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1. Call to Order
Co-chairman Ziskin called the meeting to order at 0910 h.
2. Introduction of those Present
Each of the attendees introduced him/herself. TC95 Chairman Chou reminded those in attendance to
submit a short biosketch for posting on the ICES website. See Attachment 1 for the list of attendees.
3. Approval of Agenda
Following a motion by Haes and a second by Klauenberg, the agenda was approved with the following
change: Add item 8b – Letter to ICNIRP regarding SAR volume average (Keshvari); Update on ICES
activities (Chou). (See Attachment 2 for agenda.)
4. Approval of the Minutes (7 June 2013 Meeting)
Following a motion by Hatfield and a second by Bushberg, the minutes of the June 2013 SC3/SC4
meeting were approved as presented.
5. Secretary’s Report
Petersen noted that a complete report of the secretary will be presented at the TC95 meeting the
following day.
6. Chairmen’s Reports
Ziskin reviewed the status of the SC3/SC4 projects (see Attachment 3). He reviewed the progress of
PC95.1-2345 (NATO standard) discussing the different approaches (low versus high frequency), which
had a major impact on the early drafts, especially the rationale for the induced and contact current limits.
The issues were resolved, the draft balloted and is on the March SASB RevCom agenda. Once approved
as an IEEE standard, the next step will be ratification by the NATO member countries.
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Ziskin reported that ICES provided comments in response to the Further Notice of Proposed Rule
Making (FNPRM) and Notice of Inquiry (NOI) issued by the Federal Communications Commission
(FCC). He summarized the response (Attachment 3) and briefly described the required IEEE
approval process for submitting the response. Chou expanded on Item 4 of the attachment (low
power device exclusions) explaining that while IEC 62209-2 is the recommended standard for
compliance testing, the 20 mW value found in IEC 62479 for low power device exclusions should
followed by FCC, rather than the 1 mW value. The comments also include a detailed annex by J P.
Reilly that reviews the rationale for the IEEE low-frequency limits building the case for FCC
adoption of the IEEE limits, rather than those of ICNIRP. Chou pointed out that it is not yet clear if
the FCC will adopt limits for frequencies between 3 kHz and 100 kHz. Chou noted that ICES also
filed a separate response supporting a joint submittal by Momentum Dynamics (MD) Corporation
and Oak Ridge National Laboratory (ORNL). The MD and ONRL comments recommend that if the
FCC chooses to adopt limits for frequencies between 3 kHz and 100 kHz, the appropriate limits
would be those found in IEEE C95.1-2005 and IEEE C95.6-2002. Both filings went through the
ICES balloting process and were approved by IEEE legal. (See Attachments 4 and 5 for ICES
replies.)
Ziskin also reviewed the ICES response to questions from the Government Accountability Office
(GAO) regarding certification of mobile telephone handsets. He pointed out that the response to the
questions was prepared by an ad hoc group and were submitted as a response from individuals
named in the document—not as an ICES response. The response was reviewed by IEEE legal who
provided a process for making it completely clear that such responses are from individuals. Meltz
noted that COMAR also has a process for responding in such cases, possibly without going through
legal review. (See Attachments 6a and 6b for response to GAO.)
Ziskin reviewed the statistics for the 1st quarter of 2013 regarding the number of C95 standards
downloaded at no cost through the IEEE Get Program. The total for the quarter was 1093. Petersen
said that he will provide more recent statistics as part of the Secretary’s Report at the TC95 meeting.
Ziskin noted the low turnout at the June ICES meetings held in conjunction with BioEM2013 in
Thessaloniki, Greece. The next meeting of BioEM will be held in Cape Town South Africa, where
ICES turnout may be even lower. He noted that the AdCom decided that it is not necessary to hold
yearly meetings in conjunction with BEMS/BioEM meetings. An upcoming schedule of ICES
meetings will be discussed at the TC95 meeting.
7. Issues on Merging of C95.1 and C95.6
a) Literature surveillance and review/evaluation
Elder provided an update on the literature surveillance/update process (see attachment 7). He
pointed out that the contract for the program has been established through 2014; credit for
obtaining pdf files for the papers goes to Ziskin. Although there are 5387 citations in the
database, the actual number is less due to deletion of duplicate citations and other errors. He
reviewed the yearly statistics pointing out that the number of papers has been decreasing since
2010, which is probably related to decreasing research funding/support, but may increase based
on new research programs. The highest numbers of papers are associated with mobile telephone
research programs.
In response to a question from Maurer regarding foreign language papers, Elder explained that
only papers published in English are accepted for review. In response to a question from Meltz
regarding papers published on the Internet, Elder explained that only peer-reviewed papers are
considered. Elder concluded his presentation by pointing out that abstracts are available for the
papers in the database but the complete papers are available only to those on the literature
evaluation working groups.
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b) Report from Editorial Working Group – status of the merging work
Chou provided an update on the Editorial Working Group (EWG) activities regarding the
revision of IEEE C95.1-2005 and the merging of C95.6-2002 with the revision. Most of the
recent EWG efforts have been focused on C95.1-2345, but now that balloting has been
completed the EWG will focus on the revision/merger of C95.1 and C95.6. Chou pointed out
issues that have to be addressed. For example, most of the papers evaluated for C95.1-2005
were published before 2003. Also, the rationale sections of the two standards have to be
updated, some of which was accomplished during development of C95.1-2345. In response to a
question from Joyner regarding the status of C95.1-2345 as a NATO standard, Klauenberg
explained that the standard will first have to be approved by the IEEE SASB, following which it
will be considered more of a “military” standard. Additional work, including ratification by
NATO member countries, remains.
c) Update on NATO standard
Klauenberg reviewed the Air Force’s interest and involvement moving forward with the NATO
standard project. (See Attachment 8.) In order to update the original STANAG 2345, a group
met in the UK in 1993 and within a few days the document was revised. He then reviewed the
latest activities, military needs, and the unique aspects of C95.1-2345, e.g., exposure zones that
include zones where exposures to levels higher than what would be considered occupational
exposure are permitted. In response to a question regarding zones 1, 2 and 3 being similar to
FCC category 1, 2 and 3, it was pointed out that the C95.1-2345 zone limits are based on
exposure—the FCC categories are based on emission. In response to a question regarding
research programs addressing the effects of exposure at levels in the “Danger” zone, Klauenberg
noted that some limited research has been carried out, e.g., research associated with active denial
systems. Limited programs examining relationships between frequency, power, penetrationdepth are ongoing mainly to determine spectrum of risk.
8. Technical Presentations
a) RF contact currents: Sensory responses and dosimetry
Kavet reviewed the question of discrepancies in existing data raised by Tell at the January 2013
SC3/SC4 meeting and the progress made since then. (See Attachment 9.) He noted that the
Kavet, Tell and Olsen paper shown in slide 6 of the attachment is now available. He then
reviewed key papers, e.g., Rodgers, Dalziel, Chatterjee, pointing out that the perception
thresholds vary somewhat from paper to paper, which led to considerable discussion at several
of the EWG meetings during development of C95.1-2345. Kavet reviewed the difference in
reported thresholds for perception, discomfort, and pain reported by the various authors and their
accompanying models. In a response to a question regarding sensitivity of the back of the hand,
Tell explained that the thresholds are highly dependent on the geometry of the contact, which
further compounds the problem. While limits in contemporary standards and guidelines are
expressed in terms of measured current, current density is key. Reilly noted that he has found
that sensitivity thresholds are lower for surfaces of the body closer to the brain. Ziskin explained
that the effect may have more to do with sensitivity of the tissue, which is complex and suggests
that there may be more variables than considered at this point.
b) Letter to ICNIRP regarding SAR volume average
Keshvari’s presentation addressed the question of the definition of SAR averaging volume in
compliance standard assessment standards, i.e., the shape of a cube (IEEE, FCC), or any 10 g of
contiguous tissue (ICNIRP). (See Attachment 10.) The goal is to encourage a single definition,
i.e., harmonized international standards. He pointed out potential issues relating to unrestricted
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shape of the averaging volume, e.g., inadequate representation of the thermal distribution when
the ratio of the surface area to volume is allowed to become increasingly large. Keshvari
pointed out that this was discussed at the January 2013 SC3/SC4 meeting where it was suggested
that a letter to ICNIRP from SCC39 and IEC Maintenance Team 1 would be appropriate. A
letter from IEC MT1 was sent to ICNIRP pointing out the issue to which a response has not yet
been received.
c) Research update
Chou provided a summary of hi-lights associated with bioeffects research based on his
presentation to the Mobile Manufacturers Forum (see Attachment 11). The focus was on the
quality of the science that is/can be used in standard-setting. Summaries of reports from a
number of expert groups that recently revised the relevant scientific literature were included.
d) Update on IEEE ICES activities
Chou provided an update on ICES activities (see Attachment 12). In response to a question
regarding whether or not ICNIRP has ever been invited to ICES meetings, Chou explained that
whereas ICES meetings are open, and members of ICNIRP have attended, ICNIRP meetings are
closed. Over the years a few ICES members have been invited to attend portions of the ICNIRP
meetings.

9. Other New Business
Meltz briefly pointed out that the membership and leadership of ICES is getting on in years and we
should be thinking about developing a program to encourage young scientists and engineers to
become involved. There was agreement and considerable discussion followed but no specific action
was established. This will be a topic at the next meeting.
10. Date and Place of Next Meeting
Following a discussion of meeting venues, the results of a straw poll showed support for holding the
next TC95 meetings at one of the hotels in Pismo Beach, California in September or October 2014.
The attendees agreed that is should be a three-day meeting beginning on a Tuesday (to accommodate
travel). If the above meeting venue is agreed to at tomorrow’s TC95 meeting, Meltz agreed to
follow-up with the local hotels to seek suitable arrangements.

11. Adjourn
There being no further business, the meeting was adjourned at 1505 h.
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International Committee on Electromagnetic Safety
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Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields,
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8000 West Sunrise Blvd, Plantation, FL, 33322
January 15th, 2014: 0900 – 1700 h*
1. Call to Order

Ziskin

2. Introduction of those Present

All

3. Approval of Agenda

Ziskin

4. Approval of the Minutes (7 June 2013 Meeting)

Ziskin

5. Secretary's Report

Petersen

6. Chairmen’s Reports

SC3/SC4 Co-chairs

7. Issues on Merging of C95.1 and C95.6
a) Literature surveillance and review/evaluation
b) Report from Editorial Working Group – status of the merging work
c) Update on NATO standard
8. Technical Presentations
a) RF Contact Currents: Sensory Responses and Dosimetry

Ziskin
Elder
Chou
Klauenberg

Kavet
Keshvari

b) Letter to ICNIRP regarding SAR volume average
c) Update on research activities
d Update on ICES activities
9. Other New Business

Ziskin

10. Date and Place of Next Meeting

Ziskin

11. Adjourn
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CHAIRMAN’S REPORT – MARV ZISKIN
January 15, 2014
Merger of C95.6 (Low Frequency) and C95.1 (RF)
Previous Draft of C95.1-2345 not approved
400 Comments
Two big problems:
(1) Induced and contact- current limits (Table 7), and
(2) Statistical vs. threshold-based limits.

Editorial Working Group Teleconferences
July 1
July 22
Nov 21
The last recirculation ballot for C95.1-2345 ended with no
new comments. The draft has met all the criteria for submission to RevCom
for approval. The deadline for submitting drafts standards for the next RevCom meeting
is February 14th.
The next step will be to get sufficient NATO nations to ratify the covering STANAG
(and the standard) which will be spearheaded by B. Jon Klauenberg.

RESPONSE TO FCC NOTICE OF INQUIRY
Submitted by Ralf Bodemann – Sept 2, 2013
Proposed Changes in FCC rules regarding Human Exposure to RF
Electromagnetic Fields.
ICES recommended:
1. Adoption of IEEE C95.1-2005
2. 2 W/kg in 10 g and not 1.6 W/kg in 1 g
3. Adoption of C95.7 – RF Safety Programs
4. Low power device exclusions a. Use IEC 62209-2 (2010) on SAR measurements for near-body limits
based on temperature rise rather than localized exposure limits of
ICNIRP and C95.1-2005.
Pat Reilly was concerned that FCC hadn’t addressed Low Frequency concerns and
submitted a good response on this topic.
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Federal Communications Commission
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)

ET Docket No. 13-84

ET Docket No. 03-137

COMMENTS OF THE
INTERNATIONAL COMMITTEE ON ELECTROMAGNETIC SAFETY OF THE
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.

SUMMARY
Pursuant to Section 1.405 of the Federal Communications Commission’s (FCC’s) Rules, 1 the
International Committee on Electromagnetic Safety (ICES) of the Institute of Electrical and
Electronics Engineers (IEEE) hereby submits comments in response to the Further Notice of
Proposed Rule Making (FNPRM) and Notice of Inquiry (NOI) issued by the Commission in the
above-captioned proceeding. 2
ICES recommends that the Commission adopt the exposure limits for general public exposures
found in the IEEE C95.1-2005 standard. 3 These limits, expressed in terms of basic restrictions
(specific absorption rate – SAR) 4 and maximum permissible exposure (MPE – incident electric and
magnetic fields and power density), are in harmony with the corresponding basic restrictions and
“reference levels” of the International Commission on Non-Ionizing Radiation Protection (ICNIRP)
guidelines for frequencies between 30 MHz and 100 GHz, and include a safety factor of 50.
Adoption of the IEEE C95.1-2005 basic restrictions for partial-body exposure, 2 W/kg averaged
over 10 g of tissue, would place the FCC limits in conformity with the corresponding value used
internationally. No existing international standard or guideline supports the 1.6 W/kg averaged over
1
2

3

4

47 C.F.R. §1.405.
See Reassessment of Federal Communications Commission Radiofrequency Exposure Limits and Policies,
in ET Docket No. 13-84, and Proposed Changes in the Commission's Rules Regarding Human Exposure to
Radiofrequency Electromagnetic Fields, in ET Docket No. 03-137, FCC 13-39 (Released: March 29, 2013).
IEEE Std C95.1TM-2005, which was approved by the IEEE Standards Association Standards Board in
October 2005, published in April 2006 and approved for use as an American National Standard by the
American National Standards Institute in November 2006, is sometimes referred to as ANSI/IEEE C95.12006.
IEEE ICES TC95 has discussed some terminology changes for exposure standards: “basic restriction” will
be called “dosimetric reference limit” and “maximum permissible exposure” will be called “exposure
reference level” to make the meaning of the terms more obvious.
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1 g of tissue basic restriction for partial-body exposure that was adopted by the FCC in 1996.
Because adoption of uniform standards is beneficial to consumers, the government, and industry,
the World Health Organization promotes global harmonization of safety standards for the use of
electromagnetic energy. ICES makes this strong recommendation to the Commission with
confidence in the exposure limits of IEEE C95.1-2005. It is the most up-to-date international
exposure standard and incorporates many science-based improvements over IEEE C95.1-1991 and
the ICNIRP guidelines. Widespread support for the scientific judgments underlying the harmonized
ICES and ICNIRP exposure limits is evident from the recent statements by scientific panels and
government agencies found in Attachment A below. ICES also fully supports and encourages FCC
adoption of the provisions of the IEEE C95.7-2005 standard, which describes RF safety programs
designed to complement IEEE C95.1-2005.
ICES also recommends that the Commission adopt the International Electrotechnical
Commission assessment standards IEC 62479 (2010), to take advantage of the low power device
exclusions agreed to by an international technical committee, and IEC 62209-2 (2010) on SAR
measurements for near-body devices. Adoption of these two international standards, taken together,
will facilitate a more economical and efficient compliance process.
ICES also recommends using the higher IEC SAR limits based on temperature rise for medical
applications and compliance of implanted medical devices rather than the localized SAR exposure
limits in ICNIRP guidelines or IEEE C95.1-2005.
I.

EXPOSURE LIMITS

In paragraph 207 of the NOI, the Commission requests comment on whether the FCC's limits
for human exposure to radiofrequency (RF) radiation should be more restrictive, less restrictive, or
remain the same. 5 ICES recommends that the Commission adopt the basic restrictions and
maximum permissible exposure (MPE) values of IEEE C95.1-2005 6 that were developed by an
international committee of more than 125 members representing 25 countries. This
recommendation is strengthened by the fact that IEEE standards are developed through an open
consensus process with oversight by the IEEE Standards Association under the principles of
transparency and due process afforded to all. The IEEE standards development process is further
governed by principles of balance, representation across the social spectrum of concerns over safe
exposure, and attainment of levels of restrictiveness that are based on the best available science and
engineering and, as such, are scientifically defensible. The committee that developed IEEE C95.12005 had an extremely wide range of participation by experts in engineering, biology, medicine,
measurements, and safety programs. 7 In terms of stakeholders, the committee consists of members
of the government, military, academia, industry, and general public. 8

5
6

7

8

Id. at para. 207.
IEEE Std C95.1™-2005, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz.
In 2006, IEEE Std C95.1TM-2005 was approved by the American National Standards Institute (ANSI) as an
American National Standard.
Representatives of agencies participating in the Federal RF Interagency Working Group, e.g., FCC, FDA,
2
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The committee, which was organized in 1960, has functioned continuously to develop and
revise its RF safety standards. 9 The FCC incorporated part of IEEE C95.1-1991 10 into the current
federal regulations. 11 The most recent IEEE C95.1 standard (IEEE C95.1-2005) is a revision of the
1991 standard; as such it would be consistent with the prior regulatory process for the Commission
to adopt the limits in the 2005 standard. This recommendation is consistent with the
recommendation of the IEEE Committee on Man and Radiation (COMAR) 12 that “…health
officials continue to base their policies on RF safety limits recommended by established and
sanctioned international organizations such as the Institute of Electrical and Electronics Engineers
International Committee on Electromagnetic Safety and the International Commission on NonIonizing Radiation Protection, which is formally related to the World Health Organization.”
The FCC peak spatial-average specific absorption rate (SAR) limits were based on concepts for
limiting localized exposure first proposed in 1982 by the ANSI C95 Committee (ANSI C95.11982). 13 (The peak spatial-average SAR limit specified in the 1982 standard, which did not
distinguish between limits for occupational exposure and exposure of the general public, is 8 W/kg
averaged over 1 g of tissue.) In 1986 the National Council on Radiation Protection and
Measurements (NCRP Report No 86) 14 reaffirmed the ANSI C95.1-1982 SAR value and introduced
an additional safety factor of 5 for protection of the general public, thereby establishing levels onefifth of the 1982 ANSI value. These values were reaffirmed in IEEE C95.1-1991 (whereby a peak
spatial-average limit of 1.6 W/kg averaged over 1 g was defined for the general public). A
subsequent extensive review of the latest scientific literature by the ICES committee deemed it
appropriate to revise the IEEE C95.1-1991 recommendations; the revised values, which are
consistent with the ICNIRP values, 15 and based on similar scientific principles, were approved by
NIOSH and OHSA, participated in the development of C95.1-2005.
In 1960, the American Standards Association approved the initiation of the Radiation Hazards Standards
project under the co-sponsorship of the Department of the Navy and the Institute of Electrical and
Electronics Engineers, Inc. Prior to 1988, C95 standards were developed by Accredited Standards
Committee C95, and submitted to the American National Standards Institute (ANSI) for approval and
issuance as ANSI C95 standards. Between 1988 and 1990, the committee was converted to IEEE Standards
Coordinating Committee 28 (SCC 28) under the sponsorship of the IEEE Standards Board. In 2001, the
IEEE Standards Association Standards Board approved the name “International Committee on
Electromagnetic Safety (ICES)” for SCC 28 to better reflect the scope of the committee and its
international membership. In accordance with policies of the IEEE, C95 standards are issued and
developed as IEEE standards, and submitted to ANSI for approval as an American National Standard.
10
IEEE Std C95.1TM-1991, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz.
9

11

47 CFR §1.1310.

12

COMAR Technical Information Statement: Expert reviews on potential health effects of radiofrequency
electromagnetic fields and comments on the BioInitiative Report. Health Phys. 97(4):348 –356, 2009.
13
ANSI Std C95.1-1982, American National Standard Safety Levels with Respect to Radio Frequency
Electromagnetic Fields, 300 MHz to 100 kHz.
14
Biological Effects and Exposure Criteria for Radio Frequency Electromagnetic Fields, NCRP Report No.
86, National Council on Radiation Protection and Measurements, Bethesda, MD (1986).
15

ICNIRP (International Commission on Non-Ionizing Radiation Protection), Guidelines for limiting
exposure to time-varying electric, magnetic and electromagnetic fields (up to 300 GHz). Health Physics
74(4): 494-522, 1998.
3
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the IEEE-SA Standards Board and published in April 2006 (IEEE C95.1-2005). Both IEEE C95.12005 and the 1998 ICNIRP guidelines (reaffirmed in 2009) 16 recommend 2.0 W/kg averaged over
10 g of tissue as a limit for localized exposure of the general public, and 10 W/kg averaged over
10 g of tissue for occupational exposure. Today, there are no international standards or guidelines
that support a partial-body exposure basic restriction of 1.6 W/kg, averaged over 1 g of tissue,
adopted by FCC in 1996.
The rationale for the change in partial-body SAR limits from 1.6 and 8 W/kg averaged over 1 g
of tissue to 2 and 10 W/kg averaged over 10 g of tissue for general public and occupational
exposure, respectively, is explained in Annex C, Section C.2.2.2.1 of IEEE C95.1-2005. As
explained below, the 1991 SAR basic restrictions for partial-body exposure were based on
dosimetry considerations alone; however the 2005 limits are based on a significantly improved
understanding of RF and thermal dosimetry and biological/health effects.
a) Origin of the 1.6 W/kg / 1 g limit in IEEE C95.1-1991: Prior to C95.1-1991, the committee
that developed the ANSI C95.1-1982 standard identified behavioral disruption in laboratory
animals as the most sensitive, repeatable physiological endpoint considered potentially
adverse to human health, with a threshold of 4 W/kg expressed in terms of whole-body
average (WBA) SAR. A safety factor of 10 was applied to define the basic restrictions from
which the MPE was derived, i.e., 0.4 W/kg for whole-body exposure. Unlike ANSI C95.11982, the 1991 standard had two tiers of limits. By incorporating an additional safety factor
of 5 (yielding a total safety factor of 50), a lower tier for whole-body exposure was established
in IEEE C95.1-1991 applicable to the general public in the uncontrolled environment (0.08
W/kg). The earlier peak spatial average SAR values (averaged over 1 g of tissue) for partial
body, or localized exposures for controlled (8 W/kg) and uncontrolled (1.6 W/kg)
environments were based on the 20:1 ratio of spatial peak to WBA SAR, empirically derived
from experimental dosimetry data available in the late 1970s. The 1 g averaging mass was
consistent with the achievable resolution of thermographic measurements at the time, i.e.,
rooted in engineering considerations for dosimetry, not biological or health criteria.
b) Origin of the 2.0 W/kg / 10 g limit: During revision of the IEEE C95.1-1991 standard, ICES
concluded that the biologically based ICNIRP rationale using health effects on the eyes was
more appropriate for a health related standard than the purely dosimetry-based rationale in
IEEE standards C95.1-1982, C95.1- 1991, and C95.1, 1999 Edition. 17 ICNIRP uses a 10 g
SAR averaging mass to correlate the SAR with RF-induced localized heating of the eye (about
a 10 g mass) and other parts of the head with equivalent mass. The limit of 10 W/kg averaged
over 10 g is supported by results from animal experiments showing that this value is at least
10 times below the SAR threshold for inducing cataracts (100 W/kg). The cataractogenic
threshold in humans is also determined to be 100 W/kg deposited in the approximately 10 g
mass of the eyeball. For the lower tier limit, a safety factor of 50 was applied to obtain a limit
of 2 W/kg averaged over 10 g of tissue. In addition to this biological rationale, at least three
16

Statement on the Guidelines for limiting exposure to time-varying electric, magnetic and electromagnetic
fields (up to 300 GHz). Health Physics 97(3):257-259, 2009.

17

IEEE Std C95.1TM-1999 Edition (Incorporating IEEE Std C95.1TM-1991 and IEEE Std C95.1aTM-1998),
IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic
Fields, 3 kHz to 300 GHz.
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computational studies 18,19,20 have shown that averaging SAR over 10 g correlates better with
localized temperature rise than averaging over 1 g. A mass of 10 g is therefore more
appropriate for averaging SAR in tissue.
While exposure limits found in the ICNIRP guidelines and IEEE C95.1-2005 are essentially the
same for the general public, there are some differences, which ICES considers improvements over
IEEE C95.1-1991 and the ICNIRP guidelines. For example:
1. SAR in the pinnae follows the same exposure limits as those for extremities. (Already
adopted by FCC in the Report and Order, paragraph 47.)
2. For frequencies greater than 3 GHz, the MPE is expressed in terms of the incident power
density. To provide a transition in the frequency range 3 GHz to 6 GHz, compliance with
IEEE C95.1-2005 may be demonstrated by evaluation of either incident power density or
local SAR. Two recent publications 21,22 have shown that 6 GHz is a better choice for the
transition to incident power density as compared to 10 GHz used in the ICNIRP guidelines.
3. In IEEE C95.1-2005, the peak spatial-average SAR is averaged over any 10 g of tissue in
the shape of a cube, whereas in the ICNIRP guidelines, averaging is over any 10 g of
contiguous tissues. All current international measurement standards are based on cubic
mass and not on contiguous tissue mass. [IEEE 1528-2003, 23 IEC 62209-1: 2005, 24 and IEC
62209-2:2010 25]. Pragmatically, it is virtually impossible to standardize contiguous tissue
mass of arbitrary shape.
18

Hirata A., Fujiwara O. The correlation between mass-averaged SAR and temperature elevation in the
human head model exposed to RF near-fields from 1 to 6 GHz. Phys Med Biol. 54:7227-7238, 2009.
19
Razmadze A., Shoshiashvili L., Kakulia D., Zaridze R., Bit-Babik G. and Faraone A. Influence of specific
absorption rate averaging schemes on correlation between mass-averaged specific absorption rate and
temperature rise. Bioelectromagnetics 29(1): 77-90, 2009.
20
McIntosh RL., and Anderson V. SAR versus VAR, and the size and shape that provide the most
appropriate RF exposure metric in the range of 0.5-6 GHz. Bioelectromagnetics 32(4): 312-321, 2011.
21
McIntosh RL and Anderson V, SAR versus Sinc: What is the appropriate RF exposure metric in the range
1-10 GHz? Part II: Using complex human body models. Bioelectromagnetics 31(6):467-478, 2010.
22
Hirata A, Laakso I, Oizumi T, Hanatani R, Chan KH, and Wiart J. The relationship between specific
absorption rate and temperature elevation in anatomically based human body models for plane wave
exposure from 30 MHz to 6 GHz. Phys Med Biol. 58(4):903-21, 2013.
23
IEEE Std 1528TM-2003, IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques. (Revision approved by the IEEE SA Standards Board June, 2013.)
24
IEC 62209-1, Edition 1.0 (2005-02-18), Human exposure to radio frequency fields from hand-held and
body-mounted wireless communication devices—Human models, instrumentation, and procedures - Part 1:
Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close proximity to
the ear (frequency range of 300 MHz to 3 GHz). International Electrotechnical Commission, Geneva,
Switzerland.
25
IEC62209-2, Edition 1.0 (2010-03-30), Human exposure to radio frequency fields from hand-held and
body-mounted wireless communication devices - Human models, instrumentation, and procedures—Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used in
close proximity to the human body (frequency range of 30 MHz to 6 GHz). International Electrotechnical
Commission, Geneva, Switzerland.
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4. For both general public and occupational exposures above 100 kHz, the basic restrictions in
IEEE C95.1-2005 are protective against excessive heating due to absorption of RF energy.
To achieve the same total energy at the limiting SAR for exposures of the general public or
workers, different averaging times are specified with respect to the different SAR limits.
For general public exposures at frequencies above 5 GHz, the values for time averaging
have been modified to more accurately reflect thermal time constants. At 300 GHz, the
averaging time is consistent with that of the laser standards, e.g., ANSI Z136.1-2007, 26 IEC
60825-1 (2003). 27 This improvement over previous standards advances the scientific basis
for protection from RF exposure and represents an improvement over the uniform 6 min
averaging time found in the ICNIRP guidelines.
5. For frequencies greater than 3 GHz, partial-body exposure evaluation in terms of power
density is based on an area that is a function of wavelength. Guidelines are provided for
evaluating partial-body exposure in terms of power density at these higher frequencies
where SAR is not applicable. This is an important improvement for evaluating compliance
for partial-body exposures. No other standard (other than the laser standards) includes this
concept.
6. ICES also developed IEEE C95.7-2005, 28 which was designed to complement IEEE C95.12005. The IEEE C95.7-2005 standard includes information and guidance for engineering
and administrative controls as well as for the use of personal protective equipment,
placement of appropriate RF safety signage, designation of restricted access areas, the use of
personal RF monitors, and RF safety awareness training. This standard is designed to
provide guidance for controlling exposure and for preventing hazards associated with RF
sources. ICES notes that the Commission's proposals in the FNPRM closely mirror many of
the recommendations contained in this standard, and ICES fully supports and encourages
FCC adoption of the provisions of this standard.
The World Health Organization (WHO) recognizes the following two documents that specify
safety limits for human exposure to electric, magnetic and electromagnetic fields: 29 1) the IEEE
C95.1-2005 standard (published in 2006), and 2) the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) Guidelines published in 1998 (reaffirmed in 2009). Both
specifications include high margins of safety. Because adoption of uniform standards is beneficial
to consumers, the government and industry, WHO promotes harmonization of EMF standards
globally. There is significant value in having consistent safety limits worldwide. Not only do
different safety limits unnecessarily complicate international trade, differing values tend to lessen
public confidence in the safety limits. It is therefore appropriate for the Commission to adopt the
contemporary peak spatial-average SAR basic restrictions found in the ICNIRP guidelines and
IEEE C95.1-2005. We urge the Commission to adopt the ICNIRP and IEEE C95.1-2005 SAR
values of 2 W/kg averaged over 10 g of tissue for exposure of the general public and 10 W/kg
26

ANSI Z136.1-2007, American National Standard for Safe Use of Lasers.
IEC60825-1, Edition 2.0 (2007-03-30), Safety of laser products—Part 1: Equipment classification and
requirements. International Electrotechnical Commission, Geneva, Switzerland.
28
IEEE Std. C95.7TM-2005 IEEE Recommended Practice for Radio Frequency Safety Programs, 3 kHz to
300 GHz.
29
World Health Organization (WHO), “Electromagnetic fields and public health: mobile phones,” Fact sheet
N°193 June 2011, http://www.who.int/mediacentre/factsheets/fs193/en/index.html.
27
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averaged over 10 g of tissue for exposure in controlled environments.
In addition to addressing established adverse health effects, ICES also extensively reviewed the
literature dealing with the biological effects ascribed to exposure to low-level fields, i.e., at or below
the corresponding basic restrictions in the frequency range 3 kHz to 300 GHz, which ICES
describes as low-level effects and which others call "non-thermal" or “athermal” effects. The
resulting ICES position on the existence of low levels effects is: “Despite more than 50 years of RF
research, low-level biological effects have not been established. No theoretical mechanism has
been established that supports the existence of any effect characterized by trivial heating other than
microwave hearing 30. Moreover, the relevance of reported low-level effects to health remains
speculative and such effects are not useful for standard setting.” (Annex C.1.2, page 82 of IEEE
C95.1-2005.)
The breadth of international and national consensus on the ICES and ICNIRP limits recently
was demonstrated in a report by Rowley and colleagues 31 who reported on standards for wireless
communications among 229 countries, territories, dependencies and sub-national regions. Of these,
102 had adopted the ICNIRP guidelines for mobile networks and 115 had adopted the ICNIRP
guidelines for mobile devices. In contrast, 9 agencies had adopted current FCC limits for mobile
networks and 13 had adopted FCC limits for mobile devices. The rules adopted by the remainder
were unknown or employed unique limits.
In summary, ICES urges the Commission to adopt the exposure limits for general public
exposures found in IEEE Standard C95.1-2005. These limits, expressed in terms of basic
restrictions (SAR) and reference levels (MPEs), are in harmony with International Commission on
Non-Ionizing Radiation Protection (ICNIRP) guidelines for frequencies between 30 MHz and
100 GHz. These limits incorporate many science-based improvements over IEEE C95.1-1991 and
the ICNIRP guidelines. Adoption of IEEE C95.1-2005 basic restrictions would place the FCC
limits in conformity with the internationally harmonized partial-body limit of 2 W/kg averaged over
10 g of tissue. No existing international standard or guideline supports the partial-body exposure
basic restriction of 1.6 W/kg, averaged over 1 g of tissue that was adopted by FCC in 1996. The
scientific judgments of ICES are consistent with those reached by other scientific expert groups and
government agencies around the world as cited in IEEE C95.1-2005 Annex B.2, page 35, and
Attachment A (for the last three years) at the end of this document.

