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Approved Meeting Minutes 
IEEE/ICES TC95 Subcommittee 3 

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

IEEE/ICES TC95 Subcommittee 4 
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic 

Fields, 3 kHz to 300 GHz 
Motorola Solutions, Inc., 8000 West Sunrise Blvd, Plantation, FL 33322, USA 

Wednesday, 11 January 2017: 0900 – 1530 h 

1. Call to Order
The meeting was called to order at 0910 h.

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

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

4. Approval of the Minutes (3 June 2016 Meeting)
The following action item in Item 4 of the draft June 2016 minutes was discussed:

Action item: Marv Ziskin will check with Ron Petersen on item 11-b of the January 2016 SC3/4 
meeting minutes.  Specifically, he will confirm the statement that “the skin temperature rises 
rapidly after removal of the source.” 

Ziskin reported that originally it was stated that when the contact source was removed from the skin, 
the skin temperature would rise, which he objected to.  The statement in the January 2016 minutes 
was corrected to indicate that the skin temperature did not rise after the contact source was removed, 
it was already hotter than that of the contact source.  
Following the discussion, Gettman moved to approve the June 2016 SC3/SC4 minutes.  The motion, 
which was seconded by Graf, was approved as modified. 

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 Stds C95.1-2005 and C95.6-2002 will be rendered “inactive”
31 December 2018 unless revisions are 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 a request for a two-year extension of the PAR for the revision and merging of IEEE Std
C95.1-2005 and C95.6-2002 was approved at the September 2016 Standards Board meeting.  Thus,
the project remains active until 31 December 2018, which means that there are only two years left in
which to complete the project without requesting another extension.
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6. Chairmen's Reports
SC4 Chairman Ziskin presented the report (see Attachment 3).  Major SC3/4 tasks were reviewed—
the most important of which is completing the revision and merging of C95.1-2005 and C95.6-2002.
The goal is to complete the process, including sponsor ballot before 31 December 2018.  While a
significant amount of effort has gone into editing/revising the normative sections, any necessary
changes to the dosimetric reference limits (DRLs) and exposure reference levels (ERLs) require
completion of the ongoing literature review/evaluation process.  He noted that a PAR extension
request for the revision was granted until 31 December 2018.  Ziskin announced that the GetProgram
for downloading certain C95 standards at no cost has been extended for 5 more years—thanks to the
US Army, Air Force, and Navy and especially to the major efforts of B J Klauenberg.  The process
for the systematic review of the literature in support of the C95.1 revision was discussed briefly
indicating that the process is proceeding a bit slower than desired.

Ziskin pointed out that the WHO is encouraging international harmonization of RF Safety Limits,
especially between ICNIRP and ICES.  At a 5 June 2016 Mobile Manufacturers Forum Workshop in
Ghent, Belgium, ICNIRP proposed a new approach and revised limits for RF exposures (∆T as a
basic restriction) at which time comments from ICES were invited.  In response, a TC95 task group
led by Faraone prepared an extensive review of the ICNIRP recommendations—the review was
submitted to ICNIRP 15 September 2016.  ICNIRP expressed appreciation for the comments and has
delayed finalizing their conclusions in order to give full consideration to the ICES comments and
recommendations.  In response to a question regarding the lack of coverage of low frequencies, Chou
noted that while the Ghent presentation addressed only high frequencies, low frequencies will be
addressed once the revised high frequency guidelines are published.  Ziskin concluded by noting that
he sees the special ICNIRP invitation to ICES as a very positive step moving forward.

7. Progress on the Revision of IEEE C95.1-2005

a) Update on the NATO Standard
Klauenberg provided an update on the NATO standard.  He reminded everyone that adoption of an
IEEE standard as a replacement for NATO STANAG 2345 ed. 3 was result of a seven year process
that included first establishing a Technical Cooperation Agreement between IEEE and the NATO
Standardization Agency, followed by a five year process converting C95.1-2005 into a standard that
addresses the needs of the military (IEEE Std C95.1-2345-2014), and culminating in a yearlong
NATO ratification process.  The IEEE standard was officially adopted by NATO on 26 November
2015 as NATO Standardization Agreement (STANAG) 2345 ed. 4.  He noted that two nations,
Czechoslovakia and Germany, did not accept the IEEE standard and Czechoslovakia adopted the
EU Directive instead.  In response to a question regarding how the standard is applied in NATO
countries, Klauenberg explained that it is complex and depends on a number of factors.  For
example, while EU nations are required to follow the EU Directive, NATO nations can follow the
STANAG.  Hay added that in some countries the STANAG applies only to personnel while on a
military base but not outside the property line.  Also, some countries have stringent standards
compared with the STANAG, which sometimes raises issues with personnel from such countries,
e.g., when stationed on a naval vessel that follows the STANAG.  There are a number of other
issues but for the most part it seems to be working. 

b) Update on the Revision of IEEE C95.1-2005 and C95.6-2002
Chou explained that the revision process was slowed because of the effort in developing IEEE Std
C95.1-2345-2014.  He noted that guidelines for the literature review process have been developed
but the process is moving slowly.  The goal is to complete a draft of the revision ready for TC ballot
by 31 December 2017 and complete the TC95 ballot and Sponsor ballot process before 31
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December 2018.  Initially it was thought that the ongoing WHO EHC literature evaluation could be 
used to support the TC95 literature evaluation, but it appears that the WHO evaluation will not be 
completed before 2018 and, therefore, will not be of use.  While considerable effort has gone into 
revising various sections of the standard, the holdup is Annex B (identification of levels associated 
with adverse effects), which is dependent on the literature evaluation.  Because of the delay in the 
WHO EHC literature evaluation, it was decided to support the ICES literature evaluation with 
“Statements from Governments and Expert Panels Concerning Health Effects and Safe Exposure 
Levels of Radiofrequency Energy” (Expert Reviews),1 publish the standard based on an evaluation 
of the reviews and, if necessary, initiate the process of developing an amendment once the WHO 
EHC literature evaluation is published.  The editorial working group will increase their efforts 
immediately.  Chou also pointed out that the ICES database2 will continue to be examined to 
identify significant papers for evaluation that may have been missed in the Expert Reviews.     

c) ELF/RF Literature Surveillance
Elder explained that the purpose of the ICES database is to support the ongoing literature review
and evaluation process on which the dosimetric reference limits and exposure reference levels of
the C95 safety standards are based (see Attachment 4).  He noted that as of 4 January 2017 there
were 6516 citations in the database, approximately 90% of which include pdf files—the pdf files
are available to those in the literature evaluation topic groups.  In 2016, 384 citations were added –
367 of which include the pdf files.  He concluded by recognizing individuals who were helpful in
obtaining the pdf files, including Bit-Babik, Foster and Ziskin.

d) ELF/RF Literature Review
No report.

e) Update on the Revision of the ICNIRP Guidelines on HF Fields
Faraone provided an update of the revision of the ICNIRP HF guidelines, explaining that this is a
work in progress and no decisions have been made.  Dr. Eric van Rongen, the new ICNIRP
Chairman, provided an update of the proposed guidelines at a 5 June 2016 Mobile Manufacturers
Forum Workshop held in Ghent, Belgium, where he extended an invitation to the members of ICES
in attendance to provide comments (see Attachment 5).  A task group was established to provide
detailed comments on the ICNIRP proposed guidelines; the resulting comments were approved by
TC95 and submitted to ICNIRP 15 September 2016.  Faraone provided a summary of the ICES
comments/recommendations (see Attachment 6) at which time there was a brief discussion of the
microwave hearing effect (slide 4).  The task group considered this a non-adverse effect for a
number of reasons including the fact that pulses can only be “heard” under very special conditions.
It was noted that the ICNIRP delay in addressing effects related to electrostimulation (slide 7, item
6) will lock in the 2010 low-frequency guidelines for several years3.  It was pointed out that some
effects are related to electrostimulation at frequencies above 100 kHz and, therefore, it is important 
to try to convince ICNIRP to include electrostimulation effects at the higher frequencies.  One 
strategy for moving forward will be to establish a joint ICNIRP/ICES task group to define limits 
based on electrostimulation for frequencies from a few Hz into the MHz region.  A number of other 
issues were raised that should be considered including the relationship between the safety factors 
and uncertainty.  Hirata, an ICNIRP member, noted that at the December ICNIRP meeting it was 
decided that effects associated with electroporation (slide 4, item 1) might not be considered.  The 
next ICNIRP meeting will be in May, where several issues of interest to ICES will be discussed.     

1 Expert Reviews, http://www.ices-emfsafety.org/expert-reviews/ 
2 IEEE ICES Database, http://ieee-emf.com/ 
3 ICNIRP, “Guidelines for limiting exposure to time-varying electric and magnetic fields (1 Hz to 100 kHz,” Health Physics, vol. 

99, no. 6, pp. 818-836, 2010. 

http://www.ices-emfsafety.org/expert-reviews/
http://ieee-emf.com/
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f) Update on the WHO International EMF Project (EHC on RF fields)
No report.

8. Technical Presentations
a) Perspectives on RF Contact Currents: Setting Limits for Safety

Tell reviewed contact-current tests carried out with himself as the subject (see Attachment 7).  He
explained that both the voltage and current were recorded and the results coordinated with contact
impedance related to heating.  He noted that when only current is known, the contact conditions
must be known, e.g., wet versus dry skin.  Also, the source impedance may complicate the issue
and contact resistance may not be crucial if the source impedance is high.  He found that higher
currents with low contact resistance can result in less heating in a given time than a lower current
with a higher contact resistance.  He concluded with a number of questions that should be addressed
while moving forward in revising the contact current limits (slide 14).

b) Propagation of Very Short Pulses in Humans and Implications for Setting Standards
Canning’s presentation addressed effects associated with pulses of various pulse widths and
repetition rates that are reported to cause effects associated with nerve stimulation, e.g., cardiac
arrhythmias, that contemporary safety limits may not protect against.  (Overheads unavailable.)
Considerable discussion followed the presentation during which it was pointed out that E. Adair
published a number of papers that showed such effects are trivial, i.e., there might be a need going
forward to show that the Adair papers are correct or not correct before revising the limits based on
such effects.  It was noted that extremely high amplitude pulses are required to obtain the effect,
which raised questions regarding significance and practicality.  It was concluded that the relevance
and significance of such effects must first be clearly understood and demonstrated before changing
the safety limits.

c) Compliance Implications of the Localized Exposure Limits in IEEE C95.1-2005
Tell reviewed the definition and history of the localized exposure and partial-body exposure limits
and discussed compliance issues with IEEE C95.1-2005 (see Attachment 8).  A main concern is that
the limits are not sufficiently quantitative to be unambiguous.  He referred to a 2009 paper by
Findlay and Dimbylow (see slides 9-11), the results of which he used to demonstrate that the MPEs
for localized exposure do not ensure that the corresponding basic restriction is not exceeded.
Specifically, depending on the frequency and source separation distance, the results of this exercise
imply that the MPEs for localized exposure should be reduced to 25 to 35 percent of the present
value.  The bottom line is that these observations should be examined carefully, along with the
whole-body and partial-body averaging times, to try to understand their relevance with respect to the
revision of C95.1-2005.  He concluded by listing a number of questions that will have to be
addressed to resolve the issue (slide 16).  During the brief discussion that followed, it was suggested
that going forward the term “spatial peak” might be considered in place of “localized exposure,” the
former being more descriptive.  SC4 Co-Chairman Ziskin noted that the major challenge will be to
relate the underlying parameter, ∆T, to the localized exposure limits.

d) The mm-Wave to Far-Infrared Transition (What can we learn from Far-Infrared Bioeffects
and Limits)
Sliney raised the question as to whether heating, a physiological effect, can be considered an adverse
effect for temperature increases of approximately 1o C (see Attachment 9).  He noted that the
committee should carefully examine the IR-C MPEs and their basis when reviewing the RF/mm-
wave MPEs.  The ambient thermal environment should also be considered in order to mitigate
against unnecessarily large safety factors—also the optical approach relying on thermal sensation
might be considered.  SC4 Co-Chairman Ziskin pointed out that the MPEs at optical wavelengths are
established to prevent histological damage to the skin—at RF/mm-wave frequencies, surface and
whole-body heating is important.  There was a brief discussion of a possible association between RF
exposure and cataracts during which Sliney pointed out that based on the results of epidemiological
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and other studies, the weight of scientific and medical evidence now points to ambient temperature 
as an etiologic factor in cataractogenesis – not IR or mm-wave exposures that comply with the 
corresponding MPEs.  The bottom line is that the most important issue associated with exposure at 
mm-wave frequencies may be work stoppage associated with surface and whole-body heating.   

9. Other New Business
a) Update on Literature Evaluation.

Chou reviewed the main goal before SC3/SC4 is completion of the revision and merging of C95.1-
2005 and C95.6-2002 by 31 December 2917 so that TC95 and Sponsor balloting can begin.  He
pointed out that one of the main issues is the revision of Annex B – Identification of levels of RF
exposure responsible for adverse effects: summary of the literature – which requires input from the
Literature Evaluation WG.  The WG will continue accumulating papers but the revision of Annex B
will be based on the Expert Reviews, i.e., “Statements from Governments and Expert Panels
Concerning Health Effects and Safe Exposure Levels of Radiofrequency Energy.”  Topic groups will
provide a summary based on the Expert Reviews for their topic.  In response to a request for
comments from the topic leaders attending the meeting, Bailey noted that the topic groups are in the
process of conducting their own search, identifying studies considered important, checking to see if
such identified studies are included in the Expert Reviews and, if not, conducting their own
evaluation.  Elder pointed out the need to clarify which of the papers were and which were not
reviewed since 2003.  It was also noted that while many journals claim peer review of their
published papers, the question remains – are they?  To ensure credibility, the working groups are
following the guidelines specifically developed for the literature review/evaluation process (see
Attachment 10).

b) Guide for Determining when Exposures may Exceed the MPEs
Tell raised the question of how do we predetermine if an individual may be exposed above the MPE,
e.g., a group of individuals going to visit a site?  Would it be worthwhile to develop a guide with
explanations addressing the issue?  Chou pointed out that the NATO standard partially addresses the 
issue with the concept of zones, i.e., Zone 0 where the maximum exposure is below the lower tier 
and open to all, Zone 1 which is accessible only to personnel provided appropriate instruction, etc.  
Addressing the issue may require individual instruction to ensure that the affected individuals are 
made aware that the potential exposure at a certain site may exceed the lower tier MPE but not that 
of the upper tier.  To be effective a guide should promote awareness and the ability to control 
exposure, similar to the information provided to hospital workers with respect to controlling 
exposure to ionizing radiation.  To be effective, the guide should describe the possible hazards, how 
such hazards should be avoided and what the consequences might be if the guidance is not followed.  
There was no further discussion and no action item. 

10. Date and Place of Next Meeting
Summer Meeting: August 2017—Eureka Springs, AR or Washington DC (TBD).
Winter 2018 Meeting: January 2018 (possibly Chandler, AZ in conjunction with a TC95
workshop)—location and dates TBD.

11. Adjourn
There being no further business, the meeting was adjourned at 1530 h.
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1. Attendance List

2. Approved Agenda

3. SC3/SC4 Chairman’s Report

4. IEEE Database

5. ICNIRP’s Draft HF Guidelines

6. ICES Comments on ICNIRP’s Draft HF Guidelines

7. Perspectives on RF Contact Currents: Setting Limits for Safety

8. Compliance Implications of the Localized Exposure Limits in IEEE C95.1-2005?

9. IR-C (3 µm to 1,000 µm)-to-Millimeter-Wave Transition

10. Guidelines for the Systematic Review of Scientific Literature on Health and Electromagnetic
Fields (0-300 GHz)



Attendance List 

TC95 SC3/SC4: 11 January 2017: 0900 – 1530 h 

Last Name First Name Affiliation Country IEEE Member? 

1. Bailey Bill Exponent US 

2. Bassen Howard FDA US 

3. Bit-Babik Goga Motorola Solutions US 

4. Bodemann Ralf Siemens DE Y 

5. Canning Francis Naval Air Warfare Center/Weapons Div. US 

6. Chou C-K  Chou Consulting US Y 

7. Cleveland Robert EMF Consulting US Y 

8. Colville Francis DoD US 

9. Davis Clay Los Alamos Nat'l Lab/AIHA NIR Comm. US 

10. Doczkat Martin FCC US Y 

11. Elder Joe EPA (Retired) US Y 

12. Escobar Roel US Air Force US 

13. Faraone Antonio Motorola Solutions, Inc. US Y 

14. Fisher Kevin Smith and Fisher LLC  US 

15. Foster Ken University of Pennsylvania US 

16. Futch James FL Dept of Health, Bureau of Rad Control US 

17. Gettman Ken NEMA US Y 

18. Giles Olin Sensormatic Consultant US Y 

19. Graf Kevin Exponent US Y 

20. Haes Donald BAE Systems US Y 

21. Hirata Akimasa Nagoya Institue of Technology JP Y 

22. Kihlstrom Cory  Verizon Wireless US Y 

23. Klauenberg Bertram J US Air Force US Y 

24. Maxson David Isotrope, LLC US 

25. Montgomery Noel U S Air Force US Y 

26. Petersen Ronald R C Petersen Associates, LLC US Y 

27. Reilly J Patrick Metatec Associates US Y 

28. Tell Ric Richard Tell Associates, Inc US Y 

29. Testagrossa Paul CTP Associates, Inc US Y 

30. Visser Auke Royal Netherlands Navy NL 
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Last Name First Name Affiliation Country IEEE Member? 

31. Wessel Marvin Global RF Solutions US Y 

32. Young Roger Engineering Energy US Y 

33. Ziskin Marvin Temple University US Y 
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Approved Agenda 
IEEE/ICES TC95 Subcommittee 3 

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

IEEE/ICES TC95 Subcommittee 4 
Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 

kHz to 300 GHz 
Motorola Solutions, Inc., 8000 West Sunrise Blvd, Plantation, FL 33322, USA 

Wednesday, 11 January 2017: 0900 – 1530 h 
1. Call to Order Ziskin 
2. Introduction of those Present All 
3. Approval of Agenda Ziskin 
4. Approval of the Minutes (3 June 2016 Meeting) Ziskin 
5. Secretary's Report Petersen 
6. Chairmen's Reports SC3/SC4 Co-chairs 

a) ICES commentary on ICNIRP proposed guidelines
b) The state of ICES/ICNIRP relationship

7. Progress on revision of PC95.1-2005 Ziskin 
a) Update on NATO standard Klauenberg 
b) Update on the revision of C95.1-2005 and C95.6-2002 Chou 
c) ELF/RF Literature surveillance Elder 
d) ELF/RF Literature review Group Leaders 
e) Update on the revision of ICNIRP guidelines on HF fields Chou/Hirata 
f) Update on the WHO International EMF Project (EHC on RF fields) TBD 

8. Technical Presentations
a) Perspectives on RF Contact Currents: Setting Limits for Safety Tell 
b) Propagation of very short pulses in humans and implications for setting standards  Canning
c) Compliance Implications of the Localized Exposure Limits in IEEE C95.1-2005 Tell 
d) The mm-Wave to Far-Infrared Transition

(What can we learn from Far-Infrared Bioeffects and Limits) Sliney 
9. Other New Business Ziskin 

a) “Perspectives on RF Contact Currents: Setting Limits for Safety” Tell 
10. Date and Place of Next Meeting
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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

Kevin Graf

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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Progress on Standards

Combined C95.1 and C95.6

Most Limits have been developed

Final editing to begin

Literature review update needed
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Project Authorization Request (PAR)

1. Required for by IEEE Standards Bureau for any Project

2. Indemnifies Working Group Members

3. PAR approved in 2014 to revise C95.1 with extension of
frequency down to 0 Hz.

4. A request for extension of time to complete project was
submitted this past October, and approved in December for
an additional two years.
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Progress on Standards

All C95.XX Standards are now available free of 
charge.

http://standards.ieee.org/about/get/index.html

Thanks to 
US Air Force, 
US Army
US Navy

Free downloads will be extended for another 
5 years, thanks to B. Jon Klauenberg
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C95.1-2345
IEEE Standard for Military Workplaces—Force Health 
Protection Regarding Personnel Exposure to  Electric, 
Magnetic, and  Electromagnetic Fields,  0 Hz to 300 GHz

NATO ratified the adoption of IEEE C95.1-2345, and it will
now replace previous NATO RF Standard STANAG 2345

The publication of IEEE C95.1-2345-2016  should help
generate awareness and international recognition of ICES.

Special Thanks to B. Jon Klauenberg

Progress on Standards
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Literature  Review
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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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ICES Literature Systematic 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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ICES Data Base 
and Literature Review 

Data Base   & Literature Surveillance 
Joe Elder

Literature Review  
Antonio Faraone, Chair
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Interaction with International Comssion on 
Non-Ionizing Radiation Protection  (ICNIRP)

Proposed new approach and limits for RF exposures

Presented at BioEM2016 in Ghent

Invited comments from ICES

Prepared extensive review and recommendations  - led 
by Antonio Faraone

ICNIRP has delayed finalizing their conclusions to give 
full consideration of ICES’s recommendations
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Interaction with World Health Organization 
(WHO)

In response to C-K Chou, 

WHO has agreed to encourage international 
harmonization of RF Safety Limits, 

especially between ICNIRP and ICES
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Interaction with International Comission on 
Non-Ionizing Radiation Protection  (ICNIRP)

Proposed new approach and limits for RF exposures

Presented at BioEM2016 in Ghent

Invited comments from ICES

Prepared extensive review and recommendations  - led 
by Antonio Faraone

ICNIRP has delayed finalizing their conclusions to give 
full consideration of ICES’s recommendations
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SC3/4 Meeting
Plantation, FL

January 11, 2017

IEEE DATABASE @ ieee-emf.com 
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Purpose of IEEE Database

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 exposure 
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.  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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As of January 4, 2017, Database had

- 6516 citations

- 5863 papers (PDF files).

