia, Brazil, China, India, & Russia
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Manufacturer Pacemaker 60-Hz Thresholds 
in Standard Letters

Manufacturer Electric Field
(kV/m)

Magnetic Field 
(Gauss#)

Medtronic (nominal) 10 1
St. Jude Medical 6 1

Biotronik 6 0.8
Others 5.4 1

 calculations derived from the international standard 
ISO 14117 and detailed in annex F of European
norm EN50527-2-1

# 1 Gauss (G) = 0.1 milliTesla (mT)
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Pacemaker Susceptibility to 50-Hz Magnetic Fields 
in Human Subjects ≤100 µT (Trigano et al., 2005)
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Interference and Follow-Up Recommendations 
(Trigano et al., 2005)

“Complete (AV) block with profound
bradycardia and lightheadedness” at 45 µT

Souques et al., 2011

“Defining Fitness”
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Large-Scale Study of E & B Interference in ICDs
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Napp et al., 2014

• 110 Patients
• Exposure (E &/or B)

− ≤30 kV/m (equivalent)
− ≤2.55 mT
− Each ~50-100 mV/m dose

• Max and nominal 
sensitivity
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Maximal Sensitivity: 71/110 (64.5%) free of 
interference

One
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Nominal Settings: 91/110 (82.7%) free of 
interference

None
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in vitro Studies of Pacemakers and ICDs
(Tiikkaja et al, 2012a,b)
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Four Magnetic Field Exposures Used by Tiikkaja
et al (2012a,b)

Sinusoid

Pulse

Ramp

Square
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Results of Tiikkaja et al., 2012a,b

Pacemakers
6/16 units exhibited 

interference
– 3 sinusoid only (all bipolar)

– 2 all but sinusoid (unipolar 
atrial sensing & pacing, bipolar 
vent sensing & pacing)

– 1 all but pulse (ditto)

Lower thresholds for non-
sinusoids
Usually, max effect with Bz

ICDs (Defibrillators)
11/17 units exhibited 

interference
– 10 w/sinusoids
– 2 w/ramps
– 3 w/square wave
– 0 w/pulse

 Interference >ICNIRP 
General Public; <ICNIRP 
Occupational
Max effect with Bz
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TI (2014-16) Interaction of Electric Fields with 
Implanted Cardiac Devices
Issue: Public and occupational safety requires 
knowledge of possible interference thresholds.
Technical question:  At what electric field levels do 
pacemakers and defibrillators exhibit evidence of 
interference?
2014 TI: 40 cardiac devices (21 pacemakers and 19 
ICDs) from five manufacturers exposed to electric 
fields up to 20 kV/m in high voltage laboratory at 
IREQ.
2015 TI

– Test new device designs in vitro
– Prepare for human testing
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2014 Pacemaker/ICD Experiments at IREQ

Phantom

Implant in
Phantom

Monitor

IREQ Lab

TelemetryIn Vitro Setup

21 pacemakers and 19 ICDs from five manufacturers 
exposed to electric fields up to 20 kV/m

ATTACHMENT 10Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



26

2014 Preliminary Results (shown at ENV-VISION) 
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2015-2016: New Devices & Prep for Human Testing

Venous Access
Not Required 

FDA Approved 2012

(Not FDA 
Approved

)
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Possible influences of spark discharges on cardiac 
pacemakers (Korpinen et al., Health Phys, 110, 1-10, 2016)

No previous studies
29 pacemakers/20 models/5 manufacturers;
All removed from patients, but functioning properly;
Set to highest sensitivity used by physicians;
All 29 units tested in unipolar mode; 17 in bipolar
Exposure: 1 spark per half cycle (50 Hz) for 2 
minutes.
Results

– No interference at all in bipolar mode;
– 1/29 units incorrectly identified ventricular extrasystoles

for 2 seconds.
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Lab Setup

Pacemaker Spark
Gap
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Equivalent Circuit
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Calibrating the Exposure
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The Spark Discharge Pulse

~1.04 µC
(>annoyance for

almost all) 

ATTACHMENT 10Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



33

Summary
Spark discharges usually occur in the presence of 
electric fields >~2 kV/m (requires ~500 V potential 
difference between person and object;
Sensory response to spark discharge usually 
depends on charge transferred and ranges from 
perception to annoyance (to pain);
~1.4 M pacemaker & ICD procedures worldwide 
each year;
E&B fields studied for pacemaker and ICD 
interference to varying degrees, but never spark 
discharge;
Korpinen et al. indicates virtually no effects on 
pacemakers from a relatively large spark discharge.
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The Challenge of Setting Contact Current 
Limits to Prevent RF Burns

Prepared for a meeting of IEEE TC-95, SC-4
January 11, 2016

Plantation, FL

Ric Tell
Richard Tell Associates, Inc.