II.

ASSESSMENT STANDARDS

In paragraph 114 of the FNPRM, the Commission proposed various power thresholds for
exempting transmitters from being evaluated for RF exposure. 32 ICES believes these power
thresholds should be based on those already developed by the International Electrotechnical
30

As noted in IEEE C95.1-2005, the phenomenon of microwave hearing in humans is a well-established
biological effect with no known adverse health consequence. Although the effect has been induced at low
levels, it is caused by thermoexpansion pressures from exposure to very short RF pulses.
31
Rowley J., Joyner K., Zollman P. & Larsson LE. Radiofrequency exposure policies relevant to mobile
communication devices and antenna sites. BioEM 2013, 10-14 June, Thessaloniki, Greece.
32
Id at para. 114.
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Commission (IEC). ICES recommends the Commission consider Tables A.1 and B.1 of IEC 62479
(2010). 33 Table A.1, “Example values of SAR-based Pmax for some cases described by ICNIRP,
IEEE C95.1-1999 and IEEE C95.1-2005,” shows the power levels that can be excluded because
even if all power were absorbed by the 1 g or 10 g tissue mass, the corresponding SAR limits could
not possibly be exceeded. In Table B.1, “Some typical frequency bands of portable wireless
devices and corresponding low-power exclusion levels Pmax′ predicted using Equations (B.1)
through (B.9),” alternative low power exclusions are listed for various technologies, bandwidths,
frequencies and distance between the device and the human body, with levels much higher than
those shown in Table A.1. Annex B of IEC 62479 explains in detail the “Derivation of alternative
low-power exclusion levels for wireless devices used close to the body.” Annex B also describes
formulae derived by researchers 34, 35 from the USA and Austria to establish Pmax′ values for the
300 MHz to 6 GHz frequency range for devices that are operated within 25 mm of the body. The
algorithm found in Annex B is generally applicable to many popular mobile telephone system
standards (e.g., GSM, CDMA, PCS), and land mobile radios and wireless local area network
(WLAN) devices. The formulae have been shown to be conservative for a wide variety of antennas
typically used on portable wireless devices, such as dipoles, monopoles, planar inverted-F antennas
(PIFAs), and inverted-F antennas (IFAs). However, the formulae may not apply for wireless
devices having antennas whose directivity is significantly greater than that of a half-wavelength
dipole antenna (i.e., 2.1 dBi). Further details are given in IEC 62479 where Table B.1 lists some
typical portable wireless devices and corresponding alternative low power exclusion levels Pmax’ for
separation from the body by 5 and 25 mm. Other distances can be calculated using the formulas
provided. The following description is from IEC 62479 (2010), based on the work of Ali et al.34 and
Sayem et al.35 where further details are available.
Based on a systematic study of canonical dipole antennas of different lengths and at different
distances from a flat phantom, a simple equation (B.1) was developed for predicting alternative
higher values of the low-power exclusion levels, Pmax':
Pmax' = exp [As + Bs2 + C ln (BW) + D]

(B.1)

where s is the closest distance between the wireless device and the user’s body, BW is the free-space
antenna bandwidth, and A, B, C and D are third-order polynomials of frequency. The bandwidth
corresponds to |S11| ≤ -7 dB, which is the reciprocal of the radiation quality factor, defined as the
ratio between the stored and the radiated energies of an antenna. In Equation (B.1), s is expressed
in mm and BW is expressed in percent (e.g., enter 10 in the equation if the bandwidth is 10%). Two
sets of formulas of A, B, C, D were derived for both 2 W/kg averaged over 10 g limit and 1.6 W/kg
averaged over 1 g limit. Table B.1 in IEC 62479 (2010) shows some typical frequency bands of
portable wireless devices and corresponding low-power exclusion levels Pmax′for two separation
33

IEC 62479, Edition 1.0 (2010-06-16), Assessment of the compliance of low-power electronic and
electrical equipment with the basic restrictions related to human exposure to electromagnetic fields (10
MHz to 300 GHz), International Electrotechnical Commission, Geneva, Switzerland.
34
Ali, M., Douglas, M.G., Sayem, A.T.M., Faraone, A. and Chou, C-K. Threshold power of canonical
antennas for inducing SAR at compliance limits in the 300- 3000 MHz frequency range. IEEE Trans.
Electromag. Compat. 49(1): 143-152, 2007.
35
Sayem, A.T.M., Douglas, M. G., Schmid, G., Petric, B. and Ali, M. Correlating threshold power with freespace bandwidth for low directivity antennas. IEEE Trans. Electromag. Compat. 51(1): 25-37, 2009.
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distances (5 and 25 mm). Other distances can be calculated using the formulas provided.
Tables A.1, B.1 and related formulas in IEC 62479 (2010) can eliminate the need for testing in
those cases where the SAR cannot physically exceed exposure limits. Since this standard is already
adopted internationally, ICES endorses acceptance of the provisions of IEC 62479 (2010). In
contrast, the FCC 1 mW exclusion and the calculated levels in Table 2 of the subject Order and
Report are overly conservative and not as practical for use with modern wireless devices. Adoption
of the provisions of IEC 62479 (2010) will eliminate many instances of unnecessary, costly, and
time-consuming compliance tests. It is useful to note from Table A.1 of IEC 62479 (2010) the
significant difference between the exclusion level of 1.6 mW associated with IEEE C95.1-1991 and
the more recent value of 20 mW based on IEEE C95.1-2005 and the ICNIRP guidelines. In order to
resolve this large difference, ICES again urges the Commission to adopt the peak spatial-average
SAR value of 2 W/kg averaged over 10 g of tissue, which will result in an exclusion power of
20 mW in harmony with the rest of the world.
Similarly, the FCC should also adopt the provisions of IEC 62209-2 (2010). 36 In this standard,
a single tissue-equivalent liquid in the phantom is specified for frequencies ranging between 30
MHz and 6 GHz for testing devices in close proximity to the human body. This liquid is the same
as the head simulating tissue in IEC 62209-1, and different from the body simulating liquid in FCC
OET Bulletin 65 Supplement C, which was derived from extrapolations from the head tissue by
FCC (not verified by others). If the FCC adopts IEC 62209-2, as has other parts of the world, it
would eliminate unnecessary double testing of products in two different tissue stimulants for
devices used in the USA and devices used in the rest of world. The large safety factor built into the
exposure standards assures that small differences in the SAR values do not substantively affect
protections to public health and safety provided by the standards. Finally, global harmonization
yields benefits that would be unavailable by preserving the status quo.
In summary, the FCC should adopt the provisions of international assessment standards IEC
62479 (2010) and IEC 62209-2 (2010); specifically the international low power device exclusion
values and the use of a single tissue simulating liquid. Both of these changes will facilitate a more
efficient and economical compliance process.
III.

MEDICAL IMPLANTS

In paragraph 125 of the FNPRM, the Commission cites a "worst-case" example of RFtransmitting medical implants that have a high potential for most of their energy being absorbed in
one gram of tissue. 37 Furthermore, in paragraph 168, the Commission states that it proposes to
apply only the 1 mW blanket exemption to implanted medical devices.
ICES notes that neither IEEE C95.1-1991 nor IEEE C95.1-2005 is intended for exposure of
36

IEC 62209-2 Edition 1.0 (2010-03-30), Human exposure to radio frequency fields from hand-held and
body-mounted wireless communication devices – Human models, instrumentation, and procedures – Part
2: Procedure to determine the specific absorption rate (SAR) for wireless communication devices used in
close proximity to the human body (frequency range of 30 MHz to 6 GHz). International Electrotechnical
Commission, Geneva, Switzerland.
37
Id. at para. 125.
9

ICES comments in response to the Further Notice of Proposed Rule Making (FNPRM)
and Notice of Inquiry (NOI) issued by the Federal Communications Commission

ATTACHMENT 4

patients by, or under the direction of, physicians and medical professionals. In its 1998 guidelines,
ICNIRP also clarifies its position: “Compliance with the present guidelines may not necessarily
preclude interference with, or effects on, medical devices such as metallic prostheses, cardiac
pacemakers and defibrillators, and cochlear implants.”15
ICES urges the Commission not to use the general public peak-spatial SAR limit for medical
implants. It is an inappropriate use of the standard and guidelines and would severely limit
beneficial applications of medical implants for improved healthcare.
We note that FDA 38 has adopted the IEC temperature limits for compliance of MRI scanning,
rather than relying on just the SAR as a limiting factor because excessive temperature is
acknowledged as a definite cause of harm that must be prevented for medical diagnostics and
medical implants, whereas SAR of itself is not a relevant factor in clinical circumstances. IEC
60601-2-33 provides SAR values that were derived in a manner such that localized temperatures
will not result in tissue damage. IEC 60601-2-33 also states that higher temperatures and higher
local SAR values may be accepted for specific tissues if there is no unacceptable risk for the
patient. 39
In summary, for compliance in medical applications ICES recommends use of the (higher) SAR
values based on temperature rise derived by the IEC, not the SAR exposure limits in ICNIRP or
IEEE C95.1-2005.
IV.

CONCLUSION

In response to the Further Notice of Proposed Rule Making (FNPRM) and Notice of Inquiry
(NOI) issued by the Commission, the International Committee on Electromagnetic Safety (ICES) of
the Institute of Electrical and Electronics Engineers urges the Commission to adopt up-to-date,
internationally recognized, electromagnetic exposure and assessment standards. Those standards
supplant out-of-date localized exposure limits that no existing international standard organization
supports. Specifically, ICES recommends that the Commission adopt the IEEE C95.1-2005
exposure limits. These limits are harmonized with International Commission on Non-Ionizing
Radiation Protection guidelines in terms of basic restrictions (SAR) and reference levels (MPEs) as
applied to exposures of the general public at frequencies between 30 MHz and 100 GHz. IEEE
C95.1-2005 contains many science-based improvements over the IEEE C95.1-1991 and ICNIRP
guidelines. In particular, we therefore urge the Commission to adopt the widely endorsed ICNIRP
and IEEE C95.1-2005 peak spatial-average SAR value of 2 W/kg averaged over 10 g of tissue for
localized exposures among the general public, and 10 W/kg averaged over 10 g of tissue for
occupational exposures in controlled environments. In addition, ICES fully supports and
38

Food and Drug Administration, "Guidance for the Submission of Premarket Notifications for Magnetic
Resonance Diagnostic Devices," Nov. 14, 1998.
39
IEC Standard 60601-2-33 Edition 3 (2010-03-10), Medical electrical equipment – Part 2-33: Particular
requirements for the basic safety and essential performance of magnetic resonance equipment for medical
diagnosis. International Electrotechnical Commission, Geneva, Switzerland.
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encourages FCC adoption of the provisions of the IEEE C95.7-2005 standard, which describes RF
safety programs designed to complement IEEE C95.1-2005.
ICES also urges the adoption of international assessment standards IEC 62479 (2010) that
defines low power device exclusions agreed upon by an international technical committee, and IEC
62209-2 (2010) that provides technical guidance on SAR measurements for transmitting devices
operated close to the body. Adoption of these two international standards will make the compliance
process more efficient and economical without any adverse impact on human safety. For medical
products, ICES recommends that compliance be determined using SARs based on temperature rise
as determined by the IEC rather than the SAR exposure limits in ICNIRP or IEEE C95.1-2005.

Respectfully submitted,

_____________________________
Dr. Ralf Bodemann
Chairman of the International Committee on
Electromagnetic Safety
Institute of Electrical and Electronics Engineers, Inc.
ralf.bodemann@ieee.org
+491738561184
August 30, 2013
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Attachment A: Expert Reviews
Statements from Governments and Expert Panels Concerning Health Effects
and Safe Exposure Levels of Radiofrequency Energy (Examples from last 3
years)
1. Spain’s Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS) (2011)
http://ccars.es/en
 “According to various agencies, there is no scientific justification for a reduction in
current exposure limits for RF EMF.”
2. UK Health Protection Agency
(2011) http://www.hpa.org.uk/NewsCentre/NationalPressReleases/2011PressReleases/1105
31electomagneticfields/
 “HPA advice is that there is no clear scientific evidence of a cancer risk from exposure
to radiofrequencies at levels below international guidelines but the possibility remains.”
3. UK National Health Service (2011)
http://www.nhs.uk/news/2011/05May/Pages/iarc-mobile-phones-brain-tumour-cancer.aspx
So do mobile phones definitely cause cancer?
 “No. The IARC’s classification means there is some evidence linking mobile phones to
some types of brain cancer but that this evidence is too weak to draw strong conclusions.”
4. US National Cancer Institute (2011)
http://www.cancer.gov/newscenter/pressreleases/2011/IARCcellphoneMay2011
NCI Statement: International Agency for Research on Cancer Classification of Cell Phones
as “Possible Carcinogen”
 “Interphone, considered the major study on cell phone use and cancer risk, has reported
that overall, cell phone users have no increased risk of the most common forms of brain
tumors -- glioma and meningioma. In addition, the study revealed no evidence of
increasing risk with progressively increasing number of calls, longer call time, or years
since beginning cell phone use. For the small proportion of study participants who
reported spending the most total time on cell phone calls, there was some increased risk
of glioma, but the researchers considered this finding inconclusive. Furthermore, a large
population-based cohort study in Denmark has found no evidence of increased risk of
brain tumors. It is noteworthy that brain cancer incidence and mortality rates in the
population have changed little in the past decade.”
5. WHO (June, 2011)
Fact Sheet #193 Electromagnetic fields and public health: mobile phones
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
Are there any health effects?
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“A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health effects
have been established as being caused by mobile phone use.”
“WHO will conduct a formal risk assessment of all studied health outcomes from
radiofrequency fields exposure by 2012.”

6. ICNIRP (July 2011)
Mobile Phones, Brain Tumours and the Interphone Study: Where Are We Now?
http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693
 “In summary, Interphone and the literature overall have methodological deficiencies but
do not demonstrate greater risk of either glioma or meningioma with longer or greater
use of mobile phones, although the longest period since first use examined is <15 years.”
 “Although there remains some uncertainty, the trend in the accumulating evidence is
increasingly against the hypothesis that mobile phone use can cause brain tumours in
adults.”
7. International Epidemiology Institute (2011)
http://jnci.oxfordjournals.org/content/early/2011/07/27/jnci.djr285.full
 “There have been other recent studies presenting brain tumor incidence trends among
adults and children over the last 20 years in the United States; the United Kingdom; New
Zealand; and Denmark, Norway, Sweden, and Finland. It is especially encouraging that
these nationwide time-trend studies are uniformly and remarkably consistent in showing
no evidence of increases in brain tumors over recent calendar years, up to and including
2009 in Sweden. Increases would have been expected if radio frequency waves were
causally associated with brain cancer, given the steady and marked rise in the use of cell
phones throughout the world since the 1980s.”
8. National Cancer Institute (2011)
Fact Sheet: Cell Phones and Cancer Risk
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
 “Studies thus far have not shown a consistent link between cell phone use and cancers of
the brain, nerves, or other tissues of the head or neck.”
 “..to date there is no evidence from studies of cells, animals, or humans that
radiofrequency energy can cause cancer.”
9. Health Canada (2011)
Wi-Fi Equipment
http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/wifi/index-eng.php
 “Based on scientific evidence, Health Canada has determined that exposure to low-level
RF energy, such as that from Wi-Fi equipment, is not dangerous to the public.”
10. Health Canada (2011)
Safety of Cell Phones and Cell Phone Towers
http://www.hc-sc.gc.ca/hl-vs/alt_formats/pacrb-dgapcr/pdf/iyh-vsv/prod/cell-eng.pdf
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 “The IARC classification of RF energy reflects the fact that some limited evidence exists
that RF energy might be a risk factor for cancer. However, the vast majority of scientific
research to date does not support a link between RF energy exposure and human
cancers.”
 “With respect to cell phone towers, as long as exposures respect the limits set in Health
Canada’s guidelines, there is no scientific reason to consider cell phone towers
dangerous to the public.”
11. Health Council of the Netherlands (2011)
Radiofrequency electromagnetic fields and children’s brains
http://www.gezondheidsraad.nl/en/news/infleuence-radiofrequency-telecommunicationsignals-children-s-brains
 “Available data do not indicate that exposure to radiofrequency electromagnetic fields
affect brain development or health in children.”
12. EU Commission's DG Health and Consumers (2011)
Public Health (22-11-2011) Electromagnetic Fields and Health: The Way Forward
http://ec.europa.eu/dgs/health_consumer/dyna/enews/enews.cfm?al_id=1198
 “The nocebo effect (an ill effect caused by the suggestion or belief that something is
harmful) is a major contributor to electrohypersensitivity”
13. UK Independent Advisory Group on Non-Ionizing Radiation (AGNIR) (2012)
Health effects from radiofrequency electromagnetic fields.
http://www.hpa.org.uk/webw/HPAweb&HPAwebStandard/HPAweb_C/1317133826368
 “In summary, although a substantial amount of research has been conducted in this area,
there is no convincing evidence that RF field exposure below guideline levels causes
health effects in adults or children.”
14. UK Biological Effects Policy Advisory Group (BEPAG) of the Institution of Engineering
and Technology (2012)
http://www.theiet.org/factfiles/bioeffects/emf-position-page.cfm?type=pdf
 “that the balance of scientific evidence to date does not indicate that harmful effects occur
in humans due to low-level exposure to EMFs.”
 “In summary, the absence of robust new evidence of harmful effects of EMFs in the past
two years is reassuring and is consistent with our findings over the past two decades. The
widespread use of electricity and telecommunications has demonstrable value to society,
including health benefits. BEPAG is of the opinion that these factors, along with the
overall scientific evidence, should be taken into account by policy makers when
considering the costs and benefits.”
15. US Government Accountability Office (2012)
Exposure and testing requirements for mobile phones should be reassessed.
http://www.gao.gov/products/GAO-12-771
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 “Scientific research to date has not demonstrated adverse human health effects of
exposure to radio-frequency (RF) energy from mobile phone use, but research is ongoing
that may increase understanding of any possible effects.”
16. Swedish Council for Working Life and Social Research (2012)
Radiofrequency electromagnetic fields and risk of disease and ill health– Research during
the last ten years
http://www.fas.se/pagefiles/5303/10-y-rf-report.pdf
“Extensive research for more than a decade has not detected anything new regarding
interaction mechanisms between radiofrequency fields and the human body and has
found no evidence for health risks below current exposure guidelines. While absolute
certainty can never be achieved, nothing has appeared to suggest that the since long
established interaction mechanism of heating would not suffice as basis for health
protection.”
17. Norwegian Institute for Public Health (2012)
Low-level radiofrequency electromagnetic fields – an assessment of health risks and
evaluation of regulatory practice.
http://www.fhi.no/eway/default.aspx?pid=238&trg=MainLeft_5895&MainArea_5811=58
95:0:15,2829:1:0:0:::0:0&MainLeft_5895=5825:99168::1:5896:1:::0:0
 "The studies have been performed on cells and tissues, and in animals and humans. The
effects that have been studied apply to changes in organ systems, functions and other
effects. There are also a large number of population studies with an emphasis on studies
of cancer risk.”
 “The large total number of studies provides no evidence that exposure to weak RF fields
causes adverse health effects.”
18. European Commission (2012)
European Health Risk Assessment Network on Electromagnetic Fields Exposure
(EFHRAN). Report on priorities of health risk management and communication on EMF
exposure. 2012 Nov. http://efhran.polimi.it/


the public’s perception of possible health risks due to EMF exposure levels within
international guidelines does not necessarily reflect the scientific community’s
assessment that there is a lack of evidence that could support this suggestion.



This “should suggest to policy and health authorities in Europe…that they need to invest
in improving communication strategies related to EMF, allowing Europeans to have
access to high quality and referenced information about the scientific state of the art on
EMF and health issues.

19. Swedish Scientific Council on Electromagnetic Fields (2013)
2013:19 – Recent Research on EMF and Health Risk (Eighth report from SSM’s Scientific
Council on Electromagnetic Fields, 2010), Swedish Radiation Safety Authority
http://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2013/S
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SM-Rapport-2013-19.pdf
 Subsequent to the last Council report published in 2010, IARC in 2011 classified
radiofrequency electromagnetic (RF) fields as possibly carcinogenic to humans (Group
2B) based on an increased risk for glioma and acoustic neuroma (vestibular
schwannoma) associated with wireless phone use. Since then, numerous epidemiological
studies on mobile phone use and risk of brain tumours and other tumours of the head
(vestibular schwannomas, salivary gland) have been published. The collective of these
studies, together with national cancer incidence statistics from different countries, is not
convincing in linking mobile phone use to the occurrence of glioma or other tumours of
the head region among adults. Although recent studies have covered longer exposure
periods, scientific uncertainty remains for regular mobile phone use for longer than 1315 years. It is also too early to draw firm conclusions regarding children and adolescents
and risk for brain tumours, but the available literature to date does not indicate an
increased risk.
 While the symptoms experienced by patients with perceived electromagnetic
hypersensitivity are real and some individuals suffer severely, studies so far have not
provided evidence that exposure to electromagnetic fields is a causal factor. In a number
of experimental provocation studies (mostly with radiofrequency fields), persons who
consider themselves electromagnetically hypersensitive as well as healthy volunteers
have been exposed to either sham or real fields, but symptoms have not been more
prevalent during real exposure than during sham exposure in the experimental groups.
Several studies have indicated a nocebo effect, i.e. an adverse effect caused by an
expectation that something is harmful.
20. American Cancer Society (2013)
Updates info on cell phone
towers http://www.cancer.org/cancer/cancercauses/othercarcinogens/athome/cellular-phonetowers
 “Cell phone towers are not known to cause any health effects. But if you are concerned
about possible exposure from a cell phone tower near your home or office, you can ask a
government agency or private firm to measure the RF field strength near the tower
(where a person could be exposed) to ensure that it is within the acceptable range.”
21. International Agency for Research on Cancer (2013)
Monograph 102 “non-ionizing radiation, part 2: radiofrequency electromagnetic fields”
http://monographs.iarc.fr/ENG/Monographs/vol102/index.php
 There is limited evidence in humans for the carcinogenicity of radiofrequency radiation.
Positive associations have been observed between exposure to radiofrequency radiation
from wireless phones and glioma, and acoustic neuroma.
 There is limited evidence in experimental animals for the carcinogenicity of
radiofrequency radiation.
 Radiofrequency electromagnetic fields are possibly carcinogenic to humans (Group 2B).
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 The comparative weakness of the associations in the INTERPHONE study and
inconsistencies between its results and those of the Swedish study led to the evaluation
of limited evidence for glioma and acoustic neuroma, as decided by the majority of the
members of the Working Group.
[Note: The task of IARC is to classify the possibility of effects, while the other expert
reviews are on established health effects.]
22. Health Council of the Netherlands (2013)
Mobile phones and cancer. Part 1: Epidemiology of tumours in the head.
http://www.gr.nl/en/publications/environmental-health/mobile-phones-and-cancer-part-1epidemiology-tumours-head
“[T]he final conclusion from this systematic analysis is then: there is no clear and consistent
evidence for an increased risk for tumours in the brain and other regions in the head in
association with up to approximately 13 years use of a mobile telephone, but such risk can
also not be excluded. It is not possible to pronounce upon longer term use.”
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)
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)
)
)
)
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)
)

ET Docket No. 13-84

ET Docket No. 03-137

REPLY OF THE
INTERNATIONAL COMMITTEE ON ELECTROMAGNETIC SAFETY OF THE
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.

SUMMARY
Pursuant to Section 1.405 of the Federal Communications Commission’s (FCC’s) Rules, 1 the
International Committee on Electromagnetic Safety (ICES) of the Institute of Electrical and
Electronics Engineers (IEEE) hereby replies to the submittals concerning Further Notice of
Proposed Rule Making (FNPRM) and Notice of Inquiry (NOI) issued by the Commission in the
above-captioned proceeding. 2 This document replies to the joint submittal by Momentum
Dynamics (MD) Corporation and Oak Ridge National Laboratory (ORNL), dated September 3,
2013.
The MD/ORNL statement addresses the questions: (1) Should the FCC extend its oversight to
frequencies below 100 kHz? (2) If yes, what international organization’s standard/guidelines should
the FCC adopt? Based on the information contained in the Appendix to their submittal, MD/ORNL
recommends:
“... should the Commission decide to adopt limits below 100 kHz, the limits should be based
upon the latest relevant IEEE Standards, C95.1-2005, C95.6-2002, and C95.7-2005.”
ICES will not address question (1). Concerning question (2), for frequencies below 100 kHz,
ICES recommends that the FCC adopt the maximum permissible exposure (MPE) values and basic
restrictions (BR) of IEEE Standards C95.1-2005 and C95.6-2002 (reaffirmed by the IEEE
Standards Association Standards Board in 2007 following ICES reaffirmation balloting). This
1
2

47 C.F.R. §1.405.
See Reassessment of Federal Communications Commission Radiofrequency Exposure Limits and Policies,
in ET Docket No. 13-84, and Proposed Changes in the Commission's Rules Regarding Human Exposure to
Radiofrequency Electromagnetic Fields, in ET Docket No. 03-137, FCC 13-39 (Released: March 29, 2013).
1
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recommendation is in concert with the position of MD/ORNL. This reply supplements the
information contained in the MD/ORNL submittal, providing further backing for adoption of the
IEEE limits below 100 kHz if the FCC decides to set exposure limits at those frequencies. A
discussion supporting adoption of the IEEE limits at higher frequencies is provided in our previous
submission to the FCC on 3 September, 2013.
I. DISCUSSION
Two existing IEEE standards collectively define limits on human exposure to electromagnetic
fields and electric currents over the spectrum from 0 Hz to 300 GHz: C95.6-2002 (from 0 Hz to
3 kHz) and C95.1-2005 (from 3 kHz to 300 GHz). 3 Various applications of electrical technology
create emissions within this broad frequency range. The 3 September 2013 submittal by IEEE
ICES urges the FCC to adopt the limits in the IEEE standards at frequencies related to broadcast
and wireless industries. 4 With this reply, ICES further recommends that if the FCC extends its
oversight to frequencies below 100 kHz, the FCC adopt the MPEs and BRs in the IEEE standards
with respect to frequencies below 100 kHz.
The intent of the limits in these IEEE standards is to protect against established adverse human
reactions from exposure to electric, magnetic and electromagnetic fields in the frequency range
0 Hz to 300 GHz. Many applications of electrical energy could potentially create more than trivial
emissions below 100 kHz. One such possible application is anti-theft technology, which is common
in many retail facilities. Another example is the switched gradient field used in MRI scanners.
Although the IEEE standards state that the limits are not intended to apply to patient exposure
during medical procedures, that would not preclude application to the practitioners who administer
such procedures. The FDA and the IEC both set MRI limits for exposure of patients, but not for the
personnel involved in those procedures. Other low frequency applications are on the drawing
board, such as the wireless charging systems addressed in the MD/ORNL position to which this
document replies.
The Annex attached herewith provides rationale for the FCC adoption of the limits in IEEE
Standards C95.6-2002 and IEEE C95.1-2005.
II. ICES Position
For the reasons summarized below, ICES supports the recommendation of MD/ORNL that if
the FCC concludes that setting exposure limits below 100 kHz is beneficial or necessary, it should
adopt the limits in IEEE C95.6-2002 (reaffirmed in 2007) and C95.1-2005. Adoption of both IEEE
C95.6 and C.95.1 would provide coverage of the full spectrum from 0 Hz to 300 GHz with sciencebased standards developed by a single, highly qualified and representative body through a thorough,

3

ICES is in the process of reviewing and updating its standards, and combining IEEE Standards C95.1-2005
and C95.6-2002 (reaffirmed in 2007) into a single document.
4
Comments of The International Committee on Electromagnetic Safety (ICES) of The Institute of Electrical
and Electronics Engineers, Inc. (IEEE), submitted in response to Notice of Inquiry issued by the Federal
Communication Commission, dated 30 August, 2013, and submitted on September 3, 2013.
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open and transparent process. 5
For example, the limits in IEEE C95.6 are based on clearly defined scientific principles
connecting experimental data and theoretical models of human reactions. That standard provides
tissue-specific limits in a self-consistent manner. These limits are developed through consultation
with a broad base of constituencies that include a wide range of points of view.
IEEE standards are developed with oversight by the IEEE Standard Association under the
principles of transparency and due process afforded to all. 6 The IEEE standard development
process is further governed by principles of balance, representation across the social spectrum of
concerns over safe exposure, and fair consideration of all competing viewpoints, research, and data.
The IEEE standards define safety levels with respect to human exposure to electromagnetic fields
that are based on the best available science and engineering and, as such, they are scientifically
defensible. The subcommittee that developed IEEE C95.6 has a broad range of participation by
over 68 experts in engineering, biology, medicine, measurements and safety programs. The
committee’s balanced membership consists of members of the government, military, academia, and
industry.
Although ICNIRP (another organization mentioned by the FCC in its NOI) has defined limits
with respect to the safe exposure to electromagnetic fields, ICES submits, for reasons summarized
below, that the ICES standards have many strengths over the ICNIRP 2010 guidelines:
(1) Objectives. It is clearly stated in IEEE Standards C95.6-2002 and C95.1-2005 that, in the
absence of established evidence for chronic effects of low-level, long-term exposure below the
limits in these standards, their objectives are to avoid adverse biological effects, which are
defined in 4.3 of IEEE C95.6.
(2) Data trail. The IEEE standards provide a clear path from experimental adverse effect
thresholds and theoretical principles to the limits of the standards.
(3) Safety/reduction factors. The rationale behind reduction factors is made clear in the IEEE
standards, and separate components of those factors are identified.
(4) Probability models and treatment. The probabilities associated with reaction thresholds,
including the limit values, are made clear in the IEEE standards.
(5) Exposure of the limbs. The IEEE standards provide separate limits for exposure of the limbs.
(6) Definition of exposed populations. The IEEE standards clearly define the two categories of
exposed populations in a rational manner.
5

Consistent with Office of Management and Budget (OMB) Circular A-119 Revised, “Federal Participation
in the Development and Use of Voluntary Consensus Standards and in Conformity Assessment Activities,”
(Feb., 1998).
6
One of the hallmarks of IEEE’s process is its inclusion of all materially interested parties, along with
transparency, due process, documentation, balancing and consideration of all interests, and appeal rights.
In addition, IEEE ICES represents a large international contingency: the main committee of ICES, TC95,
has approximately 122 members, including members of the Federal RF Interagency Working Group (FCC,
FDA, NIOSH and OSHA). Over one-third of the members are from outside the U.S., with 22 members
from important Far East countries (such as China, Korea, and Japan). The representation of various
viewpoints allows IEEE ICES to consider and address issues with implementation that may not be
considered in a less inclusive process.
3