- approximately 90% of citations have PDF file

In 2016:

+ 384 new citations 

+ 367 PDF files.
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

ICNIRP’s draft HF guidelines

Eric van Rongen 
Chairman, ICNIRP 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

2 05-06-2016 Eric van Rongen 

Work in progress!! 
No final decisions made. 

Numbers preliminary. 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Limit exposure to high-frequency EMFs (100 kHz – 300 GHz)
• Provide protection against adverse health effects to humans
• Consider occupational and general public exposure
• Consider direct and indirect exposure (but only contact with charged

objects)

• Not included:
– Electromagnetic interference
– Exposure for medical purposes
– Compliance issues (e.g. measurement)

3 

Scope 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Identification of scientific data on effects of exposure on biological
systems

• Determination of effects considered both
– adverse to humans and
– scientifically substantiated (independent replication, sufficient quality,

scientifically explicable generally)

• Identification of ‘health effect threshold’ (needs sufficient data)

• Alternatively set ‘operational threshold’ (based on exposure-effect
relation)

• Provide a criterion for a reasonable level of protection

4 

Principles 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Application of reduction factors to thresholds
– account for scientific uncertainty, relative importance of the health effect,

variation across the population
– reduction factors may differ based on these parameters

• ICNIRP applies conservatism at a number of stages of the
guideline setting process.
All restrictions are considered conservative estimates that will
remain protective unless they are exceeded by a substantial
margin.

5 

Principles (cont.) 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Available major EMF reviews + original papers not included in the
reviews
– there is an extensive body of relevant literature, ranging from cellular

research to cancer epidemiology
– research has only found evidence of potentially harmful effects from:

• electrostimulation

• electroporation

• microwave hearing (thermal effect)

• temperature elevations above thresholds

6 

Scientific basis 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• No evidence that HF-EMF causes such diseases as cancer
• No evidence that HF-EMF impairs health beyond effects that are due to

established mechanisms of interaction
• In addition the thermo-biology literature was considered

7 

Scientific basis (cont.) 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Temperature increases taken to represent health effects, and
restrictions set to avoid these

• Health effects primarily related to T
• T is dependent on many factors that are independent of EMF, such as

environmental temperature and work rate
• Therefore: ΔT indicative of health effects assuming thermonormal

baseline state

8 

Interaction mechanisms (temperature elevation) 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Mean body core temperature (approximately 37 °C) typically varies over
the day by 0.5 °C
– thermoregulatory functions (e.g.vasodilation, sweating) to keep body core

temperature in thermonormal range
– most health effects induced by hyperthermia (> 38°C) resolve readily with

no lasting effects, but risk of accident and heat stroke increases

• ΔT > 1 °C in body core is defined as potentially harmful
• RF modelling predicts:

– 3-4 W kg-1 WBA SAR over 2 hours induce ΔT ≈ 0.5 °C
– 6-7 W kg-1 WBA SAR may results in ΔT ≈ 1 °C (consistent with the limited

human measurement research)

• ICNIRP suggests an operational threshold of 4 W kg-1 (6 min avg.)

9 

Body core temperature 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Excessive localized heat can cause pain and damage cells. There is a
substantial body of literature showing that tissue damage can occur at
temperatures > 41-43 °C (time dependent)

• Thermonormal brain and abdomen temperature is typically < 38 °C, and
that of the extremities (including skin and pinna) < 36 °C

• Local temperatures > 40 °C should be avoided
• ΔT > 2 °C in the head, torso, testes, eyes considered potentially harmful
• ΔT > 4 °C in the extremities (limbs, skin, pinna) considered potentially

harmful

10 

Local temperature 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Modelling/extrapolation suggests:
– ≤ 6 GHz a SAR10g of 10 W kg-1 results in ΔT ≤ 2 °C (20 W kg-1 / ≤ 4°C)
– at 6 GHz, 400 W m-2 results in ΔT ≈ 4 °C

• ICNIRP suggests:
– up to 6 GHz:

• operational threshold 10 W kg-1 for head, torso, testes, eyes
• 20 W kg-1 for extremities

– above 6 GHz:
• 400 W m-2

11 

Local temperature (cont.) 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Electrostimulation effects described in ICNIRP ELF Guidelines (2010);
not considered here

12 

Electrostimulation 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Intense electric field pulses of short duration: may cause reversible or
permanent dielectric breakdown of cell membranes

• From laboratory conditions (tp = pulse duration):
• ICNIRP:

– operational threshold 10 kV m-1 (tp > 0.1 μs)
– 10 tp / 0.1 kV m-1 (tp < 0.1 μs)

13 

Electroporation 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Microwave hearing can occur from brief HF pulses (300 MHz-10 GHz)
• ICNIRP:

– threshold: 4 mJ kg-1 (0.1 sec avg.)

14 

Microwave hearing 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

Parameter Frequency range Health effect RF Occupational RF General 
public 

WBA SAR 100 kHz-6 GHz ΔT=1°C, 4 W kg-1 10 0.4 W kg-1 25 0.16 W kg-1 

Local SAR  
(head / torso / 
eyes / testes) 

100 kHz-6 GHz ΔT=2°C, 10 W kg-1 2 5 W kg-1 5 2 W kg-1 

Local SAR 
(extr.) 

100 kHz-6 GHz ΔT=4°C, 20 W kg-1 2 10 W kg-1 5 4 W kg-1 

PD 6 -300 GHz ΔT=4°C, 400 W m-2 2 200 W m-2 4 100 W m-2

SA 300 MHz-10 GHz 
(pulsed) 

MW hearing, 
4 mJ kg-1 

1 4 mJ kg-1 1 4 mJ kg-1

E field pulse in 
tissue 

100 kHz-30 MHz 
(ampl.) 

Electroporation, 
10 kV m-1 

1 10 kV m-1 1 10 kV m-1

15 

Basic restrictions 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

16 

Averaging 

• Averaging mass
– under discussion (smaller mass for short exposure durations?)
– Shape: under discussion

• keep as it is, include multiple tissue types

• use compact shape (e.g. a flexible cube)

• Limit surface to volume ratio

• Averaging time
– 6 minutes up to ~6 GHz;  above decrease for PD

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Will be derived using numerical dosimetry
– far field exposure
– such that, under normal conditions, all basic restrictions are kept

17 

Reference levels 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

• Will be discussed again in meeting end September
• Need to resolve number of details (e.g. reference levels)
• Next meeting early December
• Hopefully: draft for public consultation ready by end December

18 

Next steps 

05-06-2016 Eric van Rongen 
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Mobile Manufacturers Forum Workshop 
Ghent, Belgium, 5 June 2016 

19 

Thanks for your attention and your patience! 

05-06-2016 Eric van Rongen 
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ICES Task Group
July-September 2016

Reported by A. Faraone
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 ICNIRP shared its current thoughts about the “high-frequency” 
limits revision in June 2016 at the BioEM conference in Ghent, 
Belgium

 ICNIRP Chair asked for feedback from anyone

 ICNIRP extended a special invitation for ICES to provide comments 
by September 2016

 ICES formed Task Group, issuing comments on September 15th 2016

 ICES comments were reportedly well received by ICNIRP members
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Perspectives on RF Contact Currents: 
Setting Limits for Safety 

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

January 11, 2017 
Plantation, FL 

Ric Tell 
Richard Tell Associates, Inc. 

Mesquite, NV 89027 
rtell@radhaz.com 

The research described in this presentation was supported by the 
Electric Power Research Institute
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Problematic Issues Related to Setting a 
Scientifically Based Limit on RF Contact Currents 

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

 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 

 Specific contact conditions
 The current that can result in pain/damage is

directly related to heating 
 Heating caused by a given current is directly

related to contact  resistance and duration.
R Tell (1-11-2017) 
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Klauenberg dissenting 
opinion PC95.1-
2345/D6.0 (12-4-2012) 

Review: Ric’s One-Evening RF Burn Experiment 
presented January 2013 

R Tell (1-11-2017) 

Reminder: All of this was Klauenberg’s fault! 
RH-12-110373_BJK_SR_IEEE_Dissenting opinion-3 Dec 12.docx 
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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

HF transmitter 
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Conductive Contact 

R Tell (1-11-2017) 
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R Tell (1-11-2017) 

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. 

Synthetic skin 

Non-synthetic skin 
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R Tell (1-11-2017) 
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The Problem of Evaluating Skin Temperature 
and RF Contact Current 
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Dry Wet

R Tell (1-11-2017) 

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)
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Temperature vs Time for a Contact Current 
of 100 mA at 1.9 MHz and 14 MHz for Dry 

Contact with the Arm 

R Tell (1-11-2017) 
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Maximum Surface Temperature for 100 mA 
Contact Current 

R Tell (1-11-2017) 
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Variation in Resistive Component of Surface 
Impedance at 4 Locations on Arm 

R Tell (1-11-2017) 

~20% spread 

~33% spread 
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Projected Skin Heating Rates at Different Frequencies 
Relative to that at 1.9 MHz for a Fixed Current 

R Tell (1-11-2017) 
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RF Can Make you Tired After 10 Hours of Exposure 

R Tell (1-11-2017) 

Grasping high voltage terminal of antenna coupler at a 50 kW AM radio station. 
The effect of contact resistance also applies to grasping contact. 
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Implications for ICES SC-4 
 Protection against thermal hazards associated with contact

currents is most accurately related to tissue temperatures but
such measurements in the common work place are not practical.
Alternatively, contact current limits have been established but
such limit values can correlate with a wide range of skin
temperatures due to the wide range of possible contact
resistance. This applies to both touch and grasping contact.

 Based on these limited experimental data, it would be relevant to
re-evaluate how the practical aspect of real-world exposure may
be important to the revision of existing contact current limits.

 What will be the basis of setting contact current limits:
 Perception of heating?
 Pain from heating?
 Tissue damage from heating?
 Local SAR?
 Temperature?

R Tell (1-11-2017) 
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A Final Insight on the Effects of Currents 

 At low frequenices that are associated with
neurostimulation (shock), response thresholds
should be determined for the best possible
electrical contact with the skin to find the
lowest current associated with the response.

 In the RF range where tissue heating is the
primary effect, response thresholds should be
determined for the worst possible electrical
contact with the skin to find the lowest
current associated with the response!

R Tell (1-11-2017) 
Thank you EPRI for supporting this work. 
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Compliance Implications of the Localized 
Exposure Limits in IEEE C95.1-2005? 

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

January 11, 2017 
Plantation, FL 

Ric Tell 
Richard Tell Associates, Inc. 

Mesquite, NV 89027 
rtell@radhaz.com 
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1966: Partial Body Irradiation. Definition 2 of a total of 3! Pertains to the case in which part of the body is 
exposed to the incident electromagnetic energy. 

These formulated recommendations pertain to both whole body irradiation and partial body irradiation. 
Partial body irradiation must be included since it has been shown that some parts of the body (e.g., eyes, 
testicles) may be harmed if exposed to incident radiation levels significantly in excess of the recommended 
levels. 

1982: Two definitions total with no mention of partial body exposure. No treatment of localized exposure per 
se. 

1991: exposure, partial-body. Partial-body exposure results when RF fields are substantially nonuniform over 
the body. Fields that are nonuniform over volumes comparable to the human body may occur due to highly 
directional sources, standing-waves, re-radiating sources or in the near field. See RF “hot spot”.  

2005: Localized exposure (partial body exposure) is exposure of a portion of the body wherein the incident 
plane-wave equivalent power density exceeds 20 times the spatially averaged value over the projected (cross-
section) area of the body.  

2010:  Amendment: Change definition of localized exposure to: Exposure of only a portion of the body. See 
also RF hot spot. 

2014 NATO Standard: localized exposure: An exposure condition in which only a limited portion of the body is 
subject to most of the incident energy and is usually the result of (a) the source being located very close to the 
body or (b) a highly concentrated region of energy associated with contact with an energized conductor 
exposed to environmental fields. See: radio frequency (RF) hot spot. 

partial-body exposure: See: localized exposure, and radio frequency (RF) hot spot. 

What is localized or partial body exposure? 

R Tell (1-11-2017) 
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C95.1-1991: In the case of partial-body exposure, the limits can be relaxed. 
For exposures in controlled environments, the peak value of the equivalent 
power density should not exceed: 

20 times the allowed spatially averaged values; f<300 MHz 
200 W/m2 ; 0.3 < f  6 GHz 
200(f/6)1/4 W/m2; 6 < f  96 GHz 
400 W/m2 ; 96 <  300 GHz 

For exposures in uncontrolled environments, the peak value of the 
equivalent power density should not exceed: 

20 times the allowed spatially averaged values; f<300 MHz 
40 W/m2 ; 0.3 < f  6 GHz 
10(f/1.5) W/m2; 6 < f  30 GHz 
200 W/m2 ; 30 < f  300 GHz 

R Tell (1-11-2017) 

Localized or partial body exposure MPEs have 
changed over time 
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C95.1-2005: In the case of localized exposure, the limits can be relaxed. For 
exposures in controlled environments, the peak value of the equivalent 
power density should not exceed: 

20 times the allowed spatially averaged values; f< 300 MHz 
200 W/m2 ; 0.3 < f  3 GHz 
200(f/3)1/5 W/m2; 3 < f  96 GHz 
400 W/m2 ; 96 < f   300 GHz 

For exposures in uncontrolled environments, the peak value of the 
equivalent power density should not exceed: 

20 times the allowed spatially averaged values; f< 400 MHz 
40 W/m2 ; 0.4 < f  3 GHz 
18.56 (f)0.699 W/m2; 3 < f  30 GHz 
200 W/m2 ; 30 < f 300 GHz 

R Tell (1-11-2017) 
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C95.1-2345-2005: In the case of localized exposure, the limits can be 
relaxed. For exposures in Zone 1, the peak value of the equivalent power 
density should not exceed: 

20 times the allowed spatially averaged values; f< 100 MHz 
200 W/m2 ; 100 MHz < f  300 MHz 
0.667 f W/m2; 300 MHz < f  3 GHz 
2000 W/m2 ; 3 < f   300 GHz 

For exposures in Zone 0 (unrestricted environments), the peak value of the 
equivalent power density should not exceed: 

20 times the allowed spatially averaged values; f< 100 MHz 
40 W/m2 ; 100 MHz < f  400 MHz 
f/10 W/m2; 400 MHz < f  2 GHz 
200 W/m2 ; 2 GHz < f 100 GHz 
0.0129 f2.096 ; 100 GHz < f 300 GHz 

ATTACHMENT 8Approved Minutes; TC95 SC3/SC4 Meeting, 11 January 2017



R Tell (1-11-2017) 
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R Tell (1-11-2017) 

Another Measurement Challenge 

Typically used probes in the US allow for up to 600% of the occupational 
or 600% of the general public MPE. 
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R Tell (1-11-2017) 

The NATO Standard (30 MHz to 300 GHz) 
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Insights to Localized SARs Provided by 
Findlay and Dimbylow 2009 Paper 

R Tell (1-11-2017) 
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Findlay and Dimbylow SAR Analysis Approach 

Half-wave dipoles operated at 65, 100, 200, 600, 1000 and 2000 MHz at 
different distances in front of model of human body and at three 
elevations. R Tell (1-11-2017) 

Spatial average and 
spatial peak RF fields 
were calculated for 
dipoles radiating 1 watt at 
each frequency and for 
each position. The WBA 
SAR and spatial peak SAR 
were calculated within 
the body model.  
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Different half-wave dipole exposure configurations used by 
Findlay and Dimbylow 

F (MHz) Antenna  - body separation (cm) 

65 57.7 115.4 230.8 

100 37.5 75 150 

200 18.75 37.5 75 

600 6.25 12.5 25 

1000 3.75 7.5 15 

2000 1.88 3.75 7.5 

All of the above separation distances were analyzed for the dipoles 
centered on the nose, chest and waist for a total of 21 configurations! 

R Tell (1-11-2017) 
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What I did with the Findlay-Dimbylow data 

 I used the Findlay-Dimbylow WBA and spatial peak SAR
values relative to the applied fields from the various
dipoles to determine the WBA and peak SARs that would
be associated with fields equivalent to the IEEE MPEs for
WBA and localized exposure.

 The resulting WBA and peak SARs were then compared to
the basic restrictions (BRs) used as the basis for the IEEE
C95.1-2005 standard.

 In the table that follows, the red highlighted cells represent
those cases for which the calculated SARs, when the
exposure was equal to the IEEE MPE for either WBA or
localized exposure, exceeded the underlying BRs.

R Tell (1-11-2017) 

This approach and the results were reviewed by Richard Findlay. 
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Controlled 
Environment 

Lower Tier Controlled 
Environment 

Lower Tier Controlled 
Environment 

Lower Tier 

SAR Ratios 
SAR/BR 

SAR Ratios 
SAR/BR 

SAR Ratios 
SAR/BR 

SAR Ratios 
SAR/BR 

SAR Ratios 
SAR/BR 

SAR Ratios 
SAR/BR 

F (MHz) Position 
Dist 
(cm) WB Local WB Local 

Dist 
(cm) WB Local WB Local 

Dist 
(cm) WB Local WB Local 

65 

Nose 57.70 0.4936 1.8085 0.4936 1.8085 115.40 0.5675 1.9215 0.5675 1.9215 230.80 0.7867 2.8332 0.7867 2.8332 

Chest 57.70 0.6675 2.4802 0.6675 2.4802 115.40 0.6392 2.4581 0.6392 2.4581 230.80 0.7537 3.0472 0.7537 3.0472 

Waist 57.70 0.7877 2.6223 0.7877 2.6223 115.40 0.6783 2.7040 0.6783 2.7040 230.80 0.7375 3.1084 0.7375 3.1084 

100 

Nose 37.50 0.2228 0.8556 0.2228 0.8556 75.00 0.2796 0.7703 0.2796 0.7703 150.00 0.4367 0.7632 0.4367 0.7632 

Chest 37.50 0.2873 1.0668 0.2873 1.0668 75.00 0.2975 0.8395 0.2975 0.8395 150.00 0.4614 1.0884 0.4614 1.0884 

Waist 37.50 0.2613 0.8123 0.2613 0.8123 75.00 0.2924 0.7772 0.2924 0.7772 150.00 0.4571 1.3095 0.4571 1.3095 

200 

Nose 18.75 0.1049 0.9309 0.1049 0.9309 37.50 0.1326 1.0126 0.1326 1.0126 75.00 0.1907 1.0526 0.1907 1.0526 

Chest 18.75 0.0994 0.7491 0.0994 0.7491 37.50 0.1203 0.7400 0.1203 0.7400 75.00 0.1802 0.9875 0.1802 0.9875 

Waist 18.75 0.0998 0.6500 0.0998 0.6500 37.50 0.1169 0.4760 0.1169 0.4760 75.00 0.1801 0.7415 0.1801 0.7415 

600 

Nose 6.25 0.0629 0.3843 0.0472 0.3843 12.50 0.1095 0.4480 0.0821 0.4480 25.00 0.1246 0.4862 0.0935 0.4862 

Chest 6.25 0.0786 0.5170 0.0590 0.5170 12.50 0.1071 0.3349 0.0803 0.3349 25.00 0.0195 0.5429 0.0146 0.5429 

Waist 6.25 0.1078 0.7839 0.0809 0.7839 12.50 0.1247 0.5509 0.0935 0.5509 25.00 0.0197 0.5972 0.0148 0.5972 

1000 

Nose 3.75 0.0646 0.6836 0.0484 0.6836 7.50 0.1154 0.7976 0.0866 0.7976 15.00 0.0188 1.0021 0.0141 1.0021 

Chest 3.75 0.0957 0.4802 0.0718 0.4802 7.50 0.1319 0.3814 0.0989 0.3814 15.00 0.0269 0.4749 0.0202 0.4749 

Waist 3.75 0.1175 0.8517 0.0881 0.8517 7.50 0.1395 0.5660 0.1046 0.5660 15.00 0.0272 0.6187 0.0204 0.6187 

2000 

Nose 1.88 0.0377 0.5166 0.0283 0.5166 3.75 0.0809 0.4803 0.0606 0.4803 7.50 0.1045 0.5171 0.0784 0.5171 

Chest 1.88 0.0510 0.3142 0.0383 0.3142 3.75 0.0893 0.1536 0.0669 0.1536 7.50 0.2168 0.3317 0.1626 0.3317 

Waist 1.88 0.0903 0.6097 0.0677 0.6097 3.75 0.0992 0.2436 0.0744 0.2436 7.50 0.1666 0.2287 0.1249 0.2287 

R Tell (1-11-2017) 

Summary of C95.1-2015 SAR Analysis Data 
Exposures compared to WBA and Localized IEEE BRs 

NOTE: SAR exceeds the BR only for localized exposures. The local SAR exceeds the BR 
by up to 3.1 times depending on conditions. 14% of scenarios noncompliant. 
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NATO Zone 1 
SAR Ratios 

SAR/BR 

NATO Zone 0 
SAR Ratios 
 SAR/BR  

NATO Zone 1 
SAR Ratios 

SAR/BR 

NATO Zone 0 
SAR Ratios 
 SAR/BR  

NATO Zone 1 
SAR Ratios 

SAR/BR 

NATO Zone 0 
SAR Ratios 
 SAR/BR  

F (MHz) Position Dist Dist (cm) Dist (cm) 

65 (cm) WB Local WB Local WB Local WB Local WB Local WB Local 

Nose 57.70 0.4936 1.8085 0.4936 1.8085 115.40 0.5675 1.9215 0.5675 1.9215 230.80 0.7867 2.8332 0.7867 2.8332 