Mesquite, NV 89027
rtell@radhaz.com

A tad too hot!
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IEEE C95.1-2005 contains limits for exposure 
to RF contact currents

R Tell (1-11-2016)
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IEEE C95.1-2345-2014 Standard for Military Work Places

R Tell (1-11-2016)
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200 MHz Fluke Scopemeter

HF Transceiver

Klauenberg proposal

Review: Ric’s One-Evening RF Burn Experiment

R Tell (1-11-2016)

(1-7-2013)
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Some Observations and Insights from My
One Evening Experiment in 2013

 For such a crude set up, the only practical measure was the current 
that I could not stand to touch, super hot. I raised the current fairly 
quickly to reach this point.

 I tested on 1.9, 3.51, 7.05. 14.01, 18.096. 21.05 and 24.906 MHz
 Very roughly, my results indicated that at 1.9 MHz, about 140 mA was 

my quick-time pain threshold.
 This quick-time pain threshold stayed roughly the same as frequency 

was increased but was about 180 mA at the highest frequency, about 
a 30% increase.

 50 mA through 1 cm2 does nothing, no problem, for any duration.
 Contact resistance seems to be critical to obtaining more stable and 

higher current thresholds. Dry contact with the electrode hurt more 
for a given current. I used salt water to wet the skin and this made a 
significant difference.

 The physical nature of the electrode may play an important role in 
determining these heating thresholds.

R Tell (1-11-2016)
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The Current State-of-the- Art Experimental Setup

R Tell (1-11-2016)

Experimental 
subject

Electrode 
placement 
apparatus

Electrode

Ground plate

Current 
transformer

Conductive electrode gel

The following research has been supported by the Electric Power Research Institute
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R Tell (1-11-2016)

Some Details for Applying Burning Currents

Circular flat disk electrode (A=1 cm2)
Top of electrode painted black to 
optimize emissitivity for detection with 
camera

Fluke Ti400 Thermographic Camera
Electrode can be moved up and 
away from skin quickly and can 
provide for known force against 
skin.
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R Tell (1-11-2016)

Temperature Before Removal of Dry Electrode

Electrode is still in contact with skin.

Presumably uniform heating 
beneath electrode
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R Tell (1-11-2016)

Immediately after removal of electrode

Tiny hot spots exist under 
electrode leading to very high 
temperatures.

50 ms after removal of 
electrode

Temperature After Removal of Dry Electrode
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Immediately after removal of electrode

R Tell (1-11-2016)

Tiny hot spots do not exist under 
electrode

Slight peripheral heating showng 
edge effect.

Temperature After Removal of Wet Electrode

50 ms after removal of 
electrode
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The Problem of Evaluating Skin Temperature
and RF Contact Current
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R Tell (1-11-2016)

57.5°C

45.0°C
18.9 s

131 s

DRY

WET

Contact area = 1 cm2

Hot spot

Temperatures acquired every 50 ms (20 Hz rate)

ATTACHMENT 11Approved Minutes – 11 January 2016 TC95 SC3/SC4 Meeting



R Tell (1-11-2016)

Finding a Substitute for Ric’s Arm

Sliced bologne
Pig’s belly
Hot dog
Sliced cheese
Agar gel

Observation: these things are either TOO, 
TOO salty (i.e., conductive) or not desirable 
to handle…unless you are a biologist.

What to do?
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R Tell (1-11-2016)

Enter: SynDaver Labs Synthetic Human Tissues 
and Body Parts

1 mm adult skin
5 mm fat
5 mm muscle
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Thermographic Measurements on SynDaver 
Synthetic Tissue

During current application with electrode in contact

R Tell (1-11-2016)
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Thermographic Measurements on SynDaver 
Synthetic Tissue

Immediately after removal of dry electrode

R Tell (1-11-2016)
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Tentative Conclusions

The heating effect of RF contact current is a function of:

 Contact geometry
 RF current magnitude
 Duration of current flow
 Frequency
 Contact resistance

Single most important issue related to heating effect of 
contact current is contact resistance! Why? Because it 
makes it very difficult to say what an acceptable level of 
current is. 

Contact resistance is directly related to humidity and state 
of skin dryness (e.g., dry vs. sweaty conditions). 

R Tell (1-11-2016)
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R Tell (1-11-2016)
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Remember!
A second run on Ric’s arm at another dry spot

Potential 
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OUCH!
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Problematic Issues Related to Setting a 
Scientifically Based Limit on RF Contact Currents

 What the limit based upon?
 Perception of heating?
 Pain from heating?
 Tissue damage from heating?
 Local SAR?

 Interaction between current and contact resistance
 Higher currents with low contact resistance can 

result in less heating in a given time than a lower 
current with a higher contact resistance

 State of the contact conditions
 The current that can result in pain/damage is 

directly related to heating and heating potential 
of a given current is directly related to contact 
resistance and duration.  

R Tell (1-11-2016)
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