ICES comments in response to the Further Notice of Proposed Rule Making (FNPRM)
and Notice of Inquiry (NOI) issued by the Federal Communications Commission

ATTACHMENT 5

(7) Induction Models. In the IEEE standard, an artifact-free model is used to derive the MPE
values from the basic restrictions.
(8) CNS limits below 20 Hz. The IEEE standards provide central nervous system (CNS) limits at
very low frequencies (< 20 Hz) that take into account biophysical responses that might occur
with realistic exposure waveforms.
(9) Environmental E-field limits – consistency. The MPE values for electric fields are consistent
with contact current limits elsewhere in the two IEEE standards.
(10) Environmental E-field limits in power line ROWs. Relaxed limits for the general public
within power line rights of way (ROWs) are included in IEEE C95.6-2002.
ICES believes its standards best define exposure levels that (1) are sufficiently low, and with
an adequate margin of safety, to protect against demonstrated adverse health effects in humans and
(2) are not unnecessarily low in light of the body of available scientific evidence. The FCC’s NOI
acknowledges that rulemaking must include weighing relative costs and benefits. See, e.g., NOI
229. Thus, the FCC should avoid adoption of limits that unnecessarily restrict technology or
increase costs by requiring compliance with unjustifiably stringent limitations. For example,
ICNIRP’s 1998 low frequency limits adversely affected several applications, e.g., MRI, which led
ICNIRP to relax its guidelines in 2010 without any adverse effect on safety.
If the FCC decides to regulate exposures in the 0-100 kHz spectrum, it must avoid the
possibility of erring in two ways: (1) adoption of highly restrictive limits at the risk of unnecessarily
constraining technology development, and (2) adoption of insufficiently restrictive limits that
possibly put the health and safety of the public at risk. As noted, ICES believes that adoption of its
standards avoids this dilemma: its standards fairly balance the need to protect the public from
scientifically established mechanisms of biological effects in humans without being unnecessary
stringent in light of scientific evidence. Further comparison of the IEEE ICES standards with the
applicable ICNIRP 2010 guidelines is provided in the Annex. 7
For deeper inspection of such conflicts, ICES recommends possible consultation with
additional resources to assist in evaluating the technical rationale for selection of limits in the 0 Hz 100 kHz region. Such agencies or bodies might include the National Council on Radiation
Protection and Measurements (NCRP), which has historically been involved in evaluating public
health implications of electromagnetic field exposure; the Federal RF Interagency Working Group;
and the Committee on Man and Radiation (COMAR). 8

7

The Annex to this letter is based on a paper prepared by J.P. Reilly for Momentum Dynamics and submitted
to the FCC as an Appendix to the MD/ORNL comments dated 2 September 2013. The Annex hereto was
prepared by J.P. Reilly with significant review and input by ICES. The Annex supplements, expands on,
and clarifies information in J.P. Reilly’s September 2 paper, prepared for Momentum Dynamics, but does
not change or contradict the conclusions in that paper. The Annex hereto represents the collective position
of ICES.
8
COMAR is a Technical Committee of the Engineering in Medicine and Biology Society (EMBS) of the
Institute of Electrical and Electronics Engineers (IEEE). COMAR's primary area of interest is biological
effects of non-ionizing electromagnetic radiation.
4
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CONCLUSION

If the Commission elects to extend its oversight to frequencies below 100 kHz, ICES
concurs with the recommendation of MD/ORNL that the FCC adopt the limits in IEEE Standards
C95.6-2002 (reaffirmed in 2007) and C95.1-2005 across the spectrum. The two standards are being
updated based on an evaluation of the scientific evidence and developments since the two standards
were last approved or reaffirmed, and, if finally approved through the IEEE’s rigorous and open
balloting and approval process, will be published as a single document that covers the full spectrum
from 0 Hz to 300 GHz.
Respectfully submitted,

Dr. Ralf Bodemann
Chairman of the International Committee on
Electromagnetic Safety
Institute of Electrical and Electronics Engineers, Inc.
ralf.bodemann@ieee.org
+491738561184
16 November, 2013
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Annex
HUMAN EXPOSURE STANDARDS IN THE FREQUENCY RANGE 1 Hz TO
100 kHz: THE CASE FOR ADOPTION OF THE IEEE STANDARD.
J. Patrick Reilly 1
Abstract—Differences between IEEE C95 Standards (C95.6-2002 and C95.1-2005) in
the low-frequency (1 Hz – 100 kHz) and the ICNIRP-2010 guidelines appear across the
frequency spectrum. Factors accounting for lack of convergence include: differences
between the IEEE standards and the ICNIRP guidelines with respect to: biological
induction models; stated objectives; data trail from experimentally derived thresholds
through physical and biological principles; selection and justification of safety/reduction
factors; use of probability models; compliance standards for the limbs as distinct from the
whole body; defined population categories; strategies for central nervous system
protection below 20 Hz; correspondence of environmental electric field limits with
contact currents. This paper discusses these factors, and makes the case for adoption of
the limits in the IEEE standards.
Key words: safety standards; EMF exposure; nonionizing; electromagnetic fields; health
effects; regulatory guides.
INTRODUCTION
Standards and guidelines on human exposure to electric, magnetic and electromagnetic
fields and electric currents have been issued by two international organizations: the
Institute of Electrical and Electronics Engineers, Inc. (IEEE—headquartered in New
York, USA), and the International Commission on Non- Ionizing Radiation Protection
(ICNIRP—headquartered in Munich, Germany). 2 The IEEE committee responsible for
development of standards for electromagnetic exposure is known as the International
Committee on Electromagnetic Safety (ICES). The World Health Organization in its fact
sheet #193 has recognized both organizations in developing exposure guidelines for
workers and for the general public. 3
Both the IEEE C95 standards and the ICNIRP guidelines cover the frequency range
of 0 Hz (static) to 300 GHz. This document focuses on the frequency regime from 1 Hz
to 100 kHz, where the dominant mechanism of biological interaction is
electrostimulation—the excitation of nerve and muscle by applied electrical energy. For

1

Metatec Associates. 12516 Davan Dr., Silver Spring, MD 20904. For correspondence, contact
the author at that address, or email at jpreilly@erols.com.

2

The IEEE considers its limits as constituting a “voluntary standard;” ICNIRP considers its limits
as “Guidelines.” Neither organization has enforcement power. Adoption and enforcement of
either standard is at the discretion of adopting agencies, whether governmental, or other.
3
(http://www.who.int/mediacentre/factsheets/fs193/en/index.html).
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frequencies above 100 kHz, the dominant mechanism is typically a thermal one 4 (Reilly,
1998, pp. 265-269).
IEEE limits cover the frequency range 0 Hz to 3 kHz in IEEE Standard C95.6-2002
(IEEE, 2002), and the frequency range 3 kHz to 100 kHz in IEEE Standard C95.1-2005
(IEEE, 2005). Principles of electrostimulation forming the basis of IEEE C95.6 and
C95.1 are found in (Reilly, 1998) and updated in (Reilly & Diamant, 2011).
In 1998 ICNIRP published exposure guidelines for the frequency range 0 Hz to
300 GHz (ICNIRP, 1998). Sizable differences between the low frequency limits of IEEE
C95.6-2002 and ICNIRP-1998 were evident – at some frequencies differences were as
great as a factor of 100, despite the fact that both organizations espoused the same
objectives and reviewed essentially the same literature (Reilly, 2005).
Technical factors responsible for these large discrepancies include: in situ metrics;
interpretation of published literature and theoretical principles; selection of transition
frequencies at which thresholds obeyed different power laws; differentiation of limits for
different tissues of the body; induction model; treatment of “safety factors;” and
consistency issues in environmental electric field limits (Reilly, 2005).
ICNIRP’s revised guidelines, published in 2010, were more closely aligned with
IEEE C95.6-2002 due to changes with respect to: inclusion of an in situ metric using the
induced electric field; revision of transition frequencies; differentiation of central nervous
system (CNS) and other tissue; substitution of an improved induction model; and
reconsideration of published literature and theoretical principles. Despite the substantial
reduction of differences, significant discrepancies between the two standards still remain
at frequencies below 100 kHz.
COMPARISON OF IEEE STANDARDS WITH ICNIRP
GUIDELINES FROM 1 Hz – 100 kHz
IEEE standards and ICNIRP 2010 guidelines express both in situ and environmental
exposure limits. The in situ limits are termed Basic Restrictions (BRs) by both
organizations; the environmental limits are called Maximum Permissible Exposure
(MPE) by IEEE, and Reference Levels (RLs) by ICNIRP. It is typically much easier to
determine compliance with MPEs than BRs. Compliance with the MPEs ensures that the
BRs are satisfied. However, exceedance of an MPE or RL does not necessarily mean a
BR is exceeded. In such cases, a user has the option of demonstrating compliance with
the BRs through measurement or calculation.
Both organizations provide two tiers of limits – one tier is identified as the General
Public; the other is identified as Individuals in Controlled Environments by IEEE, and
Occupational Exposure by ICNIRP.
4

For pulsed electrostimulation, particularly of low duty factor, the dominance of electrostimulation vs. heating effects can extend well into megahertz frequencies (Reilly, 1998, pp.
134-141). This paper focuses on continuous sinusoidal stimulus waveforms, where the dividing
line between electrostimulation and thermal effects is at about 100 kHz (Reilly, 1998, pp. 265269).
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Table 1 lists IEEE BRs, which are differentiated among the tissue types as: brain;
heart; hands, wrists, feet and ankles; and “other tissue.” 5 As seen in Table 2, ICNIRP
differentiates between only two tissue types: the brain, and “other.”
Table 3 lists the IEEE MPEs. In this case, allowable exposure of the head and torso
(effectively, “whole-body” exposure) is differentiated from the limbs. However, ICNIRP
makes no such distinction (Table 4). Tables 5 and 6 list the IEEE environmental E-field
MPEs and ICNIRP RLs, respectively.
Figure 1 compares the IEEE and ICNIRP BRs. At frequencies above a few hertz,
the IEEE limits for the brain are lower than those of ICNIRP, typically by a factor of 2 –
3. As the frequency drops below10 Hz, IEEE limits become increasingly conservative
relative to ICNIRP. For peripheral nerve stimulation (PNS), the IEEE limits exceed
those of ICNIRP by a factor of about 2.
Figure 2 compares the environmental magnetic field limits of the two organizations.
Excepting exposure of the limbs, the IEEE MPE values assume exposure of the head and
torso. Consequently, the MPEs below 759 Hz would be dominated by the most sensitive
tissue (those of the CNS where synaptic function can be affected). The IEEE limits
typically exceed those of ICNIRP by factors of about 3 – 5 over most of the frequency
spectrum. For exposure of the limbs but insignificant exposure of the head and torso at
frequencies above 1000 Hz, IEEE limits exceed those of ICNIRP by a factor of about 10
or more. Below 1000 Hz, IEEE MPEs for the limbs exceed the RLs of ICNIRP by a
factor exceeding 100. The reason for such a large discrepancy is that extremity exposure
does not include the brain, which is much more sensitive to electrostimulation than other
tissue at frequencies below 1000 Hz, 6 and the magnetic induction areas of the limbs are
smaller than those of the head and torso (C95.6, Annex B). 7
THE CASE FOR ADOPTION OF THE IEEE MPES AND BASIC
RESTRICTIONS
Although the 2010 revision of the ICNIRP guidelines are less stringent than its
1998 predecessor for frequencies below 100 kHz, significant differences between the
IEEE and ICNIRP limits in that frequency domain remain. The discussion below
addresses these discrepancies and makes a case for preference of the limits in the IEEE
Standards in the frequency regime below 100 kHz.
The rationale for the IEEE electrostimulation limits is fully developed in IEEE
C95.6-2002 (Sect. 6). Although that document provides limits only up 3 kHz, the
rationale is equally applicable to electrostimulation at much higher frequencies, including
the upper limit of 100 kHz discussed here (C95.1, Sect. C.2; Reilly, 1998, pp. 134-141).

5

In some cases the units or formats of the original data expressed in Tables 1 – 4 have been
converted to other forms for clarity and consistency.
6
Such CNS sensitivity is due to the effects of the induced in situ electric field on synaptic
processes within the brain (Reilly, 1998, pp. 387-393; Reilly & Diamant, pp. 147-150).
7
For brevity, hereafter the citation IEEE C95.6-2002 is cited simply as C95.6, and ICNIRP-2010
is cited simply as ICNIRP.
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Table 10 of IEEE C95.6-2002 provides an overview of the derivation of IEEE BRs,
in which numerical data are presented on: the median thresholds of just-noticeable
reaction; the adverse reaction levels; a factor to convert median thresholds to low
probability reaction thresholds; safety factors; and the final BR value. The text provides
the justification, including experimental references. Figure 1 of C95.6 provides an
overview of the derivation of MPEs, and Appendix B describes the mathematical
induction model used to derive the MPEs from the BRs.
Objective and purpose of the standards and guidelines
Both organizations state the objective to protect against established adverse health
effects of an acute nature (C95.6, Sect. 4.3; ICNIRP, p. 818, col. 2).
In the absence of established evidence for chronic effects of low-level long-term
exposure, the IEEE standards clearly identify adverse effects in this frequency regime to
include aversive or painful electrostimulation (C95.6, Sect. 4.3), and provides a basis for
its values with a complete explanation of the relevant principles and experiments (C95.6,
Sect. 6).
In contrast, although ICNIRP states its purpose is to protect all persons against
adverse effects (ICNIRP, p. 818, col. 1), specific adverse reactions are not identified. For
example, in discussing protection afforded by the RLs, ICNIRP refers to “PNS effects”
(p. 828, col. 1) but does not specify whether these effects are perception, discomfort,
pain, motor twitch, limits of tolerance, or something else, nor does it reveal percentile
ranks associated with the quoted data and derived limits. Consequently, one cannot
properly evaluate whether the protection afforded in that standard is adequate, excessive,
or overly permissive.
Data trail leading to BR and MPE limits
The IEEE standards provide a complete data and computational trail leading from
experimental and theoretical sources to the actual limits, with every step and assumption
clearly and numerically defined (Sect. 6). Consequently, it is possible for someone to
follow the IEEE reasoning, to duplicate or repudiate those results, or to determine the
consequences if new data were to become available or if other assumptions were made.
This is not the case in the ICNIRP guidelines. In general, the reader is not given the
information with which to determine how ICNIRP determined the BRs. ICNIRP
discusses various publications on electrostimulation, but the connection between the
ICNIRP limits and the cited literature is not evident.
For instance ICNIRP (2010, p. 825, col.1) states that with exposure to the head and
body in controlled environments, the BR of 800 mV/m includes a “reduction factor” of 5
below a putative stimulation threshold of 4 V/m. Such a statement begs the questions: To
what waveform does the experimentally derived threshold 4 V/m apply? How did
ICNIRP extrapolate this result to sinusoidal exposure at frequencies outside the specified
range in Table 2, and what is the justification for such extrapolation? Is the 4 V/m value
the threshold of perception as the statement implies? If so, how can this be understood as
an adverse reaction? What probability rank among the population does 4 V/m apply to –
50%? 1%? Is this the lowest observable effect level or the lowest observable adverse
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effects level? What probability rank would apply at the BR level? Is 4 V/m a peak or an
RMS value, and how does this comport with experimental values?
Safety/Reduction factors
To develop an exposure limit, a “reduction” or “safety” factor is typically applied to
what is considered an adverse effects level. IEEE ICES and ICNIRP adhere to different
philosophies in applying such margins.
In developing its BRs, IEEE ICES identifies a population median adverse reaction
level, as noted in Table 10 of IEEE C95.6-2002, column D, 8 and C95.6, Sect. 6.9.1.1.
That value is converted to a low probability reaction level (i.e., no more than
conservatively determined 1% or less of persons would find the stimulus painful) by
reducing the median value by a Probability Factor, FP (Table 10 of IEEE C95.6-2002,
column E). That value is further reduced by applying a “Safety Factor,” FS (column F),
which accounts for various uncertainties. The inverse of the product FP FS might be
compared with what is called a “Reduction Factor” by ICNIRP, or a “Safety Factor” in
IEEE C95.1-2005 at higher frequencies. 9 For most of the effects under consideration, the
product FP FS = 1/3 for the controlled environment (equivalent to “Occupational
Exposure” in ICNIRP) and 1/9 for the general public (where the factors are multipliers).
ICNIRP cites “Reduction Factors” (divisors), including 5 for the general public BR
of the head, and 10 for the rest of the body (p. 825, col. 2). An additional reduction factor
of 3 is applied for the General Public RL (p. 827, col. 2). When the ICNIRP BR and RL
safety factors are combined, the total reduction factor is 15 for the head, and 30 for the
rest of the body. The ICNIRP guidelines do not provide the physiological or statistical
bases for these reductions and do not attend to the implications of not applying a
reduction factor for the adverse effects of occupational exposures. Consequently, the
rationale for ICNIRP’s limits is unclear.
Probability models
Electrostimulation thresholds vary from person to person. Such intersubject
variability is found to be considerably greater than variations in a single subject measured
repeatedly over time (Reilly, 1998, pp 282-290). Intersubject variations usually fit well
8

The Median Adverse Reaction Levels in IEEE C95.6-2002 (products of columns C and D of
Table 10) are derived from a just noticeable threshold by applying a multiplier that depends on
the particular tissue under consideration (column D) (C95.6, Sect. 6.2). For peripheral nerve
stimulation (PNS) a multiplier of 1.45 converts the perception threshold to a pain threshold
(C95.6, Sect. 6.2). For central nerve stimulation, the just noticeable reaction is considered
adverse, i.e., FS = 1.

9

In IEEE C95.6-2002, the product FP FS = (1/3) x (1/3) = 1/9 in most cases for the general
public, and is 1/3 for the controlled environment. To compare these reduction factors to the
“Safety Factor” applied to specific absorption rates (SAR) at higher frequencies, note that the
SAR safety factor is applicable to the square of the in situ field, whereas the product FP FS is
applied to the magnitude of the field. One would have to square the product FP FS to compare
it with the inverse of the SAR safety factor.
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to a lognormal statistical model (Reilly, 1998, pp. 282-290; Reilly & Diamant, 2011, pp.
111-114), especially for probability ranks at and below 50%.
IEEE standards incorporate probability factors to account for such statistical
characteristics (C95.6, Sect. 6.8). Probability levels associated with reaction thresholds
and the limits of the standard are defined (C95.6, Table 10).
ICNIRP does not refer to intersubject variations. It is unclear what phenomena are
included in its “Reduction Factors.” It does not discuss in meaningful depth probabilities
associated with reaction thresholds that are mentioned throughout its guidelines.
Separate magnetic field limits for exposure of the limbs
The MPE values in IEEE Standards C95.1-2005 and C95.6-2002 (Tables 2 and 3 in
both standards) separately specify limits for exposure of the limbs to allow for
nonuniform exposures in which the limbs may be preferentially exposed, but with
insignificant exposure to the head and torso. An example would be the case of an
attendant in an MRI examination who places his/her hands and arms into the core,
possibly to minister to the patient, but with very little exposure to his/her head or torso. 10
The exclusion of the examiner’s head from maximal exposure is particularly significant,
since the exposure limits for the brain at low frequencies are particularly low (C95.6,
Sect. 6.1.3). It would be overly conservative to require an examiner to comply with
exposure limits for the brain, when only his/her arms are exposed. The MPEs in the
IEEE standards for the limbs are greater than whole body values, not only because the
brain is excluded, but also because the magnetic cross sectional induction area of the
limbs is much smaller than that of the head and torso (C95.6, Annex. B).
ICNIRP has no separate provisions for exposure of the limbs. Consequently, the
MPE values of that standard may be unnecessarily restrictive in cases where the limbs are
primarily exposed.
Definition of exposed populations
IEEE C95.6-2002 provides limits for two categories of exposed individuals:
General Public: All individuals who may experience exposure, except those in
controlled environments (Sect. 3.1.28).
Controlled Environment: An area that is accessible to those who are aware of
the potential for exposure as a concomitant of employment, to individuals
cognizant of exposure and potential adverse effects, or where exposure is the
incidental result of passage through areas posted with warnings, or where the
environment is not accessible to the general public, and those individuals having
access are aware of the potential for adverse health effects (Sect. 3.1.15).
Accordingly, persons in occupational settings and those in controlled environments
are not necessarily the same. For instance, in the IEEE standards an office worker or a
10

The IEEE standard does not apply to patients undergoing medical procedures (C95.6, Sect.
1.1), but it would apply to practitioners, who would be considered as persons within a
controlled environment.
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grounds-keeper in a facility with an electromagnetic field source would not be considered
subject to the Controlled Environment limits unless special conditions were met (C95.6,
Sect. 4.1 & 3.1.15).
ICNIRP (pp. 834 – 835) recognizes two categories: General Public, and
Occupational Exposure, which are defined as:
General Public: ... the entire population. It includes individuals of all ages and
of varying health status, and this will include particularly vulnerable groups or
individuals such as the frail, elderly, pregnant workers, babies and young
children.
Occupational Exposure: All exposure to EMF experienced by individuals as a
result of performing their regular or assigned job activities.
The ICNIRP definition of Occupational Exposure includes individuals who might
be considered members of the general public in the IEEE standard. As a result, the
ICNIRP guidelines could allow untrained or naive workers to experience exposure at
levels intended for occupational groups having such training or knowledge, thereby
removing the added safety margin afforded to the general public by virtue of their naivety
or lack of training.
Induction models
To derive MPEs from the BRs, IEEE C95.6-2002 uses an ellipsoidal uniform
conductivity (EUC) model to fit the body or body part under consideration. The EUC
model supports an analytic solution to the induced electric field (E-field) at any point
within the ellipsoidal volume with arbitrarily high precision (C95.6, Annex B; Reilly,
1998, pp. 363-366).
ICNIRP-2010 uses a Finite Difference Time Domain (FDTD) detailed anatomical
induction model. 11 FDTD models allow one to determine the distribution of the induced
electric field (E-field) with high resolution, and with the ability to separately determine
the E-field distribution within individual organs and tissues.
A difficulty with FDTD results is the presence of numerical artifacts at the
interfaces between regions having disparate conductivity, and particularly at air/tissue
interfaces (Reilly & Diamant, 2011, pp. 122-128). Such artifacts typically exaggerate the
maximum E-field at the interfaces. A common method of dealing with these artifacts is
to discard a small percentage of the largest values in each organ, such as the largest
1 percentile values, and retain the largest value (the 99th percentile rank) as
representative of the “maximum” value (Kavet et al., 2012; Laasko & Hirata, 2012).
Recent studies demonstrate that removing artifacts in FDTD solutions using this method,
which is prescribed by the ICNIRP guidelines, can result in errors due to the discard of
valid values or retention of invalid artifacts (De Santis and Chen, 2013; Laasko and
Hirata, 2012).

11

The FDTD model used in ICNIRP’s 2010 guidelines is a considerable improvement over the
simple circular loop model which was used to represent the body in the 1998 guidelines.
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This method of artifact filtering may be satisfactory when determining averages or
medians within specified volumes, as is done at high frequencies where the SAR metric
may be appropriate. In such cases, large-value artifacts may have only a modest effect on
the average. However, with electrostimulation phenomena, the potential for exciting a
neuron more nearly depends on the maximum E-field value along a portion of its
extended length, in a direction aligned with the neuron’s axon. When evaluating the
possibility of neuronal excitation, it is appropriate to average that peak field over a linear
distance of about 5 mm (Reilly & Diamant, 2003; Reilly & Diamant, 2011, pp. 117 –
118), in which case included artifacts or discarded valid points may introduce a
significant error.
The ICNIRP specification of volume averaging for determination of the
electrostimulation potential (p. 825, col. 2) creates additional difficulties in assessing
FDTD artifacts because, as an electrostimulation metric, a volume average may obscure
the maximal linear average metric mentioned above. 12
CNS limits below 20 Hz
BRs applicable to the CNS below 20 Hz have a flat plateau in the IEEE standard,
but below 10 Hz rise in inverse proportion to frequency in the ICNIRP guidelines as is
evident in magneto-phosphene experimental thresholds (Reilly, 1998). The motivation
for the rising ICNIRP limit concerns accommodation due to the very low rate of rise of
the waveform (Reilly & Diamant, 2011, pp. 78-80). This phenomenon is recognized in
the IEEE standard, but a minimum plateau below 20 Hz is retained to account for an
external magnetic field that might be suddenly switched on at a zero crossing, or a low
frequency square wave (Reilly, 2005, p. 75, col. 1). In the first case, the induced in situ
field would be equivalent to a long pulse; in the latter case, the fast rate of rise of the
square wave would preclude accommodation. 13
Environmental E-field limits
At frequencies where the IEEE electric field MPEs are proportional to 1/f (Table 5
specifies a range beginning at 368 Hz or 272 Hz for the general public and controlled
environment, respectively, and ending at 3000 Hz), the limits are chosen such that a
person of height 1.75 m who is insulated from ground and touching a grounded conductor
would experience a current that is consistent with the limits for conducted contact current

12

For limits based on CNS synaptic effects, volume averaging within a small region e.g., 1 mm3,
might be acceptable. Unlike excitation of a neuron along it axon, where the alignment of the
field and axon trajectory is important, a post-synaptic cell sums the presynaptic inputs from as
many as a thousand pre-synaptic cells, all accessing the post-synaptic cell at a myriad of
directions (Koch & Segev, 1992). In this case, an average of the E-field over a small volume
(e.g., 1 mm3) may be more appropriate than a linear average (Jefferys, 1994).

13

If a low frequency B-field is switched on at a zero crossing, the induced E- field (which is
proportional to dB/dt) would be initiated at a peak, and would appear equivalent to a long
monophasic electrostimulation pulse, i.e., a sudden rise to a peak, followed by a very gradual
and lengthy fall.
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with a fingertip contact, namely, 0.5 mA for the general public, and 1.5 mA for persons
in controlled environments. 14
A cap of 5 kV/m (general public) and 20 kV/m (controlled environment) is in place
below the frequencies cited above to protect against painful spark discharges (See C95.6,
Sect. 6.6 in reference to this paragraph). In addition, the IEEE standard allows an
exposure of 10 kV/m (intermediate of limits for the general public and individuals in
controlled environments) for power line rights-of-way (ROWs), with the understanding
that public access is often allowed for public benefit. Moreover, IEEE C95.6 provides
statistics concerning the possible impact of contact current and spark discharges that
might ensue from this exception (C95.6, Sect. 6.6).
A similar calculation with the ICNIRP electric field limits result in contact current
values of 69 µA for the general public, and 138 µA for occupational exposures in the
frequency range 25 or 50 Hz to 3 kHz. These values are inconsistent with ICNIRP’s
contact currents limits, which are 0.5 and 1.5 mA for the general public and occupational
groups, respectively. No justification is given in the ICNIRP guidelines for these E-field
limits. Like IEEE, ICNIRP also caps exposure at 5 and 10 kV/m (general public and
occupational exposures), but does not specify a power line ROW exception for the
general public.
SUMMARY AND CONCLUSIONS
Human exposure limits to electromagnetic fields in the frequency range 1 Hz –
100 kHz have been developed by IEEE ICES and ICNIRP. This document presents the
case for adoption of the IEEE limits for reasons summarized below. The following is a
summary of the points covered in detail under the preceding sections of this document.
(1) Objectives. The stated objective of the IEEE standard is avoidance of adverse
biological effects, which are defined to include aversive or painful reactions.
ICNIRP also states the goal is avoidance of adverse reactions, but the physiological
and behavioral meaning of “adverse” is not given and therefore it is unclear whether
the specified limiting values are consistent with this goal.
(2) Data trail. The IEEE standards set a clear path from experimental thresholds and
theoretical principles to the adopted limits. The ICNIRP guidelines do not show a
clear connection between laboratory or theoretical studies and the adopted limits.
(3) Safety/reduction factors. The rationale behind the reduction factors are made clear
in the IEEE standards, and separate components of those factors (probability and
safety factors) are identified. ICNIRP does not explain the rationale behind its
reduction factors.
(4) Probability models and treatment. The probabilities associated with reaction
thresholds, including the limit values, are made clear in the IEEE standards. ICNIRP
14

This result and the corresponding calculation for ICNIRP can be verified for a standing person
1.75 m tall, within a vertically polarized field using Eq. (10) of IEEE C95.6-2002 or Eq. 9.9 on
p. 344 of Reilly, 1998, and the limit functions in Tables 5 and 6 in this paper.
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does not acknowledge variability among subjects, nor does it define the statistical
probabilities associated with its cited experimental thresholds and derived limit
values.
(5) Exposure of the limbs. The IEEE standards provide separate limits for exposure of
the limbs. ICNIRP does not.
(6) Definition of exposed populations. Two categories of exposed populations are
identified in the IEEE standards: General Public, and Persons in Controlled
Environments. The Occupational Exposure group defined in the ICNIRP guidelines
could include individuals considered members of the general public in the IEEE
standards.
(7) Induction Models. An ellipsoidal uniform conductivity (EUC) model is used in the
IEEE standards to derive MPE values from the BRs. That model provides
reasonably accurate values of the induced E-field within the body, and is free of
artifacts. ICNIRP uses an FDTD model that can produce large artifacts and attempts
to discard these artifacts using a criterion that could discard valid data or accept
invalid artifacts.
(8) CNS limits below 20 Hz. The IEEE standard has frequency-independent CNS
limits below 20 Hz in recognition of certain extremely-low-frequency waveforms for
which stimulatory effects are unchanged as frequency declines below 20 Hz.
However, ICNIRP allows for accommodation and therefore adopts limits that
increase as frequency decreases below 10 Hz. Consequently, ICNIRP limits are
significantly higher than IEEE limits below 5 Hz.
(9) Environmental E-field limits – consistency. MPEs for electric field exposure in
the IEEE standards are consistent with contact current limits elsewhere in the
standards. The ICNIRP E-field limits are inconsistent with its contact current limits.
No justification is given by ICNIRP for its E-field limits.
(10) Environmental E-field limits in power line ROWs. Relaxed limits for the general
public within power line ROWs are specified in the IEEE standards. ICNIRP makes
no such exception.
Acknowledgment—This study was partially supported by Momentum Dynamics Inc., Malvern
PA. The majority of the efforts in developing this paper were voluntary with significant review
and input by ICES.
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Table 1.IEEE Basic Restrictions, f = 1 Hz – 100 kHz (from IEEE-2002; 2005)

Exposed
tissue
Brain

Freq. Range
(Hz)

(a)

Hands, wrists,
feet, ankles
Other tissue

(b)

Basic Restriction, EBR
(V/m)
Gen. Public

Contr. Env.

-3

1.77x10
-4
8.85x10 f
2.10

-4

6.27x10 f
2.10

-4

6.27x10 f

1 – 20
20 – 1k
1 – 3.35k
3.35k – 100k
1 – 3.35k

6.27x10 f
0.701

3.35k – 100k

2.09x10 f

5.8x10
-4
2.9x10 f
2.10

-2

-4

-4

Notes:
(a) BRs for brain are based on synaptic activity alteration. The upper limit of such interaction is
not known. An upper limit of 1 kHz has been assumed.
(b) IEEE BRs for the heart are not shown here for brevity. “Other tissue” is all tissue other than
brain; heart; hands, wrist, feet, & ankles.
(c) Data expressed as RMS values.
(d) In formulas, f is expressed in Hz.