Chest 57.70 0.6675 2.4802 0.6675 2.4802 115.40 0.6392 2.4581 0.6392 2.4581 230.80 0.7537 3.0472 0.7537 3.0472 

Waist 57.70 0.7877 2.6223 0.7877 2.6223 115.40 0.6783 2.7040 0.6783 2.7040 230.80 0.7375 3.1084 0.7375 3.1084 

100 

Nose 37.50 0.2228 0.8556 0.2228 0.8556 75.00 0.2796 0.7703 0.2796 0.7703 150.00 0.4367 0.7632 0.4367 0.7632 

Chest 37.50 0.2873 1.0668 0.2873 1.0668 75.00 0.2975 0.8395 0.2975 0.8395 150.00 0.4614 1.0884 0.4614 1.0884 

Waist 37.50 0.2613 0.8123 0.2613 0.8123 75.00 0.2924 0.7772 0.2924 0.7772 150.00 0.4571 1.3095 0.4571 1.3095 

200 

Nose 18.75 0.1049 0.9309 0.1049 0.9309 37.50 0.1326 1.0126 0.1326 1.0126 75.00 0.1907 1.0526 0.1907 1.0526 

Chest 18.75 0.0994 0.7491 0.0994 0.7491 37.50 0.1203 0.7400 0.1203 0.7400 75.00 0.1802 0.9875 0.1802 0.9875 

Waist 18.75 0.0998 0.6500 0.0998 0.6500 37.50 0.1169 0.4760 0.1169 0.4760 75.00 0.1801 0.7415 0.1801 0.7415 

600 

Nose 6.25 0.0629 0.7689 0.0472 0.3843 12.50 0.1095 0.8964 0.0821 0.4480 25.00 0.1246 0.9728 0.0935 0.4862 

Chest 6.25 0.0786 1.0344 0.0590 0.5170 12.50 0.1071 0.6701 0.0803 0.3349 25.00 0.0195 1.0863 0.0146 0.5429 

Waist 6.25 0.1078 1.5687 0.0809 0.7839 12.50 0.1247 1.1024 0.0935 0.5509 25.00 0.0197 1.1949 0.0148 0.5972 

1000 

Nose 3.75 0.0646 2.2799 0.0484 0.6836 7.50 0.1154 2.6600 0.0866 0.7976 15.00 0.0188 3.3420 0.0141 1.0021 

Chest 3.75 0.0957 1.6015 0.0718 0.4802 7.50 0.1319 1.2719 0.0989 0.3814 15.00 0.0269 1.5838 0.0202 0.4749 

Waist 3.75 0.1175 2.8405 0.0881 0.8517 7.50 0.1395 1.8876 0.1046 0.5660 15.00 0.0272 2.0633 0.0204 0.6187 

2000 

Nose 1.88 0.0377 3.4459 0.0283 0.5166 3.75 0.0809 3.2039 0.0606 0.4803 7.50 0.1045 3.4489 0.0784 0.5171 

Chest 1.88 0.0510 2.0955 0.0383 0.3142 3.75 0.0893 1.0247 0.0669 0.1536 7.50 0.2168 2.2125 0.1626 0.3317 

Waist 1.88 0.0903 4.0668 0.0677 0.6097 3.75 0.0992 1.6250 0.0744 0.2436 7.50 0.1666 1.5256 0.1249 0.2287 

Summary of C95.1-2345-2015 SAR Analysis Data 
Exposures compared to WBA and Localized IEEE BRs 

R Tell (1-11-2017) 

NOTE: SAR exceeds the BR only for localized exposures. The local SAR exceeds the BR 
by up to 4.07 times depending on conditions. The average of the noncompliant SARs 
is 2.04 times the local BR. 24% of scenarios noncompliant. 
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Some Conclusions from this Analysis 

 Assessing compliance with WBA and local MPEs can
require instruments with very high dynamic ranges.

 The present IEEE local BRs can apparently be exceeded for
some conditions of near-field exposures; i.e., the MPEs for
localized exposure do NOT ensure that the local BR is not
exceeded.

 The present IEEE local MPEs, depending on frequency and
proximity to the source, can exceed the local BR by up to
3.1 times (4.1 times in the case of the NATO standard) even
while respecting the minimum measurement distance
specification within C95.1-2005 of 20 cm. This could imply
that the local MPE should be reduced to approximately 1/3
(or ¼) of its present value.

R Tell (1-11-2017) 
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A few burning questions? 

R Tell (1-11-2017) 

 Should the local BR be changed?

 Should the local MPE be changed?

 What can be said about the safety factor associated with
localized exposure? (Safety factor relative to what?) (There
are limited data on actual human skin temperatures vs
localized exposure.)

 Should the definition of localized exposure be revised?

 Should the minimum measurement distance be changed
from 20 cm?

 How much additional analysis (if any) is needed to support
technical changes to the standard?
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Steady state temperature elevation at 60 GHz with 
different incident power densities in naked skin 
model. 

T. Wu, T. S. Rappaport, C. M. Collins, “The Human 
Body and Millimeter-Wave Wireless Communication 
Systems: Interactions and Implications,” 2015 IEEE 
International Conference on Communications (ICC) , 
Jun. 2015. 

The model predicts skin surface temp rise of 
0.016 °C for 1 W/m2 incident power density. 
However, this applies to areas of several cm2 or 
greater, NOT teensy-tiny areas of, say, 1 cm2. 
Maximum skin temperature rise in very small 
areas will be far less (maybe factor of 10 less) 
than for larger areas. 

This model would suggest a skin temperature 
elevation of some 32°C for 2000 W/m2. 
Alekseev and Ziskin found the temperature 
elevation for a 1 cm2 spot at 42 GHz and 2080 
W/m2 to be only 4.5°C!  

The matter of spatial averaging area and 
averaging times for mm waves needs to be 
more carefully evaluated in revision of the 
C95.1 standard. 

A Parting Observation on Highly Localized Exposures 

Alekseev S, Ziskin M. Local heating of human skin by millimeter 
waves: a kinetics study. Bioelectromagnetics 24:571–581; 
2003. 

R Tell (1-11-2017) 
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FAR-INFRARED (IR-C – 3 µm to 1,000 µm)-
to-Milimeter-Wave Transition

(“The THz Region”) 

David Sliney, Ph.D. 

Associate Faculty – Dept. of Environmental Health 
Sciences, Johns Hopkins University School of Public 
Health, Baltimore, MD, USA 

 Formerly – US Army Center for Health Promotion and 
Preventive Medicine 

Member ACGIH Physical Agents TLV Committee, 
IEC & ISO TCs on lasers, ICES, etc. 

Past Member – ICNIRP and IRPA/INIRC 

DIFFERENT RATIONALES FOR EXPOSURE LIMITS:  
– IN  THE OPTICAL SPECTRUM – IN THE RF SPECTRUM

¢  If we applied to the optical spectrum the same 
basic restrictions, even just limiting 
Temperature elevations to 1oC,  and follow the 
rationale with large reduction factors used in 
the RF community, then we could not permit: 
�  Infant radiant warmers 
�  Radiant heat of any type 
�  Saunas 
�  Walking outdoors in the summer time 
�   Many electric lamps 
�  Many electronic products 

¢ Why not apply the same rationale used for 
infrared exposure limits to the mm-wave region?  
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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., EN, 
WHO, ICNIRP, ICOH, ILO, AIHA, ACGIH, ANSI,, etc. 

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

Wavelength λ  (nm) 

Frequency ν  (Hz) 

WHY IS THERE AN APPARENT CONTRADICTION IN 
GUIDELINES AT 1-MM WAVELENGTH(300 GHZ)? 

¢ Health-Protection Guidelines developed from 
quite different underlying assumptions about 
biological effects, dosimetry, applications, 
public perceptions and philosophy of protection 

¢ Radiofrequency radiation Dosimetry of volumic, 
mass absorption; SAR or  EM Field quantities. 

�  Concerns of unknown (“toxic”) effects, thresholds 
�  Public concerns; may be politically controversial 

¢ Optical Radiation and LASERs applied to IR-C 
�  Surface, thin-layer absorption, lack of pub. concern 
�  Philosophy:    Optimization of Benefits-vs.-Risks 
�  Recognition of environmental thermal conditions 
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HIDDEN AGENDAS?   – NEIGHBORHOOD  AESTHETICS 
IN THE 1970S, RF LIMITS BECAME HOSTAGE TO TOWER POLITICS IN THE USA  

¢ RF – Hidden 
 Agendas 

– Aesthetics

Lighting is 
Beautiful!  Let 
there be light!

DIFFERENT HISTORIES 
 - DIFFERENT EVOLUTION OF LIMITS 

¢  In USA – 1956-1962 – Research program on RF biological 
effects research and ANSI Committee C95 develops the 
first consensus occupational limits 1965 – Main 
contributors Telecommunications industry + Bell 
Laboratories + the defense community + research labs. 
�  Political controversies; unknowns, more conservative limits 

from USSR and then Scandinavia and other groups 
�  IRPA/INIRC- 1977 – 1985 – Conservative compromise 

¢ LASER – 1968-1972 – ANSI Z136 Committee developed 
first consensus standard by bioeffects research community 
govt. agencies, defense, universities and industry 
�  Lasers had “good press” and the public wants laser Tx 
�  Worldwide consensus in limits – ANSI, IEC, CIE, ACGIH 
�  No controversies on optical/laser tissue-interaction mechanisms 
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TEMPERATURE AND THERMAL EFFECTS 

¢ “Please remember – Temperature  
is a physiological factor and not 
a toxic agent.”   

– Prof. Jan A. J. Stolwijk

Yale University School of Public Health
Pioneer in heat-stress physiol., epidem.
Past member, ICNIRP, ACGIH PAC etc.

  --------- 
Core body temperature: 

T = 37o C with ~0.5 C diurnal fluctuations 
Thermoregulatory mechanisms of humans – excellent! 

Stolwijk & Hardy, Control of Body Temperature, Chap 4, in Handbook of Physiology, 
Reactions to Environmental Agents, Wiley, 2011. Amer. Physiol. Society 

    CONCEPTS OF RADIATION PROTECTION  
RF APPROACH  | OPTICAL APPROACH 

 Radiofrequency Radiation  Optical Radiation 

Greatest concerns – 
30-300 MHz Whole-body resonance 
Electrically excited tissues 
Chronic Exposure (but not TWA > 6min) 

Greatest Concern – Ultraviolet: low 
-Photochemical Effects (UV/Vis) TWA 
Thermal effects – Lasers and pulsed 
sources  - acute effects 

Coherent Radiation 
 - Resonant circuits 

Coherent Radiation 
– LASERs

Incoherent Radiation 
 -  Background very, very low 
 - 21-cm line of H2 , static 

Incoherent Radiation 
Incoherent – UV & Sunlight; lamps 
Incoherent IR – Thermal Radiators 

Public Perceptions – Concerns & 
dislikes for “ugly towers” nearby; 
media sensationalism 

Public Perceptions – “Sunlight is 
good,” radiant heating nice – “What’s 
the risk?” Desired techol. Good press 

Human experience – no real 
sensation of radiation; mysterious; 
“Any sufficiently advanced technology 
is indistinguishable from magic” ACC 

Human Experience – Evolved 
under sunlight and the warmth of 
fire (IR); “Sauna is good;”  almost all 
lamps are safe   
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BACKGROUND – INFRARED (IR) 
RADIATION – the  CIE Bands 

¢ Infrared (IR) radiation is defined as optical 
radiation in the wavelength range from 
approximately 780 nm to 1,000 μm = 1 mm. 

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

¢ Most high-intensity light sources emit 
negligible levels of IR-C compared to shorter 
wavelengths and produce aversion response. 

¢ Thermal discomfort typically reduces 
potentially hazardous exposures to the eyes 
and skin. Hazardous sources are typically 
contained, filtered or baffled. 

CURRENT ACGIH/ICNIRP EXPOSURE GUIDANCE 
NON-LASER INFRARED RADIANT ENERGY 

¢ Laser exposure limits extend to 1 mm – i.e., 
0.3 THz in terms of frequency 

¢ The whole-body Laser Exposure Limit is 100 
W/m2 (10 mW/cm2) for continuous exposure. 
�  higher values for short periods up to 1,000 s (eye 

and skin) 
�  Limit 10x higher for small areas < 100 cm2.  

¢ 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) 
�  IR-C should not have exposure/irradiance limits! 
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WHAT? 

¢ Exposure limits are simply 
not given for non-coherent 
(IR-C) optical radiation! 

¢ Limits only for IR-C lasers! 

 WHY? 

BLACKBODY SOURCES AND IR-C 
¢  ICNIRP & ACGIH have been frequently 

asked why there are no explicit 
guidelines for IR-C (non-laser) 

¢ 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 35o C ambient – 
The environment is the dominant factor! 
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RATIO OF RADIANCE IN IR-A,B/C 
Fraction of total Radiance
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Human exposure from IR-C is from warm objects and typically E > 100 W/m2    

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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THE IMPORTANCE OF AMBIENT CONDITIONS       
– HEAT STRESS & STRAIN 

¢ Unlike IR-B and IR-A hazardous sources, the 
ambient determines whether IR-C sources are 
a whole-body irradiation problem – unless one 
is speaking of lasers, which can heat a spot 
�  An irradiance of 100 W/m2 is just detectable at room 

temperature.  Sensation & Comfort dependent on T. 
�  An irradiance of 1 kW/m2 (whole-body) gives life-

saving warmth under frigid conditions, but could 
provoke a heat stroke at 35o C. 

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

WET-BULB-GLOBE TEMPERATURE (WBGT 
INDEX) FOR MONITORING HEAT STRESS 

¢ From the American Conference of Governmental 
Industrial Hygienists (ACGIH) circa. 1974. 

¢ With direct exposure to sunlight: 
�   WBGTout = 0.7 Tnwb + 0.2 Tg + 0.1 Tdb 

¢ Without direct exposure to the sun: 
�   WBGTin = 0.7 Tnwb + 0.3 Tg 

¢ where: 
�  Tnwb = natural wet-bulb temperature (NWB) 
�  Tg    = globe temperature (GT)  
�  Tdb   = dry-bulb (air) temperature (DB)  

¢ Note that indoors the black-globe temp (largely 
IR-C) accounts for only 30% of the contribution. 
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ICNIRP STATEMENT ON FAR-INFRARED – 2006* 

¢  ICNIRP provides guidelines to limit exposure to 
intense infrared radiation up to λ = 3 µm (IR-A,IR-B). 

¢ 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. 

*ICNIRP STATEMENT ON FAR INFRARED RADIATION EXPOSURE, Health
Phys. 91(6):630-645, 2006.  (download from www.icnirp.org) 

MAXIMAL RADIANT EXITANCE W FROM A BLACK 
BODY SURFACE  (ICNIRP FAR-IR STATEMENT) 
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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 this very conservative guideline: 
�  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-stress 
concerns. 

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 

¢ The peak 
wavelength of 
a blackbody 
emission 
spectrum 
decreases 
with 
increasing 
source 
temperature 
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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; however, photorepair! 

¢  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.  Ambient T is important. 
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SKIN PENETRATION DEPTH 
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Thin-layer, surface absorption in Stratum corneum in IR-C - ~ 0.5 mm! 

|çHeat Lamps è| 

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 in the 19th and earlier 20thCentury. 

¢ 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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THE EYE:  INDUSTRIAL HEAT CATARACT 
IS THIS AN INFRARED CATARACT? 

¢ Mostly IR-A and IR- B 
(780 nm - 3,000 nm) 

¢  “Glassblower’s Cataract” 
with exfoliation of the lens 
is now quite rare 

¢ Work conditions were far 
more severe in 1800-1930 
in hot industries 

David.Sliney@att.net 

25 

• Dr. Eva Lydahl (1984, Karolinska) showed a higher
incidence of early onset of cataract in Swedish glass
workers but not steel workers (A. Glansholm performed
radiometric measurements of IR.

THE EYE: IR AND HEAT CATARACT 
¢ The weight of scientific 

and medical evidence 
now points to ambient 
temperature as an 
etiologic factor in 
cataractogenesis – not IR 
(CIE Publ. 221, 2016) 

¢ Living or working in a 
high-temperature 
environment (e.g. T > 30o) 
accelerates aging of lens 
and onset of cataract and 
presbyopia: 20 y earlier! 

¢ Kanazawa Medical Univ. 
Epidemiological studies 
�  Singaporeans in their 60s and 

over 70s, high prevalence of 
nuclear cataracts alone seen. 

�  However, nuclear type alone 
in Japanese and Icelanders in 
their 60s was only 1.7 % and 
8.3 %, respectively 

¢ Does discomfort limit IR 
exposure of the human eyes? 

4yr
s	

71yr
s	

Sasaki H, Jonasson F, Shui YB, Kojima M, Ono M, Katoh N, Cheng HM, Takahashi N, Sasaki K. High prevalence of nuclear 
cataract in the population of tropical and subtropical areas, (in Hockwin, Kojima Takahashi, Sliney, eds: Progress in Lens and 
Cataract Research). Dev Ophthalmol. 35:60-69, 2002. 
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INFRARED LASER EXPOSURE GUIDELINES—
DEPENDENCY UPON PENETRATION DEPTH

IR-C (“FAR-INFRAED”) LASERS 

¢ Only the 10.6 µm CO2 laser is widely used 

¢ The 5 µm CO laser, tunable FIR quantum cascade 
lasers are also used for special applications 

¢ Water vapor lasers, λ= 118.6 µm  

¢ Methanol, CH3OH laser family λ= 19 – 3030 µm 

¢ Free-electron laser (full IR-C spectrum in theory) 
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IR-C LASER LIMITS HAVE A VERY 
LARGE REDUCTION FACTOR 

CONCLUSIONS - ARE THERE ANY THZ 
BIOLOGICAL EFFECTS OF CONCERN? 
¢ Very few  published studies of extreme IR-C or THz 

irradiation of biological tissues. 
¢ Essentially all studies were either of thermal 

sensation and heating of the skin (e.g., Adair et al.) 
or exposures of cell cultures and proteins (e.g., 
Alexandrov, 2011)  

¢ Aside from excessive surface heating, other adverse 
health effects should not be plausible – Why? 
�  Penetration depth less than ~ 0.5-mm with direct 

interaction with stratum corneum and living cells and 
sub-cellular organelles of the superficial epidermis. 

�   Epidermal cells migrate to the surface and have short 
lifetimes of the order of 14 days, so delayed effects are 
not reasonably foreseeable.  
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WATER ABSORPTION COEFFICIENTS – λ OF INTEREST 

Wavelength 
λ 

δ  (mm) 
(86% abs depth) 

α (cm-1) Reference 

1.06 µm   21.0 0.95 Maher, 1978 

1.3 µm 8.69  2.3 Maher, 1978 

1.54 µm 2.22 9.0 Maher, 1978 

2.06 µm 0.71 28 Maher, 1978 

2.9 µm 0.0015 12,900 Hale, 1973 

3.6 - 3.9 µm 0.18 - 0.11 112 - 180 Hale, 1973 

10.6 µm 0.024 817 Hale, 1973 

30 µm 0.0136 1,374 Hale, 1973 

100 µm 0.030 668 Hale, 1973 

200 µm 0.063 316 Hale, 1973 

1 mm 0.138 144 Ryakovdkaya, 1983 

2 mm 0.173 114 Rhakovdkaya, 1983 

3 mm (100 GHz) 0.302 66 Rhakovdkaya, 1983 

10 mm 0.615 32 Rhakovdkaya, 1983 

CURRENT ICNIRP GUIDELINES VS. PAIN 
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Series 2 is Pain Threshold; Series 1 is current exposure limit, Series 3 and 
4 is extrapolation of laser limit to ignore cooling by heat conduction.      
MM-Wave limits may ignore cooling! 
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ADJUSTING FOR PENETRATION DEPTH WITH LASERS: 
THREE INFRARED LASER WAVELENGTH BANDS – FOR  T > 
10 S, ALL LIMITS ARE THE SAME BECAUSE OF HEAT FLOW 

International Commission on Non Ionizing Radiation

 Maximum Permissible Exposure for Skin and Cornea

0.001

0.01

0.1

1

10

100

1000

10000

1E-09 1E-08 1E-07 1E-06 0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000 10000 100000
Exposure Duration (seconds)

R
ad

ia
nt

 E
xp

os
ur

e 
(J

/c
m

2 )

MPE(2.6 - 1000 um)
MPE(1.5 -1.8 um)
MPE (1.4-1.5 and 1.8-2.6 um)

Infrared Laser Exposure Guidelines—
dependency upon penetration depth 

CONCLUSION & RECOMMENDATIONS 

¢ MM-Wave Guidelines should be based on IR-C limits 
¢  If penetration depth is less than 0.5 mm, there should 

be no surprising biological effects differing from warm 
IR-C sources where there is vast experience. 

¢ SAR should not be used above some frequency 
�  For f > 10 GHz or 30 GHz or…? 
�  Transition from SAR to surface irradiance limits should 

occur at f far lower than 300 GHz 

¢  Ignoring the critically important ambient thermal 
environment already leads to enormous safety factors  
�  Follow optical approach and rely on thermal sensation? 
�  MM-wave technologies can be needlessly restricted by 

current, overly conservative exposure guidelines. 

¢ Cataract is not a realistic risk from mm-wave exp. 
¢ Remaining questions related to Dosimetric criteria 
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CONCLUSIONS & RECOMMENDATIONS
(CONTINUED) 

¢ Review Measurement Specifications Conditions 
�  Spatial Averaging area minimum is 11 mm diameter (1 

cm2) for small beams; but can average over large area if 
whole-body heating is of concern – but should we? 