Table 2. ICNIRP Basic Restrictions, f = 1 Hz – 100 kHz (from ICNIRP 2010)
General Public
Exposed
tissue
Brain

Occupational Environment

Freq. Range
(Hz)
1 - 10

EBR
(V/m)
0.1/f

Freq. Range
(Hz)
1 - 10

EBR
(V/m)
0.5/f

10 - 25

0.01

10 - 25

0.05

25 – 1k

4x10 f

25 – 400

2x10 f

1k – 3k

0.4

400 – 3k

0.8

3k – 100k

1.35x10 f

3k – 100k

2.7x10 f

1 – 3k

0.4

1 – 3k

0.8

3k – 100k

1.35x10 f

3k – 100k

2.7x10 f

-4

-4

-3

-4

(a)

Other tissue

-4

-4

Notes:
(a) “Other tissue” includes everything other than brain. No special provisions made for limbs.
(b) Data expressed as RMS values.
(c) In formulas, f is expressed in Hz.
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Table 3. IEEE Maximum permissible exposure (MPE) values for
magnetic field exposure, f = 1 Hz – 100 kHz (from IEEE 2002; 2005).

Exposed body
part

RMS MPE, BMPE
(mT)

Freq. Range
(Hz)

Gen. Public

Contr. Env.

1 – 20

18.1/f

54.3/f

20-759

0.904

2.71

759-3.35k

687/f

2060/f

3.35k – 100k

0.205

0.615

1 – 10.7

353

353

10.7 – 3.35k

3790/f

3790/f

3.35k – 100k

1.13

1.13

Head & torso

Limbs

Notes:
(a) In formulas, f is expressed in Hz.

Table 4. ICNIRP Reference Levels (RLs) for exposure to time-varying magnetic fields,
f = 1 Hz – 100 kHz. No distinction is made for exposed body part.
General Public
Freq. Range
(Hz)

Occupational Exposure

Mag. flux density
(mT)
2

Freq. Range
(Hz)
1-8

Mag. flux density
(mT)
2

1-8

40/f

8 - 25

5/f

8 - 25

25/f

25 – 400

0.2

25 - 300

1.0

400 – 3k

80/f

300 – 3k

300/f

3k – 100k

0.027

3k – 100k

0.10

200/f

(b)

Notes
(a) In formulas, f is expressed in Hz.
(b) Units of magnetic flux density in this table are in mT, rather than T as in ICNIRP document.
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Table 5. IEEE Environmental electric field limits (MPEs as RMS values);
whole body exposure; 1 Hz – 100 kHz
General Public

Controlled Environment.

Freq. Range
(Hz)

EMPE
(kV/m)

Freq. Range
(Hz)

EMPE
(kV/m)

1 – 368

5

1 – 272

20

368 – 3k

1.84 x 10 /f

272 – 3k

5.44 x 10 /f

3k – 100k

0.614

3k – 100k

1.813

3

3

(a) In formulas, f is expressed in Hz.
(b) Within power line ROWs, the MPE for the general public is 10 kV/m under normal load
conditions.
(c) The limit 20 kV/m may be exceeded in the controlled environment when a worker is not
within reach of a conducting object.

Table 6. ICNIRP Environmental electric field limits, whole body exposure, 1 Hz –
100 kHz
General Public

Occupational Exposure

Freq. Range
(Hz)

EMPE
(kV/m)

Freq. Range
(Hz)

EMPE
(kV/m)

1 - 50

5

1 - 25

20

50 – 3k

2.5 x 10 /f

25 – 3k

5 x 10 /f

3k – 100k

0.17

3k – 100k

2

-2

8.3 x 10

Notes
(a) In formulas, f is expressed in Hz, and E is in kV/m.
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Figure 1. Basic Restrictions of IEEE C95.6-2002 (red) and ICNIRP-2010 (black) in the frequency
range 1 Hz – 100 kHz. In the legend, “PNS” (upper 4 curves) refers to the peripheral nervous
system; “CNS” (lower 4 curves) refers to the central nervous system—in particular, the brain).
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Figure 2. Maximum Permissible Exposure (MPE) values of the IEEE standard (red) and
Reference Levels (RLs) of ICNIRP (black).

A-16

ATTACHMENT 6a
Follow-up to 17 October 2011 teleconference with members of GAO and officers
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Response to Questions
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Ronald Petersen, M.S.E.P.
Executive Secretary of IEEE ICES, Secretary SC-4
Former Chair of IEEE ICES and SCC34
Retired from Alcatel-Lucent, Bell Labs
Wolfgang Kainz, Ph.D.
Chair, IEEE ICES TC34 (Assessment Standards)
FDA, Center for Devices and Radiological Health
C-K. Chou, Ph.D.
Chair, IEEE ICES TC95 (Exposure Standards)
Motorola Solutions, Inc.
Art Thansandote, Ph.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Health Canada, Consumer and Clinical Radiation Protection Bureau
Marvin C. Ziskin, M.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Professor of Radiology & Medical Physics
Temple University Medical School

Please note that answers to the questions submitted by GAO are
addressed by officers of IEEE ICES speaking as individuals
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ATTACHMENT 6a
RF Energy Exposure Standards
1. Please explain the process by which the IEEE develops radiofrequency (RF) energy

exposure standards.
IEEE standards are developed through an open consensus process with the oversight of the
IEEE Standards Association’s Standards Board (SASB) to ensure openness and due process
at every level. The RF exposure standards (C95.1) are developed by Subcommittee 4 (SC4)
of IEEE ICES Technical Committee 95 (TC95). The subcommittees are open to anyone with
a material interest who is willing to participate by providing input, commenting on draft
standards, etc. IEEE membership is not required to participate in the development process or
subcommittee balloting.
Standards developed by SC4 go through a formal subcommittee balloting process by e-mail.
All comments received with the ballot have to be addressed with their resolution and all
negative ballots distributed to the balloting group (called a recirculation ballot) to allow
members to confirm or change their original vote. Once approved by SC4 (at least 75%
ballot return and at least 75% affirmative votes after recirculation), the draft is sent to the
IEEE Standards Department for “Sponsor Ballot,” i.e., ballot by the parent committee, TC95.
This ballot, which is carried out online by the IEEE SA Standards Department, is open to the
members of TC95 and any member of the IEEE Standards Association. Again, all comments
have to be addressed and circulated to the ballot group. Once the draft standard is approved
(same requirements as those for the subcommittee), it is sent to the SASB’s Review
Committee (RevCom). The function of RevCom is to ensure that balloting was conducted in
accordance with IEEE procedures, e.g., all comments have been addressed, etc. When
RevCom is satisfied that IEEE procedures have been followed and all requirements have
been met, RevCom can recommend that the SASB approve the standard. Following IEEE
approval, the standard is sent to the American National Standards Institute for approval as an
American National Standard. This process includes opening the standard for public
comment before ANSI approval. (See Figure 1 for the ICES structure and Figure 2 for a
depiction of the IEEE process.)
At the time the 1991 and the 2005 RF standards (C95.1-1991 – sometimes referred to as
ANSI/IEEE C95.1-1992 – and C95.1-2005) were developed, SC4 was composed of about
125 members from more than 25 countries. The membership represents a wide range of
scientific disciplines with practical experience related to exposure assessment, standards
compliance, and biological/medical expertise from academia, government public health
agencies, industry, and interested members of the general public.1 In addition to
knowledgeable scientists, any interested individual, including members of the public, are
1

For example, of the 125 members of SC4 that participated in the development of ANSI/IEEE C95.1-1992, approximately 30%
were from university research laboratories, 6% were from non-profit research laboratories, 12% from military research
laboratories, 24% were representatives of federal public health agencies, including the EPA, FDA, NIOSH, and OSHA, 10%
were from industry, 3% consultants to industry, 4% from government administrative offices, and 11% were independent
consultants or represented the general public. Approximately 33% were physical scientists (physics, biophysics, engineering,
etc.), 43% were life scientists (biology, genetics, etc.), 10% were physicians and research physicians, 3% were radiologists,
toxicologists, pharmacologists, and 11% were from the law, safety, and medical professions. The makeup of the subcommittee
that developed the 2005 standard, C95.1-2005 is similar and includes FCC representatives.
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welcome to attend and participate in the SC4 and TC95 meetings. Please see the attached
COMAR Technical Information Statement for more details of how the C95.1 standards are
developed [COMAR, 2005]. Note that this process differs considerably from that of
organizations that develop safety guidelines, e.g., the International Commission on NonIonizing Radiation Protection (ICNIRP). (ICNIRP is made up of 14 members representing
academia and government agencies, but without representation of stakeholders with practical
experience relating to how the guidelines would be applied.)
2. How have these standards changed since 1996? Why were these changes made?

The C95.1-1991 standard was reaffirmed in 1997 and an updated edition incorporating
C95.1-1991 and C95.1a-1998, which contained minor revisions and clarifications, was
approved and published in 1999. An amendment that addresses the peak spatial average
SAR in the pinnae (C95.1b-2004) was approved in 2004. This amendment changes the peak
SAR limits for the pinnae to the same values as those for the extremities. These standards
included a review of the scientific literature on health effects through 1986. A complete
revision of the 1991 standard and its amendments was approved by the IEEE SASB in
October 2005 and published in April 2006 (C95.1-2005)2. This revision has a significantly
expanded review and evaluation of the relevant health effects literature. Specifically, a
Literature Surveillance Working Group was established to compile a citation list of all
relevant published literature. At the literature cutoff date of 31 December 2003,
approximately 2200 papers had been identified. These were augmented by a few papers and
documents appearing in 2004 and 2005. The committee agreed that only peer-reviewed
papers and technical reports of original research would constitute the primary database on
which any risk analysis would be based. In March 2010 an amendment, C95.1a-2010, was
published to address the issue of ceiling limits for induced and contact currents and to clarify
distinctions between localized exposure and spatial peak power density.
Due to the publication of a companion standard on RF safety programs (C95.7-2005), the
lower tier limits were designated as Action Levels, which are to be used as maximum
permissible exposures (MPEs) for the general public when an RF safety program is not
available and as the threshold above which an RF safety program is required. Details of
changes from C95.1-1991 (1999 Edition) to C95.1-2005 are explained in Annex C of C95.12005. The major changes relating to the exposure limits are:
a)

The upper frequency boundary over which whole-body-average (WBA) SAR is deemed
to be the basic restriction has been reduced from 6 GHz to 3 GHz to address the fact the
RF energy at frequencies above 3 GHz is absorbed superficially. To provide a transition
in the frequency range 3 GHz to 6 GHz, compliance with this standard may be
demonstrated by evaluation of either incident power density or local SAR.

b)

The MPEs for the lower tier are in general more restrictive between 300 MHz and
300 GHz to harmonize with ICNIRP and FCC limits. This change in the MPE was based
on research showing that the WBA SAR for small children due to a whole body

2

Because of their importance, IEEE C95.1-2005 and several other C95.1 standards are available at no cost at Internet site
http://standards.ieee.org/about/get/index.html.
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exposure could potentially exceed the basic restriction of 0.08 W/kg for the lower tier in
the 1 – 3 GHz frequency range.
c)

The peak spatial-average SAR values have been changed from 1.6 W/kg and 8 W/kg for
lower and upper tiers to 2 W/kg and 10 W/kg, respectively (see Question 5 for more
detail).

d)

The averaging mass for determining the peak spatial-average SAR has been changed
from 1 g of tissue in the shape of a cube to 10 g of tissue in the shape of a cube (see
Question 5 for more detail).

e)

The averaging time for both the upper and lower tiers has been changed for frequencies
above 3 GHz since the thermal time constant depends on frequency (and penetration
depth).

3. How, if at all, has smart phone technology led to changes in SAR standards? Have other

changes in technology led to changes in SAR standards?
The C95.1 standards are based on a critical review of all peer-reviewed scientific literature
related to biological effects associated with exposure to RF energy whether relevant to
mobile phones or not, i.e., the C95.1 standards are not product standards. The committee
strives to develop limits that protect against adverse health effects from any source of RF
exposure. Changes to C95.1-1991, which are based on a better understanding of the science,
especially the dosimetry, affect mobile telephones (not the other way around). For example,
the localized SAR limits (peak spatial-average SAR) in C95.1-2005 differ from the values
found in C95.1-1991. The 8 and 1.6 W/kg, averaged over 1 g of tissue, peak spatial-average
SAR values in the 1991 standard were based on the results of thermographic studies of
phantoms (models) representing animals and humans. The results of the early studies
indicated that under whole-body exposure conditions, spatial peaks were found that exceeded
the WBA SAR by 20 times or more, i.e., under whole-body exposure, one could expect “hot
spots” of 20 or more times the WBA SAR. During the development of C95.1-2005, SC4
recognized that advances in computational analysis indicate that the values in C95.1-1991
are very conservative. To address this issue, SC4 decided to adopt the values of ICNIRP (10
and 2 W/kg averaged over 10 g of tissue), which reflect the results of more recent dosimetry
studies and have biological support. (See Question 5 for more detail.)
While some may claim that modulation of the carrier in mobile telephone technology may be
important, this too is addressed in the C95.1 standards. To date, the literature review and
evaluation process has not shown modulation effects to be adverse except for very high peak
power and short duration pulses (e.g., some radars), which is far different from the
modulations used in mobile phones.
In summary, the C95.1 standards do not address specific products but the distribution of
absorbed RF energy and types of modulation associated with mobile telephones have been
addressed in the standards. The literature review process includes a number of studies that
address issues relating to devices such as mobile telephones and, therefore, indirectly address
devices such as smart phones. At this time the consensus is that there is no scientific
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justification for making any changes to the SAR limits or peak-power limits due to smart
phone or other existing technologies.
4. How, if at all, has the research on the health effects of RF energy from mobile phone

use influenced IEEE’s exposure standards?
All peer-reviewed studies on RF bio-effects, whether relevant to mobile phones or not and
whether declared by the authors to be non-thermal or not, have been considered in the
development of the IEEE C95.1 exposure standard. When evaluating possible health risks
from exposure to RF energy, it is important to assess the weight of scientific evidence3
including the quality of studies, since not all studies are well conducted. Poorly conducted
studies receive little or no weight, while properly conducted ones carry more weight toward
health risk evaluations. During our review of the literature, if there is any convincing
evidence that the standard should be changed, proper amendments will be made that will be
incorporated into the next revision. For example, during the revision of C95.1–1991 (1999
Edition), a computational dosimetry study demonstrated that the basic restriction (SAR limit
of 0.08 W/kg) for general public exposure could be exceeded if we were to continue to use
the same power density limit at frequencies around 2 GHz. Therefore, the power density
limit was adjusted accordingly, and the revised MPE value appears in C95.1–2005. Based on
our continuous review of scientific data, there is no convincing evidence that RF exposures
at levels below the limits specified by the standard can cause any short- or long-term adverse
health effects or cumulative effects.
As stated in the WHO revised Fact Sheet #193 “Electromagnetic fields and public health:
mobile phones” (published June 22, 2011) under the question: “Are there any health
effects?”
“A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health
effects have been established as being caused by mobile phone use.”
On July 1, 2011, ICNIRP published a paper “Mobile Phones, Brain Tumours and the
Interphone Study: Where Are We Now?” with the following conclusions:
“In summary, Interphone and the literature overall have methodological deficiencies
but do not demonstrate greater risk of either glioma or meningioma with longer or
greater use of mobile phones, although the longest period since first use examined is
<15 years.”, and “Although there remains some uncertainty, the trend in the
accumulating evidence is increasingly against the hypothesis that mobile phone use
can cause brain tumours in adults.”4
3

The weight of scientific evidence is a way of expressing the importance of published research for influencing opinion on the
biological and health effects of exposure to RF energy. Included are the evaluation of the quality of test methods, sample size and
statistical power of the study designs, consistency of results across studies, dose-response relationships, statistical associations,
and biological plausibility. Repeatability of study findings across several laboratories generally results in a greater weight of
evidence.
4

http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693
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The results of the SC4 evaluation of the literature are in agreement with the WHO and
ICNIRP statements. There is no established evidence from mobile phone research to serve as
a basis for a revision of limits of C95.1-2005. In fact, to date, research on the health effects of
RF energy has only strengthened the view that the current standard is protective against
adverse health effects.
5. Please explain the reason for the variations between SAR limit of 1.6 W/kg in the

United States and 2.0 W/kg in Europe.
The FCC peak spatial-average SAR limit for localized exposure of the general public
(1.6 W/kg averaged over 1 g of tissue) is based on the C95.1-1991 (and NCRP Report 86)
SAR values and is different from the 2 W/kg averaged over 10 g of tissue value found in the
1998 ICNIRP guidelines. The ICNIRP limits, which are based on more recent data and an
updated scientific rationale, are recommended by the World Health Organization (WHO) and
have been adopted by more than 40 countries, including the European Union countries.
In the revised C95.1-2005 standard, the recommended peak spatial-average SAR values for
the controlled environment and the general public (if no RF safety program is implemented)
have been changed and are now harmonized with the WHO-recommended ICNIRP peak
SAR limits, i.e., 10 and 2.0 W/kg averaged over 10 g of tissue, respectively. The rationale
for the change is explained in Appendix C, Section C.2.2.2.1 of C95.1-2005. Whereas the
1991 SAR limits were based on early dosimetry considerations alone, the 2005 limits are
based on a significantly improved understanding of the RF and thermal dosimetry and
biological/health effects considerations as explained below.
a) Origin of the 1.6 W/kg in 1 g limit in C95.1-1991: Prior to C95.1-1991, the
committee that developed C95.1-1982 identified behavioral disruption in laboratory
animals as the most sensitive, repeatable physiological endpoint considered potentially
adverse to human health, with a threshold of 4 W/kg expressed in terms of WBA SAR.
A safety factor of 10 was applied to define the basic restrictions from which the MPEs
were derived, i.e., 0.4 W/kg for whole-body exposure. Unlike C95.1-1982, C95.1-1991
had two tiers of limits. By incorporating an additional safety factor of 5 (yielding a
total safety factor of 50), a lower tier was established in C95.1-1991 applicable to the
general public in the uncontrolled environment (0.08 W/kg). The earlier peak spatial
average SAR values for partial body, or localized exposures (8 W/kg and 1.6 W/kg
averaged over 1 g of tissue) for controlled and uncontrolled environments were based
on the 20:1 spatial peak to WBA SAR ratio, empirically derived from experimental
data available in the late 1970’s. The 1 g averaging mass was consistent with the
achievable resolution of thermographic measurements at the time.
b) Origin of the 2.0 W/kg in 10 g limit: During revision of C95.1-1991, SC4 agreed that
the biologically based ICNIRP rationale using health effects on the eyes was more
appropriate than the purely dosimetry-based rationale in C95.1-1982 and C95.1- 1991,
and the 1999 Edition of the standard. ICNIRP used a 10 g SAR averaging mass to
correlate SAR with RF-induced localized heating of the eye (about a 10 g mass) and
other parts of the head with equivalent mass. The limit of 10 W/kg averaged over 10 g
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is supported by results from animal experiments showing that this value is at least 10
times below the SAR threshold (100 W/kg) for inducing cataracts. By extrapolation,
the cataractogenic threshold in humans would be 100 W/kg, deposited in the
approximately 10 g mass of the eyeball. For the lower tier limit, a safety factor of 50
was applied to obtain a limit of 2 W/kg averaged over 10 g of tissue. In addition to the
biological rationale, several computational studies have shown that the 10 g average
SAR correlates with localized temperature rise better than 1 g average SAR.
The widespread adoption of the ICNIRP guidelines as recommended by the WHO
demonstrates scientific consensus on RF exposure limits. The scientific judgment of
SC4, as expressed above, is calibrated by and in agreement with the views of other
independent expert groups around the world (see Annex D).
6. Some phones on the market today are on the high end of the SAR limit (one model is as
high as 1.55 W/kg). What data are available on the effects on the body when the SAR is
near or above the 1.6 W/kg limit?
There are hundreds of research papers containing data relevant to effects on the body when
the SAR is near or above the 1.6 W/kg limit. A search of the IEEE EMF Database
(http://ieee-emf.com/) under the following criteria: Freq. Range = 300 kHz - 300 GHz;
Frequency Subrange = Mobile Phone & Wi-Fi Communication, generates a list of 626
bioeffects papers (epidemiology = 114, Human/Provocation = 159, In Vitro = 175, In Vivo =
178). This list would include all of the INTERPHONE papers and many of the animal tumor
studies. The animal tumor studies include experiments specifically designed to investigate
brain tumor development at mobile phone frequencies; the SAR in the animal’s brain ranged
from 0.16 to 2 W/kg in these studies. Other tumor studies exposed animals on a daily basis
of 1-4 hours WBA SARs up to 4 W/kg but it is important to note that seven studies exposed
animals almost continuously (>20 h/day, 7 days/week) for 10-25 months. A few of the
studies initiated RF exposure prior to birth and continued the exposure for two years, the
average lifetime of mice and rats, to test the effect of RF exposure on tumor development in
most all phases of life, including the fetal phase and young ages prior to sexual maturity.
The animal tumor studies are summarized in the abstract of the recent paper by Juutilainen et
al. [Critical Reviews in Environmental Science and Technology, 41(18); 1-32, 2011; Epub
July 2011]. The abstract reads:
“In this paper, the authors present a comprehensive review of animal studies on
carcinogenicity of radiofrequency (RF) electromagnetic fields. The rapid increase in
mobile telephony has resulted in concerns regarding possible health effects from the
low-level but increasingly ubiquitous exposure to RF fields. The possible
carcinogenicity of RF fields has been investigated in a number of experimental
models including classical rodent bioassays, studies using genetically predisposed
animals, cocarcinogenicity studies, and studies evaluating effects on the development
of tumors from transplanted tumor cells. Overall, the results of these studies are
rather consistent and indicate no carcinogenic effects at exposure levels relevant to
human exposure from mobile phones. This finding is consistent with the results of the
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majority of epidemiological studies on mobile phone users, and suggests that RF
field exposure below the present guidelines is not likely to cause cancer.”
In addition, the weight of evidence from these animal studies shows no significant change on
survival or body mass of the animals (Elder, JA. Radiofrequency Studies on Tumorigenesis
and the Blood-Brain Barrier in Lab Animals Support the Conclusion of No Adverse Effects
without Significant Tissue Temperature Increase. 2010 Asia-Pacific International
Symposium on Electromagnetic Compatibility, April 12 - 16, 2010, Beijing, China, pages
13-15.) These findings indicate no effect of RF energy at mobile phone frequencies on the
health of the animals exposed throughout their lifetime to WBA SARs up to 4 W/kg. The
results showing a lack of RF effects on tumorigenesis, survival and body mass in live
animals offer a strong challenge to studies reporting potential genotoxic and other health
effects in cells in culture and other biological specimens exposed in vitro to RF energy. This
conclusion is very important to a hazard assessment of RF exposure because most of the
claims of biological effects at SARs at or below the limit are based on in vitro studies. The
results of the live animal studies indicate that any extrapolation of in vitro results,
particularly genotoxic effects including DNA breaks, should be made with utmost caution.
7. It is our understanding that the Federal Communications Commission (FCC) adopted
exposure standards for mobile phones based on criteria developed by the American
National Standards Institute and IEEE in 1996. To what extent should FCC adopt the
IEEE’s updated standards or otherwise update their mobile phone testing and
certification process?
The FCC exposure limits for cell phones are based on IEEE C95.1-1991 but these 1991
recommendations have been revised by the publication of IEEE C95.1-2005. Both the
C95.1-2005 standard and the 1998 ICNIRP guidelines recommend 2.0 W/kg averaged over
10 g of tissue as a limit for localized exposure of the general public. Currently, there is no
existing international standard recommending 1.6 W/kg, averaged over 1 g of tissue, the limit
adopted by FCC in 1996. WHO has been promoting harmonization of EMF standards
globally—adopting harmonized standards is beneficial to consumers, the government and the
industry. There is significant value for all standards to have the same limits. Differing
values lessen public confidence in standards. It would seem most appropriate for FCC SAR
rules to be brought up to date and in agreement with existing international standards. It
would be of value if the GAO would encourage FCC to harmonize with the ICNIRP and
C95.1-2005 SAR values of 2 W/kg averaged over 10 g of tissue for exposure of the general
public and 10 W/kg averaged over 10 g of tissue for exposure in controlled environments.
It is important to note that, in 2003, the FCC issued a Notice of Proposed Rule Making to
reconsider many aspects of its regulations regarding exposure to RF energy. [Reference:
Notice of Proposed Rule Making in ET Docket 03-137 (Proposed Changes in the
Commission’s Rules Regarding Human Exposure to Radiofrequency Electromagnetic
Fields), 18 FCC Rcd 13187 (2003)]. In the introduction of this Notice the FCC stated that it
believed the transmitters and devices it regulates,
“… typically would not result in levels of exposure high enough to cause injury”
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and it is
“… important to ensure that human exposures are maintained well below levels that
are suspected to be even potentially harmful.”
In the Notice, the FCC proposed,
“… modifications in [it's] rules to provide more efficient, practical, and consistent
application of compliance procedures.”
However, the FCC specifically stated that it was not, at that time, considering a change in the
exposure limits themselves.
Nonetheless, in the intervening years since issuance of this Notice, there have been several
significant developments relevant to this issue, including approval and publication of C95.12005, that were not considered by the FCC in 2003. It is our understanding that the FCC
may soon be moving forward with the next iteration in this docketed proceeding. When this
occurs we will be very interested to see if the FCC is now expanding this proceeding to
reconsider the Agency’s exposure limits themselves. Should that occur we would expect the
FCC to consider the adoption of the new C95.1-2005 SAR limits. Also, if the FCC moves
forward we expect that many of the proposals made in the original Notice that dealt with
compliance evaluation and testing for mobile devices will be either approved or approved in
a modified form.
Mobile Phone Testing
8. To what extent are mobile devices tested for RF energy emissions when they are used
for activities other than talking on the phone? For example, are mobile phones tested
when they are receiving text messages, downloading applications or updates, or idle
and how much, if any, RF energy is emitted while devices are in these modes?
Use of a mobile telephone while held next to the head results in the greatest exposure to the
brain and, therefore, testing at each side of the head with the phone touching the ear is the
most important test.5 IEEE/ICES Technical Committee 34 (TC34) developed IEEE 1528 as
a specific measurement standard for mobile communication devices used close to the head.
For other phone positions, such as holding the phone in front of the face, or carrying the
phone near the body (except the head), the IEC standard, IEC 62209-2 (2010), is the
appropriate measurement standard. SAR testing in the laboratory is done with the phones
operating under maximum power conditions and at several frequencies (at the center and
each end of each frequency band). During actual use, the power at which the phone operates
is much lower due to the adaptive power control of the phone. During idling, phones only
emit brief transmissions periodically in order to remain in contact with the base stations.

5

Exposure of the hands during texting is of less concern because exposure standards allow higher exposure for the extremities
and, therefore, mobile phones are not tested for handheld usage such as texting.
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9. What are the strengths and limitations of FCC’s mobile phone testing and certification
process?
a) Strength: FCC has essentially adopted the harmonized international standards, IEEE
1528-2003 and IEC 62209-1 (2005) standards, for mobile phone testing near the ear. By
requiring the submission of detailed results for testing and evaluating compliance, the
FCC probably has the most comprehensive program for safety evaluation in the world.
To our knowledge, no other country requires such extensive documentation of the
compliance of mobile devices with SAR limits.
b) Limitations: FCC exposure limits are based on IEEE C95.1-1991 and NCRP report 86
(1986). As explained in Question 5, those limits are based on an outdated scientific
rationale and have been superseded by more scientifically sound limits in C95.1-2005,
also harmonized with the limits defined in the ICNIRP guidelines, which are
recommended by the WHO. Currently, there are 5 countries including the US that have
adopted the C95.1-1991 localized peak SAR limits. Countries in the rest of the world
either adopted (about 40 countries) the ICNIRP limits or accept products in compliance
with them. The lack of harmonization between FCC and the majority of other countries
should be resolved. Representatives of ICES TC95 met with the Federal RF Interagency
Working Group (EPA, FCC, FDA, NIOSH, and OSHA) at the FDA building on May 9,
2006 and September 30, 2009 to promote the adoption of C95.1-2005. If the FCC should
adopt the SAR limits in C95.1-2005, the U.S. regulations would be in harmony with the
majority of countries that have adopted SAR limits. FCC did not, however, fully adopt
the IEC 62209-2 (2010) standard for body-worn devices. This is because of the exiting
FCC requirements on different head and body simulating liquids for SAR testing, in
contrast with the IEC requirement of one head liquid, which currently requires
manufacturers to perform additional testing for products sold in the USA.
c) Opportunities: As part of the docketed proceeding (ET 03-137) the FCC made
extensive proposals for revising many of its compliance and testing procedures. There is
also general agreement that the FCC's “Supplement C” to OET Bulletin 65 is out of date
and needs to be revised. If in the coming months the FCC moves forward in this
proceeding, a revision of Supplement C would facilitate the correction of many of the
problems and inconsistencies that have been identified to date. We look forward to any
action the FCC may take in the near future in this regard. We hope the ongoing FCC
proceeding can streamline compliance evaluation processes and eliminate unnecessary
and redundant procedures.
10. What are the advantages and limitations of using SAM (Specific Anthropomorphic
Mannequin) compared to previous SAR testing methods?
The SAM phantom was developed by IEEE ICES TC34 during the development of IEEE
1528-2003. This is the first international standard that specifies in detail the rationale and
SAR test method for hand-held mobile phones. Before publication of 1528, SAR testing in
various labs was not standardized and, therefore, it was not possible to directly compare the
results of tests on the same device across laboratories. In addition to a standardized process,
test positions and uncertainty assessment, the committee took great effort to develop the
10
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SAM model to provide a very conservative result to cover the entire user population,
including children of various ages. Concerning the issue of exposure of children, the SAM
phantom has very thin lossless pinnae to simulate the small ears of children. Because the
antennas on the phones are brought close to the simulating head-tissue liquid, the results are
conservative. A 14 laboratory comparison and several other simulation studies on MRIbased realistic human models of various head sizes have shown that the SAM phantom is
conservative for the entire user population. Therefore all phones tested using the SAM
phantom that are found to be within the compliance limits are approved for all users,
including children.
11. How have measurement uncertainties been addressed while developing testing
standards?
Measurement uncertainty is one of the major topics covered in IEEE 1528 and the IEC
62209 standards. In IEEE 1528, there is a large section (7.2 SAR measurement uncertainty
considerations) that covers this topic in detail. Both standards have the most comprehensive
uncertainty assessment requirements of many measurement standards. Interlaboratory
comparisons have been conducted to evaluate the ability of independent SAR testing
procedures to provide consistent and reliable data on exposure to mobile phones. These
studies have shown that present day procedures are uniform and variations in results are
minimal in comparison with the established SAR limits.
12. According to the FCC, mobile phone SAR tests are conducted at the highest power
level, in all frequency bands in which the phone operates and in various specific
positions against a dummy head and body. However, some phone manufactures warn
in their owner’s manual that holding the phone too close to the body or in a certain
position can cause the phone to exceed FCC SAR limits.
a) On what basis are manufacturer’s making these recommendations?
Portable RF wireless devices emit RF energy for communication. For a device to operate
over a desired range, a maximum RF power is specified for each type of device. While
an RF device is operated near a body, the body tissue reflects and absorbs the energy. RF
absorption in tissue is related to how far the source is from the body; shorter distances
result in greater energy absorption. For voice mode with the phone operated at the ear,
the phone is usually in contact with the head. The IEEE 1528 and IEC 62209-1 standards
define test methods to measure SAR for devices operated at the side of the head,
including the phone in contact with the ear and cheek. For body-worn devices, both FCC
Bulletin 65 Supplement C and IEC 62209-2 (2010) specify a separation distance for
testing the products or leave the definition of the distance to the manufacturers in
accordance with instructions in the owner’s manual. Manufacturers instruct consumers
to use phones in the way in which the phones are tested for compliance purposes. The
owner’s manual, therefore, instructs consumers that when used near the body (not the
head) the device should be used in an approved holster or used at a specified distance
from the body (hands not included). This distance is the distance at which the device is
tested in accordance with the applicable regulation or standard.
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The FCC includes these instructions (not warnings) in OET Bulletin 65, Supplement C
(pages 41-42); the pertinent parts are as follows:
Body-worn accessories may not always be supplied or available as options for
some devices that are intended to be authorized for body-worn use. A separation
distance of 1.5 cm between the back of the device and a flat phantom is
recommended for testing body-worn SAR compliance under such circumstances.
Other separation distances may be used, but they should not exceed 2.5 cm. In
these cases, the device may use body-worn accessories that provide a separation
distance greater than that tested for the device provided however that the
accessory contains no metallic components.
In order for users to be aware of the body-worn operating requirements for
meeting RF exposure compliance, operating instructions and caution statements
should be included in the manual. The information should allow users to make
informed decisions on the type of body-worn accessories and operating
configurations that are appropriate for the device. The following are examples of
typical statements that provide end-users with the necessary information about
body-worn accessories:
1.