�  “Averaging” time.   
¢  A 6-minute averaging time with equal energy was developed for 

large volume exposure with slow redistribution of thermal energy. 
¢  Surface-absorbed radiant heat means heat-flow is largely directed 

downward to deeper tissue with vascular cooling; little radial flow 
¢  Although 10 s is very conservative value in IR-C – it adds safety 
¢  Pulsed limits with E = f(t-1/4) as used in IR-C should be applied 

¢ Can step functions be avoided? 
�  Step functions can be avoided, but only at a great cost of 

simplicity.  Current limits criticized as “too complex.” 
�  Optical safety limits currently have step functions – simple! 

CONCLUSIONS & RECOMMENDATIONS  
(FINAL -  WHAT UNCERTAINTIES?) 

¢ There is no justification for reduction factors for a 
physiological variable 

¢ There is no justification for a reduction factor when 
normal thermoregulatory effects dwarf the basic 
limit 

¢ Unlike deep-body heating, etc. there is little if any 
“uncertainty” about biological effects if penetration 
depth is so shallow.   
�  Surface absorption of radiant energy is the same as IR-C 
�  Humans have evolved under significant broad-band IR-C 

¢ Coherent (single-frequency) irradiation could only 
create slightly increased resonant absorption, but 
sensations would still limit the exposure! 
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THANK YOU! 

¢ Questions? 

 Backup for Questions follow 

INFRARED WARMING CABINS – ICNIRP 
RECOMMENDATIONS, CONCLUSIONS 

¢ Guidance for treating far-infrared exposures to the 
skin and eye was provided.  The ICNIRP statement 
was prompted as technology continued 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 that are 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 was a strong need to lay to rest the concerns 
related to erythema ab igne and to know the dose 
response curve for. 
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JUST AS AN ASIDE – 
ARE INSECTS SENSING THZ (IR-C) 
RADIATION? 
¢  After scanning electron microscopes (SEMs) enabled entomologists 

to examine the external neural microstructures on insects 
(antennae & setae), Dr. Philip Callahan (US Dept Agriculture) 
hypothesized that some insects have structures that behave like 
THz antennas or MASER-like cavities.  The SEMs below show the 
types of antennal sensilla (spines) that he hypothesized could act 
for communication. 

¢  Appl. Optics, 24(8),1088,1984 
¢  Insects have nerve cells that extend 

outside of the body 
¢  Fire beetles can detect forest fires 

50 km away 
 SEMs are for spider to illustrate idea è  

¢  Fortunately humans do not have 
neurons externally! 

IR BIOEFFECTS -      
MEDICAL APPLICATIONS 

¢ IR-A used for most applications. 
�  Used for physical medicine for treatment of sports 

injuries, muscle aches, pain, and some diseases, 
because of good penetration depth. 

�  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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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) Δλ < 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. 
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Introduction 

The International Committee on Electromagnetic Safety (ICES) is undertaking a review of 
the literature on possible biological and human health effects of electric and magnetic 
fields (EMF) and electromagnetic fields covering the range (0 - 300 GHz), as it updates its 
current C95.6-2002 and C95.1-2005 exposure limits. These limits were based on earlier 
EMF literature reviewed by ICES for these standards.  

Since the previous ICES reviews, the quantity of the relevant scientific literature has 
increased considerably. Moreover there have been a number of comprehensive reviews 
of the literature conducted by health and other scientific agencies upon which ICES can 
rely to reduce the time period to be reviewed since the previous ICES standards and the 
effort for the current review. For example, the Scientific Committee on Emerging and 
Newly Identified Health Risks (SCENIHR) of the European Commission published its 
assessment of static, ELF, IF, and RF fields in 2015.1.Furthermore, the World Health 
Organization’s International EMF Project is currently preparing an Environmental Health 
Criteria review of radiofrequency electromagnetic fields for planned release in 2016, 
which overlaps the current ICES review period. To the extent that these other literature 
reviews can inform the ICES review process and make the ICES process more efficient, 
ICES intends to rely in part upon these validated consensus reviews of the literature. It is 
important to build on such efforts to the extent feasible given the constraints of the ICES 
review process.  

In the years since the previous ICES reviews, the scientific and medical communities 
have developed an increased awareness of the benefits of conducting systematic, as 
compared to narrative, reviews of the literature. ICES intends to rely more on systematic 
review procedures than in the past to further the goals of consistency and transparency.  
By implementing a more systematic approach, ICES expects to further improve the 
quality of its literature review.  The literature will be systematically evaluated for such 
characteristics as quality, reliability, reproducibility, and methodological strength to 
support weight-of-evidence conclusions about exposure limits.   

The literature review requires the support of various disciplines, including but not 
necessarily limited to individuals who have expertise in one or more of these disciplines: 
biological sciences, medicine, toxicology, engineering, dosimetry, exposure assessment, 
statistical study design and computation, epidemiology and bioelectromagnetics.  ICES 
will seek nominations from members and from representatives of the disciplines 
required.  Individuals with known expertise in bioelectromagnetics and other disciplines 
also will be contacted, and invited to participate. In addition to the invited experts, 
other qualified experts willing to contribute will be included. All persons involved in the 
review process will be asked to abide by the IEEE Code of Ethics, which entails accepting 

1 SCENIHR 2015. “Opinion on potential health effects of exposure to electromagnetic fields (EMF).” 
http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_o_041.pdf 
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responsibility to make decisions consistent with the safety, health, and welfare of the 
public, and to disclose promptly factors that might endanger the public or the 
environment, as well as to avoid conflicts of interest whenever possible, and to disclose 
them to ICES when they do exist. 

ICES will form a literature review committee that achieves a balance of participants to 
apply selection criteria to identify studies within the defined scope. The selected 
literature will be evaluated based on a weight-of-evidence approach to assess the 
evidence for possible adverse human health effects.  

Systematic vs. Narrative Reviews. Previous ICES reviews, together with most other 
agency reviews of the EMF literature, have been narrative in nature, with stated criteria 
for literature inclusion and evaluation. Other examples include the extensive reviews by 
the International Commission on Non-Ionizing Radiation Protection (ICNIRP), as well as 
reviews sponsored by national and international agencies.  

Narrative reviews often rely on reviewers’ judgements for selecting literature and 
reviewing data. While the best narrative reviews are typically highly inclusive in the 
material covered, a lack of pre-defined protocols for study selection and review can 
diminish consistency and transparency, and result in bias.  Bias can result from such 
(largely unintentional) conditions such as selective inclusion of papers in the review or 
inconsistent weighting of papers, such as between those reporting ‘positive’ or 
‘negative’ findings.   

To ensure comprehensiveness and transparency, systematic reviews are increasingly 
prominent in assessments of the benefits of medical treatments and for evaluating 
environmental health risks.2 The magnitude of the interest in systematic reviews is 
indicated by the more than 6,000 citations of the influential checklist in the PRISMA 
statement (Moher et al., 2009)3 (Thompson-Reuters Web of Science, 
www.webofknowledge.com) and widespread citation of the CONSORT (2010)4 guide, as 
well as EQUATOR,5 a “catalog” of reporting criteria for a variety of health-related trials.  
While the reporting criteria described by these different guides vary considerably, their 
common goal is to employ a transparent, pre-defined evaluation process to obtain and 
evaluate a scientific database with the least bias possible. In particular, systematic 

2  Woodruff, TJ, Sutton, P. The Navigation Guide systematic review methodology: a rigorous and 
transparent method for translating environmental health science into better health outcomes. Environ 
Health Perspect 122 (10):1007-1014, 2014. 

3  Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. BMJ. 2009 Jul 21;339:b2535. doi: 
10.1136/bmj.b2535  

4  Schülz K F, Altman DG, Moher D. CONSORT 2010 statement: Updated guidelines for reporting parallel 
group randomised trials. BMC medicine 8 (1): 18, 2010. 

5  Simera, I., et al. A catalogue of reporting guidelines for health research. European Journal of Clinical 
Investigation 40 (1):35-53, 2010 ( http://www.equator-network.org/) 
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review criteria aim to avoid three major potential sources of bias: (1) arbitrary selection 
of source studies (commonly called “cherry picking” the literature), (2) post hoc 
adjustment of review criteria, and (3) inconsistent criteria for identifying positive, 
negative and inconclusive outcomes. A high-quality systematic review filters and weighs 
the relevant scientific papers by relying on pre-established and consistent evaluation 
criteria regardless of each paper’s conclusions.  

Criteria Used in Reviews of EMF Literature 

In reviewing the EMF literature that goes back to the 1960s and earlier, few if any health 
agencies or standard setting groups attempted to carry out all-inclusive systematic 
reviews as described by PRISMA, CONSORT, or EQUATOR. However, some recent 
reviews of EMF research feature some of the characteristics of a systematic review. In 
addition, a number of meta-analyses of specific individual potential health effects of 
EMF have used systematic approaches, but were not part of evaluations for health 
agency use or for standard setting. 

Several groups that have analyzed the EMF literature have made recommendations on 
how to conduct reviews specific for the EMF scientific literature in order to incorporate 
the principles of systematic review. These analyses include:  

1. The IARC Monograph 102 on RF fields has an extensive chapter on the
procedures that the Working Group used to evaluate the literature on possible
carcinogenic effects of RF energy (with extensive discussion of assessment
methods).

2. The SCENIHR (2012) memorandum on review of scientific data related to health
risks.6 This document provides a detailed prescription for assessing the evidence,
with a detailed discussion of inclusion criteria for articles and assessment
methods and was applied in its 2015 review of research on electromagnetic
fields up through radiofrequencies.1 The SCENIHR (2012) memorandum is
included as an Appendix.

For its forthcoming review, ICES will use the criteria listed in Table 1. These criteria are 
adapted from those proposed by Verschaeve (2012).7 

6  SCENIHR 2012. “Memorandum on the use of the scientific literature for human health risk assessment 
purposes – weighing of evidence and expression of uncertainty.”  
http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_s_001.pdf  

7  Verschaeve L. Evaluations of International Expert Group Reports on the Biological Effects of 
Radiofrequency Fields. (2012). In Wireless Communications and Networks – Recent Advances, Ali 
Eksim (Ed.), ISBN: 978-953-51-0189-5, InTech, Available from: 
http://www.intechopen.com/books/wireless-communications-and-networks-recent-
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Table 1. ICES Review Criteria 

Composition of review group: 

 define selection procedure for members in a manner that is consistent with the
ICES Policy and Procedures, particularly with respect to achieving balance,
openness and due process goals;8

 describe group composition with identification of areas of expertise,
complementarity, interdisciplinary skills, and any gaps.

Methods used in the selection of relevant literature: 

 rely on peer-reviewed publications with notation and rationale for any exceptions;

 use a defined procedure for methodical searches of literature data bases.

Criteria for evaluation of scientific studies: 

 support transparency by clearly describing the criteria to be used, as appropriate
for a given subspecialty;

 evaluate scientific and statistical validity of study design, including factors affecting
statistical power and reliability (for example, number of participants or animals,
control method and, especially for in vitro experiments, replication);

 where applicable, identify and evaluate potential sources of bias and confounding
factors;

 critically evaluate dosimetry and exposure assessment;

 evaluate study methods and experimental approach in the studies under
consideration.

 describe, before commencing the review, the approach to analysis that will be
used, including a discussion of how issues such as reproducibility of experimental
results and weighting of “positive” and “negative” studies will be managed.

advances/evaluations-of-international-expert-group-reports-on-the-biological-effects-of-
radiofrequency-fields 

8  In the standards-setting milieu, participants often include representatives of academia, government, 
and industry.  The role of transparency, balance and due process in standards activities is to ensure that 
the agendas of individual participants are diluted and balanced by the group working toward a common 
goal. 
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The Overall ICES Literature Review Procedure 

The goal of the current literature review by ICES is to employ predetermined, 
transparent criteria for selecting and reviewing studies for scientific quality (the triage), 
with full evaluation of adequate individual studies, in a way that avoids bias. The 
reviews will include an expert assessment of the evidence. There will be an initial 
identification of papers related to topics (and subtopics) potentially impacting on human 
health by EMF exposure, a triaging of the papers to be selected for full evaluation, and 
then an expert assessment of the evidence. 

Initial Identification and Selection of Papers 

Each subfield of the topic (e.g., epidemiology, in vitro studies, etc.) will be reviewed by a 
topic review group that will:  

1. Present an annotated (as needed) list of research subfields chosen for
evaluation. Separate literature searches for each subfield will be performed
to retrieve publications pertaining to that subfield.

2. Before a topic committee commences its review, each topic group will state
the planned approach to analysis, including discussion of how issues such as
reproducibility of experimental results and weighting of “positive” and
“negative” studies will be managed.

3. Identify and triage all relevant papers selected in step 1 above using a
predetermined set of criteria to identify papers not considered suitable for
the purposes of developing the opinion.

4. Systematically and consistently review each publication selected at Step 3
(triage stage).9

5. Each topic group will prepare a tabulation of the papers that were selected
after triage. The summaries should, where practical, include tables with
important data such as effect/no effect, species or sample, frequency,

9 To the extent possible, all groups will review papers that were published over the same period. The ICES 
review will focus on papers that have appeared after the cutoff date for coverage in the most recent 
WHO EHC reviews on ELF and RF fields (approximately 2006 and 2012-3, respectively). The aim is to 
build upon the WHO EHC reviews and focus efforts on more recent results that may have the potential 
to alter previous conclusions of WHO and other expert groups. Older scientific papers may be cited in 
narrative reviews that the topic subgroups prepare but should not generally be relied on in the 
systematic reviews (to ensure that all groups base their conclusions on literature from the same time 
period). However, previous, well-conducted reviews can be cited and relied on as part of the weight of 
evidence analysis. 
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modulation, duration of exposure, SAR and/or intensity, and reference as 
well as narrative discussion.10  

These five methodological elements will provide a consistent generic approach for the 
review of the research literature to update the ICES exposure standard. However, each 
review group tasked to review a particular topic will adapt this generic approach as 
appropriate for the literature on that topic (and its subtopics). To reduce any 
appearance of bias it is important that all papers that pass the triage stage (described 
below) are reviewed in a consistent manner; that only high quality studies are used in 
meta-analyses of the data, if performed, and to support narrative-type judgements.  

Triage of papers after initial identification 

Publications selected for review and analysis will be full papers in English that were 
published within the established time frame in a peer reviewed journal indexed in 
PubMed or Web of Science.11 The IEEE Database (ieee-emf.com) and EMF-Portal (emf-
portal.de) can be used to help identify candidate articles, but the focus of review will 
consist of papers published in established journals that are indexed in PubMed and Web 
of Science. 

After identifying relevant papers, ICES working groups will conduct a first round of 
review (triage) to identify papers for full evaluation using the approach recommended 
by SCENIHR6 (see below). Papers that are de-selected during this triage (typically 
because of inadequate dosimetry or significant weaknesses in the study design) will be 
listed in a separate section of each review with annotation of the major deficit(s).  

Papers will be selected for development of summary assessment independently of their 
conclusions (e.g., whether a “positive” or “negative” biological effect was reported.)  

In triaging papers, the following matrix (adapted from SCENIHR 2012) will be employed: 

10 Tables may be modified to accommodate the information in different subject areas, for example, tables 
of epidemiological data would be expected to differ from tables of in vitro data. 

11 These indices generally limit their coverage to established journals with regular publication schedules 
maintained over extended periods, and generally exclude online and print journals that lack evidence of 
professional publication procedures. 
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Table 2. Matrix to assess individual publications (from SCENIHR, 2012) 

Relevance 

Scientific Quality 

Good 
Adequate/ 
Utilizable 

Inadequate 
scientific 

quality (S) or  
dosimetry (D) Not assignable 

Direct X X 

enter S or D as 
appropriate, if 

necessary 

Indirect X X 

enter S or D as 
appropriate, if 

necessary 

Insufficient 

Papers in the boxes marked with “X” are reviewed in full; other papers classified as S or 
D or not assignable in the matrix will be cited as “Publications noted but not considered 
suitable for the purposes of this review.” A paper will be classified as having 
“inadequate scientific quality” if it lacks adequate exposure assessment, or if the study 
design had a significant weakness and is inadequate to support the conclusions of the 
study. A paper will be classified as “not assignable” if it lacks new experimental data or 
analysis, e.g., if it is a review or commentary that lacks quantitative analysis or 
reanalysis of data or does not identify a specific technical fault in a prior publication. The 
reasons for triaging a paper should be briefly indicated by the review committee. 

Definitions (adapted from SCENIHR 2012):6 

Quality • Good scientific quality: the study is considered to be appropriately
designed, conducted and reported, and used valid methodology
(including adequate dosimetry or exposure assessment).

• Adequate/useable scientific quality: the study has significant limitations,
i.e., while scientifically acceptable, important deficiencies in design,
conduct, reporting or analysis limit its reliability and influence. Studies 
with inadequate dosimetry should not be placed in this category.  

• Inadequate scientific quality: there are serious concerns about the
design, conduct, reporting, or analysis of the study, and/or the
dosimetry or exposure assessment is not adequately detailed,
nonexistent or inadequate.

• Not assignable: there is insufficient detail to make an evaluation.
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Relevance • Direct relevance; the study addresses an outcome of EMF exposure that 
is related to health and safety. 

• Indirect relevance; the study addresses a theoretical model or outcome
of interest, for example improvements in EMF exposure assessment or
biophysical models of interaction, not directly tied to health and safety.

• Insufficient relevance for the setting of EMF exposure guidelines. This
may include studies of environmental effects of EMF with endpoints that
are considered to be not relevant to the review, for example,
interference with communication or medical devices, or concerns
specific to unique industrial or military settings.

Evaluation 

After the triage process is completed, papers selected for full review will be considered 
in reverse chronological order (newest papers considered first). The purpose of this is to 
allow the evaluation to proceed despite the fact that the WHO EHC on RF fields is not 
expected to be released for several months, and the cutoff in coverage dates of that 
review are still to be determined.  

After the full evaluation of publications selected after triage, a weight of evidence 
review will be conducted. The general approach is described in the WHO EHC 
monograph on ELF fields12 (p xii) and restated in the WHO EMF Health Risk Assessment 
webpage13: 

“In the evaluation of human health risks, sound human data, whenever available, are 
generally more informative than animal data. Animal and in vitro studies provide 
support and are used mainly to supply evidence missing from human studies. It is 
mandatory that research on human subjects is conducted in full accord with ethical 
principles, including the provisions of the Helsinki Declaration.  

All studies, with either positive or negative effects, need to be evaluated and judged on 
their own merit, and then all together in a weight of evidence approach. It is important 
to determine how much a set of evidence changes the probability that exposure causes 
an outcome. Generally, studies must be replicated or be in agreement with similar 
studies. The evidence for an effect is further strengthened if the results from different 
types of studies (epidemiology and laboratory) point to the same conclusion.” 

Other specific recommendations for a weight-of-evidence assessment of the literature 
are provided by SCENIHR (2012) (included as an Appendix). These may be considered as 
well by individual topic groups.  

12 WHO Environmental Health Criteria 238, 2007. Extremely Low Frequency Fields, Geneva. WHO. 
http://www.who.int/peh-emf/publications/elf_ehc/en/ 

13 http://www.who.int/peh-emf/research/health_risk_assess/en/index3.html. 
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A summary of the approach to be taken: 

All papers considered for inclusion in the review should be subjected to the triage 
procedure as outlined below. Papers not selected for full review should be listed in 
an appropriate section of the final report.  

The approach is focused on primary research papers that appear in journals that are 
indexed in PubMed or Web of Science. Papers in other, non-indexed, journals are 
presumed to be of secondary importance and not further subjected to the triage 
review. Examples are papers appearing in the many new online journals that are not 
sufficiently well established to be indexed by PubMed or Web of Science, many of 
which have such short submission-to-publication times that the quality of peer 
review is seriously in question.  

Topic working groups can examine specific papers from such sources of secondary 
importance at their discretion. Such papers should first be triaged using the standard 
method adopted by the committee and listed appropriately in the reviews before 
being subjected to a detailed evaluation. However there is no expectation that topic 
groups will examine all papers selected from such secondary sources in step 1 
above. 

Review groups should use a consistent approach to recording papers that were 
considered and in reporting the results of the triage process. This can consist simply 
of an Excel spreadsheet14 with columns for bibliographic data for sources, results of 
triage evaluation, and any summary comments about the papers by the reviewers.  

Topic review groups need to assess whether each study was appropriately designed, 
conducted and reported, using valid methodology, to support the conclusions in the 
paper. These criteria may vary among groups depending on the subject but the 
criteria should be consistently applied to all papers examined by each group, 
regardless of their conclusions.  

Topic review groups will conduct weight of evidence review after the full evaluation 
of publications selected after triage. 

It is expected that the use of the procedure described above will result in a transparent 
and careful examination of the currently existing literature relevant to the setting of 
standards for allowable human exposures to electric, magnetic and electromagnetic 
fields. 

14 These data/data sheets are considered to be draft material for the use of the authors of the topic 
reviews and will not be included in the written literature review of each topic area. 
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APPENDIX 

SCENIHR 2012 
“Memorandum on the use of the scientific literature for human 

health risk assessment purposes – weighing of evidence and 
expression of uncertainty.”  

http://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_s_001.pdf 
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Scientific Committee on Emerging and Newly Identified Health Risks 

SCENIHR 

Memorandum on the use of the scientific literature for human 
health risk assessment purposes – weighing of evidence and 

expression of uncertainty  
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ABSTRACT  

This memorandum is focussed on risk assessment of stressors to which humans may be 
exposed. The memorandum is intended to complement the draft SCENIHR report on the 
identification of emerging issues and the work of SCENIHR on the challenges in future 
risk assessments. 

Currently the assessment of data relies on expert judgement and although this approach 
is well established, how the expert judgement is used, is often not clear to many 
stakeholders. 