For a product that has the potential to be used in a body worn configuration
and has been tested and certified with a specific accessory device(s):
“For body worn operation, this phone has been tested and meets the FCC RF
exposure guidelines when used with the (manufacturer name) accessories
supplied or designated for this product. Use of other accessories may not
ensure compliance with FCC RF exposure guidelines. ”

2. For a product that has the potential to be used in a body worn configuration
and has not been certified with a specific accessory device(s):
“For body worn operation, this phone has been tested and meets FCC RF
exposure guidelines when used with an accessory that contains no metal and
that positions the handset a minimum of (specified distance) from the body.
Use of other accessories may not ensure compliance with FCC RF exposure
guidelines.”
3.

For a product that has the potential to be used in a body worn configuration
with future manufacturer designed accessories:
“For body worn operation, this phone has been tested and meets the FCC RF
exposure guidelines when used with a (manufacturer name) accessory
designated for this product or when used with an accessory that contains no
metal and that positions the handset a minimum of (specified distance) from
the body.”

The following are sections concerning the separation distance in the IEC62209-2 (2010)
standard:
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6.1.4.3:
“The SAR evaluation shall be performed for all surfaces of the DUT (device
under test) that are accessible during intended use….. The separation distance in
testing shall correspond to the intended use distance as specified in the user
instructions provided by the manufacturer. If the intended use is not specified, all
surfaces of the DUT shall be tested directly against the flat phantom.”
6.1.4.4:
“If the user instructions provided by the manufacturer specify intended use with
a carry accessory (belt-clip, holster, carry-case or similar), the device shall be
placed as intended in that carry accessory and the carry accessory shall be
placed in the intended orientation against the flat phantom”, and “When
evaluating device SAR without a specific carry accessory, the separation
distance shall not exceed 25 mm.”
b) Can these phones still be considered safe? Why or why not?
Yes, the phones can still be considered safe. As stated in Question 5, large safety margins
are incorporated in the exposure limits. The FCC SAR limit of 1.6 W/kg averaged over
1 g of tissue is an exposure limit – not a safety limit. There is no reason to believe that
devices in compliance with the FCC limit of 1.6 W/kg would expose consumers, even if
used closer to the body than instructed by the manufacturers, to levels of RF that would
exceed the safety threshold established in the 1982, 1991, 1999 standards and reaffirmed
in 2005.
It should be pointed out that phones during idling or standby mode do not continuously
emit full power. Only periodically (once every few minutes) a short registration signal is
sent to remain in contact with the base station. The average power of most phones and
resultant SAR is very low. Even when the phone is in use against the body with a
Bluetooth earpiece, the adaptive power control usually limits the operating power to
values below the maximum power as tested in the lab, unless the call occurs in a very
poor reception area.6 Therefore, it is unlikely that the phone when carried at the body
location would exceed the 1.6 W/kg compliance limit. As stated above, large safety
margins were used to develop the RF exposure limits. Even at the highest level, because
of the large safety margins, RF exposure from mobile phones is not a safety issue. It
should be noted that if the FCC limit of 1.6 W/kg per 1 g tissue were to be raised to 2
W/kg averaged per 10 g tissue, as is the case for the current IEEE standard and ICNIRP
guidelines, much, if not all, of this concern would diminish.
13. Since the FCC requires SAR levels for wireless devices to be below 1.6 W/kg, how
important is it that consumers know the SAR level when purchasing one of these
devices?
All phones approved by FCC are in compliance with the SAR limits of C95.1-1991, which
are more conservative than those that are used throughout the rest of the world (ICNIRP
6

Note that some people report that they experience a sensation of heating when using of mobile telephone for extended periods
of time, the heating is usually from the battery, which can be much greater than that caused by RF energy absorption.
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guidelines). There is no convincing evidence that effects related to RF exposure are anything
but threshold effects. Application of a safety factor to provide a large safety margin between
the threshold for the most sensitive reproducible biological effect ensures that the peak
spatial-average values found in the standards and adopted by the FCC are very conservative.
(Also see answer to Question 5.) The existence of a threshold and a wide safety margin
means that if the SAR meets the safety criterion, it is safe, i.e., if the SAR of one compliant
phone is half that of another, the lower SAR phone is not “safer” than the other. Other than
curiosity, there is no reason for consumers to know the exact SAR value from testing when
purchasing a wireless device. From a scientific perspective, the only thing that the consumer
really needs to know is that the device complies with the established regulatory SAR limit.
Moreover, choosing a phone with a lower maximum SAR as determined during product
certification does not mean that the consumer will reduce his or her exposure to RF energy
from using that phone. Actual exposure depends on a number of factors including the
operating power of the phone, how the phone is held during use and where it is used.
Typically, compliance tests are required in more than 20 different positions and operating
conditions. The maximum SAR corresponding to each of the numerous specified positions
and operating conditions are recorded but only the single highest value is assigned to that
phone. The actual SAR during consumer use of cellular phones varies constantly depending
on a number of factors including operating power (which itself is dependent upon the
distance from a base station, topography, phone efficiency, location of the caller, among
other things), how the consumer uses the phone (e.g., against the side of the head, which side
of the head, against the hip, texting), the physical characteristics of the user, and the type of
service and frequency band on which the phone is operating. In fact the phone with the
higher reported SAR may have a lower SAR under some use conditions than a phone with a
lower reported SAR.
We fully agree with the following FCC statement posted on their website:7
Many people mistakenly assume that using a cell phone with a lower reported SAR
value necessarily decreases a user’s exposure to RF emissions, or is somehow
“safer” than using a cell phone with a high SAR value. While SAR values are an
important tool in judging the maximum possible exposure to RF energy from a
particular model of cell phone, a single SAR value does not provide sufficient
information about the amount of RF exposure under typical usage conditions to
reliably compare individual cell phone models. Rather, the SAR values collected by
the FCC are intended only to ensure that the cell phone does not exceed the FCC’s
maximum permissible exposure levels even when operating in conditions which result
in the device’s highest possible – but not its typical - RF energy absorption for a
user.
14. What are the key studies related to RF energy exposure and cancer or other negative
health effects that we should be aware of?

7

“Specific Absorption Rate (SAR) For Cell Phones: What It Means For You “. http://www.fcc.gov/guides/specificabsorption-rate-sar-cell-phones-what-it-means-you
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There is a voluminous literature concerning health effect of RF exposure. An extensive
database is maintained by IEEE (www.ieee-emf.com). Over 1100 references are listed in
Annex F (Literature Database) of C95.1-2005. Several important references pertinent to
these questions are listed in Annex B of this document, and a number of additional references
arranged according to category are listed in Annex C. Annex D lists Summary Statements
from Governments and Expert Panels Concerning Health Effects and Safe Exposure Levels
of RF Energy.
15. Are there any other groups or individuals we should speak to about these issues?
There are two international organizations that develop EMF exposure standards and
guidelines – ICES and ICNIRP, respectively. To get a second opinion, GAO can contact Dr.
Paolo Vecchia, Chairman of the International Commission on Non-Ionizing Radiation
Protection (ICNIRP). Currently more than 40 countries have adopted the WHO
recommended ICNIRP guidelines. Dr. Vecchia can be reached by Phone at +39 3883742469
or e-mail to paolo.vecchia@iss.infn.it,
Food and Drug Administration/Center for Devices and Radiological Health (FDA/CDRH),
Contact: Dr. Simon Choi; telephone (301) 796 5426; e-mail: simon.choi@fda.hhs.gov
Federal Communication Commission (FCC)
National Cancer Institute (NCI)

Additional Contributors:
Although the following individuals did not participate in the teleconference with GAO, they
provided valuable assistance in formulating answers to the above questions.
Robert Cleveland, Ph.D.
Member of IEEE ICES
EMF Consulting
US FCC (Retired)
Joseph A. Elder, Ph.D.
Chair of ICES TC95 SC-4 Literature Surveillance Working Group
US EPA and Motorola (Retired)
Richard A. Tell
R A Tell Associates
Chair of ICES TC95 SC-2 (RF Safety Programs)
US EPA (Retired)
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ANNEX A: Organizational Charts for IEEE ICES Standard Setting

Figure 1—ICES Structure
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ANNEX B: Selected References
Chou C-K, and Petersen R: “Radio Frequency exposure and compliance standards” In Fujimoto
K. (Editor) “Mobile Antenna Systems Handbook, 3rd Edition”. Artech House, Norwood,
MA., pp:321-342, July, 2008.
COMAR Technical Information Statement: Expert Reviews on Potential Health Effects of
Radiofrequency Electromagnetic Fields and Comments on the Bioinitiative Report.
Health Physics 97:348-356, 2009.
COMAR Technical Information Statement: The IEEE Exposure Limits for Radiofrequency and
Microwave Energy. IEEE Engineering in Medicine and Biology Magazine. Pp. 114121, March/April 2005
ICNIRP: Exposure to high frequency electromagnetic fields, biological effects and health
consequences (100 kHz - 300 GHz), International Commission on Non-Ionizing
Radiation Protection, www.icnirp.de/documents/RFReview.pdf, 2009.
IEEE C95.1-1991, Standard for safety levels with respect to human exposure to radio frequency
electromagnetic fields, 3 kHz to 300 GHz. IEEE; New York; 1991.
IEEE C95.1-2005, Standard for safety levels with respect to human exposure to radio frequency
electromagnetic fields, 3 kHz to 300 GHz. IEEE, New York, 2005.
Juutilainen J, Hoyto A, Kumlin T, and Naarala J: Review of Possible Modulation-Dependent
Biological Effects of Radiofrequency Fields. Bioelectromagnetics 32:511-534, 2011.
NCRP Report: Biological Effects of Modulated Radiofrequency Fields, NCRP Commentary No.
18, December 31, 2003, 52 pages.
SCENIHR : Health Effects of Exposure to EMF, European Commission’s Scientific Committee
on Emerging and Newly Identified Health Risks,
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_022.pdf, ,
2009.
Sheppard AR, Swicord ML, Balzano Q: Quantitative evaluations of mechanisms of
radiofrequency interactions with biological molecules and processes. Health Phys.
95:365-96, 2008.
Swedish Radiation Safety Authority, SSM: Recent Research on EMF and Health Risks Seventh
annual report from SSM: Independent Expert Group on Electromagnetic Fields 2010,
www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2010/SSMRapport-2010-44.pdf., 2010.
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The INTERPHONE Study Group: Brain tumour risk in relation to mobile telephone use: results
of the INTERPHONE international case–control study. International Journal of
Epidemiology;1–20, 2010.
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ANNEX C: References According to Category
IARC
Baan R, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, Benbrahim-Tallaa L, Guha N,
Islami F, Galichet L, Straif K; WHO International Agency for Research on Cancer Monograph
Working Group. Carcinogenicity of radiofrequency electromagnetic fields. Lancet Oncol.
12:624-626, 2011.
HUMAN BRAIN CANCER
Larjavaara S, Schüz J, Swerdlow A, Feychting M, Johansen C, Lagorio S, Tynes T, Klaeboe L,
Tonjer SR, Blettner M, Berg-Beckhoff G, Schlehofer B, Schoemaker M, Britton J, Mäntylä R,
Lönn S, Ahlbom A, Flodmark O, Lilja A, Martini S, Rastelli E, Vidiri A, Kähärä V, Raitanen J,
Heinävaara S, Auvinen A. Location of gliomas in relation to mobile telephone use: a case-case
and case-specular analysis. Am J Epidemiol. 174:2-11, 2011.
BRAIN TUMORS IN CHILDREN
Aydin D, Feychting M, Schüz J, Tynes T, Andersen TV, Schmidt LS, Poulsen AH, Johansen C,
Prochazka M, Lannering B, Klæboe L, Eggen T, Jenni D, Grotzer M, Von der Weid N, Kuehni
CE, Röösli M. Mobile phone use and brain tumors in children and adolescents: a multicenter
case-control study. J Natl Cancer Inst. 103:1264-1276, 2011.
INTERPHONE
Swerdlow AJ, Feychting M, Green AC, Kheifets L, Savitz DA. Mobile phones, brain tumors and
the Interphone Study: Where are we now?. Env. Health Perspectives, July 2011. (Online July 1,
2011)
Cardis E., Armstrong B., Siemiatcki J., Krewski D., Schuz J., et al. Acoustic neuroma risk in
relation to mobile telephone use: Results of the INTERPHONE international case control study.
Cancer Epidemiology. 35:453-464, 2011.
INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of
the INTERPHONE international case-control study. Int J Epidemiol. 39:675-694. 2010.
Cardis E, Armstrong BK, Bowman JD, Giles GG, Hours M, Krewski D, McBride M, Parent ME,
Sadetzki S, Woodward A, Brown J, Chetrit A, Figuerola J, Hoffmann C, Jarus-Hakak A,
Montestruq L, Nadon L, Richardson L, Villegas R, Vrijheid M. Risk of brain tumours in relation
to estimated RF dose from mobile phones: results from five Interphone countries. Occup Environ
Med. 68:631-40, 2011.
DANISH CANCER STUDY
Schüz J, Jacobsen R, Olsen JH, Boice JD Jr, McLaughlin JK, Johansen C. Cellular telephone use
and cancer risk: update of a nationwide Danish cohort. J Natl Cancer Inst. 98:1707-1713, 2006.
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Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schüz J. Use of mobile phones
and risk of brain tumours: update of Danish cohort study. British Medical Journal. 2011 Oct 20;
[Epub ahead of print]. Available free of charge at
http://www.bmj.com/content/343/bmj.d6387.full
CANCER TREND STUDIES
de Vocht F, Burstyn I, Cherrie JW. Time trends (1998-2007) in brain cancer incidence rates in
relation to mobile phone use in England. Bioelectromagnetics. 32:334-339, 2011.
Larjavaara S, Feychting M, Sankila R, Johansen C, Klaeboe L, Schüz J, Auvinen A. Incidence
trends of vestibular schwannomas in Denmark, Finland, Norway and Sweden in 1987-2007. Br J
Cancer. 105:1069-1075, 2011.
Inskip PD, Hoover RN, Devesa SS. Brain cancer incidence trends in relation to cellular
telephone use in the United States. Neuro Oncol. 12:1147-1151, 2010.
Röösli M, Michel G, Kuehni CE, Spoerri A. Cellular telephone use and time trends in brain
tumour mortality in Switzerland from 1969 to 2002. Eur J Cancer Prev. 16:77-82, 2007.
Deltour I, Johansen C, Auvinen A, Feychting M, Klaeboe L, Schüz J. Time trends in brain tumor
incidence rates in Denmark, Finland, Norway, and Sweden, 1974-2003. J Natl Cancer Inst.
101:1721-1724, 2009.
EHS
Rubin GJ, Nieto-Hernandez R, Wessely S. Idiopathic environmental intolerance attributed to
electromagnetic fields (formerly 'electromagnetic hypersensitivity'): An updated systematic
review of provocation studies. Bioelectromagnetics. 31:1-11, 2010.
HUMAN NON-SPECIFIC SYMPTOMS
Frei P, Mohler E, Braun-Fahrländer C, Fröhlich J, Neubauer G, Röösli M; the QUALIFEX-team.
Cohort study on the effects of everyday life radio frequency electromagnetic field exposure on
non-specific symptoms and tinnitus. Environ Int. 38:29-36, 2012. [Epub 2011 Sep 10]
SLEEP
Danker-Hopfe H., Dorn H. BIOLOGICAL EFFECTS OF ELECTROMAGNETIC FIELDS AT
MOBILE PHONE FREQUENCIES ON SLEEP: CURRENT STATE OF KNOWLEDGE
FROM LABORATORY STUDIES. Somnologie. 9:192 - 198, 2005.
Danker-Hopfe H., Dorn H., Bahr A., Anderer P., Sauter C. Effects of electromagnetic fields
emitted by mobile phones (GSM 900 and WCDMA/UMTS) on the macrostructure of sleep. J
Sleep Res. 20:73 - 81, 2011.
BBB
de Gannes F. P., Billaudel B., Taxile M., Veyret B., Lagroye I., et al. Effects of head-only
exposure of rats to GSM-900 on blood-brain barrier permeability and neuronal degeneration.
Radiat Res. 172: 359 - 367, 2009.
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BBB AND ANIMAL TUMOR STUDIES
Elder J. A. Radiofrequency Studies on Tumorigenesis and the Blood-Brain Barrier in Lab
Animals Support the Conclusion of No Adverse Effects without Significant Tissue Temperature
Increase. Asia-Pacific International Symposium on Electromagnetic Compatibility. Pg. 13-15,
2010.
ANIMAL TUMOR STUDIES (2006-present)
P. Heikkinen, H. Ernst, H. Huuskonen, H. Komulainen, T. Kumlin, J. Mäki-Paakkanen, L.
Puranen, J. Juutilainen, “No effects of radiofrequency radiation on 3-chloro-4-(dichloromethyl)5-hydroxy-2(5H)-furanone-induced tumorigenesis in female Wistar rats,” Radiat Res vol. 166,
pp. 397-408, 2006.
S. Sanchez, H. Masuda, B. Billaudel, E. Haro, R. Anane, P. Leveque, G. Ruffie, I. Lagroye, B.
Veyret, “Effect of GSM-900 and -1800 signals on the skin of hairless rats. II. 12-week chronic
exposure. Int J Radiat Biol vol. 82, pp. 675-680, 2006.
D. Yu, Y. Shen, N. Kuster, Y. Fu, C.Huai, “Effects of 900 MHz GSM wireless communication
signals on DMBA-induced mammary tumors in rats,” Radiat Res vol. 165, pp. 174-180, 2006.
B.C. Zook, S.J. Simmens, “The effects of pulsed 860 MHz radiofrequency radiation on the
promotion of neurogenic tumors in rats,” Radiat Res, vol. 165, pp. 608-615, 2006.
G. Oberto, K. Rolfo, P. Yu, M. Carbonatto, S. Peano, N. Kuster, S. Ebert, S. Tofani,
“Carcinogenicity study of 217 Hz pulsed 900 MHz electromagnetic fields in Pim1 transgenic
mice. Radiat Res, vol. 168, pp. 316–326, 2007.
T. Shirai, T. Ichihara, K. Wake, W. Watanabe, Y. Yamanaka, M. Kawabe, M. Taki, O. Fujiwara,
J. Wang, S. Takahashi, S. Tamano, “Lack of promoting effects of chronic exposure to 1.95-GHz
W-CDMA signals for IMT-2000 cellular system on development of N-ethylnitrosourea-induced
central nervous system tumors in F344 rats,” Bioelectromagnetics, vol. 28, pp. 562-572, 2007.
P. Smith, N. Kuster, S. Ebert, H-J. Chevalier, “GSM and DCS wireless communication signals:
Combined chronic toxicity/carcinogenicity study in the Wistar rat,” Radiation Research, vol.
168, pp. 480-492, 2007.
A.M. Sommer, A.K. Bitz, J. Streckert, V.W. Hansen, A. Lerchl, “Lymphoma development in
mice chronically exposed to UMTS-modulated radiofrequency electromagnetic fields,”
Radiation Research, vol. 168, pp. 72-80, 2007.
T. Tillmann, H. Ernst, S. Ebert, N. Kuster, W. Behnke, S. Rittinghausen, C. Dasenbrock,
“Carcinogenicity study of GSM and DCS wireless communication signals in B6C3F1
mice,“Bioelectromagnetics, vol. 28, pp. 173-187, 2007.
R. Hruby, G. Neubauer, N. Kuster, M. Frauscher, “Study of potential effects of “902-MHz GSMtype wireless communication signals” on DMBA-induced mammary tumours in SpragueDawley rats,” Mutation Research, vol. 649, pp. 34-44, 2008.
Tillmann T., Ernst H., Streckert J., Zhou Y., Dasenbrock C., et al. Indication of cocarcinogenic
potential of chronic UMTS-modulated radiofrequency exposure in an ethylnitrosourea mouse
model. Int J Radiat Biol. 86: 529 - 541, 2010.
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Lee H. J., Jin Y. B., Lee J. S., Choi S. Y., Pack J. K., et al. Lymphoma Development of
Simultaneously Combined Exposure to Two Radiofrequency Signals in AKR/J Mice.
Bioelectromagnetics. 32:485 - 492, 2011.
[Jin YB, Lee HJ, Seon Lee J, Pack JK, Kim N, Lee YS. One-year, simultaneous combined
exposure of CDMA and WCDMA radiofrequency electromagnetic fields to rats. Int J Radiat
Biol. 87:416-423, 2011.
Juutilainen J, Heikkinen P, Lagroye I, Miyakoshi J, Van Rongen E, Saunders R, De Seze R,
Tenforde T, Verschaeve L, Veyret, B, Xu Z. Experimental studies on carcinogenicity of
radiofrequency radiation in animals. Crit Rev Environ Sci Technol. 41:1-31, 2011.
GENOTOXICITY and DNA BREAKS IN BRAIN CELLS STUDIES
Verschaeve L, Juutilainen J, Lagroye I, Miyakoshi J, Saunders R, de Seze R, Tenforde T, van
Rongen E, Veyret B, Xu Z. In vitro and in vivo genotoxicity of radiofrequency fields. Mutat
Res. 705:252-68, 2010.
Lagroye I, Anane JR, Wettring BA, Moros EG, Straube WL, LaRegina M, Niehoff M, Pickard,
WF, Bary J, Roti Roti JL. Measurement of DNA damage after acute exposure to pulsed-wave
2450 MHz microwaves in rat brain cells by two alkaline comet assay methods. Int. J. Radiat.
Biol. 80:11-20, 2004
Malyapa RS, Ahem EW Straube WL, LaRegina M, Pickard WF, Roti Roti JL. DNA damage in
rat brain cells after in vivo exposure to 2450 MHz electromagnetic radiation and various methods
of euthanasia. Radiat. Res. 149: 637-645, 1998.
MODULATION
Juutilainen J., Höytö A., Kumlin T., Naarala J. Review of Possible Modulation-Dependent
Biological Effects of Radiofrequency Fields. Bioelectromagnetics. 32: 511 - 534, 2011.
ADULT VS CHILD HEAD
Bit-Babik G, Guy AW, Chou CK, Faraone A, Kanda M, Gessner A, Wang J, Fujiwara O.
Simulation of exposure and SAR estimation for adult and child heads exposed to radiofrequency
energy from portable communication devices. Radiat Res. 163:580-590, 2005.
Beard B. B., Kainz W., Onishi T., Wiart J., Kuster N., et al. Comparisons of Computed Mobile
Phone Induced SAR in the SAM Phantom to That in Anatomically Correct Models of the
Human Head. IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY., Vol.
48, Pg. 397 - 407, 2006
Christ A., Gosselin M. C., Christopoulou M., Kuhn S., Kuster N. AGE-DEPENDENT TISSUESPECIFIC EXPOSURE OF CELL PHONE USERS. Phys Med Biol, Vol. 55, Pg. 1767 - 1783,
2010
Hadjem A., Conil E., Gati A., Wong M. F., Wiart J. Analysis of Power Absorbed by Children’s
Head as a Result of New Usages of Mobile Phone. IEEE TRANSACTIONS ON
ELECTROMAGNETIC COMPATIBILITY., Vol. 52, Pg. 812 - 819, 2010
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Annex D: Expert Reviews
Statements from Governments and Expert Panels Concerning Health Effects
and Safe Exposure Levels of Radiofrequency Energy (2000- 2011)

1. U.K. Independent Expert Group on Mobile Phones (IEGMP) (2000)
 IEGMP, “Mobile Phones and Health,” Independent Expert Group on Mobile
Phones,” c/o National Radiological Protection Board, Chilton, Didcot,” Oxon, UK.
www.iegmp.org.uk
o “The balance of evidence to date suggests that exposures to RF radiation below
NRPB and ICNIRP guidelines do not cause adverse health effects to the general
population...” (p. 3).
2. World Health Organization (2000)
 Fact Sheet N193
http://www.who.int/docstore/peh-emf/publications/facts_press/efact/efs193.html
o “Cancer: Current scientific evidence indicates that exposure to RF fields, such as
those emitted by mobile phones and their base stations, is unlikely to induce or
promote cancers.”
o “Other health risks: Scientists have reported other effects of using mobile phones
including changes in brain activity, reaction times, and sleep patterns. These
effects are small and have no apparent health significance.”
o “None of the recent reviews have concluded that exposure to the RF fields from
mobile phones or their base stations causes any adverse health consequence.”
3. Japanese Ministry of Public Management, Home Affairs, Posts and Telecommunications
(MPHPT) (2001)
 Interim Report by Committee to Promote Research on the Possible Biological Effects
of Electromagnetic Fields (30 January 2001), MPHPT Communications News, Vol.
11, No. 23.
http://www.soumu.go.jp/joho_tsusin/eng/Releases/NewsLetter/Vol11/Vol11_23.pdf
o “Research into the effects of radio waves on the human body has been conducted
for more than 50 years in countries around the world, including Japan. Based on
voluminous findings from those studies, exposure guidelines including the
Japanese guideline of the ‘Radio Radiation Protection Guidelines for Human
Exposure to Electromagnetic Fields’ has been developed with a safety margin
enough to protect human health from adverse effects of radio waves.” (summary
point 1, p. 3)
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4. Singapore Health Sciences Authority (2002)
 Pulse@HSA (Health Sciences Authority), Frequently Asked Questions about EME &
Mobile Phones http://www.hsa.gov.sg/docs/fullversion.pdf
o “Up to the present time, all international and national committees that have
evaluated this whole body of evidence have reached the same conclusions: that
there are no established health effects from EMF exposures below the
international guidelines limits.” (p. 12)
5. Australian Government, Australian Radiation Protection and Nuclear Safety Agency,
Committee on Electromagnetic Energy Public Health Issues (2003)
 Fact Sheet EME Series No 1 “Electromagnetic Energy and Its Effects”
http://www.arpansa.gov.au/pubs/eme_comitee/fact1.pdf
o “The weight of national and international scientific opinion is that there is no
substantiated evidence that exposure to low level RF EME causes adverse health
effects.”
6. French Environmental Health and Safety Agency (AFSSE) (2003)
 AFSSE Statement on Mobile Phones and Health
http://afsse.fr/upload/bibliotheque/994597576240248663335826568793/statement_m
obile_phones_2003.pdf
o ”With regard to the risk of cancer, we can accept that with the levels of power
used in mobile telephony, radiation does not have an effect on our cells’ genes (it
is not ‘genotoxic’). Work carried out on animals using long-term exposure does
not indicate a risk of cancer; it shows neither an actual ‘initiator’ effect nor a
promoter’ effect for cancers caused by carcinogenic agents.” (p.4)
o “At present, the scientific data available does not indicate that children are
particularly susceptible to radiation caused by telephones nor do they have a
higher exposure in comparison to adults.” (p. 5)
7. U.K. National Radiological Protection Board (NRPB), Advisory Group on Non-Ionizing
Radiation (AGNIR) (2004)
 “Review of the Scientific Evidence for Limiting Exposure to Electromagnetic Fields
(0 – 300 GHz),” Documents of the NRPB, Vol. 15, No. 3, NRPB, Chilton, Didcot,
Oxfordshire, U.K.
http://www.hpa.org.uk/radiation/publications/documents_of_nrpb/abstracts/absd153.htm
o “Overall, AGNIR concluded that, in aggregate, the research published since the
IEGMP8 report does not give cause for concern and that the weight of evidence
now available does not suggest that there are adverse health effects from
exposures to RF fields below guideline levels” (p. 8).
8

IEGMP: U.K. Independent Expert Group on Mobile Phones (see first item on page 1)
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8. World Health Organization (2004)
 Electromagnetic Fields (EMF). Summary of health effects
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
o “Conclusions from scientific research
In the area of biological effects and medical applications of non-ionizing radiation
approximately 25,000 articles have been published over the past 30 years. Despite
the feeling of some people that more research needs to be done, scientific
knowledge in this area is now more extensive than for most chemicals. Based on a
recent in-depth review of the scientific literature, the WHO concluded that current
evidence does not confirm the existence of any health consequences from
exposure to low level electromagnetic fields. However, some gaps in knowledge
about biological effects exist and need further research.”
9. Health Council of the Netherlands (2004)
 Electromagnetic Fields Committee. Mobile Phones and Children: Is Precaution
Warranted? Bioelectromagnetics 25:142-144.
o “The Health Council therefore sees no reason to recommend limiting the use of
mobile phones by children.” (p. 142)
10. U.S. Department of Health and Human Services, Centers for Disease Prevention and
Control (2005)
 CDC Fact Sheet: Frequently Asked Questions about Cell Phones and Your Health
http://www.cdc.gov/nceh/radiation/factsheets/cellphone_facts.pdf
o “In the last 10 years, hundreds of new research studies have been done to more
directly study possible effects of cell phone use. Although some studies have
raised concerns, the scientific research, when taken together, does not indicate a
significant association between cell phone use and health effects.” (p. 1)
11. European Cancer Prevention Organization (2005)
 During annual symposium on Cell Phones and Cancer in Blankenberge, Belgium on
November 4-5, 2005, a consensus statement was developed about the health effects of
electromagnetic fields from cell phones. http://www.ecpo.org/
o The consensus statement includes the conclusion that “The European Cancer
Prevention Organization states that, in 2005 there is insufficient contemporary
proof with regard to increased cancer risk to change mobile phoning habits.”
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12. German Research Centre Jülich, Programme Group Humans, Environment, Technology
(MUT) (2005)
 This program brought together 25 leading experts from Germany and Switzerland in a
risk dialogue to assess the results of recent scientific studies on mobile phones and
base stations http://www.fzjuelich.de/portal/index.php?index=721&jahr=2005&cmd=show&mid=288
o Dr. Peter Wiedemann, head of the Jülich MUT Programme Group, concluded that
"The scientific studies examined in the risk dialogue do not support suspicions
that mobile telephony has harmful effects on health."
13. Swedish State Radiation Protection Authority (SSI) (2006)
 Recent Research on EMF and Health Risk, Fourth annual report from SSI’s
Independent Expert Group on Electromagnetic Fields
http://www.ssi.se/ssi_rapporter/pdf/ssi_rapp_2007_4.pdf
o Mobile phone: “Recently published studies on mobile phone use and cancer risk
do not change the earlier overall assessment of the available evidence from
epidemiological studies. In particular an extended follow up of a cohort study
from Denmark does not alter the conclusions. Currently available evidence
suggests that for adult brain tumours there is no association with mobile phone
use for at least up to, say, ten years of use. For longer latency the majority of the
evidence also speaks against an association, but the data are still sparse. The same
conclusion holds for short-term use and acoustic neuroma. However, for longterm use and acoustic neuroma there is a concern, and more information is
required.” (p. 5)
o Base station: “The overall conclusion is that exposure from transmitters is
unlikely to be a health risk.” (p. 36)
14. Australian Communications and Media Authority (2006)
 Mobile Phones, Your Health and Regulation of Radiofrequency Electromagnetic
Energy http://emr.acma.gov.au/mobile_phone_health.pdf
o Mobile phone: “The weight of national and international scientific opinion is that
there is no substantiated evidence that using a mobile phone causes harmful health
effects. Although there have been studies reporting biological effects at low
levels, there has been no indication that such effects might constitute a human
health hazard, even with long-term exposure...The general consensus of scientific
opinion is that, provided mobile phones do not exceed the limits of recognised
standards, there will be no harmful effects.” (p. 8)
o Base station: “The weight of national and international expert opinion is that there
is no substantiated evidence that there are adverse health effects resulting from the
emissions of mobile phone towers or base stations.” (p. 9)
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15. Health Canada (2006)
 It’s Your Health, Safety and Safe Use of Mobile Phones
http://www.hc-sc.gc.ca/iyh-vsv/prod/cell_e.html
o “There is no firm evidence to date that RF emissions from cell phones cause ill
health.”
16. U.S. Federal Communications Commission (2006)
 Mobile Phones and Health Concerns
http://ftp.fcc.gov/cgb/consumerfacts/mobilephone.html
o “There is no scientific evidence that proves that wireless phone usage can lead to
cancer or a variety of other problems, including headaches, dizziness or memory
loss.”
17. UK Institution of Engineering and Technology, Biological Effects Policy Advisory
Group on Low-level Electromagnetic Fields (2006)
 The Possible Harmful Biological Effects of Low-Level Electromagnetic Fields of
Frequencies up to 300 GHz
http://www.theiet.org/publicaffairs/bepag/postat02final.pdf
o “…the balance of scientific evidence to date does not indicate that harmful effects
occur in humans due to low-level exposure to electromagnetic fields (“EMF”).”
(p. 1)
18. New Zealand Ministry of Health, National Radiation Laboratory (2007)
 Safety of Cell Phones http://www.nrl.moh.govt.nz/faq/cellphonesandcellsites.asp
o “The balance of current research evidence suggests that exposures to the
radiofrequency energy produced by cellphones do not cause health problems
provided they comply with international guidelines. Reviews of all the research
have not found clear, consistent evidence of any adverse effects.”
19. Hong Kong, Office of the Telecommunications Authority (2007)
 “Know More about Radiofrequency Electromagnetic Radiation”
http://www.ofta.gov.hk/en/freq-spec/radiation.pdf
o “Is it safe to use held-held mobile phones?”
“Many studies have concluded that there is no evidence that mobile phones bring
hazards to health when used under normal operating conditions.”
o “Is it safe to live close to radiofrequency transmitters?”
“Operators of radio stations are required to ensure that the levels of
electromagnetic radiation of their radio transmitters including those on rooftops
in residential areas are within the limits stipulated in the Code of Practice.
Despite densely-packed transmitters on some rooftops in residential areas,
therefore, the buildings are absolutely safe to live in.”
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20. Health Council of the Netherlands (2007)
 “UMTS9 and DECT10 are systems for mobile communication. Some people wonder
whether exposure to the radio waves of UMTS antennae or DECT base stations and
handsets used at home may cause health problems. Recent research does not give any
indications for this, however. This is the message of the Health Council of the
Netherlands in its fourth Annual Update on Electromagnetic Fields…”
http://www.healthcouncil.nl/pdf/Press%20release%20200706%20site.pdf
21. Ireland Expert Group on Health Effects of Electromagnetic Fields (2007)
http://www.dcmnr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3F403A623300C/0/ElectromagneticReport.pdf
o “So far no adverse short or long-term health effects have been found from
exposure to the RF signals produced by mobile phones and base station
transmitters.” (p. 3)
o “There are no data available to suggest that the use of mobile phones by children
is a health hazard.” (p. 3)
o “The ICNIRP guidelines provides adequate protection for the public from any
EMF sources.” (p. 4)
22. International Commission on Non-ionizing Radiation Protection (ICNIRP) (2007)
o ‘It is however the opinion of ICNIRP that present guidelines provide adequate
protection against any adverse effect established so far.”
Paolo Vecchia, Chairman, ICNIRP, Scientific Rationale of ICNIRP Guidelines,
Abstract, WHO/ICNIRP/EMF-NET Joint Workshop on Current Trends in Health
and Safety Risk Assessment of Work-Related Exposure to EMFs, Milan, Italy,
February 14-16, 2007 (http://www.icnirp.de/Joint/VecchiaAbstract.pdf)
23. European Commission Scientific Committee on Emerging and Newly Identified Health
Risks
 Possible Effects of Electromagnetic Fields (EMF) on Human Health (2007)
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_007.pdf
o “RF field exposure has not convincingly been shown to have an effect on selfreported symptoms or well-being.” (p.6)
o “In conclusion, no health effect has been consistently demonstrated at exposure
levels below the limits of ICNIRP (International Commission on Non Ionising
Radiation Protection) established in 1998.” (p. 6)

9

UMTS: Universal Mobile Telecommunications System (UMTS) is one of the third-generation (3G) mobile phone technologies
DECT: Digital Enhanced Cordless Telecommunication is a European Telecommunications Standard Institute standard for
digital cordless phones
10
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24. States of Jersey (2007)
 Regarding emissions from mobile masts, “…it is equally clear that there is no
scientific evidence to show that an actual risk exists.” States of Jersey, Review into
the perceived health effects of mobile phone masts (s.r.8/2007) – Response of the
Minister for Economic Development, May 30, 2007.
http://www.scrutiny.gov.je/view_doc.asp?panelid=0&reviewid=0&target=Reports&d
oc=documents/reports/S-260-48911-3052007.htm

25. Japan Ministry of Internal Affairs and Communications (2007)
 “Consequently, this committee cannot recognize that there is any firm evidence of
effects on health, including nonthermal effects, from radio waves at strengths that do
not exceed the policy for protection from radio waves.” Committee to Promote
Research on the Possible Effects of Electromagnetic Fields, Biweekly Newsletter of
the Ministry of Internal Affairs and Communications (MIC), Communications News,
Vol. 18(6), July 6, 2007.
http://www.soumu.go.jp/joho_tsusin/eng/Releases/NewsLetter/Vol18/Vol18_06/Vol1
8_06.html
26. Finland (2007)
 “No evidence of detrimental health effects were obtained in the studies on cell
cultures, laboratory animals, voluntary persons, or theoretical modelling.” HERMO Health Risk Assessment of Mobile Communications, A Finnish Research Programme
2004-2007. Final report. November 30, 2007.
http://www.uku.fi/hermo/english/Final_report.shtml
27. United Kingdom (2007)
 “The MTHR Programme was set up to resolve uncertainties identified by previous
evaluations of the possible health risks associated with the widespread use of mobile
phone technology. None of the research supported by the Programme and published
so far demonstrates that biological or adverse health effects are produced by
radiofrequency exposure from mobile phones…The Committee has recognized that,
while many of the concerns raised by the Stewart Committee have been reduced by
the Programme and work done elsewhere, some still remain. It has therefore
proposed a further programme of work to address these.” Mobile
Telecommunications Health Research (MTHR) Programme, Report 2007. See Report
2007 at http://www.mthr.org.uk/
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28. European Commission, EMF-NET, Sixth Framework Programme (2007)
 “Overall, there is no convincing scientific evidence that acute or long-term exposure
to low level RF fields can affect reproduction and development in mammals: where
consistent effects have been reported they can be attributable to thermal insults
induced by exposure and not to any field-specific effect unrelated to heating.” EMFNET: Effects of the exposure to electromagnetic fields: From science to public health
and safer workplace. WP2.2 Deliverable report D4bis: Effects on reproduction and
development, November 2007. http://web.jrc.ec.europa.eu/emf%2Dnet/reports.cfm
29. World Health Organization (2007)
 “Despite extensive research, to date there is no evidence to conclude that exposure to
low level electromagnetic fields is harmful to human health.” (Key Point #6)
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
 “To date, all expert reviews on the health effects of exposure to RF fields have
reached the same conclusion: There have been no adverse health consequences
established from exposure to RF fields at levels below the international guidelines on
exposure limits published by the International Commission on Non-Ionizing
Radiation Protection (ICNIRP, 1998).” Children and Mobile Phones: Clarification
http://www.who.int/pehstatement (second paragraph)
emf/meetings/ottawa_june05/en/index4.html
o Fact Sheet #304: Electromagnetic fields and public health: Base stations and
wireless technologies
http://www.who.int/mediacentre/factsheets/fs304/en/index.html
 “Conclusions: Considering the very low exposure levels and research results
collected to date, there is no convincing scientific evidence that the weak RF signals
from base stations and wireless networks cause adverse health effects.”
30. European Commission (2008)
Health and Consumer Protection Directorate-General, Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR) (2008). Possible effects of
electromagnetic fields (EMF) on human health -- opinion of the Scientific Committee on
Emerging and Newly Identified Health Risks (SCENIHR). Toxicology. 2008 (Apr 18)
246:248-250.
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_007.pdf
 “Since the adoption of the 2001 opinion extensive research has been conducted
regarding possible health effects of exposure to low intensity RF fields, including
epidemiologic, in vivo, and in vitro research. In conclusion, no health effect has been
consistently demonstrated at exposure levels below the limits of ICNIRP
(International Committee on Non Ionising Radiation Protection) established in 1998.”
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31. United Kingdom (2008).
Position Statement by The Institution of Engineering and Technology: The Possible
Harmful Biological Effects of Low-level Electromagnetic Fields of Frequencies up to
300 GHz. (May 2008) www.theiet.org/factfiles
 “In summary, the absence of robust new evidence of harmful effects of EMFs in the
past two years is reassuring and is consistent with findings over the past decade.”
32. United Kingdom (2008).
Sense About Science. Making Sense of Radiation. A Guide to Radiation and Its Health
Effects. www.senseaboutscience.org.uk/index.php/site/project/256/
 “A concern often raised by campaign groups is that mobile phones can have
biological effects (affect our cells) despite being too weak to cause significant
heating. Because non-thermal effects cover everything except heating it is a very
broad term – it can refer both to cancer and insomnia – but there is no evidence that
RF radiation causes harmful non-thermal effects.”
33. UK Government (2008)
 “The published evidence for health effects of radiofrequency (RF) electromagnetic
fields in general is reviewed in Health Effects from Radiofrequency
Electromagnetic Fields: Report of an Independent Advisory Group on Non-ionising
Radiation. The report found that, as a whole, the research published since the report
of the Independent Expert Group on Mobile Phones does not give cause for
concern. The weight of evidence now available does not suggest that there are
adverse health effects from exposures to RF fields below guideline levels.”
http://www.number10.gov.uk/output/Page14249.asp
34. Australian Radiation Protection and Nuclear Safety Agency, Committee on
Electromagnetic Energy (2008). http://www.arpansa.gov.au/pubs/eme/fact1.pdf
 “The weight of national and international scientific opinion is that there is no
substantiated evidence that exposure to low level RF EME causes adverse health
effects.”
35. U.S. National Cancer Institute (2008).
Fact Sheet on Cellular Telephone Use and Cancer Risk.
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
 “Studies have not shown any consistent link between cellular telephone use and
cancer…”
 “Incidence data from the Surveillance, Epidemiology and End Results (SEER)
program of the National Cancer Institute have shown no increase between 1987 and
2005 in the age-adjusted incidence of brain or other nervous system cancers despite
the dramatic increase in use of cellular telephones…”
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36. U.S. Food and Drug Administration (2008). Cell Phones.
http://www.fda.gov/cdrh/wireless/health.html
 “The weight of scientific evidence has not linked cell phones with any health
problems.”
 “The scientific evidence does not show a danger to any users of cell phones from RF
exposure, including children and teenagers.”
37. WHO/IARC (International Agency for Research on Cancer) World Cancer Report 2008.
http://www.iarc.fr/en/Publications/PDFs-online/World-Cancer-Report
 “Radiofrequency radiation emitted by mobile telephones has been investigated in a
number of studies. There is some evidence that long-term and heavy use of
mobile/cellular phones may be associated with moderate increased risks of gliomas,
parotid gland tumours, and acoustic neuromas; however, evidence is conflicting and a
role of bias in these studies cannot be ruled out.” (p. 170)
 “With reference to radio frequency, available data do not show any excess risk of
brain cancer and other neoplasms associated with the use of mobile phones.” (p. 170)
 Concerning brain tumors: “After 1983 and more recently during the period of
increasing prevalence of mobile phone users, the incidence has remained relatively
stable for both men and women.” (p. 461)
38. Sweden SSI (2008) Recent Research on EMF and Health Risks- Fifth Annual Report
from SSI: Independent Expert Group on Electromagnetic fields, 2007(Revised edition 15
April, 2008)
http://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2008/
ssi-rapp-2008-12.pdf
 Most of these studies have not demonstrated effects of RF exposure on the studied outcomes,





including also attempts to replicate the genotoxic effects observed in the REFLEX European
programme.
Six recent studies on carcinogenicity, some with higher exposure levels than previously used,
consistently report lack of carcinogenic effects, and two studies on genotoxicity report no
increase in micronuclei or DNA strand breaks after RF exposure.
Most recent volunteer studies have investigated the effects of GSM mobile phone RF
radiation on cognitive function, sleep, heart rate variability, blood pressure, and
hypersensitivity. In general, the recent, methodologically more rigorous studies do not
replicate the positive findings from smaller, less rigorous studies published a few years ago,
but a few positive effects are reported.
Two national Interphone publications are based on very small numbers and do not change the
overall assessment, and two published meta-analyses provide little additional information.

39. European Commission (2009). Health Effects of Exposure to EMF. Opinion of the
Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) (p. 4).
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/scenihr_opinions_en.htm
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“It is concluded from three independent lines of evidence (epidemiological, animal
and in vitro studies) that exposure to RF fields is unlikely to lead to an increase in
cancer in humans”
“…the conclusion that scientific studies have failed to provide support for an effect
of RF fields on self-reported symptoms still holds.”
“There is some evidence that RF fields can influence EEG patterns and sleep in
humans. However, the health relevance is uncertain…Other studies on
functions/aspects of the nervous system, such as cognitive functions, sensory
functions, structural stability, and cellular responses show no or no consistent
effects.”
“Recent studies have not shown effects from RF fields on human or animal
reproduction and development. No new data have appeared that indicate any other
effects on human health.”

40. The Netherlands, Health Council (2009)
http://www.gr.nl/index.php
 Annual Update 2008: “The Committee further discusses the relationship between
electromagnetic fields and brain activity and that between electromagnetic fields and
health symptoms. In both cases the Committee concludes that there is no scientific
evidence that exposure to environmental levels of radiofrequency electromagnetic
fields causes health problems.”
41. Isle of Man (2009)
http://www.gov.im/lib/docs/cso/mobilephonemastscominreport.pdf
 The Council of Ministers considered and accepted the Working Group’s Report as the
appropriate approach to the health impacts of mobile phone masts in the Island. The
final recommendations of the Working Party for the government included
endorsement of the ICNIRP guidelines.
42. Spain’s Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS) (2009)
http://www.ccars.es/docs/informes/INFORME%20CCARS%202007-2008.pdf



Report on radiofrequency and health (2007-2008). The committee concluded from a
review of the literature that the use and exposure of adults to mobile phones over a
period of less than 10 years is not associated with an increased risk of brain tumor,
and that the results of recent scientific research do not justify changes in Spain’s
exposure limits [currently based on ICNIRP guidelines].

43. ICNIRP (2009): "Exposure to high frequency electromagnetic fields, biological effects and health
consequences (100 kHz-300 GHz)"
http://www.icnirp.de/documents/RFReview.pdf



“The mechanisms by which RF exposure heats biological tissue are well understood
and the most marked and consistent effect of RF exposure is that of heating, resulting
in a number of heat-related physiological and pathological responses in human
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subjects and laboratory animals. Heating also remains a potential confounder in in
vitro studies and may account for some of the positive effects reported.”
44. German Telecommunications Research Programme Final Report (2009):
http://www.emf-forschungsprogramm.de/abschlussphase/abschlusskonferenz.html
 “The DMF’s findings give no reason to question the protective effect of current limit
values.”
45. Finland's Radiation and Nuclear Safety Authority (Stuk) (2009)
http://www.stuk.fi/julkaisut_maaraykset/fi_FI/katsaukset/_files/81811016537538837/def
ault/taustakentat_engl_22_7_2009_lopullinen.pdf
 “There is no evidence so far on the health effects due to long-term exposure to radio
frequency radiation but anyone can reduce one’s own exposure easily.”
46. ICNIRP (2009): ICNIRP statement on the “Guidelines for limiting exposure to timevarying electric, magnetic, and electromagnetic fields (up to 300 GHz)”
http://icnirp.org/documents/StatementEMF.pdf
 “..it is the opinion of ICNIRP that the scientific literature published since the 1998
guidelines has provided no evidence of any adverse effects below the basic
restrictions and does not necessitate an immediate revision of its guidance on limiting
exposure to high frequency electromagnetic fields.”
47. US National Institute of Environmental Health Sciences, National Toxicology Program
(2009)
“Cell Phone Radiofrequency Radiation Studies”
http://www.niehs.nih.gov/health/docs/cell-phone-fact-sheet.pdf
 “The weight of scientific evidence has not conclusively linked cell phones with any
health problems. Additional research is needed. The NTP is conducting studies on
radiofrequency radiation emitted by cell phones.”
48. US Health Physics Society (2009)
http://hps.org/documents/mobiletelephonefactsheet.pdf
 “These analyses, together with other previous reviews by expert groups and health
agencies, show there is no clear evidence for health hazards from exposures to RF
fields below international (IEEE or ICNIRP) exposure guidelines.”
49. French Agency for Environmental and Occupational Health Safety (2009)
http://www.afsset.fr/upload/bibliotheque/964737982279214719846901993881/Rapport_
RF_20_151009_l.pdf
 “..the currently available experimental data do not indicate short-term or long-term
effects from RF EMF exposure, nor do current epidemiological data point to effects
from short-term exposure. Questions remain for long-term effects, the group states;
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however, no biological mechanism has been established to support the presence of
long-term harm.”
50. French Parliament (2009)
http://www.assemblee-nationale.fr/13/rap-off/i2005-tI.asp#P1889_148540
 “The majority of researchers have confirmed, albeit with some caution, the absence of
any health risk. There is a near consensus on the harmlessness of mobile phone
relays,”
 “With regard to the possible effects of mobile phone, a majority of researchers affirm,
though cautiously, the absence of a proven health hazard,”
51. Germany Federal Office for Radiation Protection BfS (2009)
http://www.bfs.de/en/elektro/papiere/EMF_Wirkungen
ttp://www.bfs.de/en/elektro/hff/papiere.html/Fruchtbarkeit_Mann.html
 “..research to date has not demonstrated a lasting threat to animals or plants from
EMF below the limits, nor significant effects of mobile phone EMF on testes and
sperm -- only minor fluctuations in individual physiological parameters. “
52. Nordic countries (2009)
EXPOSURE OF THE GENERAL PUBLIC TO RADIOFREQUENCY
ELECTROMAGNETIC FIELDS - A joint statement from the Nordic Radiation Safety
Authorities
http://www.stuk.fi/stuk/tiedotteet/fi_FI/news_578/_files/82468261251448918/default/No
rdic_Statement-EMF161109.pdf
 “The Nordic authorities agree that there is no scientific evidence for adverse health
effects caused by radiofrequency field strengths in the normal living environment at
present. ….The Nordic authorities therefore at present see no need for a common
recommendation for further actions to reduce these radiofrequency fields.”
53. Sweden SSI (2009 )
Recent Research on EMF and Health Risks Sixth annual report from SSM’s independent
Expert Group on Electromagnetic Fields
Report number: 2009:36 ISSN: 2000-0456, Available at
www.stralsakerhetsmyndigheten.se
 “Overall the studies published to date do not demonstrate an increased risk of cancer
related to mobile phone use within approximately ten years of use for any tumour of
the brain or any other head tumour.” “For slow-growing tumours such as meningioma
and acoustic neuroma, as well as for glioma among longterm users, the absence of
association reported thus far is less conclusive because the observation period has
been too short.”, and “Long-term animal data on balance do not indicate any
carcinogenic effect.”
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“..these results in combination with the negative animal data and very low exposure
from transmitters make it highly unlikely that living in the vicinity of a transmitter
implicates an increased risk of cancer.”
“While the symptoms experienced by patients with perceived electromagnetic
hypersensitivity are very real and some subjects suffer severely, there is no evidence
that RF exposure is a causal factor.”

54. UK Health Protection Agency (HPA) (2010)
Health Advice on Mobile Phones
http://www.hpa.org.uk/webw/HPAweb&HPAwebStandard/HPAweb_C/1195733769169
Although HPA mentions in this statement that scientific evidence is limited, in particular
regarding long term use and children, they clearly state at the beginning of the paper:
 “The scientific consensus is that, apart from the increased risk of a road accident due
to mobile phone use when driving, there is no clear evidence of adverse health effects
from the use of mobile phones or from phone masts.”
55. WHO (2010)
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
Electromagnetic fields and public health: mobile phones
 To date, no adverse health effects have been established for mobile phone use.
56. ICNIRP (2010)
Note on the Interphone publication
http://icnirp.org/documents/ICNIRPnote.pdf
 ICNIRP therefore considers that the results of Interphone study give no reason for
alteration of the current guidelines.
57. UK HPA (2010)
http://www.hpa.org.uk/NewsCentre/NationalPressReleases/2010PressReleases/100518IN
TERPHONE/
 Dr John Cooper, director of the Health Protection Agency's Centre for Radiation,
Chemicals and Environmental Hazards, said: "The INTERPHONE study has not
established an increase in brain cancer but some uncertainties remain, particularly
regarding high users. The HPA welcomes both the study and the call from the
International Agency for Research on Cancer for further research into mobile phone
use and brain cancer."
58. FDA (2010)
http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/UCM212306.pdf
 “No evidence linking cell phone use to risk of brain tumors”
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59. National Cancer Institute (2010)
http://www.cancer.gov/newscenter/pressreleases/Interphone2010Results
 “NCI Statement: International Study Shows No Increased Risk of Brain Tumors from
Cell Phone Use”
60. Australia Cancer Council (2010)
http://www.cancer.org.au/Newsmedia/mediareleases/mediareleases2010/17May2010.htm
 “World’s largest mobile phone study fails to find brain cancer link
Mobile phones and cancer risk – Interphone study”
61. Austria (2010): Scientific Expert Panel on EMF and health confirms ICNIRP limits
http://www.wbf.or.at/wbf-expertenforum/expertenforum-2010/
 The Austrian Scientific Advisory Board Funk (WBF) has unanimously concluded that
the current state of scientific evidence on mobile phone use shows no conclusive
health hazard could be proven. WBF says it may therefore continue to be assumed
that mobile phones - in compliance with the limits – represents no health risk to
humans.
62. The Institution of Engineering and Technology (2010)
http://www.theiet.org/factfiles/bioeffects/emf-position.cfm
The Possible Harmful Biological Effects of Low-Level Electromagnetic Fields of
Frequencies up to 300 GHz
 BEPAG has concluded that the balance of scientific evidence to date still does not
indicate that harmful effects occur in humans due to low-level exposure to EMFs.
This conclusion remains the same as that reached in its previous position statements,
the last being in May 2008, and has not been substantially altered by the peerreviewed literature published in the past two years.
63. European health risk assessment network on EMF exposure (2010)
http://efhran.polimi.it/docs/IMS-EFHRAN_09072010.pdf
Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo
(animals) studies
 For the three frequency ranges examined, the conclusions of the 2009 SCENIHR
report are still valid in spite of the publication of several positive findings.
 Many of the new publications originate from laboratories and countries that are new
to bioelectromagnetics research. This translates sometimes into unsatisfactory
dosimetry or statistical analysis. Health risk assessment to be performed in the
coming years (e.g., WHO EMF project) will need to be carried out with strict quality
criteria.
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64. Latin America (2010)
Experts Committee on High Frequency Electromagnetic Fields and Human Health.
Scientific review: Non-ionizing electromagnetic radiation in the radiofrequency spectrum
and its effects on human health.
http://www.wireless-health.org.br/downloads/LatinAmericanScienceReviewReport.pdf
 “Having many different rules only creates confusion and mistrust of government.
Every effort should be made to harmonize standards at all levels (from national to
state or municipality level) adopting science-based standards recommended by
international bodies such as ICNIRP.”
 “…the general conclusion, after more than 20 years of in vivo studies, is that no
consistent or important effects of RF could be demonstrated in intact animals below
international safety standards,”
 Overall, “current science-based evidence points to there being no adverse effects in
humans below thermal thresholds, no hazardous influences on the well-being and
heath status of users and non-users of cell phones and people living near base
stations, and that no convincing evidence for adverse cognitive, behavioral and
neurophysiological and other physiological effects exist.”
65. European Commission (2010)
PROMOTING HEALTHY ENVIRONMENTS WITH A FOCUS ON THE IMPACT OF
ACTIONS ON ELECTROMAGNETIC FIELDS
http://ec.europa.eu/health/electromagnetic_fields/docs/bio_frep_en.pdf




There is no conclusive scientific evidence of any adverse health effects below the
protection limits of exposure to electromagnetic fields proposed by the International
Commission on Non-Ionising Radiation Protection (ICNIRP), implemented in Europe
by the Council Recommendation 1999/519/EC. The advantage of applying the
ICNIRP guidelines is their solid scientific basis of established biological effects.
In conclusion, society and/or decision-makers have to decide which options of
exposure reductions are to be applied, given the present scientific uncertainty in
relation to some exposure scenarios. However, it is unclear at the moment whether
precautionary measures lead to any benefits. For this purpose, the options, their
potential benefits, and potential lack of any benefits together with the implementation
costs have to be communicated in a transparent manner. At the same time, more data
are needed to have a better overview of an individual’s total EMF exposure in a
modern environment, to better identify where exposure peaks occur, and how they can be
avoided.
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66. Tanzania Communications Regulatory Authority (2010)
Electromagnetic radiation from telecommunications and broadcasting equipment and
health
http://www.tcra.go.tz/headlines/radiationPressReleaseEng.pdf
 The conclusions from these publications show that there is strong evidence that RF
exposure below a certain threshold does not cause harmful effects to biological
systems.
 The weight of substantial international scientific research is that there is no
substantial evidence that the use of communications equipment causes harmful health
effects.
67. European Union (2010)
European Health Risk Assessment Network on Electromagnetic Fields Exposure
(EFHRAN)
http://efhran.polimi.it/docs/EFHRAN_D2_final.pdf
 For none of the diseases is there sufficient evidence for a causal association between
exposure and the risk of the disease, and the strength of evidence for many outcomes
remains as inadequate.
 Classification: Evidence for Lack of Effect for EHS.
69. Ontario Agency for Health Protection and Promotion (2010)
Wireless Technology and Health Outcomes: Evidence and Review
http://www.oahpp.ca/resources/documents/10-092010_Wireless_technology_and_health_outcomes_v2.pdf


‘…While the most recent review continues to call for additional research to follow up
on new findings, after a decade of additional research, there is still no conclusive
evidence of adverse effects on health at exposure levels below current Canadian
guidelines.’



“Given the experience with other sources of non-ionizing radiation (e.g. power lines) that
have been in use much longer than cellphones or Wi-Fi, it is unlikely that all controversies
related to potential RF effects will be resolved even after decades of additional research.”

70. French National Cancer Institute (2010)
Mobile phones and health: what do we know?
http://www.e-cancer.fr/prevention/environnement-et-cancers/ondeselectromagnetiques/telephones-mobiles-et-sante--que-savons-nous “French health authorities indicate there is no evidence to demonstrate that the use of
mobile phones presents a risk to health, both for adults and for children. “
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71. Swedish Radiation Safety Authority (2010)
2010:44 Recent Research on EMF and Health Risk: Seventh annual report from SSM:s
Independent Expert Group on Electromagnetic Fields, 2010
http://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2010/
SSM-Rapport-2010-44.pdf

“…for up to about ten years of mobile phone use associations with brain tumour risk
are unlikely. …For longer duration of use, for specific subtypes of cancer, and for
children and adolescents data are sparse or non-existing, and conclusions are less
certain.”

“Available data do not indicate any risks related to exposure to RF from base stations
or radio or TV antennas. Taking into account also the low levels of exposure that
these sources give rise to, health effects from transmitters are unlikely.”
72. Spain’s Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS) (2011)
http://www.ccars.es/
 “According to various agencies, there is no scientific justification for a reduction in
current exposure limits for RF EMF.”
73. ICNIRP (2011)
Note From The ICNIRP Regarding The IARC Classification Of Radiofrequency Fields
http://www.icnirp.de/documents/ICNIRP_IARCclassificationRF.pdf
 “ICNIRP awaits with interest the full Monograph that explains the justification and
arguments put forward by IARC in arriving at this conclusion. ICNIRP has been
conducting a review of the potential health effects of RF including carcinogenicity as
well as other aspects. The Commission will be publishing a revision of the ICNIRP
guidelines on limiting RF exposure for the general public and occupational groups. It
will take into account all aspects of the literature including the material put forward in
the IARC Monograph.”
74. National Cancer Institute
http://www.cancer.gov/ncicancerbulletin/062811/page4
A conversation with Dr. Martha Linet on Cell Phone Use and Cancer Risk
 “Most studies to date have not found an association between cell phone use overall
and the development of tumors. However, there are a handful of studies that have
shown an association with increased risk for glioma among the small number of cell
phone users who reported the highest level of call time. Among the positive studies,
results are conflicting and don't show a dose-response. In addition, there is no
biologically plausible mechanism or animal evidence for how cell phones might
cause cancer. “

41

ATTACHMENT 6a

75. Association for International Cancer Research (2011)
http://www.thecourier.co.uk/Community/Health/article/14539/cancer-expert-plays-downmobile-phone-link-with-brain-tumours.html
 “There is no convincing evidence linking mobile phone use and cancer.”
76. Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) (2011)
Statement by ARPANSA on IARC announcement on classification of radiofrequency
http://www.arpansa.gov.au/index.htm
 “ARPANSA does not consider that the new classification should give rise to any
alarm.”
 “ARPANSA will consider the implications of the IARC decision and the underlying
scientific evidence and, if necessary, review the current standard and other means of
protecting the public.”
77. Cancer Council Australia (2011)
http://www.cancer.org.au/Newsmedia/mediareleases/mediareleases2011/1June2011.htm
 “However, these findings need to be put in context. While we need to continue
researching the possible link between mobile phones and cancer, it is important to
remind people there are many more established cancer risk factors that we can take
action every day. Strong action on clear cancer risks like tobacco, alcohol, excessive
UV exposure and obesity remain a priority.”
78. Irish Cancer Society
http://www.cancer.ie/news/news.php?newsID=464?h
 “This means that there is potential for harm from mobile phones but there is
insufficient evidence to say there is a direct effect. “
79. UK Health Protection Agency (2011)
http://www.hpa.org.uk/NewsCentre/NationalPressReleases/2011PressReleases/110531ele
ctomagneticfields/
 “HPA advice is that there is no clear scientific evidence of a cancer risk from
exposure to radiofrequencies at levels below international guidelines but the
possibility remains.”
80. UK National Health Service (2011)
http://www.nhs.uk/news/2011/05May/Pages/iarc-mobile-phones-brain-tumourcancer.aspx
So do mobile phones definitely cause cancer?
 No. The IARC’s classification means there is some evidence linking mobile
phones to some types of brain cancer but that this evidence is too weak to draw
strong conclusions.