The memorandum addresses the following: 

- Identification and selection of relevant publications for analysis, 

- Weighing the data, 

- Expression of uncertainty, and 

- Application for risk assessment purposes. 

The aim is to use it, wherever appropriate, for the risk assessment activities of the 
SCENIHR.  

A risk assessment requires the evaluation of the evidence across all relevant 
domains/lines of evidence.  

The approach proposed is a staged one involving: 

- Individual data sets (e.g. publications), 

- Individual lines of evidence, 

- Combination of lines of evidence, and 

- Characterisation of relevant uncertainties. 

Individual papers/data sets that are identified initially but on preliminary examination do 
not meet the criteria of quality and/or relevance for the purposes of the development of 
the opinion will appear in the reference list or additional document for the report on 
which the opinion is based as ‘Publications noted but not considered suitable for the 
purposes of developing the opinion’.  

For each line of evidence the additional criteria of utility and comprehensiveness are 
introduced. This analysis leads to the assignment of individual papers to one of the 
following categories:  

1. ‘Publications that are relevant and of sufficient/suitable quality and were
important for the development of the opinion’. 

2. ‘Publications that are relevant and of sufficient/suitable quality but were not
judged to be necessary for the development of the opinion’. 

Integration of the various lines of evidence (integrative risk assessment) is the final 
stage. The weighing of the total evidence should be presented for the purposes of clarity 
and consistency in a standard format. A tabulated form is proposed. Although all lines of 
evidence are considered for human risk assessment human, animal and mechanistic 
studies comprise the primary line of evidence along with exposure. The result of the 
tabulation and its analysis should be expressed for human risk assessment in terms of: 

- Strong overall weight of evidence: Coherent evidence from human and one or 
more other lines of evidence (animal or mechanistic studies) in the absence of conflicting 
evidence from one of the other lines of evidence (no important data gaps). 

- Moderate overall weight of evidence: good evidence from a primary line of 
evidence but evidence from several other lines is missing (important data gaps). 
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- Weak overall weight of evidence: weak evidence from the primary lines of 
evidence. 

- Uncertain overall weight of evidence: due to conflicting information from 
different lines of evidence that cannot be explained in scientific terms. 

- Weighing of evidence not possible. 

- No suitable evidence available. 

Characterisation of the uncertainties in the assessment needs to be specifically expressed 
in a form that is helpful to the stakeholders. A tiered approach for addressing 
uncertainties is recommended.  

Keywords: Human health risk assessment, weight of evidence, uncertainty, scientific 
literature 

Memorandum to be cited as: SCENIHR (Scientific Committee on Emerging and Newly 
Identified Health Risks), Memorandum on the use of the scientific literature for human 
health risk assessment purposes – weighing of evidence and expression of uncertainty, 
19 March, 2012 

ATTACHMENT 10Approved Minutes; TC95 SC3/SC4 Meeting, 11 January 2017



Weight of Evidence  

6

TABLE OF CONTENTS 

ACKNOWLEDGMENTS ........................................................................................... 3 

ABSTRACT .......................................................................................................... 4 

EXECUTIVE SUMMARY........................................................................................... 8 

1. PURPOSE OF THIS MEMORANDUM................................................................ 12

2. INTRODUCTION ......................................................................................... 12

3. IDENTIFICATION OF POSSIBLE SOURCES OF DATA AND DATA GAPS................. 14

3.1. Potential sources of data............................................................................ 14 
3.2. Use of confidential data ............................................................................. 14 

4. INITIAL SCREENING OF DATA SOURCES ....................................................... 15

4.1. Issues that need to be considered ............................................................... 15 
4.2. Criteria.................................................................................................... 15 

5. ASSESSMENT OF INDIVIDUAL DATA SOURCES............................................... 16

5.1. Weighing of positive and negative findings ................................................... 16 
5.2. Statistical significance ............................................................................... 17 
5.3. Assessment of each publication/set of data................................................... 17 

6. WEIGHING OF THE INDIVIDUAL LINES OF EVIDENCE...................................... 19

6.1. Stressor identification and characterisation................................................... 19 
6.2. Exposure to the stressor ............................................................................ 19 

6.2.1. External exposure .......................................................................... 19 
6.2.2. Internal exposure (toxicokinetics)..................................................... 21 

6.3. Human studies ......................................................................................... 21 

6.3.1. Epidemiologic studies...................................................................... 21 
6.3.2. Human volunteer studies................................................................. 22 
6.3.3. Biomarker studies in humans ........................................................... 23 
6.3.4. Clinical studies............................................................................... 24 
6.3.5. Other human data sources............................................................... 25 

6.4. Hazard assessment ................................................................................... 25 

6.4.1. Animal studies ............................................................................... 25 
6.4.2. In vitro studies .............................................................................. 27 

6.5. Mathematical models, structure activity and other in silico data....................... 28 
6.6. Studies on Modes/Mechanisms of action....................................................... 29 
6.7. Omics ..................................................................................................... 29 
6.8. Developing methods and their assessment ................................................... 30 
6.9. Use of ecotoxicological data for human risk assessment purposes .................... 30 
6.10 Scoring system for individual lines/domains of evidence .......................... 30 

ATTACHMENT 10Approved Minutes; TC95 SC3/SC4 Meeting, 11 January 2017



Weight of Evidence  

7

6.10.1 Utility ........................................................................................... 30 
6.10.2 Consistency................................................................................... 31 

6.11 Citing papers examined ...................................................................... 32 
6.12 Identification of critical data gaps......................................................... 32 
6.13 Noting outliers and genuine data variability ........................................... 32 

7. WEIGHING THE TOTALITY OF EVIDENCE ....................................................... 33

7.1. General approach ..................................................................................... 33 
7.2. Conclusions on exposure............................................................................ 33 
7.3. Conclusions on the hazard data .................................................................. 35 
7.4. Conclusions on the overall risks .................................................................. 36 
7.5. Weighing of the total evidence.................................................................... 37 
7.6. Additional explanatory information .............................................................. 38 

8. EXPRESSION OF UNCERTAINTY.................................................................... 38

8.1. Description of uncertainty .......................................................................... 38 
8.2. Identification of significant uncertainties ...................................................... 39 
8.3. Expression of the uncertainties ................................................................... 39 

8.3.1. The use of standardised terms ......................................................... 39 
8.3.2. The use of tabular forms ................................................................. 40 
8.3.3. Quantitative expression of uncertainty............................................... 42 
8.3.4. Explanation of actions on uncertainties to risk managers...................... 42 

9. COMPLETION OF THE PROCESS.................................................................... 43

10. CONCLUSIONS .......................................................................................... 43

11. RECOMMENDATIONS .................................................................................. 43

12. REFERENCES............................................................................................. 44

13. LIST OF ABBREVIATIONS ............................................................................ 45

14. ANNEX ..................................................................................................... 46

ATTACHMENT 10Approved Minutes; TC95 SC3/SC4 Meeting, 11 January 2017



Weight of Evidence  

8

EXECUTIVE SUMMARY  
SCENIHR is committed to ensuring a high quality in all its risk assessments. Such risk 
assessments inevitably involve a number of scientific judgements. The purpose of this 
memorandum is to provide transparency to stakeholders of the risk assessment process 
and to aid consistency between opinions. The focus of this memorandum is on risk 
assessment of stressors to which humans may be exposed. This memorandum is 
intended to complement the draft SCENIHR report on the identification of emerging 
issues and its work on the future challenges in risk assessment. 

Currently the assessment of data relies on expert judgement and although this approach 
is well established, how the data is selected and used, and the consistency of this process 
between risk assessments, is not clear to many stakeholders. 

This memorandum is concerned with the application of the weighing of evidence and the 
uncertainty involved for risk assessment purposes. It covers: 

• the identification and selection of relevant publications for analysis,

• weighing the data,

• the expression of uncertainties, and

• the application for risk assessment purposes.

The aim is to use this memorandum, wherever appropriate, to guide the risk assessment 
activities of the SCENIHR.  

A risk assessment requires the evaluation of the relevant, available evidence and 
involves a staged process beginning with individual publications and ending with the 
summation of all domains/lines of evidence.   

Individual publications 

It is proposed that the acceptability of each publication considered to be relevant should 
be specifically identified on the following criteria: 

Quality 

• Good Scientific quality. Study is considered to be appropriately designed, conducted
and reported, and using valid methodology.

• Adequate/utilizable scientific quality but with significant limitations, i.e. Scientifically
acceptable but some important deficiencies in the design and/or conduct and /or the
reporting of the experimental findings

• Inadequate scientific quality, i.e. Serious concerns about the design or conduct of the
study

• Not assignable, i.e. insufficient detail to make an evaluation.

Relevance 

• Direct relevance, i.e. addressing the agent (stressor), model and outcome of interest

• Indirect relevance, i.e. addressing a related agent (stressor), model or outcome of
interest

• Insufficient relevance, i.e. not useful for the specific risk assessment being conducted.
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Typically, the data search methods used will identify many papers that could be used. A 
preliminary screening is then needed in order to focus on those relevant for the specific 
purposes of the development of the opinion. Papers that are identified initially but on 
preliminary examination do not meet the criteria of quality and/or relevance for the 
purposes of the development of the opinion should be cited in the reference list or 
additional document for the report on which the opinion is based as: 

"Publications noted but not considered suitable for the purposes of developing the 
opinion". 

Lines of evidence 

The next stage is the assessment of the weight of evidence for each line of evidence. 

For most risk assessments a number of lines of evidence need to be considered i.e.: 

Exposure 

• exposure measurements,

• mathematical modelling,

• toxicokinetics.

Hazard assessment 

• epidemiology studies,

• human volunteer studies,

• other human data,

• animal studies,

• in vitro studies,

• in silico studies,

• mathematical modelling,

• mechanistic/mode of action studies.

Studies should be classified into those that:  

• indicate the presence of an effect,

• indicate the absence of an effect,

• are consistent with either the presence or absence of an effect.

Two criteria are used: 

Consistency is defined as the agreement on the outcome between different studies for 
each line of evidence. The following categories may be identified: 

• High – most studies show findings in the same direction;

• Medium – the majority of studies are a mixture of findings in the same direction and
consistent with either outcome;

• Low – little agreement between studies.
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Utility is defined as usability for the purposes of developing the risk assessment. A matrix 
is proposed that integrates consideration of both relevance and quality. The following 
categories may be identified: 

• High overall relevance,

• Moderate overall relevance,

• Low overall relevance.

This analysis leads to the assignment of individual papers to one of the following 
categories:  

• ‘Publications that are relevant and of sufficient/suitable quality and were important
for the development of the opinion’

• ‘Publications that are relevant and of sufficient/suitable quality but were not judged to
be necessary for the development of the opinion’.

Integration of all lines of evidence 

Integration of the various lines of evidence (integrative risk assessment) is the final 
stage It involves several steps, the details will vary according to the data available: 

• Describe the nature of the data, including endpoints considered.

• Evaluation of exposure. Combining modelling and monitoring data.

• Evaluation of hazard data. Combining in vivo, in vitro and in silico data also
combining animal/human data. This stage also includes dose-response and internal
exposure modelling and extrapolation based on the critical study or studies.

• Mode(s) of action. The plausibility of the observed or hypothetical mode(s) of action
and its validity for extrapolation purposes particularly between species.

• Quantifying the risks (including the statistical analysis) using the hazard and
exposure data. Overall impact on man and on the environment.

At each stage, a narrative justification should be provided for the final conclusions. It 
should highlight possible knowledge gaps and other uncertainties.  

Dimensions of risk that may need to be expressed include the severity of the 
effect/outcome (nature of the adverse effect) and the likelihood of its occurrence. Both of 
these aspects should be addressed in depth, where possible, during in risk 
characterisation.  

The weighing of the total evidence should be presented, for the purposes of clarity and 
consistency in a standard format. A tabulated form is proposed. Although all lines of 
evidence are considered for human risk assessment human, animal and mechanistic 
studies comprise the primary lines of evidence along with exposure. The result of the 
tabulation and its analysis should be expressed as follows: 

Strong overall weight of evidence: 

Coherent evidence from human findings and one or more other lines of evidence (animal 
or mechanistic studies) in the absence of conflicting evidence from one of the other lines 
of evidence (no important data gaps). 
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Moderate overall weight of evidence 

Good evidence from a primary line of evidence but evidence from several other lines is 
missing (important data gaps). 

Weak overall weight of evidence: 

The data itself is poor or insufficient.  

Uncertain overall weight of evidence: due to conflicting information from different lines of 
evidence that cannot be explained adequately in scientific terms. 

Weighing of evidence not possible 

No suitable evidence available. 

Expression of uncertainty 

In principle, uncertainty analysis can be incorporated during the development of an 
opinion or added after the opinion is completed. Incorporation during development of a 
risk assessment should be the approach of choice wherever possible. The strategies for 
the two approaches are different. In the former a bottom up approach is used whereas in 
the latter a top down approach may be employed. The expression of uncertainty should 
not be more sophisticated than the expression of the risks, i.e. if the risk is expressed in 
a qualitative form so should the uncertainty. Conversely if the risk is expressed in 
numerical terms so should the uncertainty. 

The focus of the expression of uncertainties should be on those aspects which could 
substantially impact on the risk assessment outcome and have not been allowed for 
through the use of default (uncertainty) factors. 
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1. PURPOSE OF THIS MEMORANDUM
The main aims of this memorandum are to provide greater transparency in the risk 
assessments carried out by the Scientific Committee, to be an aid to consistency between 
opinions and to be helpful to stakeholders. The memorandum draws on the methodology 
section of previous opinions of the SCENIHR. 

It is intended to be used as: 

i) guidance for risk assessments carried out by SCENIHR working groups and as the
framework for a record of how SCENIHR has conducted individual risk assessments.

ii) a basis for subsequent published guidelines for the risk assessment work of SCENIHR
and the other scientific committees.

iii) a contribution of SCENIHR to the developing global dialogue on risk assessment
methodology.

It is anticipated that in the light of experience, involving a wide range of stressors and 
exposure situations the SCENIHR may wish to further develop the procedure set out 
below. 

2. INTRODUCTION
 To optimise their value, it is vital that risk assessments are accurate, transparent and 
readily utilisable. To this end the potential sources of error need to be recognised and 
addressed (see annex). 

 The assessment of the risk to human health requires the use of a number of distinct 
lines of evidence (in vivo, in vitro, in silico, population studies, modelled and measured 
exposure data etc.). The challenge for risk assessors is to utilise these types of evidence 
in a systematic and consistent way in order to arrive at an integrated assessment of the 
risk to human health from a particular agent(s)/stressor(s). To achieve a valid, 
scientifically defensible, assessment involves expert judgement. In many risk 
assessments, prepared by the scientific committees, it can be difficult for the 
stakeholders to follow how individual papers have been selected and weighed, how the 
findings have been integrated to reach the final conclusions and any uncertainties 
regarding the conclusions.  

There are increasing demands to improve the transparency of risk assessments. This 
memorandum is concerned with improving the transparency on how papers are selected, 
evaluated, the conclusions reached and any uncertainties expressed. It draws on a 
number of previous publications on the subject, for example in regard to epidemiological 
studies the Bradford Hill criteria for assessing evidence. A similar approach has been 
used for eco-epidemiology. It has to be recognised that efforts to improve transparency 
through more detailed documentation will inevitably require additional time, with 
consequent resource implications. 

Various bodies have used their own criteria for weighing of evidence to be applied in 
specific circumstances, for example IARC, IPPC, ICRP. 

In some of its recent opinions SCENIHR has sought to explain the general procedures 
used for examining different types of evidence and in one opinion (on the risks to health 
from the use of energy saving light bulbs) it has used a scoring system to evaluate the 
human studies). 

Linkov et al. (2009) have identified seven stages in the integration of data using a weight 
of evidence approach namely: 
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i) Listing evidence (Presentation of individual lines of evidence without attempting
integration)

ii) Best professional judgement (qualitative integration of multiple lines of evidence)

iii) Causal criteria (a criterion based methodology for determining cause effect
relationships)

iv) Logic. Standardised evaluation of individual lines of evidence based on qualitative
logic methods)

v) Scoring. (Quantitative integration of multiple lines of evidence using simple weighting
or ranking).

vi) Indexing. (integration of multiple lines of evidence into a single measurement based
on empirical models)

vii) Quantification. (Integrated assessment using formal decision analysis and statistical
methods.)

Currently most opinions of the scientific committees, including those of the SCENIHR, are 
in category i) or ii). 

Critical issues in deciding on a future approach for the weighing of data are: 

• While a common approach may be very suitable for the evaluation of standard data
packages (which for a number of RA’s is a legal requirement) can it also be applied to
the work of committees, such as the SCENIHR, which deal with a broad diversity of
stressors and with varying amount and level of evidence?

• Is it possible to use a standardised methodology and still retain any necessary
flexibility?

It is probably not appropriate to jump from a level i) or ii) to a level vii) approach without 
gaining some experience of at least one intermediary level. The approach used in this 
opinion is aimed at a level v) -methodology that could evolve into a level vi) or vii) as 
more experience is gained. 

This memorandum provides transparent criteria for: 

• The identification of possible sources of relevant publications

• Weighing the data for its quality and relevance

• Introducing progressively, a formal scoring system for lines of evidence

• The integration of assessments of different lines of evidence

• The expression of uncertainty

Five stages may be identified for the weighing of data: 

1. Identification of the possible sources of data and data gaps in relation to the
aim of the assessment (section 3)

2. Initial screening of these data sources to identify those that are relevant to
address the question(s) posed by the Commission Services (section 4)

3. Assessment of individual data sources (section 5)

4. Weighing of the individual lines of evidence (section 6)

5. Weighing of the totality of evidence (section 7)

6. Expression of uncertainty (section 8)
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3. IDENTIFICATION OF POSSIBLE SOURCES OF DATA AND DATA GAPS
A critical aspect of the risk assessment process is the framing of the questions asked of 
the committee. This issue is addressed in a recent opinion (Improvements in Risk 
assessment 2012) and is not further considered here. 

3.1. Selection of data to be analysed 
It is very important that the Committee identifies very clearly throughout its work on a 
particular opinion the data it sought to access, how the data was accessed and any 
restrictions that were placed on the data access. It should be noted that often the 
Committee/ working group will only need to conduct a rather restricted literature search 
in order to answer the specific questions asked of it by the Commission services. 

Initial electronic literature searches may be a starting point for data gathering. Where 
this is the case, the data bases and search engines used include for example PubMed, 
Toxline, Chemical and Biological Abstracts, and Google Scholar. In each opinion the 
search engines used should be identified along with the search terms used.  

For each line of evidence (see section 6) the data sources will differ. It is very important 
that (as far as is practicable) all the relevant data is identified which is appropriate to 
providing the answer to the questions asked by the Commission. Inevitably, this is 
subject to practical constraints of accessibility, time available to reach the opinion and 
the language in which a publication appears.  

Wherever possible, the Committee relies primarily on original refereed publications. This 
is obviously not always possible, e.g. in evaluating a product that has yet to be 
marketed.  

According to the issue being addressed, the Committee may utilize one or more of the 
following: 

• Reports and opinions of other scientific bodies. It should be noted that any
references that are intended to be cited from these reviews must be cross
checked before being included in the reference list;

• Meta-analysis and systematic reviews;

• Reports of various governmental and international bodies, e.g. WHO, FAO,
JECFA, IARC, OECD, WMO, NIEHS;

• Reports of stakeholder bodies, e.g. ILSI, ECETOC, WWF;

• Stakeholder submissions such as confidential data provided by companies
(see below);

• Non-refereed publications;

• Personal communications. Such communications can only be used if
supported by raw data and details of the methodology used;

• Modelled data such as read across and exposure estimations.

In general, secondary sources, i.e. reports of the work of others (this is not intended to 
include meta-analysis), should only be considered if there is insufficient peer reviewed, 
published scientific data to provide an opinion. 

3.2. Use of confidential data  
For the purposes of the work of SCENIHR, confidential data should be used only when: 

• The data will be made publically available in the near future;
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• There is insufficient peer reviewed published data to answer the questions asked by
the Commission services;

• It is a reputable source and the work is conducted to GLP or an appropriate indicator
of quality. In order to accept such data the source of the data should be required to
identify when the data was generated and to confirm that they know of no other data
which would conflict with the information provided. Full details of methodology used
need to be provided along with the opportunity to access the raw data;

• It should be made clear in any request for access to confidential reports that the data
can only be considered if  the provider agrees that the summary of the evaluation of
the data by the WG may be incorporated in the text of the report (or as an appendix)
and thereby made available to all stakeholders;

• The Commission services retain the confidential files, where these have been used to
generate an opinion.

In respect of the latter point the protocol used by the German MAK committee is very 
appropriate, i.e. unpublished internal company data in the form of complete study 
reports is used when necessary. These are identified in the reference list at the end of 
the document. The validity of the information is checked. The unabridged reports are 
made available to the MAK Commission and are filed in the Commissions Scientific Office. 
Access to the company’s reports is however not made available to third parties. 
Information required by a third party about the company’s reports, cited in the 
commission documents, is supplied in writing by the chairman of the commission at their 
discretion. It is understood that a similar process is used by IPCS for its monographs. 

4. INITIAL SCREENING OF DATA SOURCES
Prior to the screening of data sources it is important to consider all aspects of the risk(s) 
under consideration since incomplete identification of the risk(s) and/or risk factors may 
lead to an inappropriate literature search. 

4.1. Issues that need to be considered  
Typically, a substantial number of papers will be identified that are of possible interest. 
An initial screening process is needed to identify those that are suitable for the purposes 
of answering the questions. posed by the Commission Services  

4.2. Criteria  
There is no universally, formal and transparent procedure for the acceptability of data for 
risk assessment purposes. However the acceptability of a paper for the purposes of its 
use to answer a question(s) from the Commission Services can be based on the criteria 
proposed by Klimisch et al., (2007) and the OECD Manual for the investigation of HPV 
chemicals: 

• Relevance/potential importance. This defines whether a set of data (e.g. a
publication) has the potential to contribute to answering the questions asked by the
Commission Services.

• Quality/validity/reliability. Quality is a general term covering the way the work has
been conducted.

This covers:  
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• The suitability of the experimental design and the application of the methods and
models,

• Whether or not the findings were reproducible between experiments (reliability). The
assessment of reliability is among others based on the completeness and detail of
reporting and referencing, whether peer review took place, and whether the authors
worked under GLP/GCP or other audited schemes. In principle the more details of the
methodology and results obtained are provided the greater the confidence in the
publication's reliability.

Papers that are identified initially but do not meet the criteria of relevance, reliability and 
validity for the development of the opinion should appear in the reference list or 
additional document for the report on which the opinion is based as: 

"Publications noted but not considered suitable for the purposes of developing the 
opinion". 

5. ASSESSMENT OF INDIVIDUAL DATA SOURCES

A primary purpose of this memorandum is to identify a ‘level of acceptability’, i.e. the 
contribution of a publication to the knowledge base, for the purpose of developing an 
opinion. This ‘level’ is likely to vary according to the nature and extent of the evidence 
available. It should not necessarily be the case that for the purposes of a particular risk 
assessment scientifically significant data of questionable/low quality is completely 
disregarded. Rather the implications of the findings may be considered and addressed in 
the text while taking into account the increased uncertainty due to the questionable/poor 
quality. 

A number of organisations have established their own frameworks for 
assessing/evaluating evidence. Wherever appropriate these have been drawn on in the 
development of this memorandum. Some are focussed principally on hazard e.g. IARC 
(see the preamble to the IARC Monograph Series IARC 2006). It is worth noting that the 
result of this process is not an assessment that a specific study is unequivocally negative 
or positive or whether it is accepted or rejected. Rather, the assessment will result in a 
weight that is given to the findings of a study. In this process, risk assessors need to 
assess uncertainties in the underlying data as well as in their own interpretations of these 
data (Levin et al., 2004). Unfortunately, formal procedures and consistent terminology 
for weight of evidence processes are lacking. They are often claimed to have been 
applied, but without adequate documentation of the methods used (Levin, 2004; Weed, 
2005; Hart et al., 2007; Gee, 2008).  

An important issue in weighing of evidence is the influence of values on expert judgment 
due to differences in ideological views. This needs to be recognized and made explicit as 
far as possible. It may introduce a further degree of subjectivity that is difficult to 
quantify but which can impact on the uncertainties in the risk assessment. Another 
important manifestation of uncertainty is the qualification of the data base (Van der 
Sluijs, 2003 and 2005).  

5.1. Weighing of positive and negative findings 
Epidemiological (field) and experimental studies should be subject to similar treatment in 
this evaluation process. Positive and negative studies should be evaluated using similar 
procedures and criteria and considered of similar importance if the quality is judged to be 
comparable. In positive studies the evaluation needs to consider both causal and non-
causal explanations of the results. For example, a key question is, with what degree of 
certainty one can rule out the possibility that the observed positive result is produced by 
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bias, e.g. confounding or selection bias, or chance. In the case of negative studies it is 
necessary to assess the certainty with which it can be ruled out that the lack of an 
observed effect constitutes evidence against a hazard or whether it could result from 
(masking) bias, e.g., too small exposure contrasts, too crude exposure measurements, 
too small exposure groups/populations, or chance. Consideration should also be given to 
the possibility of publication bias i.e. that positive findings are more likely to be published 
than negative findings.  

In risk assessment, it is preferable to get insight into the full distribution of risk, i.e. the 
balance between false positives and false negatives. Regulatory risk assessors, however, 
often claim to err on the side of caution, i.e. aim at a reduction of false negatives to 
avoid advice for accepting a harmful substance. This is not appropriate as it blurs the line 
between risk assessment and policy matters. If it occurs it needs to be documented and 
explained. 

It is noted that the main direction of most errors in experimental animal studies in fact 
increases the chances of detecting a false negative: few dose levels, short exposure 
periods, low genetic variability, low statistical power, or use of a conservative significance 
level. This is normally countered by using high doses (Gee, 2008). 

5.2. Statistical significance 
It is a possibility that the lack of an observed effect is due to chance i.e. random 
variability hiding a possible effect due to inadequate statistical power (i.e. findings are 
compatible with both the study hypothesis and the null hypothesis). This is a particular 
problem in human studies with small sample sizes, low exposure levels and small risks. 
The presence or absence of statistical significance is only one factor in the evaluation. 
More importantly, other factors are the strength of the association (effect size) with its 
related statistical uncertainty (e.g. confidence intervals of the effect estimates) and the 
internal consistency of the results. This includes aspects such as comparability of effect 
across sub-groups, the form of the dose-response relationship and the methods used for 
the assessment of exposure, as well as biological or health endpoint, the relevance of 
any experimental biological model used and other aspects. Methods used in control of 
confounding including assessment of confounding factors, study design and statistical 
analysis are also a crucial aspect of study quality. Interpretation of the statistical 
significance also depends on the purpose of the study, use of predefined analysis plan, 
and number of hypotheses evaluated. 

Regarding experimental studies, other important characteristics that are taken into 
consideration are the types of controls that have been used, blinding to assure 
comparability of information and to what degree replication studies have been 
performed.  

Similarly, mere presence of a statistically significant difference between the groups does 
not alone constitute sufficient evidence for causality. Bias can produce a spurious 
association and in very large studies even non-relevant differences can reach statistical 
significance. In an exploratory (or a hypothesis screening) study, the number of tests will 
also need to be considered. Again, effect size and its uncertainty will primarily be 
evaluated, especially for epidemiological studies, and interpreted in respect to the 
possibility of upwards or downwards bias in the effect estimation. 

5.3.  Assessment of each publication/set of data  
A major task of the committee/working group in conducting a risk assessment is to 
evaluate and assess the published articles and to judge their quality (validity, reliability) 
and relevance. 
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Key issues to be evaluated are: 

• The characterization of the stressor.

• Soundness and appropriateness of the methodology used

• The reproducibility of findings between experiments

• The extent to which the full details of methodology are provided.

• The relevance of the set of data for a particular endpoint.

Quality and relevance need to be assessed independently. The following categorization 
applies:  

Quality 

• Good Scientific quality. The study is considered to be appropriately designed,
conducted and reported, and to have used valid methodology.

• Adequate/utilizable scientific quality but with significant limitations. The study is
scientifically acceptable but there are some important deficiencies in the design
and/or conduct and /or the reporting of the experimental findings

• Inadequate scientific quality. There are serious concerns about the design and/or
conduct of the study

• Not assignable. The study is lacking insufficient detail to make an evaluation

See Klimisch et al. (1997).  

Relevance 

• Direct relevance, The study addresses the specific agent (stressor), model and
outcome of interest

• Indirect relevance, The study concerns a related agent (stressor), model or outcome
of interest

• Insufficient relevance. The study cannot be used for the purposes of the risk
assessment.

Table 1 Matrix to assess individual publications 

Good 
Scientific 
quality 

Adequate/utilizable 
scientific quality 

Inadequate 
scientific 
quality 

Not 
assignable 

Direct 
relevance 

X X

Indirect 
relevance 

X X

Insufficient 
relevance 

Those areas with a cross are preferably considered in the subsequent assessment. Based 
on the use of the above matrix, the papers identified as not useful should be listed in the 
opinion as: 

‘Publications noted but not considered suitable for the purposes of developing the 
opinion’. 
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6. WEIGHING OF THE INDIVIDUAL LINES OF EVIDENCE
Publications on the same topic/exposure estimate/ endpoint/effect may vary in their 
findings for a number of reasons including: 

• Differences in the physical or chemical properties or purity of the agent being
investigated.

• Variations in the study design, e.g. routes and form of exposure, sample size, dose
selection, choice of endpoints, species, strain, experimental conditions, and statistical
methods.

• Differences in the methods used to ascertain exposure, and/or toxicokinetics.

• Interlaboratory differences. Studies carried out according to the same guidelines with
the same cell types, species, strain etc. in different laboratories may result in
variations in results due to variations in experimental conditions, methods of analysis,
statistical procedures and subjective judgements,  e.g. in the evaluation of clinical
and (histo)pathological effects.

• In epidemiological studies, comprehensive identification of the source population,
non-selective recruitment/participation of the target population, validity and accuracy
of the exposure assessment and outcome data, sufficient control of potential
confounding factors, adequate statistical power and appropriate statistical methods
are among the key considerations

Weighing evidence thus involves identification of the usefulness of the set of data on a 
particular endpoint in answering the question 

6.1. Stressor identification and characterisation  
There is the potential for a mismatch between the stressor that is identified and 
characterised and the stressor(s) to which humans and/or other species are exposed. 
This can arise because the stressor identified is a pure material while the form of 
exposure is modified, either because it is a component of a formulated product and /or 
because the nature of the stressor is modified as a result of environmental influences 
(adsorption onto particles, chemical or microbial transformations). 

Important considerations therefore are: 

• The stressor to which man/other species including environmental systems may be
exposed is well defined as well as the identity of the stressor in the experiment.

• The proper characterisation of all relevant physical /chemical/biological properties of
the stressor e.g. stability, volatility

• The identification of the matrix and any co-stressors, including impurities.

6.2. Exposure to the stressor  

6.2.1. External exposure 
Important considerations for exposure data are the nature, route and duration of 
exposure and whether co-exposure to other important stressors is likely. Key elements of 
exposure assessment are (IPCS, 2008): 

- The exposure scenario: defined as a combination of facts, assumptions, and 
inferences that define a discrete situation where potential exposures may occur. 
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These may include the source, the exposed population, the time frame of exposure, 
microenvironment(s) and the activities of the exposed subjects. Under REACH (ECHA, 
2008), an exposure scenario is more specifically defined as a set of information 
describing the conditions under which the risks associated with the identified use(s) 
of a substance can be controlled. It includes operational conditions and necessary risk 
management measures.   

- The exposure model: a conceptual or mathematical representation of the exposure 
process.  

- Sample collection and analytical methods. 

The aim of the evaluation of exposure data is to conclude on the relevance and accuracy 
of the data and the integrity and transparency of the data collection and documentation. 
Key criteria for weighting an exposure assessment with regard to the relevance and 
accuracy of measured or modelled exposure are (based on IPCS 2008): 

• Representativeness of the exposure scenario investigated for the situation at hand,
e.g.:

- Relevance of the route(s) of exposure for which hazard and exposure level data is 
available for the target population. 

- Relevance of the dose metrics for the type of effects being investigated. 

- Appropriate spatial and time scales. 

- If estimates of exposure were made by modelling, the validity, reliability, 
relevance of the model and method of extrapolation (see also 6.4.4). 

• Suitability of the measuring device(s) and method employed. E.g. were the devices
calibrated, did the method comply with GLP, was the mathematical method used
appropriate?

• Nature of the sampling regimen e.g. continuous or intermittent, personal or area
sampling, timing of assessment, selection of subjects/sites.

• Number of measurement data available.

• Availability of data on background exposure.

• Assumptions made in any form of data extrapolation or interpolation.

• Variability and uncertainty associated with the exposure data.

• In cases where biological monitoring is involved an additional criteria is the extent to
which all the relevant metabolites were estimated.

Key criteria for weighting an exposure assessment with regard to the integrity and 
transparency of the data collection and documentation are (based on IPCS 2008): 

• Quality assurance/quality control programmes in place.

• Collection, storage and analysis of samples for chemical analysis

• Controls on data entry and data transfer.

• Full documentation of study design, methods, model information, key determinants of
exposure, findings, uncertainties and limitations.

• Clear rationales for interpretations made and conclusions drawn.
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6.2.2. Internal exposure (toxicokinetics)  
The first aspect to be considered is what aspect(s) of ADME (absorption, metabolism, 
distribution and excretion) are covered, whether the data is qualitative or quantitative 
and whether the stressor used and the dosages employed are relevant to either the 
animal hazard studies or to the likely exposure levels etc. of man and or environmental 
species. 

Important criteria in evaluating such studies are: 

• The suitability of the methodology for the purpose,

• Whether the data is relevant to critical target organs for toxicity,

• The quality control and/or reference stressors used,

• Assumptions made in any form of data extrapolation,

• If estimates of exposure were made the validity, reliability, relevance of the model
/method of extrapolation.

6.3. Human studies 
Only studies that meet relevant ethical criteria can be considered. 

6.3.1. Epidemiologic studies  
Epidemiology deals with the occurrence and distribution of diseases in populations. Most 
epidemiological studies are non-experimental i.e. exposure is not assigned by the 
researchers. This makes it very important to assess the potential for bias and 
confounding. Thus, critical judgment is needed to assess whether observed empirical 
exposure-disease associations are possibly causal, or more likely result from play of 
chance or methodological shortcomings/interpolation. 

Making sense of results from epidemiological studies is particularly challenging when they 
are conflicting, or when there is a discrepancy between epidemiological findings and 
other domains of evidence.  

Epidemiological studies range from descriptive studies and surveillance statistics to 
analytical studies and randomised trials. In evidence-based decision making, different 
study types contribute with different weights. More emphasis is given to results derived 
from prospective cohort studies followed by case-control studies, whereas firm 
conclusions can rarely be drawn from cross-sectional studies or ecological and descriptive 
studies, as they can provide only indirect, circumstantial evidence. Nevertheless, there is 
a considerable range of quality within study types. This applies especially to case-control 
studies, which are the most commonly used in investigations of risk of major chronic 
diseases such as cancer. Case-control studies are prone to selection bias (in case 
exposure distribution among cases or controls does not represent that of the target 
population, or cases and controls being derived from different source populations) and 
recall bias (lack of comparability of exposure information between cases and controls). As 
in all studies, comprehensive and detailed description of the study material and 
procedures is a necessary requirement for evaluating study quality.  

Key features considered in evaluation of epidemiological evidence (adapted from the 
Bradford-Hill criteria) are: 

• Temporality,

• Strength of the observed association,

• A dose-response pattern,

• Internal and external consistency of results,
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• The specificity of the association,

• The absence of bias and control of confounding factors

Further opportunity for evaluation of whether the research results represent a genuine 
causal effect is provided by comparison of the findings of analytical studies with the 
trends in the population disease rates over time, particularly if analytical studies estimate 
a risk having a large population effect expected to alter the incidence rates. 

Meta-analyses are a useful tool to numerically summarise the evidence, but if substantial 
heterogeneity is identified, a structured approach trying to clarify the source of such 
heterogeneity is more important than the calculation of pooled estimates. A good meta-
analysis or review can be seen as a study of studies; hence, like original studies, they 
vary considerably in quality. 

A common challenge is to distinguish between effects that are the direct result of the 
chemical acting on the body and psychological effects resulting from a perceived risk. Ill 
health (especially headache and tiredness) is very common. In many publications 
symptoms of ill health are ascribed to environmental stressors although there are other 
causes and/or contributory factors. A surprisingly high proportion of the population 
consider themselves to be particularly sensitive to chemicals.    

The understanding of the relationship between the perception of risk and ill health 
(including mental health) is far from clear despite many publications on the subject. 

6.3.2. Human volunteer studies 
Human volunteer studies are used to evaluate whether effects can be observed during or 
shortly after exposure to an exposure (stressor). These studies are often termed 
provocation studies, as they are used to find out whether an agent will trigger (provoke) 
a certain effect, e.g. a measurable physiological response or symptoms. The quality of 
experimental studies on humans varies depending on their design and protocol. Human 
volunteer studies, as compared to epidemiological studies, have the advantage of 
providing better possibilities to control the exposure(s) under study, as well as possible 
confounding factors. On the other hand, the relevance of experimental laboratory studies 
to the real life situation may be less clear. For example, the absence in laboratory 
settings of contributing factors present in everyday life may influence the results and 
possibly reduce the chance to discover an effect. Moreover such studies are inevitably of 
short duration and extrapolation to long-term exposure may be problematic.     

A double blind experimental laboratory study where subjects are randomly allocated to 
two or more exposure conditions is considered the strongest design to study acute 
effects. The goal is to create contrasting exposure under otherwise as similar conditions 
(and groups) as possible to discover possible effects. Subjects should be randomly 
allocated to the different exposure conditions. A cross-over design, where the same 
individuals are exposed to both (or several) conditions in a random order, is preferred. In 
the cross-over design, the subjects serve as their own controls in the comparisons 
between e.g. sham and the exposure under study. This approach avoids the possible 
error arising if two separate groups of participants are assigned either to sham or the 
exposure under study, and other possible differences between the groups than the 
exposure conditions may influence the results. 

However, the cross-over design may be biased by carry-over effects if the time between 
the two (or more) conditions is not long enough for possible effects to wash out. If that is 
the case, a true effect may be hidden. Effects due to the order in which exposure 
conditions are applied may also obscure the results if the numbers of subjects that begin 
with the separate conditions are not balanced. For example, unfamiliar routines and 
environments may produce different reactions during the first experiment as compared 
to the later sessions. In order to prevent expectations of participants or researchers to 
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distort the results it is important that the study is performed double blinded, i.e. neither 
the researchers that lead the experiments nor the participants are aware of the true state 
of the exposure conditions during the study and with adequate allocation concealment so 
that there are no features in the experimental setting that would allow the subjects to 
identify the exposure status at a given time. 

The choice of study group impacts the external validity of the study (generalizability of 
the results) because a very homogenous group (age, gender or symptom profile) may 
limit the population that the results are applicable to. On the other hand, a more 
heterogeneous study group may risk missing an effect present only in one or few sub-
groups.  

The outcomes that are assessed in a study may be more or less robust. If possible, 
objectively measured (e.g. heart rate, blood chemistry etc.) data are desired. Self-
reported effects are more difficult to assess. The choice of scales for self-reported effects 
or interpretations of open questions may also influence the results.   

Criteria to be considering for human volunteer studies: 

• selection of the volunteers and the extent to which they may be considered as
representative,

• relevance of the exposure conditions (including duration),

• degree of control over confounding factors,

• type of effects investigated and the degree of objectivity involved,

• Assumptions made in any form of data extrapolation.

6.3.3. Biomarker studies in humans 
Biomarker studies in humans are used to evaluate whether biological indicators of a 
certain type of exposure (biomarkers of exposure) or an effect associated with an 
exposure such as an increased risk of a disease (biomarkers of effect) can be observed at 
an altered level or type in subjects who have been exposed to a stressor in the workplace 
or in other environments. These studies may also involve phenotypic or genotypic 
features that are linked with susceptibility to an exposure or to an increased risk of 
disease (biomarkers of susceptibility).  

Biomarker studies typically utilize biological samples - urine, blood or its components, 
tissues, or cells which are collected from the exposed subjects and analyzed for the 
biomarker. As with human experimental studies, the quality of human biomarker studies 
varies depending on design and protocol. Biomarker studies provide possibilities to 
correlate the biomarker with external exposure measure and to control factors that could 
confound or modify the outcome. While conditions cannot be as well controlled as in 
laboratory studies, biomarker studies represent the real life situation. The studies are 
usually cross-sectional, but may involve repeated samplings, follow-up, and re-analyses 
after intervention. Depending on the exposure and endpoint studied, the findings may 
depict events that occurred recently or that accumulated during a longer time. 

Biomarker studies often include one or several exposure groups and one or several 
control groups that are not exposed to the agent under study (or other agents with 
similar outcome) or are exposed at a clearly lower level. Otherwise, the control group(s) 
is (are) as similar as possible to the exposure group(s) as concerns sex, age, and social 
group and other variables that may affect the biomarker. These variables may include 
lifestyle factors, other exposures and lifestyle factors. Often the control subjects are 
matched pair-wise with the exposed for the critical variables. If the biomarker is a 
specific indicator that is not observed in unexposed subjects or whose level in the 
unexposed population is not overlapping with that found in the exposed, control groups 
are not always utilized; this is the situation with established methods of biological 
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monitoring where biological guidance values are available. Control groups are compulsory 
with less specific or less explored endpoints where the distributions of the exposed (or 
highly exposed) and unexposed (or less exposed) are overlapping or poorly known. 
Control group(s) should be described in similar detail as the exposed group(s). 
Depending on the endpoint and interval between sampling, the same person may serve 
as his/her own control before exposure or after a period of no/low exposure 

To avoid possible bias due to researchers/analysts knowing the source of the samples, it 
is important that the study is performed in a blind manner, so that the staff involved 
does not know which study group each sample represents. This is usually achieved by 
coding the samples at the earliest possible phase of the study in a way that exposure 
status of the samples cannot be identified. 

Criteria to be considered in human biomarker studies: 

• numbers of exposed and control subjects

• matching of the exposed and controls

• information on exposure type, levels, duration and history

• adequate description of the control group(s)

• degree of control over confounding and modifying factors

• type of biomarkers investigated and the degree of objectivity involved

• specificity of biomarkers with respect to an exposure or effect such as disease

• relevance and correctness of analysis methods

• relationship between microflora and specific disease predisposition

6.3.4. Clinical studies 
The concept of hierarchy of evidence has been developed as part of the evidence-based 
medicine approach. It classifies various study designs in accordance with the applicability 
of the results for clinical decision making, primarily those concerning effectiveness of 
treatment. It is therefore not strictly a weight of evidence methodology nor a strength of 
evidence classification, but is structured based on relevance for clinical medicine. The 
methodological quality or validity indicates how robust and generalizable results are likely 
to be. Sometimes hierarchy of evidence is used to categorise study designs, but often it 
also encompasses the findings of the studies.  