42

ATTACHMENT 6a

81. US National Cancer Institute (2011)
http://www.cancer.gov/newscenter/pressreleases/2011/IARCcellphoneMay2011
NCI Statement: International Agency for Research on Cancer Classification of Cell Phones as
“Possible Carcinogen”


“Interphone, considered the major study on cell phone use and cancer risk, has
reported that overall, cell phone users have no increased risk of the most common
forms of brain tumors -- glioma and meningioma. In addition, the study revealed no
evidence of increasing risk with progressively increasing number of calls, longer call
time, or years since beginning cell phone use. For the small proportion of study
participants who reported spending the most total time on cell phone calls, there was
some increased risk of glioma, but the researchers considered this finding
inconclusive. Furthermore, a large population-based cohort study in Denmark has
found no evidence of increased risk of brain tumors. It is noteworthy that brain cancer
incidence and mortality rates in the population have changed little in the past decade.”

82. American Cancer Society (2011)
http://pressroom.cancer.org/index.php?s=43&item=312
Dr. Otis Brawley, Chief Medical Director, responds to IARC Classification of Cell
Phones as Possible Carcinogenic
 “It is critical that its findings be interpreted with great care. The working group
reviewed a large number of studies and concluded that there was limited evidence
that cell phones may cause glioma, a type of brain tumor that starts in the brain or
spine. A 2B classification means that there could be some risk, but that the evidence
is not strong enough to be considered causal, and needs to be investigated further.
The bottom line is the evidence is enough to warrant concern, but it is not
conclusive.”
 “It's also important to put this 2B classification into perspective. Many common
exposures are classified in Category 2B, including gasoline exhaust and even coffee.”
83. Health Canada (2011)
http://www.canada.com/health/Call+concern+cellphone+emissions+carcinogenic+says/
4868280/story.html#ixzz1NyKX64T5
 "The best way to define this is it's a recognition that there is some evidence from
human studies and from animal studies. It's very important to state that this evidence
is far from established and it's far from causal, but it is a recognition that a lot of work
has been done, a great deal of work has been reviewed and it's a statement of where
the science is in time," said McNamee.
84. WHO (June, 2011)
Fact Sheet #193 Electromagnetic fields and public health: mobile phones
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
Are there any health effects?
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“A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health effects
have been established as being caused by mobile phone use.”
“WHO will conduct a formal risk assessment of all studied health outcomes from
radiofrequency fields exposure by 2012.”

85. ICNIRP (July 2011)
Mobile Phones, Brain Tumours and the Interphone Study: Where Are We Now?
http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693
 “In summary, Interphone and the literature overall have methodological deficiencies
but do not demonstrate greater risk of either glioma or meningioma with longer or
greater use of mobile phones, although the longest period since first use examined is
<15 years.”
 “Although there remains some uncertainty, the trend in the accumulating evidence is
increasingly against the hypothesis that mobile phone use can cause brain tumours in
adults.”
86. International Epidemiology Institute (2011)
http://jnci.oxfordjournals.org/content/early/2011/07/27/jnci.djr285.full
 “There have been other recent studies presenting brain tumor incidence trends among
adults and children over the last 20 years in the United States; the United Kingdom;
New Zealand; and Denmark, Norway, Sweden, and Finland. It is especially
encouraging that these nationwide time-trend studies are uniformly and remarkably
consistent in showing no evidence of increases in brain tumors over recent calendar
years, up to and including 2009 in Sweden. Increases would have been expected if
radio frequency waves were causally associated with brain cancer, given the steady
and marked rise in the use of cell phones throughout the world since the 1980s.”
.
87. National Cancer Institute (2011)
Fact Sheet: Cell Phones and Cancer Risk
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
 “Studies thus far have not shown a consistent link between cell phone use and cancers
of the brain, nerves, or other tissues of the head or neck.”
 “..to date there is no evidence from studies of cells, animals, or humans that
radiofrequency energy can cause cancer.”
88. Health Canada (2011)
Wi-Fi Equipment
http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/wifi/index-eng.php
 “Based on scientific evidence, Health Canada has determined that exposure to lowlevel RF energy, such as that from Wi-Fi equipment, is not dangerous to the public.”
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89. Health Canada (2011)
Safety of Cell Phones and Cell Phone Towers
http://www.hc-sc.gc.ca/hl-vs/alt_formats/pacrb-dgapcr/pdf/iyh-vsv/prod/cell-eng.pdf
 “The IARC classification of RF energy reflects the fact that some limited evidence
exists that RF energy might be a risk factor for cancer. However, the vast majority of
scientific research to date does not support a link between RF energy exposure and
human cancers.”
 “With respect to cell phone towers, as long as exposures respect the limits set in
Health Canada’s guidelines, there is no scientific reason to consider cell phone towers
dangerous to the public.”
90. Health Council of the Netherlands (2011)
Radiofrequency electromagnetic fields and children’s brains
http://www.gezondheidsraad.nl/en/news/infleuence-radiofrequency-telecommunicationsignals-children-s-brains
 “Available data do not indicate that exposure to radiofrequency electromagnetic fields
affect brain development or health in children.”
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Response to five additional interview questions directed by the GAO to officers
of the IEEE International Committee on Electromagnetic Safety (ICES)
January 6, 2012
IEEE ICES Respondents
Ronald Petersen, M.S.E.P.
Executive Secretary, IEEE ICES, Secretary SC-4
Former Chair of IEEE ICES and SCC34
Retired from Lucent Technologies Bell Labs
Ken Gettman
Vice-Chair, IEEE ICES
Wolfgang Kainz, Ph.D.
Chair, IEEE ICES TC34 (Assessment Standards)
FDA, Center for Devices and Radiological Health
C-K. Chou, Ph.D.
Chair, IEEE ICES TC95 (Exposure Standards)
Motorola Solutions, Inc.
Richard A. Tell
Chair, IEEE ICES TC95 SC-2 (RF Safety Programs)
R A Tell Associates
US EPA (Retired)
Art Thansandote, Ph.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Health Canada, Consumer and Clinical Radiation Protection Bureau
Marvin C. Ziskin, M.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Professor of Radiology & Medical Physics
Temple University Medical School
Joe A. Elder, Ph.D.
Chair, IEEE ICES TC95 SC-4 Literature Surveillance Working Group
US EPA and Motorola (Retired)
Robert Cleveland, Ph.D.
Member, IEEE ICES
EMF Consulting
US FCC (Retired)
Please note that answers to the questions submitted by GAO are
addressed by officers of IEEE ICES speaking as individuals and not for
the IEEE.
1

ATTACHMENT 6b

GAO Additional Questions Response-6 January 2012

Additional Interview Questions for IEEE ICES
1. In the 2007 “BioInitiative Report: A Rationale for a Biologically-based Public
Exposure Standard for Electromagnetic Fields (ELF and RF),” the authors discuss
the “precautionary principle,” suggesting that if there is uncertainty about the risk
posed to human health, protective measures should be taken without having to wait
until the risk proves to be real and causes irreversible threats to health or the
environment.
a. What is IEEE’s perspective on this principle?
The 2007 BioInitiative Report (BIR) is a compilation of distinct chapters or sections with
no consistent approach and no evidence of consensus among all the authors or any
statement to that effect. The report is not an objective comprehensive review, nor a
weight-of-evidence assessment. For example, critical literature was ignored, including the
animal tumor studies. Furthermore, the BIR does not provide a rationale to show how
their recommended limits were derived. Setting RF exposure limits based on the
“precautionary principle” as recommended in the BIR is inappropriate and inadvisable
because of the large database on the biological and health effects of RF exposure that was
ignored. Furthermore, we contend that by incorporating large safety factors into the
IEEE C95.1 exposure limits, i.e., 10 and 50 for exposures in the workplace and for the
general public, respectively, ICES is recommending safe limits based on a defensible
scientific process.
A critique of the BIR is included in the Technical Information Statement (TIS) published
in 2009 by the IEEE Committee on Man and Radiation 1 (COMAR) [1]). The COMAR
position, as summarized in the abstract of the TIS, is consistent with that of ICES and a
number of international expert panels that have recently reviewed the literature.
Specifically,
“Since appearing on the Internet in August 2007, the BIR [BioInitiative
Report] has received much media attention but, more recently, has been
criticized by several health organizations (see Section titled “Views of
health agencies about BIR”). COMAR concludes that the weight of
scientific evidence in the RF bioeffects literature does not support the
safety limits recommended by the BioInitiative group. For this reason,
COMAR recommends that public health officials continue to base their
policies on RF safety limits recommended by established and sanctioned
international organizations such as the Institute of Electrical and
Electronics Engineers International Committee on Electromagnetic Safety
and the International Commission on Non-Ionizing Radiation Protection,
which is formally related to the World Health Organization.”

1

IEEE Committee on Man and Radiation is a Technical Committee of the IEEE Engineering in Medicine and
Biology Society (EMBS). See http://ewh.ieee.org/soc/embs/comar/.
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Unlike the BioInitiative Group, IEEE/ICES uses a weight-of-evidence approach—an
approach commonly used by federal health agencies to evaluate the risks associated with
exposure to chemicals and physical agents. As described in IEEE C95.1-2005, based on
its review of the literature on the biological and health effects of exposure to RF energy,
ICES determined that the literature published over the past 50 plus years provided
sufficient information to develop exposure limits to protect against established adverse
health effects associated with RF exposure. The results of the literature review and
evaluation that led to the exposure limits presented in the 2005 standard are summarized
in part in 11 peer-reviewed papers published in 2003 in a special issue of the
Bioelectromagnetics Journal [2]. The aim of these review papers was to summarize the
weight-of-evidence of the 1200 plus relevant papers that are cited in the published
standard. The results of the literature evaluation established thresholds for effects
considered adverse to which safety factors were added to derive limits to protect against
all established health risks associated with RF exposure. An interesting corollary is that
there are no known injuries or diseases documented in the literature from exposures
within the RF limits recommended by IEEE or similar limits derived from a weight-ofevidence approach by other organizations, e.g., the International Commission on NonIonizing Radiation Protection (ICNIRP). 2
IEEE/ICES continues to monitor the pertinent literature. Should scientifically sound
evidence become available about an adverse health effect occurring at a level below
current limits, the limits would be adjusted accordingly and implemented by means of a
revision or amendment to the standard.
b. What would be the strengths and limitations of adopting this approach when
setting radiofrequency energy exposure standards?
Whereas the IEEE standards and ICNIRP guidelines are based on established adverse
health effects, the precautionary approach recommended in the BIR for setting standards
is based on reports of low-level biological effects that have not been established. The
relevance of such low-level effects to health remains speculative and, therefore, not
useful for standard setting. Moreover, there is no established mechanism that could
possibly explain how any adverse health effect could result from exposures below the
IEEE limits. Setting exposure limits based on questionable, low-level biological effects
that do not rise to the level of an adverse health effect would lead to unreasonably low
and inappropriate limits. For example, the 0.6 V/m limit recommended in the BIR, which
is 2,094 to 10,472 times below the IEEE and ICNIRP general public and occupational
exposure limits in terms of power density, would not provide any demonstrable health
benefit over the existing standards, guidelines and regulations, but would, in fact, cause
immediate and significant risks for health and safety. As stated in the COMAR TIS,

2

ICNIRP is a body of independent scientific experts consisting of a main Commission of 14 members, 4 Scientific
Standing Committees covering Epidemiology, Biology, Dosimetry and Optical Radiation and a number of
consulting experts. ICNIRP, which is independent from industry in both membership and funding, works in close
collaboration with many health protection related agencies both national and international, including, for example,
the World Health Organization (WHO) and the International Radiation Protection Association (IRPA).
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“…if the limits in the BIR were applied consistently, such limits would
prevent, or at least greatly complicate, the installation and use of
traditional radio and TV broadcasting services, airport radar systems,
police and other emergency communications systems, wireless telephone
and wireless Internet systems, and many other applications of the
radiofrequency spectrum—all of which have important benefits to public
health and safety. Therefore, the BIR recommendations would in effect
potentially increase risks by degrading effectiveness of many safety systems
employing RF energy.”
References:
[1] COMAR, “Technical Information Statement: Expert Reviews on Potential Health
Effects of Radiofrequency Electromagnetic Fields and Comments on the BioInitiative
Report,” Health Physics, vol. 97, no. 4, 348-356, 2009.
[2] Reviews of the effects of RF fields on various aspects of human health,
Bioelectromagnetics, vol. 24, issue S6, pp. S1-S213, 2003.
2. In our last interview, you discussed the use of the SAM (Specific Anthropomorphic
Mannequin) during mobile phone exposure testing, noting that it was designed to
produce conservative (that is, high) SAR values during testing. Since adopting
standardized testing procedures using the SAM, the FCC has also noted that finitedifference time-domain (FDTD) algorithm is a widely accepted computational
method for SAR modeling, as it is an anatomically-based model that takes into
account the wide range of ages and head sizes of users.
a. What is your perspective on the studies that have shown that using the SAM
results in higher radiofrequency energy exposures to children and some adults?
Although spatial variations in SAR are expected for RF exposures to the head in the near
field, as pointed out by Gandhi et al. (1996) [1], de Salles et al. (2006) [2], Wiart et al.
(2008) [3] and Christ et al. (2010) [4], spatial peak SARs in the SAM head model used
for compliance evaluation have been shown to be conservative for both adults and
children (by the teams of Kuster and Wiart 2010 [4], [5]). Their conclusions are
summarized in the following statements taken from the abstracts of their papers:
“The peak spatial specific absorption rate (SAR) assessed with the
standardized specific anthropometric mannequin head phantom has been
shown to yield a conservative exposure estimate for both adults and
children using mobile phones.” [4]
“The specific anthropomorphic mannequin (SAM) homogeneous head
model has been also used to compare all the results and to confirm that
the SAM model always overestimates adult and child head exposure… It
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was also pointed out that the value of the maximum local peak SAR in the
SAM was always higher than in the adult and children models.” [5]
The apparent concern stems from recent media reports and presentations by those
promoting precautionary measures when using mobile phones. Their arguments are
usually based on a figure (Figure 1) from Gandhi et al. (1996) [1] that represents the
results of numerically-computed SAR patterns for 5 yr, 10 yr and adult heads.

a) Adult

b) 10-year old

c) 5-year old

Figure 1: The apparent dramatic increase of penetration depth in smaller heads.
(Gandhi et al., 1996 [1])
The figure is misleading and has been corrected in a follow-up paper by Gandhi and
Kang (2002) [6]. In this paper, the revised scaling and color presentation show that the
penetration depth in the three head models is about the same (see Figure 2). While the
authors still claim that the penetration is deeper in the smaller heads, this statement is true
only if RF penetration is expressed as a percentage of the width of the head, and not
penetration depth, per se.

a) Adult

b) 10-year old c) 5-year old

Figure 2: In contrast with Figure 1, the 2002 Gandhi and Kang paper [5] shows
that with the corrected scaling with respect to physical size, the SAR patterns in
the different sized heads are similar.

5

ATTACHMENT 6b

GAO Additional Questions Response-6 January 2012

Based on the physical theory of RF exposure in the near-field, the results shown in
Gandhi and Kang (2002) [6] are expected. Similar results obtained by Bit-Babik et al.
(2005) [7] are shown in Figure 3. In spite of the fact that Gandhi and Kang [2002]
revised their earlier results, activists repeatedly use the Gandhi et al. [1996] results to
argue that RF energy has deeper penetration in the heads of children compared with
adults.

a) Adult

b) 10-year old

c) 5-year old

Figure 3: Results by Bit-Babik et al. (2005) [7] (SAR 1-g average) using scaled
head models that are similar to the results of Gandhi and Kang [2002].
MRI-based adult and child models used for simulation of exposure to mobile phones
show that the peak SAR in the brain of smaller heads is greater than in the adult head.
This is expected because smaller heads have smaller ears and a thinner skull, i.e., the
antennas are closer to the brain. Some use this fact to argue that because the SAM head is
large, SAR measurements using the SAM phantom are not conservative, especially for
children [8]. However, IEEE/ICES TC34 was aware of the fact that the closer the
antenna is to the brain the greater the absorption. To compensate for this and to ensure
conservative estimates, the SAM phantom possesses both a thin ear to allow cell phone
antennas to be close to the head and a simulant liquid with greater absorption properties
than those found within the human head. For details see Chapter 5 Phantom Model of
IEEE Std. 1528-2003 [9]. Three recent studies ([4], [5], [10]), using the finite difference
time domain (FDTD) method and MRI-based human head models, have shown that
measurements using the SAM phantom are conservative. No study has shown that the
SAM phantom is not conservative for the user population. Therefore, our position is that
use of the SAM phantom provides conservative results.
References:
[1] Gandhi O P, Lazzi G, and Furse CM, “Electromagnetic absorption in the human
head and neck for mobile telephones at 835 and 1900 MHz,” IEEE Trans. Microw.
Theory Tech. vol. 44, pp. 1884–97, 1996.
[2] de Salles A. A., Bulla G., Fernandez, Rodreiguez C. E. Electromagnetic absorption
in the head of adults and children due to mobile phone operation close to the head.
Electromagn Biol Med, vol. 25, pp. 349–360, 2006.
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[3] Wiart J, Hadjem A, Wong MF, and Bloch I,“Analysis of RF exposure in the head
tissues of children and adults,” Phys. Med. Biol., vol. 53, pp. 3681–3695, 2008.
[4] Christ A, Gosselin MC, Christopoulou M, Kuhn S, Kuster N, “Age-dependent
tissue-specific exposure of cell phone users,” Phys. Med. Biol., vol. 55, pp. 1767–
1783, Mar. 2010.
[5] Hadjem A, Conil E, Gati A, Wong MF and Wiart J, “Analysis of power absorbed by
children’s head as a result of new usages of mobile phones,” IEEE Trans.
Electromagn. Compat., vol. 52, no. 4, pp. 812–819, Nov. 2010.
[6] Gandhi O and Kang G, “Some present problems and a proposed experimental
phantom for SAR compliance testing for cellular telephones at 835 and 1900 MHz,”
Phys. Med. Biol., vol. 47, pp. 1501–1518, 2002.
[7] Bit-Babik G, Guy AW, Chou C-K, Faraone A, Kanda M, Gessner A, Wang J and
Fujiwara O, “Simulation of exposure and SAR estimation for adult and child heads
exposed to radiofrequency energy from portable communication devices,” Radiat.
Res., vol. 163, pp. 580–590, 2005.
[8] Gandhi et al, “Exposure Limits: The underestimation of absorbed cell phone
radiation, especially in children,” Electromagnetic Biology and Medicine, Early
Online, pp. 1–18, 2011.
[9] IEEE 1528-3003, “IEEE Recommended Practice for Determining the Peak SpatialAverage Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques,” Institute of Electrical and
Electronics Engineers, New York, NY.
[10] Beard BB, Kainz W, Onishi T, Iyama T, Watanabe S, Fujiwara O, et al.,
“Comparisons of computed mobile phone induced SAR in the SAM phantom to that
in anatomically correct models of the human head,” IEEE Trans. Electromagn.
Compat., vol. 48, no. 2, pp. 397–407, May 2006.
b. What are the strengths and limitations of the FDTD computer simulation in lieu
of SAM testing for mobile phones?
The present state-of-the art numerical techniques, such as the finite-difference timedomain method (FDTD), allow computer simulations of RF exposure from mobile
phones in test configurations currently specified in the related measurement standards.
However, the development of numerical methods for the simulation of the
electromagnetic fields from a complex device such as a cell phone remains too immature
for use in compliance evaluations (see Limitations below).
Strengths: FDTD simulations are convenient and, in many cases, indispensable in
modeling and understanding the many details of exposure. Realistic heterogeneous
models of the head can be simulated including various shapes and head sizes, the bioheat
equation can be included to examine the temperature distribution associated with RF
heating, and the FDTD method can be used at the handset design stage to ensure
compliance. Furthermore, the FDTD input parameters can easily be changed to
accommodate different types of antennas and exposure conditions. A major strength lies
7
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in the ability to assess the SAR for the user population before the actual phone is built. A
reliable FDTD computer simulation uses the CAD models of the phone as a basis for the
SAR calculation. Based on the simulation results, changes to the design can be quickly
incorporated.
Limitations: The main issue that restricts the use of FDTD simulations for compliance
assessment is a large uncertainty of the computed results associated with the
approximation and simplification of highly detailed complex transmitters like mobile
phones. The issue for compliance evaluations is constructing and validating the computer
model to ensure that the simulated induced electromagnetic field is the same as that from
the actual transmitting device. While some simulations can demonstrate very accurate
results, many others could be off by a substantial amount exceeding many times the
acceptable uncertainty limits.
Additional Note: Efforts on standardizing the simulation procedures to improve
reliability and accuracy of the models are underway by the IEEE/ICES TC34
Subcommittee 2 numerical methods working groups and International Electrotechnical
Commission (IEC) TC106 project teams. When completed, the standards will be
published as dual-logo IEEE/IEC international standards. Whereas the procedures
developed to simulate a complex device such as a cell phone are still too immature to be
applied for exposure compliance evaluation, the measurement technique provides
sufficiently robust and accurate evaluations.
Newly submitted questions
3. In your response to our original questions, it said that the 2005 SAR limits are based
on a significantly improved understanding of the RF and thermal dosimetry and
biological/health effects considerations.
a. As these standards relate to cell phone usage, does using the older C95.1-1991
standard pose an increased assumption of health risks than if the FCC adopted
the 2005 standard?
No, both the C95.1-1991 and C95.1-2005 limits have large safety margins. The rationales
for the peak spatial-average SARs and the peak spatial-average SAR limits differ in the
two standards. Whereas the peak spatial-average SAR of 1.6 W/kg (averaged over 1 g of
tissue) found in C95.1-1991 was based on dosimetry, that is, it was based on the ratio of
the localized peak SAR to the whole body averaged SAR in animal and other models, the
peak spatial-average SAR in C95.1-2005 is biologically-based, that is, the limit is derived
from the SAR necessary for cataract formation (100 W/kg averaged over the mass of the
eye—approximately 10 g). A safety factor of 50 was applied to obtain the 2 W/kg value
(averaged over 10 g of tissue) for general public exposure found in C95.1-2005 and in the
ICNIRP guidelines.
b. Could you provide a summary of the overall impact of the change, in particular
changing the way the SAR is measured?
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The change represents an international harmonization of the limits for localized SAR.
There is no change in how SAR is measured. Currently, SAR systems measure both 1 g
and 10 g averages so that new mobile phones can be sold in markets with regulations
based on the 1991 IEEE standard and the 1998 ICNIRP guidelines. There is no impact on
the way the SAR is measured, but there is a large advantage to have internationally
harmonized requirements and standards.
4. In your response to our original questions, it said that all peer-reviewed studies on
RF bio-effects were considered in formulating the 2005 standard.
a. What methodology did you use to ensure that “all” peer-reviewed studies were
identified?
Although some peer-reviewed papers may have been overlooked, the goal was to identify
all relevant papers. Specifically, the Literature Surveillance Working group identified
relevant papers by searching databases, journals, querying committee members and
participants at meetings, etc. At the literature selection cutoff date (31 December 2003),
approximately 2200 papers had been identified, which were augmented by a few papers
and documents appearing in 2004 and 2005. The committee agreed that only peerreviewed papers and technical reports of original research would constitute the primary
database on which any risk analysis would be based (abstracts and presentations at
scientific meetings or technical conferences were expressly excluded from the database).
Of the 2200 identified papers, more than 1100 were deemed relevant and included in the
literature evaluation process.
b. What methodology did you use to assess the weight of scientific evidence in the
studies and process the information to come up with the final standard?
Chou and D’Andrea (2003) in “Reviews of Effects of RF Fields on Various Aspects of
Human Health: Introduction” described the review process in detail [1]. Essentially, the
complete revision of the 1991 standard by Subcommittee 4 was based on the peer
reviewed literature identified by the Literature Surveillance Working Group. The
Committee made a strong effort to have each relevant paper evaluated by two randomly
selected members of the subcommittee’s Engineering Evaluation Working Group and by
two members of the appropriate Biological Evaluation Working Group (in vitro, in vivo,
and epidemiology). Summaries of the working group evaluations were forwarded to the
Risk Assessment Working Group (RAWG) to evaluate the levels of possible risk to
humans and define the lowest threshold SAR above which potentially adverse effects are
likely to occur. A Mechanisms Working Group worked in parallel with the RAWG to
evaluate possible mechanisms of interaction, both non-thermal and thermal mechanisms.
A Statistical Evaluation Working Group was also available to address questions relating
to statistics in identified papers. The evaluation process included evaluation of the
quality of test methods, the size and power of the study designs, the consistency of results
across studies, and the biological plausibility of dose-response relationships and
statistical associations.
After several hundred papers were reviewed it became apparent that the process was very
time-consuming and a parallel process was initiated using expert reviewers for each
subject (from within and outside of ICES). The conclusions of these reviews are
9
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presented in a collection of 11 subject matter papers published in Supplement 6 of
Bioelectromagnetics [1]. Review papers were prepared on cancer, reproduction, calcium
efflux, behavior, thermo-regulation, nervous system, ocular and auditory effects,
homeostasis and metabolism, survival, epidemiology, and in vitro studies. Details of the
review process are included in Annex A of C95.1-2005, e.g., A.1.6 – Literature
evaluation process, A.1.7 – Hazard identification and review papers, A.1.8 – Role of the
Risk Assessment Working Group. In addition to the 11 subject matter papers published in
Bioelectromagnetics, details and conclusions of the reviews are contained in the 44 pages
of Annex B of IEEE C95.1-2005 (Identification of levels of RF exposure responsible for
adverse effects: summary of the literature). Finally, the results were also compared with
other scientific expert groups and government agencies to ensure the conclusions were
consistent with the published literature (Annex B.2).
References:
[1]

Bioelectromagnetics, Supplement 6, S17-S213, 2003.

5. How does the IEEE keep up with new studies and determine whether they warrant
a change in the standards for SAR limits? Is there a process/policy in place and, if
so, what is it?
IEEE standards are living documents and require constant monitoring and revision as
new information becomes available. IEEE/ICES TC95 has two meetings a year to
discuss revision issues. The meetings include invited experts/researchers to present
information on subject areas of interest, e.g., bioeffects associated with exposure at
millimeter wave and terahertz frequencies. In addition, there are several Editorial
Working Group meetings each year to address changes to the standard that may be
necessary. The Literature Surveillance Working Group continues to collect recently
published peer-reviewed papers. Reviews by expert panels throughout the world are also
evaluated, e.g., Health Council of the Netherlands, Health Canada, WHO, Health
Protection Agency (UK), to name a few. The IEEE/ICES Subcommittee 4 continues to
monitor current events and maintain a collection of expert reviews. Although there is no
convincing evidence of adverse effects that occur below the current exposure limits,
Subcommittee 4 remains prepared to modify the standard should there arise the need to
do so based on scientific evidence.
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IEEE DATABASE @ ieee-emf.com
SC4 Meeting
Plantation, FL
January 15, 2014
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. “The primary purpose of the IEEE (Institute of Electrical and Electronics Engineers) database
(ieee-emf.com/) is to provide a comprehensive database of the world’s English language literature
on radiofrequency (RF) energy to support the review and revision, if needed, of RF safety standards
published by IEEE. The goal is to identify all peer-reviewed research papers and other relevant
reports such as peer-reviewed review articles and letters to journal editors. In March 2011, the
database had over 5000 references of which over 3200 are research papers. Each entry has a brief
description of the experimental approach/model and results; in addition, many of the research
papers have a link to abstracts in PubMed. The database can be searched by a number of ways
(author, study type, key word, year, frequency range, etc.). The core of the database is available
without charge to the public; however, members of IEEE ICES (International Committee on
Electromagnetic Safety) who are writing reviews of specific research areas have access to a
password-protected area to support their work.”
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2013:
New citations:

185

PDF files added: 273
Currently:
Database has 5387 citations* distributed in 2336 projects.
* A number of entries are blank due to deletion of duplicate
citations and other errors.
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* Research papers in English only (does not include reviews, dosimetry papers, technical
reports, letters to editors, non-English papers, media articles, non-EMF papers, etc.)
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* Research papers in English only (does not include reviews, technical reports,
letters to editors, non-English papers, media articles, non-EMF papers, etc.)
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ELECTROMAGNETIC SAFETY
STANDARDS:
MILITARY PERSPECTIVE
Dr. B. Jon Klauenberg
Senior Research Physiologist
Radio Frequency Bioeffects Branch
Bioeffects Division
Human Effectiveness Directorate
711th Human Performance Wing
Air Force Research Laboratory
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

Outline
1. Why militaries need electromagnetic safety standards
2. NATO involvement in electromagnetic safety standards
3. Impact of the European Union worker safety Directive
4. NATO stakeholder activities with European Commission
5. The Transition From NATO to Civil Standards Process
6. New/Draft IEEE-NATO PC95.1-2345 Military Standard for
Personnel Exposure to Electric, Magnetic and
Electromagnetic Fields

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

2

Why Militaries Need
Electromagnetic Safety Standards?
• Utilize a large array of electromagnetic devices
‒ Many unique to the military:
‒ Not evaluated by civilian standardization
‒ Some classified

• Must protect personnel from hazards of
electromagnetic fields
• Hazards are the reason for safety standards!
• Standards manage RISKS
• Standards facilitate multinational interoperability
• Ensure safe operations
• Minimize mission impact
PA case #09-466

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

3

Why Militaries Need
Electromagnetic Safety Standards?
• Systems enablers: Increased use EM throughout military
–
–
–
–

Communications: HF, VHF, UHF, SATCOM
RADAR, GPS, detection and navigation (ARxxx, HAARP, ROTHR)
Sensory: Virtual fence, terahertz
Electronic battlefield, electric boats, future technologies

• Weapons enablers
– Non-lethal technology, directed energy weapons

• Mission enablers
– Least restrictive safe permissible limits
– Important piece of total risk assessment

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

4

NATO Standardization Agreement
(STANAG) 2345 (2003)
Standardization Agreement (STANAG) 2345: “Evaluation and Control of
Personnel Exposure to Radio Frequency Fields – 3 kHz to 300 GHz”
• Guidance to protect personnel from potential
electromagnetic health and safety hazards in the
military operational environment
• NATO designated “Essential STANAG”
• Triennial review: reaffirm, revise, cancel
• Two major revisions; Last 13 Feb 2003
• 2006 Revision was stalled due EU worker safety Directive 2004/40/EC
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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European Commission on Worker Safety
Proposed Directive

30.4.2004 EN Official Journal of the European Union L 159/
______________________________________________________________
_________________
1
I
(Acts whose
publication is obligatory
PA#-08-173Pa
DIRECTIVE 2004/40/EC OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL
of 29 April 2004
on the minimum health and safety requirements regarding the exposure of workers
to the risks arising from physical agents (electromagnetic fields)

(18th individual Directive within the meaning of Article 16(1) of
Directive 89/391/EEC)

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

6

Directive 2004/40/EC of the
European Parliament
•

Uses World Health Organization guidance prepared by
International Commission on Non-ionizing Radiation
Protection (ICNIRP)

•
•
•

Was to have become law for EU nations 28 April 2008
Amendment to delay four years approved 23 April 2008
Second amendment two year extension to 30 Oct 2013

– Medical concerns: MRI
– Industry concerns: Heat sealers, rail, power systems, cellular
– Military multinational interoperability threatened

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

7

Military Exemption from European Union
Directive on Electromagnetic Safety Obtained

• Successfully obtained exemption of all military
operating in European Union territory
Impact/Importance:
• Removes legal block to EU NATO nations use of
NATO STANAG 2345
• Enables NATO adoption of newly revised standard
• Removes impacts to operations
• Maintains interoperability
• Protects military: Compatible with DoDI 6055.11
Status:
• EU Parliament approved 11 June, 2013
• EU Council approved 20 June, 2013
• Published 29 June 2013, Directive 20013/35/EU
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Military Employ
Rigorous Safety Programs
• Commanders need their personnel protected and healthy to
maintain force capabilities. “Protect those who protect us!”
• Military employ large sophisticated multifactor safety programs
• Include EMF-experienced medical doctors, health physicists,
bioenvironmental engineers, radiation safety officers,
scientists, electrical and electronics engineers, and other
safety support workers, all working to ensure personnel safety
• Military/NATO led development of first EMF safety standards in
1950s and continue to be heavily involved in standardization

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

9

European Union Directive on EMF
Health and Safety (2013/35/EC)
•
•

Adopted by EU Parliament 11 June 2013

•

Article 21 Directive of European Parliament and the Council

Published in Official Journal of the European Union Vol. 56, 29 June
2013

“(21) Given the specificities of the armed forces and in order to allow
them to operate and interoperate effectively, including in joint
international military exercises, Member States should be able to
implement equivalent or more specific protection systems, such as
internationally agreed standards, for example NATO standards,
provided that adverse health effects and safety risks are prevented”.