A pyramid showing the relative validity of various methods for obtaining evidence usually 
has clinical experience as the bottom level, followed by case reports and case series and 
culminates in randomised trials (or meta-analyses and systematic reviews of randomised 
trials). Laboratory studies and expert opinion are also listed as low-level evidence in 
some formulations. Sometimes case-control studies are included, though they are not 
readily suited for evaluating the effects of treatment (but used sometimes in evaluation 
of e.g. effects of screening). One should also note that the quality of a study depends not 
only on the chosen study format, but a number of decision regarding e.g. sample size 
and other methods and approaches such as randomisation procedure, blinding, allocation 
concealment, use of placebo, and choice of end-point are crucial for determining the 
quality of the evidence produced. 

The term ‘level of evidence’ is used when the findings of the studies are also 
incorporated. Again, there are various classifications and criteria. Typically, the strongest 
knowledge base is characterised as several randomised trials showing consistent results 
with a narrow confidence interval on a patient-relevant outcome (possibly with a meta-
analysis to quantify a pooled effect). Less firmly established knowledge can be based on 
several high-quality trials with partly conflicting results or on an end-point without direct 
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counterpart in patient outcome (e.g. biochemical or radiologic indicator of disease 
process) US PSTF, UK NHS, GRADE, (Guyatt et al 1995, Cook et al 1992). 

The criteria for ‘level of evidence’ include: 

• study design: well conducted randomised trials providing most valid results

• outcome: clinical relevance of the main endpoint, should be similar to the treatment
goals in patient care

• Effect size: the benefit or adverse effect evaluated should be sufficiently large to be
meaningful, absolute effects expressed as number needed to treat/harm.

• consistency of results: agreement between studies, meta-analysis showing no
substantial heterogeneity or publication bias

6.3.5. Other human data sources  
For perceived health and self-reported health (soft end-points), a common challenge is to 
distinguish between effects that are the direct result of the physiological effects of the 
agent and psychological effects resulting from a perceived risk. Ill health (especially 
headache and tiredness) is very common. In many publications symptoms of ill health 
are ascribed to environmental stressors although there are other causes and/or 
contributory factors. A surprisingly high proportion of the population consider themselves 
to be particularly sensitive to chemicals. Also, changes in practices such as diagnostic 
criteria, disease classification, or compensation of occupational diseases can substantially 
affect disease rates even for apparently objective (hard). 

A classification of evidence has been developed by the Cochrane Collaboration primarily 
related to therapeutic interventions. It emphasizes the importance of study design and 
stresses the importance of randomised trials, but also end-points relevant for patient 
outcomes (clinically important indicators of effect). Preliminary evidence mainly sufficient 
to justify further research with more rigorous methods can be obtained from studies 
lacking a proper comparative design (contrasting an outcome between groups with 
different exposures). Such human data unsuitable for risk assessment purposes can be 
obtained from the following: 

-Observations by a health professional in the relevant area e.g. cases series, case 
reports on individuals; 

-Experiences by individuals reported by others; 

-Experiences described by individuals but not confirmed by others. 

Criteria that may be used in judging the utility of these are: 

• Have the same effects been reported in other human studies?

• Are the effects described only self-reported symptoms or is there additional evidence
for the effects?

6.4. Hazard assessment 

6.4.1. Animal studies  
Usually, laboratory strains of mice or rats are used. The advantage of animal studies is 
that they provide information about effects on a whole living organism that displays the 
full repertoire of body structures and functions, such as nervous system, endocrine 
system, and immune responses. In this respect, animal studies are usually a more 
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powerful experimental tool than cellular studies for assessing health risks to humans. If 
animal studies are to be used to anticipate potential effects in man then extrapolation of 
the date is needed. Too often this is simply done on the basis of applying an arbitrary 
conservative, default factor. This blurs the line between science and policy since it is not 
the role of a risk assessment to apply conservatism. Rather this should be done by the 
risk managers based on the uncertainties in the assessment and any additional 
precautionary measures they deem to be needed. 

In the scientific extrapolation of animal findings to man, attention needs to be paid to 
obvious differences in, e.g., body mass, life expectancy, physiology and metabolism 
between species. Rodent carcinogenicity studies, for example, have been criticised 
because many agents that are carcinogenic to rodents (often only at very high doses) are 
not carcinogenic to humans, and some human carcinogens do not affect rodents in 
standard carcinogenicity tests. Extrapolation from animal experiments to humans should 
always include consideration of the validity of the animal model used – good animal 
models do not exist at present for all human diseases. Nevertheless, at a molecular level, 
many basic processes, such as DNA damage and repair, are similar in animals and 
humans, and animal studies have remained a cornerstone in evaluating toxicity of 
chemical and physical agents. In the evaluations of IARC, for example, agents for which 
there is sufficient evidence of carcinogenicity in animals are considered to pose 
carcinogenic hazard to humans, unless there is scientific evidence that the agent causes 
cancer through a species-specific mechanism that does not operate in humans (IARC 
2006). 

Genotoxicity assays in experimental animals are usually applied after in vitro studies to 
see if a positive effect seen in vitro could be ascertained in vivo. They can also be used to 
check the correctness of negative results obtained in vitro, especially if it is suspected 
that in vitro conditions may not have been able to detect the activity, e.g. due to a lack 
of a crucial metabolic route. In vivo results are considered to have more relevance than 
in vitro results in the overall assessment of a genotoxic hazard. The in vivo micronucleus 
assay is most often applied, and it may be complemented by the liver unscheduled DNA 
synthesis (UDS) assay. Both assays belong to the OECD test battery, and there is much 
experience especially on the in vivo micronucleus assay. The in vivo micronucleus assay 
detects genotoxicants (clastogens and aneugens) that have a systemic genotoxic effect 
or that target on the bone marrow. Genotoxicants with a local effect e.g. at the site of 
first contact or in another target organ than bone marrow may not be detected. The liver 
UDS test detects DNA repair synthesis and is usually considered rather insensitive. These 
assays are normally performed after short-term exposure, and may not detect agents 
that become genotoxic only after prolonged exposure. 

Other tissues and genotoxicity endpoints may be examined, e.g., by the comet assay 
(measuring DNA damage) and gene mutation assays using transgenic animals (neither of 
these is presently included in OECD test battery). The comet assay is relatively simple to 
perform on various tissues but it depicts transient DNA damage and may easily give 
positive results. Transgenic animal assays reflect true gene mutations in a transgene, but 
are relatively expensive. The size of the transgene may limit the size of deletions that 
can be seen. Micronucleus assays have also been described for other tissues than bone 
marrow, but there is presently little information on their performance.  

Criteria for evaluating individual animal studies include the following questions:  

• Was the number of animals per group adequate?

• Were animals of both sexes used (if relevant)?

• Were animals randomly allocated to groups?

• Was sham exposure used with similar procedures as for the experimental group but
without the active agent?
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• Was a positive control exposure included and did it give the correct result?

• Were exposure levels and treatment durations appropriate and fully characterised?

• Were the exposure system and measurement of exposure adequate?

• Was the duration of observation adequate with respect to the health endpoint
addressed (for example, lifetime observation in carcinogenicity studies)?

• Apart from the exposure of interest, was treatment of exposed and control groups
identical? Was there possibility of bias related to differences in survival between
groups?

• Was blinding of samples used during the administration and evaluation of data?

• Was the endpoint measured adequately?

• Did the test agent reach the target organ or have toxic effects there (e.g. bone
marrow in the in vivo micronucleus assay)?

• Were data reported adequately?

• Was a dose-response relationship observed?

• Availability of historic data on the occurrence of the adverse effects of interest in the
animal strain studies (important for chronic studies).

• Were the methods of analysis performed correctly?

• Was a statistical analysis performed and was it done correctly?

• Were assumptions made in any form of data extrapolation?

With some variations these criteria can also be applied to species used in ecotoxicological 
studies. 

6.4.2. In vitro studies 
In vitro studies (using animal or human tissues) investigate toxicological, mechanistic 
and other relevant effects, which can provide evidence for and possible understanding of 
the development of cancer and other diseases. In vitro assays can show potential effects 
of various agents on a wide variety of biological endpoints in a manner which is rapid and 
cost-effective.   

Genotoxicity studies include assays showing the interaction of the possible risk factor 
with DNA, the mitotic apparatus, or other cellular targets that can result in DNA damage, 
gene mutations, or structural or numerical chromosomal alterations. These assays are 
used for revealing carcinogenic potential that is based on genotoxic mechanisms, but do 
not identify non-genotoxic carcinogens. A battery of techniques is available for this 
purpose. Ideally, the used methods should confirm or compensate each other. For 
genotoxic agents capable of inducing various types of genotoxic damage, positive 
findings can be shown by using different techniques (see below). For genotoxicants with 
a narrow mode of action, the effect may be restricted to (or preferentially expressed as) 
gene mutations (gene mutagens), chromosome aberrations (clastogens), or numerical 
chromosome alterations (aneugens). In general, the reproducibility of positive findings 
and negative has to be shown by independent laboratories. 

Also other in vitro toxicity studies usually aim at mechanistic understanding by using a 
wide variety of endpoints. This can elucidate the machinery of action on the cellular level 
which can also be predictive to a certain extent for some hazardous effects. 

In vitro studies contribute to acute toxicity testing and can provide information relevant 
regarding carcinogenesis and other physiological or pathological processes but cannot 
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replace in vivo conditions or long term exposure conditions. Therefore information about 
e.g. genotoxic capacity can only be indicative of a potentially serious public health risk. 

Criteria for evaluating in vitro studies include: 

• Were there suitable positive and negative controls?

• Was the cell type used relevant?

• Was metabolic activation available (when relevant for the test agent)?

• Was the dose dependency of the effect investigated?

• Were the levels used appropriate considering the assay used (e.g., was dosing
extended up to toxic levels in genotoxicity assays)?

• How did the levels used compare with those likely to be experienced by man?

• Were the exposure levels maintained throughout the test?

• Was blinding of samples used during the administration and evaluation of data?

• Was a threshold for the effect observed?

• Were the methods of analysis performed correctly?

• Was a statistical analysis performed and was it done correctly?

• Were the findings statistically significant?

• Assumptions made in any form of data extrapolation

6.5. Mathematical models, structure activity and other in silico data  
There is likely to be a continual increase in modelling and QSAR data available for risk 
assessment purposes. The evaluation of such data again relate to validity, reliability and 
relevance and transparency. Criteria that may be applied in the weighting process include 
(based on Nendza et al., 2010 and OECD, 2007): 

With regard to validity: 

• Has the model been verified or validated for issues similar to those relating to the
commissions question(s)?

• Does the validation follow the OECD principles (defined endpoint, unambiguous
algorithm, defined domain of applicability, described with sufficient statistical
characteristics, mechanistic interpretation)?

• Is the training set of high quality?

• Is the stressor within the domain of the model?

• Have appropriate measures of goodness-of-fit, robustness and productivity been
applied?

• Is the model validation adequately described, e.g. by using QMRFs ((Q)SAR Model
Reporting Formats?

With regard to reliability:  

• Has the model been utilised appropriately?

• Was the statistical evaluation method adequate and performed correctly?

With regard to relevance: 

• Suitability of the model for the situation at hand, e.g. with regard to species or
population, route of exposure, endpoint considered, environmental conditions.

With regard to transparency: 
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• Is the model adequately described/referenced, e.g. by using QPRFs ((Q)SAR
Prediction Reporting Format)?

• Assumptions made in any form of extrapolation or interpolation.

In the absence of data, grouping and read across methods may also be applied. These 
methods are based on grouping of chemicals on structural and/or mechanistic ground. 
The robustness of a chemical category can be evaluated on the basis of the following 
considerations (ECHA Guidance R.6, 2008): 

- The membership of the category characterised by the number of members in a 
category and the available data 

- The density and distribution of the category both in terms of the chemicals 
present and the available data 

- The quality of the underlying experimental data for each of the endpoints covered 

- The presumed mechanistic basis underpinning the category for a particular point 

- The quality of the data estimated by the external computational approaches. 

6.6. Studies on Modes/Mechanisms of action  
IPCS and ECETOC have published guidelines on the assessment of MoA studies for both 
carcinogens and non-carcinogens (Boobis et al 2006, Boobis et al 2008). The main 
criteria used can be summarised as: 

• Is sufficient data available to make a judgement?

• Have likely key events been identified?

• Is the proposed MoA biologically plausible? For example are there parallels for the
same or a similar MoA?

• Is there good concordance between the various published MoA studies?

• Have alternative hypotheses been properly considered?

• Has the MoA been shown in the species and organ(s) in which the adverse effects
have been shown to occur?

• Are the exposure conditions comparable?

• Is there a reasonable scientific basis for extrapolation of the MoA to other species and
or other affected organs?

6.7. Omics 
Omics is not much used in risk assessment at the present time but it is anticipated to 
make an increasingly important contribution both to hazard and exposure assessment. 

In human hazard assessment a particularly important role is in the elucidation of modes 
of adverse action. Omics is not anticipated to make a significant contribution to 
environmental risk assessment. Outline criteria for evaluating omics data include: 

• Was the biological test system and the exposure conditions used relevant to the
question under consideration?

• Was the methodology used for obtaining the omics data well described and weel,
conducted?
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• Can the omics changes observed be linked with confidence to identifiable health
effects?

• Are any extrapolations of the data justified?

6.8. Developing methods and their assessment 
A number of other promising techniques are emerging that are likely in the future to 
make a significant contribution to aspects of risk assessment (see SCENIHR opinion on 
future challenges in risk assessment). 

Since their precise contribution to risk assessment cannot be evaluated at the current 
state of their development it is not appropriate to set out clear guidelines on how the 
data generated by them should be evaluated or weighed against other data sources. 
Instead a case by case approach is required. Nonetheless there are some general 
parameters that may be considered: 

• Were the exposure conditions to the chemical relevant (e.g. route, dose,
duration)?

• Was the biological system involved relevant?

• Was the data reproducible in more than one test run?

• Is the methodology clearly described and does it follow established protocols?

• Where appropriate controls run?

6.9. Use of ecotoxicicity data for human risk assessment purposes 
This approach which has been described as integrated risk assessment has limited 
application at present. It use may become clarified as a result of the framework 7 project 
named Heroic. It is not appropriate at the present time to propose how such data should 
be assessed apart from the principles set out in this memorandum. 

6.10 Scoring system for individual lines/domains of evidence  
The same criteria should be applied as in the assessment of individual publications (see 
section 5.3). However, two additional parameters need to be addressed: 

• Utility, and

• Consistency.

6.10.1 Utility 
Utility combines quality and relevance. Tabulation is a useful means of characterising 
utility into: high utility, medium utility and low utility. 
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Table 2 The proportion of each publication in each box and utility ranking. 

Good 
Scientific 
quality 

Adequate/utilizable 
scientific quality 

Direct 
relevance 

high medium

Indirect 
relevance 

medium low

It is important in the tabulation to consider whether differentiation is needed according to 
study size, exposure levels, and number of endpoints.  

6.10.2 Consistency  
Studies may be classified into those that:  

• Indicate the presence of an effect;

• Indicate the absence of an effect;

• Are consistent with either the presence or absence of an effect.

The assessment of consistency is only meaningful for comparable studies. 

Consistency is defined as the agreement in the results of the analysis between all the 
individual publications/data sets. Different studies can be classified as: 

• HIGH – most studies show findings in the same direction;

• MEDIUM – the studies show a mixture of findings in the same direction and those
consistent with either outcome;

• LOW – little agreement between studies. This may be due to heterogeneity of
results because of particular features of the studies considered or to effect
modification, e.g. because of the presence of susceptible subgroups in the study.

The effects of a given exposure to an agent/stressor may vary between sub-groups 
within a population, which is called susceptibility, vulnerability or sensitivity (indicating a 
higher risk at a given exposure level). In epidemiology, this phenomenon is called 
heterogeneity of effect (effect modification). Determinants of response may be biological 
(e.g. genetic), medical (co-morbidity), or social and behavioural (lifestyle, working and 
living conditions). Joint effects with other agents can also be considered as a determinant 
of susceptibility.  

Subgroup analyses are commonly carried out in a variety of studies, but their 
interpretation requires caution in particular if they are not pre-specified in the study 
protocol (but carried out ad hoc), or based on adequate statistical power. As for data 
analysis, a significant effect in a subgroup is not sufficient evidence for demonstrating 
the existence of a sensitive subgroup, but an interaction term (indicating the joint effect 
of the exposure and the modifying factor) should be evaluated to properly assess effect 
modification (as a secondary hypothesis). In the event of negative overall result, there is 
a temptation to explore the data and a larger effect in a subset of the data is sometimes 
even reported as the main finding, which is prone to type I error i.e. false positive result 
due to selective reporting. In general, consistency of results across sub-groups increases 
the credibility of the findings and a well justified hypothesis and/or similar results from 
several studies are required for establishing a (identification of a susceptible sub-group). 

The following table should also be produced for each line of evidence:  
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Table 3 Matrix to weigh individual lines of evidence (scoring indicated by crosses) 

Consistency

High Medium Low

High 

Utility Medium 

Low 

6.11 Citing papers examined  
As a consequence of in-depth evaluation, publications, and any other sources of data 
used will be cited in the reference list in the opinion or in a separate document in one of 
three categories: 

1. ‘Publications that are relevant and of sufficient/suitable quality and were
important for the development of the opinion’

2. ‘Publications that are relevant and of sufficient/suitable quality but were not
judged to be necessary for the development of the opinion’

3. ‘Publications noted but not considered adequate (relevant or of sufficient quality)
for the purposes of developing the opinion’; this group might be listed in an annex

6.12 Identification of critical data gaps  

Data gaps appear when the risk assessor cannot come to a firm conclusion on one 
individual line of evidence because:  

• data are inconsistent without a valid explanation,

• the available data are consistent but highly uncertain (low utility due to low
relevance and/or low quality),

• data are lacking and not fulfilling regulatory or scientific requirements.

Data gaps can only be identified after all available testing, non-testing and exposure 
information have been considered. The data gap identified will be carried forward to the 
final assessment (section 7). At that stage it will be decided whether the data gaps 
prevent an overall conclusion on the risk. It is noted that data gaps may arise because:  

- The data is old and derived  using techniques that are no longer considered 
suitable for the purpose 

-  It is based on exposure patterns that are no longer valid 

6.13 Noting outliers and genuine data variability 
For each line of evidence it is important to identify studies that appear to have been well 
conducted but generate findings that are very different (outliers) from those of other 
studies in the same line of evidence. Differences between apparently very similar, good 
quality studies (genuine variability) also need to be addressed in the final risk 
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assessment along with other issues such as data gaps and comments on possible 
unknown unknowns.  

7. WEIGHING THE TOTALITY OF EVIDENCE

7.1. General approach
Integrative risk assessment means that the results from all relevant individual studies 
are compiled into an overall assessment. In respect of the assessment of human health 
risk priority is given to studies on health outcomes where good quality human data is 
available. The step that follows the evaluation of the individual studies within a particular 
area (e.g. the properties of a particular chemical of interest) is the assessment of the 
overall evidence for a given outcome. This involves several steps: 

- Check that all the relevant available data, including endpoints has been considered 

- Reaching conclusions on exposure. Combining modelling and monitoring data, 
Identification of critical data gaps. 

- Reaching conclusions on hazard data. Combining in vivo, in vitro and in silico data also 
combining animal and human data. This stage also includes dose-response and internal 
exposure modelling and extrapolation based on the critical study or studies. Identification 
of critical data gaps. 

- Deciding on the applicability of mode(s)/mechanisms of action. The plausibility of the 
observed or hypothetical mode(s) of action and its validity for extrapolation purposes 
particularly between species.  

- Quantifying the risks (including the statistical analysis) using the hazard and exposure 
data. Overall impact on man and on the environment.  

At each stage, a narrative justification should be provided for the final conclusions. It 
should highlight possible knowledge gaps and other uncertainties.  

7.2. Conclusions on exposure 
Exposure assessment is commonly the weakest point in risk assessment. It is crucial to 
first identify the extent to which the overall exposure findings relate to those covered by 
the question. If this is not entirely the case, the confidence in the extrapolation needs to 
be specified. 

The aims of exposure assessment include: 

• Identifying exposure sources and activities resulting in exposure (or opportunity
for exposure);

• Estimating the exposure levels and frequency;

• Defining the key populations at risk (e.g. those with the highest exposure or
special vulnerable groups such as pregnant women);

• Identifying critical data gaps.

A number of technical questions need to be addressed to reach scientifically valid 
conclusions on exposure based on the available data (IPCS, 2008): 

- Does the exposure data capture the important exposure pathways and routes, and does 
it quantify these reliably?  

- Are the measurement data and/or the modeling estimates relevant to the target group 
or ecosystem — either the general population or a selected sensitive subgroup  
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- Is there sufficient measurement/modeling data to represent vulnerable populations, 
such as children or the elderly, or an ecosystem? 

- What is the scientific basis for any extrapolation from a relatively small sample to the 
larger group? 

- Do the exposure assessments describe the variability and uncertainty associated with 
the exposure scenarios or processes? Are these expressed in a form that users of the risk 
assessment understand any limitations of exposures and risk estimates? 

In principle, measured exposure data, representative of the situation to be assessed 
should be given a higher weighting than modelled data. However this requires that they 
are representative of the exposure scenario and have been adequately measured (Van de 
Meent and De Bruijn, 2007). Empirical, measurement data often have deficiencies and 
modelling or extrapolation may be needed to reach sound conclusions on the external 
exposure. Therefore, comparison of the estimated and measured concentrations in order 
to select the “right” data for use in the risk-characterization phase may be required. This 
comparison should be done in a systematic way, recognising the following: 

• The appropriateness of the exposure data depend on analytical techniques and time
scale of measurements (e.g. spot measurements or long-term monitoring).

• The sampling, processing and detection techniques have to be evaluated in the light
of the physicochemical properties of the chemical.

• In correlating these data to the appropriate emission and modelling scenarios. The
measured data must be allocated to a certain spatial scale in order to be able to
compare specific modelling scenarios.

• The need to compare representative measurement data with corresponding
estimations and undertaking a critical analysis of the differences between the two.

• Characterisation of the genuine data variability and uncertainties involved in the
above. The assessment of variability and uncertainty in exposure assessments needs
to include the identification of  sources and nature of uncertainty (adapted from IPCS
2008) i.e.:

- Scenario variability and uncertainty: sources of release and the chemicals
considered, exposure pathways, exposure events, exposure routes, exposed
populations and ecosystems, spatial and temporal information, microenvironments,
population activities, environmental variability, potential risk management options.

- Model uncertainty: sources are the link between conceptual model and adopted
scenario, model dependencies, model assumptions, model detail, model
extrapolation, model implementation

- Parameter uncertainty: sources are measurement errors, sample uncertainty, data
type (e.g. surrogate data, expert judgement, defaults, modelling data, and
measurement data), extrapolation uncertainty, uncertainty in statistical distribution.

Exposure conclusions may need to consider exposure to one chemical involving one or 
more routes of exposure or exposure to multiple chemicals via one or more routes (IPCS, 
2009). Combined exposure to multiple chemicals can be evaluated in the context of 
whether or not the components act by similar or different modes of action (i.e. “single 
mode of action” or “multiple modes of action”). Chemicals that act by the same mode of 
action and/or at the same target cell or tissue often act in a potency-corrected “dose 
additive” manner. Where chemicals act independently, by discrete modes of action or at 
different target cells or tissues, the effects may be additive (“effects additive” or 
“response additive”). Alternatively, chemicals may interact to produce an effect, such 
that their combined effect “departs from dose additivity”. Such departures comprise 
synergy, where the effect is greater than that predicted on the basis of additivity, and 
antagonism, where the effect is less than that predicted on the basis of additivity. 
Relevant questions for the assessment of combined exposure are: 
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- What is the nature of exposure? Are the key components known? Are there data 
available on the hazard of the mixture itself? 

- Is exposure unlikely or very low, taking into account the context? 

- Is there a likelihood of co-exposure within a relevant time-frame? 

- What is the rationale for grouping particular chemicals in a specific assessment group? 

7.3. Conclusions on the hazard data 
The data base for hazard assessment is anticipated to change considerably over time for 
a number of reasons. In the light of current knowledge, for human risk assessments, for 
existing chemicals, in principle, human evidence merits a higher weight than animal 
studies which are preferable to in vitro and in silico data. However this assumes that the 
human data covers the range of exposure situations covered by the question(s). In 
practice it is usually necessary to use all domains of evidence. IPCS have recently 
produced a report setting out a strategy for the use of human and animal data.  

Risk assessment integrates evidence from human population studies together with 
mechanistic, cellular and laboratory studies covering animal, cellular and genetic 
research, to assess disturbances of physiological processes related to reproduction and 
development as well as cancer and other major diseases. Mechanistic, cellular and 
laboratory studies are part of the overall criteria used to determine causality in 
interpreting epidemiological studies. 

Animal studies more and more will be supplemented or replaced by alternative 
approaches such as (Q)SARs, read-across, in vitro data, exposure-based waiving, 
supplemented by MoA-information.  

The aims of the hazard assessment include: 

• to utilise data from all relevant lines of evidence

• to check that in whole or in part the hazard studies reflect the actual/likely human
exposure situations

• to consider whether non-human derived data can be legitimately extrapolated to
humans (e.g. is there valid mode of action data)

• To assess whether the hazard studies allow an indication of potential susceptible
groups of the population.

• To distinguish between genuine variability and uncertainties relating to
methodological aspects etc.

A number of technical questions need to be addressed to reach scientifically valid 
conclusions on the hazard based available data: 

- Are the studies properly validated e.g. performed to GLP, GCP etc.? 

-Is the exposure route used in the hazard testing relevant to human exposure scenarios? 

-Are there significant variations in findings between apparently similar studies and if so 
are there explanations of these? 

Is the information sufficient to characterise a mode of action that is likely to be relevant 
to man?  

Comparison between different lines of evidence on the hazardous properties and dose 
response relationships may be required. This comparison should be done in a systematic 
way, recognising the following: 

- Has all the relevant available data been properly considered (testing and non-testing 
information)? 
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- What basis has been used for the ranking of testing and non-testing data? 

- What are the critical data gaps and why are they critical?  

7.4. Conclusions on the overall risks 
Prior to the development of the conclusions it is important to reconsider all aspects of the 
risk(s) and risk factors under consideration, particularly what may be missing since 
failure to do so may result in inappropriate conclusions. Dimensions of risk include the 
severity of the effect/outcome (nature of the adverse effect) and the likelihood of its 
occurrence at individual or population level. Both of these aspects should be addressed in 
depth in risk characterisation. 

It is not recommended to simply add together weighting from individual lines of evidence 
to reach a final conclusion. Rather the combining of conclusions from different lines of 
evidence demands an element of expert judgement. In making the final weight of 
evidence assignment the basis for the judgement based decisions should as far as 
practicable is summarised. To identify strong weighting profiles need to be identified for 
different types of questions. For example:  

* For a new chemical there is inevitably a lack of human data. A strong profile in terms of
priority lines of evidence would be: 

• Consistent animal data in more than one species;

• Indicators of mode of action along with consideration of its relevance to humans.

Currently, the results from in silico and specific in vitro tests tend in general to have a 
lesser contribution to the overall weighting. However this may change with time based on 
growing experience on the utility of such information for risk assessment purposes. 

* For a chemical in widespread use on the other hand human data should in principle
receive the highest weighting. 

The key issue in evaluation of human evidence is to assess whether the results 
demonstrate a true causal effect, what is the affected population and to what extent the 
adverse effects of the exposure might be avoidable.  

This involves: 

• Estimation of incidence and severity of adverse effects likely to occur in a
population/ecosystem due to exposure to a substance

• Addressing several potential toxic effects and human (sub)populations, and
considering each (sub)population’s exposure by relevant exposure routes

• Focus on most critical effect(s) (with consideration of population, route, and time
scale)

• Provide quantitative (or if not possible, qualitative) assessment of risk, and

• Characterization of the sources and magnitude of uncertainties

Crucial in the determination of the critical effect is: 

• Differentiation between non-adverse and adverse effects

• Ensuring that the adverse effect is  related to exposure (substance-related)

• Assessment of biological significance not simply statistical significance

• Presence of dose/time-effect relationship
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• Data on the reversibility of effect

• Information on normal variation in the incidence of the disease (effect0 of interest
(e.g. consideration of historic controls)

A well-defined and consistent framework can aid reaching conclusions in risk assessment 
and indicate confidence in the findings. One such a framework is set out in table 1. If the 
risk assessment covers both human and environmental risks, separate tables should be 
constructed. Yet such scheme provides only as a framework for the process. With the 
lack of experience it is not appropriate to define scores for acceptability. 

7.5. Weighing of the total evidence 
The weighing of the total evidence can be presented as in the following table: 

Table 4 Contribution of the different lines of evidence to the opinion 

Factor Strong Moderate Weak Uncertain Not possible

A. Weight of evidence 
from the following lines of 
evidence: 

Exposure measurement 

Exposure modelling 

Epidemiologic studies 

Human volunteer studies 

Other human data 
sources 

Animal studies 

In vitro studies 

Mathematical models, 
structure activity and 
other in silico data  

Studies on Mechanisms 

Conclusion from the 
totality of evidence 
(short description) 

Human, animal and mechanistic studies comprise the primary line of evidence along with 
exposure. 
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Strong overall weight of evidence: Coherent evidence from human and one or more 
other lines of evidence (in particular mode/ mechanistic studies) in the absence of 
conflicting evidence from one of the other lines of evidence (no important data gaps). 

Moderate overall weight of evidence: good evidence from a primary line of evidence 
but evidence from several other lines is missing (important data gaps). 

Weak overall weight of evidence: weak evidence from the primary lines of evidence 
(severe data gaps). 

Uncertain overall weight of evidence: due to conflicting information from different 
lines of evidence that cannot be explained in scientific terms. 

Weighing of evidence not possible 

No suitable evidence available. 

7.6. Additional explanatory information 
In each case free text is required to explain the assignment. It is important to identify 
studies that appear to have been well conducted but generate findings that are very 
different (outliers) from those of other studies in the same line of evidence. Differences 
between apparently very similar, good quality studies (genuine variability) also need to 
be addressed in the final risk assessment along with comments on possible unknown 
unknowns.  

8. EXPRESSION OF UNCERTAINTY

8.1. The need for expression of uncertainty
The strength of evidence is inversely related to the degree of uncertainty. In principle, 
therefore, completion of Table 5 and the supporting rubric is adequate to indicate the 
level of uncertainty in the use of the data for a specific risk assessment. Nonetheless it is 
proposed that uncertainty is specifically described in the SCENIHR opinions, since 
uncertainty is an essential part of the weighting in each rubric for each line of evidence. 

Characterization of the uncertainties in a risk assessment is important for transparency 
and should also be a valuable aid to risk managers in determining how to respond to risk 
management advice. In addition it is a useful way of indicating priorities for further work 
to improve the robustness of risk assessments. However, if not clearly and suitably 
described, the expression of uncertainty may result in inappropriate concerns and/or 
actions. The degree to which characterisation of uncertainty (and variability) is needed 
will depend on the risk assessment and risk management contexts as determined in the 
questions asked, i.e. problem formulation. 

Uncertainty analysis should be incorporated during the weighing of evidence rather than 
added after this process is completed. Integration of the uncertainty analysis with the 
other parts of the risk assessment process should be carried out wherever possible. In 
the unusual case that uncertainty analysis has to be carried out after an opinion is 
completed, a top down approach may be appropriate. Procedures that can be applied in a 
top down approach include a critical path analysis along the lines of HAZOP or HACCP 
(e.g. Sperber 2005, Dunjo et al 2010).  

To date, there has been no formal system in regular use by the SCENIHR or other 
committees of the EU concerned with risk assessment to express uncertainty. Instead 
various terms such as likely, probably, etc, have been used. 

Most of the currently conducted risk assessments are deterministic rather than 
probabilistic. In deterministic regulatory hazard assessment although the uncertainty is 
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not specifically stated, standard default values are often used to allow for identifiable 
uncertainties. The use of standard defaults often incorporates two separate elements, 
namely: the actual uncertainty (which often includes an allowance for data variability) 
and the achievement of a desired level of protection (the so-called expanded uncertainty 
(see Sassi and Ruggeri 2008). It should not be the role of risk assessors to set a desired 
level of precaution; this is the responsibility of risk managers and other stakeholders. 
Where probabilistic risk assessments are conducted, worst case scenarios are often built 
in and, in order to identify the uncertainty, these conservative assumptions need to be 
properly characterised.  

8.2. Weight of evidence and uncertainty 
In addition to considering the uncertainties involved in the weighing of evidence it is 
important to identify significant uncertainties in the judgement used. This may include: 

• extrapolation from in vitro to in vivo;

• extrapolation from animals to man /test species to field situations (if defaults are
used their suitability);

• extrapolation from inter-individual differences (if defaults are used their
suitability);

• extrapolation from acute or sub acute studies to (semi-)chronic;

• extrapolation between routes of exposure;

• use of computer/mathematical modelling;

• applications of putative mechanisms;

• other assumptions made.

8.3. Expression of the uncertainties 
A simple scheme is required that is readily understood by both risk assessors and risk 
managers. Uncertainty may be expressed in several ways namely using: 

a)  Standardised terms or phrases. Various terms are used by the EU scientific
committees. However as noted in the SSC opinion on harmonisation of risk 
assessment (2000, 2003), there is no consistency in how different terms are used. 

b) Tabular forms. This must be linked to the weight of evidence summary table (table 5).

c) Quantitative expression. This is only apropriate if the risk assessment is expressed in
probablistic terms.

These three ways of expressing uncertainty may be regarded as a tiered approach. If 
there is limited data, the use of standardised terms may be the only one suitable. 

8.3.1. Standardised terms 
The expression of the significance of the uncertainties associated with a particular risk 
assessment taking into account both weighting of evidence and judgemental factors is 
proposed as: 

1 Certain (i.e. very little doubt, around  1in 100 or greater chance of being wrong); 

2 Probable (i.e. reasonable confidence, of the order of 1in 10 of being wrong); 

3 May (i.e. some confidence, of the order of 1in 3 to 1 in 5 of being wrong); 
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4 Possible (i.e. rather limited confidence); 

5 Very uncertain (i.e. no confidence). 

Other terms to express certainty and uncertainty should not be used without a 
supporting text. 

8.3.2. Tabular expression of uncertainties 
Various systems have been proposed to set out the uncertainties in a risk assessment 
including tables (Hart 2010) an uncertainty matrix (Walker et al., 2003; Van der Sluijs et 
al., 2003) and source listing (EFSA, 2006; IPCS, 2008; REACH Guidance 2008b). 

The tabular presentation from table 5 is proposed to be used as the basis for proposed 
tabular presentation of uncertainties given in Table 6. In the rubric linked to the table the 
symbols used are identified. 

Table 6: Expression of uncertainty for individual lines of evidence 

Aspect Nature of 
the 

uncertainty

Magnitude 
and 

direction of 
the 

uncertainty 

Importance of 
the uncertainty 

to the risk 
assessment 

Quality of the data 

Key aspects: 

* 

* 

Comprehensiveness of the data  

Key aspects: 

* 

* 

Judgements  and assumptions 
made 

Key aspects: 

* 

* 

The table should indicate: 

• The direction of any uncertainties, i.e. are they equally distributed or are they
most likely to be over or underestimates of the risk. This requires consideration of
the degree of conservatism used in modelling, etc;

• The magnitude of any uncertainties, i.e. are they likely to be small or large;

• Any allowance already made for each uncertainty;

• The importance of each uncertainty in the overall level of confidence in the
conclusions of the risk assessment.

It may be helpful to use the following symbols to simplify the expression of the analysis: 
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Direction of uncertainties 

The direction of uncertainties (i.e. whether there is a trend towards an over or 
underestimation of the risks) should be expressed by the use of + and – values as 
follows: 

+ The risk could be higher due to the uncertainty; 

- The risk could be lower due to the uncertainty; 

+/- There is an equal chance of the uncertainty producing a risk estimate that 
is either too high or too low. 

Magnitude of the uncertainties 

For each assignment a degree of uncertainty can also be assigned according to the IPCC 
(2005) categorisation:  

1. Virtually certain (99% probability that the risk assessment is accurate i.e.
insignificant uncertainty);

2. Very likely (uncertainty is around or less than 1 in 10), i.e. rather limited
uncertainty);

3. Likely (significant uncertainty of around 1 in 3);

4. About as likely as not (high level of uncertainty, around 50:50).

It is likely that some uncertainties cannot be readily assigned a magnitude. However this 
must not mean that they are not considered. These should be listed in the nature of 
uncertainty column and the third column of impact on the risk assessment completed. 

Allowance for uncertainty already made 

Where significant uncertainty in the risk assessment is identified it is important to 
consider first whether some allowance for uncertainty ha already been included in the 
risk assessment by the use for example of conservative modelling or default factors. If 
this is the case, the following needs to be addressed:  

a) is there is an allowance for overestimate of the risk estimate only?

b) is there is an allowance for underestimate of the risk estimate only?

c) is the allowance for over and under estimate of the risk estimate comparable?

Importance of each uncertainty to confidence in the risk assessment conclusions 

If significant uncertainty is identified in the overall risk assessment, then it is appropriate 
to consider where the uncertainties lie in the risk assessment and how important they 
are in determining the accuracy of the risk assessment. 

The importance may be classified as: 

i) Insignificant

ii) Rather limited

iii) Considerable

iv) Large

If the impact of the uncertainty is estimated to be considerable or large, an explanatory 
text on the implications for the risk assessment conclusions will be necessary.  
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8.3.3. Quantitative expression of uncertainty 
A probabilistic approach to the risk assessment is adopted then quantification of the 
uncertainties should be carried out where possible. Probabilistic risk assessment (PRA) 
potentially gives more information to both risk assessors and risk managers, because it 
gives more quantitative insight into the range of possible outcomes in a risk assessment 
and the degree of cumulated conservatism in the deterministic risk assessment. In a 
deterministic assessment the main concern usually is to avoid acceptance of harmful 
substances: i.e. the errors made decrease chances of detecting false negatives or Type II 
errors. This is fine if the point estimate clearly shows insignificant risks, erring on the 
side of safety is an acceptable policy, one does not worry about costly risk reduction 
measures or the final decision is based on socio-economic factors (e.g. very high, low 
benefits versus costs). However, if the policy is to reach an optimum decision on 
prioritisation, acceptance or rejection of harmful substances and cost-effective risk 
reduction measures, one would like to know the full distribution of the risk to know the 
balance between false positives (Type I errors) and false negatives.  

PRA can use all information about quantifiable variability and uncertainty in both the 
exposure and the effects assessment and forces experts to reveal the nature and extent 
of their judgment, e.g., on types of uncertainty, distributions, the shape of the dose-
response curve and the nature of the critical effect. Sensitivity analysis is able to reveal 
the relative impact of uncertainties in parameters on the final result and can reveal 
where the risk assessment can be improved in the most time- and cost-efficient manner 
and whether it is necessary and achievable to reduce the uncertainty further.  

The probabilistic approach in exposure assessment needs the following steps: 

• A clear separation needs to be made between the uncertainty due to lack of
knowledge and that due to variability to be able to answer different risk questions.
These two types of uncertainty could also be treated separately in a two-dimensional
probabilistic analysis which would result in probability curves showing risk levels for
different percentiles of the population, together with confidence bounds showing the
combined effect of those uncertainties that have been quantified (e.g. Hoffman and
Hammonds, 1994; Van der Voet and Slob, 2007; IPCS, 2008).

• It should be made very clear which uncertainties due to lack of knowledge and which
due to variability are included in the risk assessment and which not. Non-quantifiable
uncertainties such as poor data quality or model uncertainty cannot be easily
addressed in the probabilistic approach.

8.3.4. Explanation of the implications of the uncertainties to risk 
managers 

In situations where a considerable uncertainty is identified, it is proposed that guidance is 
provided by the SCENIHR where appropriate on actions that might be taken to reduce 
the uncertainty. Possibilities include: 

• Relevant data expected to be imminent,

• Specific research recommended to substantially reduce the uncertainty,

• Unlikely that the uncertainties can be significantly reduced in the foreseeable
future,

• Options for precautionary risk management measures recommended to avoid
further exposure.

In the first two cases the time involved and the nature of the likely reduction in 
uncertainty should be indicated. 
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9. COMPLETION OF THE PROCESS
The weighing of evidence and the assignment of uncertainties for questions raised by the 
Commission is normally conducted by working groups that may comprise a majority of 
non SCENIHR members. Inevitably each working group involves a number of 
independent scientists in different disciplines a number of whom may have had no 
previous experience of working with the SCENIHR. It is vital for the purposes of 
transparency, consistency and overall scientific quality that once the weighing of 
evidence process is complete a final check is made on the following: 

- The questions asked by the risk manager(s) have each been addressed in a way 
that is clear, transparent and readily understood. This is a role for both the 
working group and the SCENIHR, with the support of the Secretariat. 

- All the references are appropriately cited and categorised. This aspect must be 
the primary responsibility of the Working Group with the support of the 
Secretariat 

- The various lines of evidence are combined to provide an overall assessment in a 
manner that is both transparent and consistent with other SCENIHR opinions. This 
is a task for the full SCENIHR. 

- There is a clear linkage between the identification and nature of important data 
gaps and other statements in the opinion on uncertainty. This is a task for the full 
SCENIHR committee. 

10. CONCLUSIONS 
This memorandum is intended to make explicit the approach used by the SCENIHR for 
determining the weight of evidence and the uncertainties involved in the development of 
its opinions. It involves a staged approach. The approach draws on a number of schemes 
that have been developed by various national and international bodies. However it 
introduces a number of additional elements that are considered to benefit both 
transparency and consistency. 

Particular attention has been paid to ensuring that the format can be applied to a wide 
range of lines of evidence and types of publication.  

11. RECOMMENDATIONS 
It is recommended that the procedures set out in this memorandum are used by the 
SCENIHR where appropriate and that the methodology is readily available to 
stakeholders. It would be helpful to have the opinion from ecological risk assessors on 
the extent to which this scheme could be applied in their domain. To ensure transparency 
and to enable input from others the memorandum should be publically available. 
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13. LIST OF ABBREVIATIONS 

CA chromosome aberration test 

MN micronucleus test 

SCE sister chromatid exchange 

SCGE single cell gel electrophoresis 
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14. ANNEX 

The framework for risk assessments by scientific committees and potential 
factors that may limit their value. 

Question/problem identified by Commission services or initiated by an SAC  

(issue not understood or very poorly framed wrongly limiting the scope) 

Data gathering (Failure to access all the relevant data)

Data evaluation on the basis of 
relevance, quality/reliability and 
adequacy  

(Imbalance between the weighting given 
to particular types of study or to positive 
as opposed to negative findings) 

Available expertise insufficient to 
properly address the question or 
introduces bias 

Characterisation of the risk 

Data only allows a qualitative estimate 
and or strays beyond scientific 
consideration 

Comparison of risks with those 
identified for the same/closely 
related chemicals 

No suitable basis for comparisons 

Expression of the risk along with the uncertainty/confidence in attribution of 
causality and/or likelihood 

Only some of the risks considered, opinion overlaps with risk management 
considerations 

Clear advice to risk managers. Understandable to other stakeholders. 

Failure to set the risk in an appropriate context or consider all the risk management 
options 
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