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

10

European Union Directive on EMF
Health and Safety (2013/35/EC)
Article 10 Derogations
“(b) Member States may allow for an equivalent or more specific protection
system to be implemented for personnel working in operational military
installations or involved in military activities, including in joint international
military exercises, provided that adverse health effects and safety risks are
prevented;
(c) Member States may allow, in duly justified circumstances and only for as
long as they remain duly justified, for the ELVs to be temporarily exceeded
in specific sectors or for specific activities outside the scope of points (a)
and (b).
For the purposes of this point, "duly justified circumstances" shall mean
circumstances in which the following conditions are met:
(i) the risk assessment carried out in accordance with Article 4 has shown
that the ELVs are exceeded;
(ii) “given the state of the art, all technical and/or organizational measures
have been applied”
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

11

Specific Agreement Between
NATO and IEEE
“New IEEE Military Workplace Standard” signed 30 July 2009
“IEEE shall develop, maintain,
revise, and update a new IEEE
military workplace standard that
will address normative military
occupational/workplace-specific
exposure limits to electric, magnetic
and electromagnetic fields”
Not simply adopting a nongovernmental standard in lieu of a
military drafted standard, but having
civil SDO draft a military standard.
This is a precedent setter.
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

12

Editorial Working Group (EWOG)

C.K. Chou: EWOG Chair
Ralf Bodemann
Marv Ziskin
Ron Petersen
PA#-08-173Pa
Rob Kavet
Art Thansandote
Pat Reilly
Ken Gettman: meeting host
Ric Tell
John Osepchuk
B. Jon Klauenberg
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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IEEE-NATO EMF Personnel
Protection Standard P95.1-2345
• Sponsor ballot met all the criteria
for RevCom submission:12/27/2013
• Combines C95.1 and C95.6
- 0 Hz – 300 GHz
• New environmental zone concept
• New concept for safety factors

−Relax exposure limit for experts
−Restricted expert only access zone

• New meaningful terminology

− Personnel protection program
initiation level vs. action level
− Dosimetric reference limit (DRL)
− Exposure reference level (ERL)
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

14

Access to Higher Exposure Zones
EU overarching framework Directive 89/391/EEC Article 6 3.(d):
“take appropriate steps to ensure that only workers who have
received adequate instructions may have access to areas where
there is serious and specific danger.”
• Supports the provision for a restricted zone for aware experttrained workers, if a heightened safety program is initiated
• Supports a zone of higher exposure levels

‒ Increased safety procedures, increased restrictions
‒ Within safety margin, below adverse health effects level
‒ Only highly trained workers with need for access to maintain
operational integrity

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

15

European Union Directive on EMF
Health and Safety (2013/35/EC)
Article 10 Derogations
“(b) Member States may allow for an equivalent or more specific protection
system to be implemented for personnel working in operational military
installations or involved in military activities, including in joint international
military exercises, provided that adverse health effects and safety risks are
prevented;
(c) Member States may allow, in duly justified circumstances and only for as
long as they remain duly justified, for the ELVs to be temporarily exceeded
in specific sectors or for specific activities outside the scope of points (a)
and (b).
For the purposes of this point, "duly justified circumstances" shall mean
circumstances in which the following conditions are met:
(i) the risk assessment carried out in accordance with Article 4 has shown
that the ELVs are exceeded;
(ii) “given the state of the art, all technical and/or organizational measures
have been applied”
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

16

Restricted Expert Only Zone
•
•

New concept; opens new zone of access within safe region
Provides command flexibility with safety Meets EU
Framework Directive 89/391/EEC Article 6.3.(d)

•

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

•

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

•
•
•
•

Safety procedures are enhanced - expert is closely monitored
System specific expertise required
Unique to the military
Developed by a civilian SDO, IEEE International Committee
on Electromagnetic Safety (ICES)
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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PA#-08-173Pa

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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QUESTIONS?
Thank you for your attention!

???????? ?
QUESTIONS
B. JON KLAUENBERG, Ph.D.,
711 HPW/RHDR
Air Force Research Laboratory
711th Human Performance Wing
Human Effectiveness Directorate
Bioeffects Division
Radio Frequency Bioeffects Branch
bertram.j.klauenberg.civ@mail.mil
210-539-8058
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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CHAIRMAN’S REPORT – MARV ZISKIN
January 15, 2014
Merger of C95.6 (Low Frequency) and C95.1 (RF)
Previous Draft of C95.1-2345 not approved
400 Comments
Two big problems:
(1) Induced and contact- current limits (Table 7), and
(2) Statistical vs. threshold-based limits.

Editorial Working Group Teleconferences
July 1
July 22
Nov 21
The last recirculation ballot for C95.1-2345 ended with no
new comments. The draft has met all the criteria for submission to RevCom
for approval. The deadline for submitting drafts standards for the next RevCom meeting
is February 14th.
The next step will be to get sufficient NATO nations to ratify the covering STANAG
(and the standard) which will be spearheaded by B. Jon Klauenberg.

RESPONSE TO FCC NOTICE OF INQUIRY
Submitted by Ralf Bodemann – Sept 2, 2013
Proposed Changes in FCC rules regarding Human Exposure to RF
Electromagnetic Fields.
ICES recommended:
1. Adoption of IEEE C95.1-2005
2. 2 W/kg in 10 g and not 1.6 W/kg in 1 g
3. Adoption of C95.7 – RF Safety Programs
4. Low power device exclusions a. Use IEC 62209-2 (2010) on SAR measurements for near-body limits
based on temperature rise rather than localized exposure limits of
ICNIRP and C95.1-2005.
Pat Reilly was concerned that FCC hadn’t addressed Low Frequency concerns and
submitted a good response on this topic.

Approved Minutes – 15 January 2014 SC3/SC4 Meeting
ICES comments in response to the Further Notice of Proposed Rule Making (FNPRM)
and Notice of Inquiry (NOI) issued by the Federal Communications Commission
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Before the
Federal Communications Commission
Washington, D.C. 20554
In the Matter of
Reassessment of Federal Communications
Commission Radiofrequency Exposure Limits and
Policies
Proposed Changes in the Commission's Rules
Regarding Human Exposure to Radiofrequency
Electromagnetic Fields

)
)
)
)
)
)
)
)
)
)

ET Docket No. 13-84

ET Docket No. 03-137

COMMENTS OF THE
INTERNATIONAL COMMITTEE ON ELECTROMAGNETIC SAFETY (ICES) OF
THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. (IEEE)
This document solely represents the views of ICES and does not necessarily represent a
position of either the IEEE or the IEEE Standards Association (IEEE-SA).

Dr. Ralf Bodemann
Chairman of the International Committee on
Electromagnetic Safety
Institute of Electrical and Electronics Engineers, Inc.
ralf.bodemann@ieee.org
+49 173 856 1184

Submitted: August 30, 2013
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Before the
Federal Communications Commission
Washington, D.C. 20554
In the Matter of
Reassessment of Federal Communications
Commission Radiofrequency Exposure Limits and
Policies
Proposed Changes in the Commission's Rules
Regarding Human Exposure to Radiofrequency
Electromagnetic Fields

)
)
)
)
)
)
)
)
)
)

ET Docket No. 13-84

ET Docket No. 03-137

COMMENTS OF THE
INTERNATIONAL COMMITTEE ON ELECTROMAGNETIC SAFETY OF THE
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.

SUMMARY
Pursuant to Section 1.405 of the Federal Communications Commission’s (FCC’s) Rules, 1 the
International Committee on Electromagnetic Safety (ICES) of the Institute of Electrical and
Electronics Engineers (IEEE) hereby submits comments in response to the Further Notice of
Proposed Rule Making (FNPRM) and Notice of Inquiry (NOI) issued by the Commission in the
above-captioned proceeding. 2
ICES recommends that the Commission adopt the exposure limits for general public exposures
found in the IEEE C95.1-2005 standard. 3 These limits, expressed in terms of basic restrictions
(specific absorption rate – SAR) 4 and maximum permissible exposure (MPE – incident electric and
magnetic fields and power density), are in harmony with the corresponding basic restrictions and
“reference levels” of the International Commission on Non-Ionizing Radiation Protection (ICNIRP)
guidelines for frequencies between 30 MHz and 100 GHz, and include a safety factor of 50.
Adoption of the IEEE C95.1-2005 basic restrictions for partial-body exposure, 2 W/kg averaged
over 10 g of tissue, would place the FCC limits in conformity with the corresponding value used
internationally. No existing international standard or guideline supports the 1.6 W/kg averaged over
1
2

3

4

47 C.F.R. §1.405.
See Reassessment of Federal Communications Commission Radiofrequency Exposure Limits and Policies,
in ET Docket No. 13-84, and Proposed Changes in the Commission's Rules Regarding Human Exposure to
Radiofrequency Electromagnetic Fields, in ET Docket No. 03-137, FCC 13-39 (Released: March 29, 2013).
IEEE Std C95.1TM-2005, which was approved by the IEEE Standards Association Standards Board in
October 2005, published in April 2006 and approved for use as an American National Standard by the
American National Standards Institute in November 2006, is sometimes referred to as ANSI/IEEE C95.12006.
IEEE ICES TC95 has discussed some terminology changes for exposure standards: “basic restriction” will
be called “dosimetric reference limit” and “maximum permissible exposure” will be called “exposure
reference level” to make the meaning of the terms more obvious.

ICES comments in response to the Further Notice of Proposed Rule Making (FNPRM)
and Notice of Inquiry (NOI) issued by the Federal Communications Commission
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1 g of tissue basic restriction for partial-body exposure that was adopted by the FCC in 1996.
Because adoption of uniform standards is beneficial to consumers, the government, and industry,
the World Health Organization promotes global harmonization of safety standards for the use of
electromagnetic energy. ICES makes this strong recommendation to the Commission with
confidence in the exposure limits of IEEE C95.1-2005. It is the most up-to-date international
exposure standard and incorporates many science-based improvements over IEEE C95.1-1991 and
the ICNIRP guidelines. Widespread support for the scientific judgments underlying the harmonized
ICES and ICNIRP exposure limits is evident from the recent statements by scientific panels and
government agencies found in Attachment A below. ICES also fully supports and encourages FCC
adoption of the provisions of the IEEE C95.7-2005 standard, which describes RF safety programs
designed to complement IEEE C95.1-2005.
ICES also recommends that the Commission adopt the International Electrotechnical
Commission assessment standards IEC 62479 (2010), to take advantage of the low power device
exclusions agreed to by an international technical committee, and IEC 62209-2 (2010) on SAR
measurements for near-body devices. Adoption of these two international standards, taken together,
will facilitate a more economical and efficient compliance process.
ICES also recommends using the higher IEC SAR limits based on temperature rise for medical
applications and compliance of implanted medical devices rather than the localized SAR exposure
limits in ICNIRP guidelines or IEEE C95.1-2005.
I.

EXPOSURE LIMITS

In paragraph 207 of the NOI, the Commission requests comment on whether the FCC's limits
for human exposure to radiofrequency (RF) radiation should be more restrictive, less restrictive, or
remain the same. 5 ICES recommends that the Commission adopt the basic restrictions and
maximum permissible exposure (MPE) values of IEEE C95.1-2005 6 that were developed by an
international committee of more than 125 members representing 25 countries. This
recommendation is strengthened by the fact that IEEE standards are developed through an open
consensus process with oversight by the IEEE Standards Association under the principles of
transparency and due process afforded to all. The IEEE standards development process is further
governed by principles of balance, representation across the social spectrum of concerns over safe
exposure, and attainment of levels of restrictiveness that are based on the best available science and
engineering and, as such, are scientifically defensible. The committee that developed IEEE C95.12005 had an extremely wide range of participation by experts in engineering, biology, medicine,
measurements, and safety programs. 7 In terms of stakeholders, the committee consists of members
of the government, military, academia, industry, and general public. 8

5
6

7

8

Id. at para. 207.
IEEE Std C95.1™-2005, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz.
In 2006, IEEE Std C95.1TM-2005 was approved by the American National Standards Institute (ANSI) as an
American National Standard.
Representatives of agencies participating in the Federal RF Interagency Working Group, e.g., FCC, FDA,
2
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The committee, which was organized in 1960, has functioned continuously to develop and
revise its RF safety standards. 9 The FCC incorporated part of IEEE C95.1-1991 10 into the current
federal regulations. 11 The most recent IEEE C95.1 standard (IEEE C95.1-2005) is a revision of the
1991 standard; as such it would be consistent with the prior regulatory process for the Commission
to adopt the limits in the 2005 standard. This recommendation is consistent with the
recommendation of the IEEE Committee on Man and Radiation (COMAR) 12 that “…health
officials continue to base their policies on RF safety limits recommended by established and
sanctioned international organizations such as the Institute of Electrical and Electronics Engineers
International Committee on Electromagnetic Safety and the International Commission on NonIonizing Radiation Protection, which is formally related to the World Health Organization.”
The FCC peak spatial-average specific absorption rate (SAR) limits were based on concepts for
limiting localized exposure first proposed in 1982 by the ANSI C95 Committee (ANSI C95.11982). 13 (The peak spatial-average SAR limit specified in the 1982 standard, which did not
distinguish between limits for occupational exposure and exposure of the general public, is 8 W/kg
averaged over 1 g of tissue.) In 1986 the National Council on Radiation Protection and
Measurements (NCRP Report No 86) 14 reaffirmed the ANSI C95.1-1982 SAR value and introduced
an additional safety factor of 5 for protection of the general public, thereby establishing levels onefifth of the 1982 ANSI value. These values were reaffirmed in IEEE C95.1-1991 (whereby a peak
spatial-average limit of 1.6 W/kg averaged over 1 g was defined for the general public). A
subsequent extensive review of the latest scientific literature by the ICES committee deemed it
appropriate to revise the IEEE C95.1-1991 recommendations; the revised values, which are
consistent with the ICNIRP values, 15 and based on similar scientific principles, were approved by
NIOSH and OHSA, participated in the development of C95.1-2005.
In 1960, the American Standards Association approved the initiation of the Radiation Hazards Standards
project under the co-sponsorship of the Department of the Navy and the Institute of Electrical and
Electronics Engineers, Inc. Prior to 1988, C95 standards were developed by Accredited Standards
Committee C95, and submitted to the American National Standards Institute (ANSI) for approval and
issuance as ANSI C95 standards. Between 1988 and 1990, the committee was converted to IEEE Standards
Coordinating Committee 28 (SCC 28) under the sponsorship of the IEEE Standards Board. In 2001, the
IEEE Standards Association Standards Board approved the name “International Committee on
Electromagnetic Safety (ICES)” for SCC 28 to better reflect the scope of the committee and its
international membership. In accordance with policies of the IEEE, C95 standards are issued and
developed as IEEE standards, and submitted to ANSI for approval as an American National Standard.
10
IEEE Std C95.1TM-1991, IEEE Standard for Safety Levels with Respect to Human Exposure to Radio
Frequency Electromagnetic Fields, 3 kHz to 300 GHz.
9

11

47 CFR §1.1310.

12

COMAR Technical Information Statement: Expert reviews on potential health effects of radiofrequency
electromagnetic fields and comments on the BioInitiative Report. Health Phys. 97(4):348 –356, 2009.
13
ANSI Std C95.1-1982, American National Standard Safety Levels with Respect to Radio Frequency
Electromagnetic Fields, 300 MHz to 100 kHz.
14
Biological Effects and Exposure Criteria for Radio Frequency Electromagnetic Fields, NCRP Report No.
86, National Council on Radiation Protection and Measurements, Bethesda, MD (1986).
15

ICNIRP (International Commission on Non-Ionizing Radiation Protection), Guidelines for limiting
exposure to time-varying electric, magnetic and electromagnetic fields (up to 300 GHz). Health Physics
74(4): 494-522, 1998.
3
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the IEEE-SA Standards Board and published in April 2006 (IEEE C95.1-2005). Both IEEE C95.12005 and the 1998 ICNIRP guidelines (reaffirmed in 2009) 16 recommend 2.0 W/kg averaged over
10 g of tissue as a limit for localized exposure of the general public, and 10 W/kg averaged over
10 g of tissue for occupational exposure. Today, there are no international standards or guidelines
that support a partial-body exposure basic restriction of 1.6 W/kg, averaged over 1 g of tissue,
adopted by FCC in 1996.
The rationale for the change in partial-body SAR limits from 1.6 and 8 W/kg averaged over 1 g
of tissue to 2 and 10 W/kg averaged over 10 g of tissue for general public and occupational
exposure, respectively, is explained in Annex C, Section C.2.2.2.1 of IEEE C95.1-2005. As
explained below, the 1991 SAR basic restrictions for partial-body exposure were based on
dosimetry considerations alone; however the 2005 limits are based on a significantly improved
understanding of RF and thermal dosimetry and biological/health effects.
a) Origin of the 1.6 W/kg / 1 g limit in IEEE C95.1-1991: Prior to C95.1-1991, the committee
that developed the ANSI C95.1-1982 standard identified behavioral disruption in laboratory
animals as the most sensitive, repeatable physiological endpoint considered potentially
adverse to human health, with a threshold of 4 W/kg expressed in terms of whole-body
average (WBA) SAR. A safety factor of 10 was applied to define the basic restrictions from
which the MPE was derived, i.e., 0.4 W/kg for whole-body exposure. Unlike ANSI C95.11982, the 1991 standard had two tiers of limits. By incorporating an additional safety factor
of 5 (yielding a total safety factor of 50), a lower tier for whole-body exposure was established
in IEEE C95.1-1991 applicable to the general public in the uncontrolled environment (0.08
W/kg). The earlier peak spatial average SAR values (averaged over 1 g of tissue) for partial
body, or localized exposures for controlled (8 W/kg) and uncontrolled (1.6 W/kg)
environments were based on the 20:1 ratio of spatial peak to WBA SAR, empirically derived
from experimental dosimetry data available in the late 1970s. The 1 g averaging mass was
consistent with the achievable resolution of thermographic measurements at the time, i.e.,
rooted in engineering considerations for dosimetry, not biological or health criteria.
b) Origin of the 2.0 W/kg / 10 g limit: During revision of the IEEE C95.1-1991 standard, ICES
concluded that the biologically based ICNIRP rationale using health effects on the eyes was
more appropriate for a health related standard than the purely dosimetry-based rationale in
IEEE standards C95.1-1982, C95.1- 1991, and C95.1, 1999 Edition. 17 ICNIRP uses a 10 g
SAR averaging mass to correlate the SAR with RF-induced localized heating of the eye (about
a 10 g mass) and other parts of the head with equivalent mass. The limit of 10 W/kg averaged
over 10 g is supported by results from animal experiments showing that this value is at least
10 times below the SAR threshold for inducing cataracts (100 W/kg). The cataractogenic
threshold in humans is also determined to be 100 W/kg deposited in the approximately 10 g
mass of the eyeball. For the lower tier limit, a safety factor of 50 was applied to obtain a limit
of 2 W/kg averaged over 10 g of tissue. In addition to this biological rationale, at least three
16

Statement on the Guidelines for limiting exposure to time-varying electric, magnetic and electromagnetic
fields (up to 300 GHz). Health Physics 97(3):257-259, 2009.

17

IEEE Std C95.1TM-1999 Edition (Incorporating IEEE Std C95.1TM-1991 and IEEE Std C95.1aTM-1998),
IEEE Standard for Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic
Fields, 3 kHz to 300 GHz.
4
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computational studies 18,19,20 have shown that averaging SAR over 10 g correlates better with
localized temperature rise than averaging over 1 g. A mass of 10 g is therefore more
appropriate for averaging SAR in tissue.
While exposure limits found in the ICNIRP guidelines and IEEE C95.1-2005 are essentially the
same for the general public, there are some differences, which ICES considers improvements over
IEEE C95.1-1991 and the ICNIRP guidelines. For example:
1. SAR in the pinnae follows the same exposure limits as those for extremities. (Already
adopted by FCC in the Report and Order, paragraph 47.)
2. For frequencies greater than 3 GHz, the MPE is expressed in terms of the incident power
density. To provide a transition in the frequency range 3 GHz to 6 GHz, compliance with
IEEE C95.1-2005 may be demonstrated by evaluation of either incident power density or
local SAR. Two recent publications 21,22 have shown that 6 GHz is a better choice for the
transition to incident power density as compared to 10 GHz used in the ICNIRP guidelines.
3. In IEEE C95.1-2005, the peak spatial-average SAR is averaged over any 10 g of tissue in
the shape of a cube, whereas in the ICNIRP guidelines, averaging is over any 10 g of
contiguous tissues. All current international measurement standards are based on cubic
mass and not on contiguous tissue mass. [IEEE 1528-2003, 23 IEC 62209-1: 2005, 24 and IEC
62209-2:2010 25]. Pragmatically, it is virtually impossible to standardize contiguous tissue
mass of arbitrary shape.
18

Hirata A., Fujiwara O. The correlation between mass-averaged SAR and temperature elevation in the
human head model exposed to RF near-fields from 1 to 6 GHz. Phys Med Biol. 54:7227-7238, 2009.
19
Razmadze A., Shoshiashvili L., Kakulia D., Zaridze R., Bit-Babik G. and Faraone A. Influence of specific
absorption rate averaging schemes on correlation between mass-averaged specific absorption rate and
temperature rise. Bioelectromagnetics 29(1): 77-90, 2009.
20
McIntosh RL., and Anderson V. SAR versus VAR, and the size and shape that provide the most
appropriate RF exposure metric in the range of 0.5-6 GHz. Bioelectromagnetics 32(4): 312-321, 2011.
21
McIntosh RL and Anderson V, SAR versus Sinc: What is the appropriate RF exposure metric in the range
1-10 GHz? Part II: Using complex human body models. Bioelectromagnetics 31(6):467-478, 2010.
22
Hirata A, Laakso I, Oizumi T, Hanatani R, Chan KH, and Wiart J. The relationship between specific
absorption rate and temperature elevation in anatomically based human body models for plane wave
exposure from 30 MHz to 6 GHz. Phys Med Biol. 58(4):903-21, 2013.
23
IEEE Std 1528TM-2003, IEEE Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques. (Revision approved by the IEEE SA Standards Board June, 2013.)
24
IEC 62209-1, Edition 1.0 (2005-02-18), Human exposure to radio frequency fields from hand-held and
body-mounted wireless communication devices—Human models, instrumentation, and procedures - Part 1:
Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close proximity to
the ear (frequency range of 300 MHz to 3 GHz). International Electrotechnical Commission, Geneva,
Switzerland.
25
IEC62209-2, Edition 1.0 (2010-03-30), Human exposure to radio frequency fields from hand-held and
body-mounted wireless communication devices - Human models, instrumentation, and procedures—Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used in
close proximity to the human body (frequency range of 30 MHz to 6 GHz). International Electrotechnical
Commission, Geneva, Switzerland.
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4. For both general public and occupational exposures above 100 kHz, the basic restrictions in
IEEE C95.1-2005 are protective against excessive heating due to absorption of RF energy.
To achieve the same total energy at the limiting SAR for exposures of the general public or
workers, different averaging times are specified with respect to the different SAR limits.
For general public exposures at frequencies above 5 GHz, the values for time averaging
have been modified to more accurately reflect thermal time constants. At 300 GHz, the
averaging time is consistent with that of the laser standards, e.g., ANSI Z136.1-2007, 26 IEC
60825-1 (2003). 27 This improvement over previous standards advances the scientific basis
for protection from RF exposure and represents an improvement over the uniform 6 min
averaging time found in the ICNIRP guidelines.
5. For frequencies greater than 3 GHz, partial-body exposure evaluation in terms of power
density is based on an area that is a function of wavelength. Guidelines are provided for
evaluating partial-body exposure in terms of power density at these higher frequencies
where SAR is not applicable. This is an important improvement for evaluating compliance
for partial-body exposures. No other standard (other than the laser standards) includes this
concept.
6. ICES also developed IEEE C95.7-2005, 28 which was designed to complement IEEE C95.12005. The IEEE C95.7-2005 standard includes information and guidance for engineering
and administrative controls as well as for the use of personal protective equipment,
placement of appropriate RF safety signage, designation of restricted access areas, the use of
personal RF monitors, and RF safety awareness training. This standard is designed to
provide guidance for controlling exposure and for preventing hazards associated with RF
sources. ICES notes that the Commission's proposals in the FNPRM closely mirror many of
the recommendations contained in this standard, and ICES fully supports and encourages
FCC adoption of the provisions of this standard.
The World Health Organization (WHO) recognizes the following two documents that specify
safety limits for human exposure to electric, magnetic and electromagnetic fields: 29 1) the IEEE
C95.1-2005 standard (published in 2006), and 2) the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) Guidelines published in 1998 (reaffirmed in 2009). Both
specifications include high margins of safety. Because adoption of uniform standards is beneficial
to consumers, the government and industry, WHO promotes harmonization of EMF standards
globally. There is significant value in having consistent safety limits worldwide. Not only do
different safety limits unnecessarily complicate international trade, differing values tend to lessen
public confidence in the safety limits. It is therefore appropriate for the Commission to adopt the
contemporary peak spatial-average SAR basic restrictions found in the ICNIRP guidelines and
IEEE C95.1-2005. We urge the Commission to adopt the ICNIRP and IEEE C95.1-2005 SAR
values of 2 W/kg averaged over 10 g of tissue for exposure of the general public and 10 W/kg
26

ANSI Z136.1-2007, American National Standard for Safe Use of Lasers.
IEC60825-1, Edition 2.0 (2007-03-30), Safety of laser products—Part 1: Equipment classification and
requirements. International Electrotechnical Commission, Geneva, Switzerland.
28
IEEE Std. C95.7TM-2005 IEEE Recommended Practice for Radio Frequency Safety Programs, 3 kHz to
300 GHz.
29
World Health Organization (WHO), “Electromagnetic fields and public health: mobile phones,” Fact sheet
N°193 June 2011, http://www.who.int/mediacentre/factsheets/fs193/en/index.html.
27
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averaged over 10 g of tissue for exposure in controlled environments.
In addition to addressing established adverse health effects, ICES also extensively reviewed the
literature dealing with the biological effects ascribed to exposure to low-level fields, i.e., at or below
the corresponding basic restrictions in the frequency range 3 kHz to 300 GHz, which ICES
describes as low-level effects and which others call "non-thermal" or “athermal” effects. The
resulting ICES position on the existence of low levels effects is: “Despite more than 50 years of RF
research, low-level biological effects have not been established. No theoretical mechanism has
been established that supports the existence of any effect characterized by trivial heating other than
microwave hearing 30. Moreover, the relevance of reported low-level effects to health remains
speculative and such effects are not useful for standard setting.” (Annex C.1.2, page 82 of IEEE
C95.1-2005.)
The breadth of international and national consensus on the ICES and ICNIRP limits recently
was demonstrated in a report by Rowley and colleagues 31 who reported on standards for wireless
communications among 229 countries, territories, dependencies and sub-national regions. Of these,
102 had adopted the ICNIRP guidelines for mobile networks and 115 had adopted the ICNIRP
guidelines for mobile devices. In contrast, 9 agencies had adopted current FCC limits for mobile
networks and 13 had adopted FCC limits for mobile devices. The rules adopted by the remainder
were unknown or employed unique limits.
In summary, ICES urges the Commission to adopt the exposure limits for general public
exposures found in IEEE Standard C95.1-2005. These limits, expressed in terms of basic
restrictions (SAR) and reference levels (MPEs), are in harmony with International Commission on
Non-Ionizing Radiation Protection (ICNIRP) guidelines for frequencies between 30 MHz and
100 GHz. These limits incorporate many science-based improvements over IEEE C95.1-1991 and
the ICNIRP guidelines. Adoption of IEEE C95.1-2005 basic restrictions would place the FCC
limits in conformity with the internationally harmonized partial-body limit of 2 W/kg averaged over
10 g of tissue. No existing international standard or guideline supports the partial-body exposure
basic restriction of 1.6 W/kg, averaged over 1 g of tissue that was adopted by FCC in 1996. The
scientific judgments of ICES are consistent with those reached by other scientific expert groups and
government agencies around the world as cited in IEEE C95.1-2005 Annex B.2, page 35, and
Attachment A (for the last three years) at the end of this document.

II.

ASSESSMENT STANDARDS

In paragraph 114 of the FNPRM, the Commission proposed various power thresholds for
exempting transmitters from being evaluated for RF exposure. 32 ICES believes these power
thresholds should be based on those already developed by the International Electrotechnical
30

As noted in IEEE C95.1-2005, the phenomenon of microwave hearing in humans is a well-established
biological effect with no known adverse health consequence. Although the effect has been induced at low
levels, it is caused by thermoexpansion pressures from exposure to very short RF pulses.
31
Rowley J., Joyner K., Zollman P. & Larsson LE. Radiofrequency exposure policies relevant to mobile
communication devices and antenna sites. BioEM 2013, 10-14 June, Thessaloniki, Greece.
32
Id at para. 114.
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Commission (IEC). ICES recommends the Commission consider Tables A.1 and B.1 of IEC 62479
(2010). 33 Table A.1, “Example values of SAR-based Pmax for some cases described by ICNIRP,
IEEE C95.1-1999 and IEEE C95.1-2005,” shows the power levels that can be excluded because
even if all power were absorbed by the 1 g or 10 g tissue mass, the corresponding SAR limits could
not possibly be exceeded. In Table B.1, “Some typical frequency bands of portable wireless
devices and corresponding low-power exclusion levels Pmax′ predicted using Equations (B.1)
through (B.9),” alternative low power exclusions are listed for various technologies, bandwidths,
frequencies and distance between the device and the human body, with levels much higher than
those shown in Table A.1. Annex B of IEC 62479 explains in detail the “Derivation of alternative
low-power exclusion levels for wireless devices used close to the body.” Annex B also describes
formulae derived by researchers 34, 35 from the USA and Austria to establish Pmax′ values for the
300 MHz to 6 GHz frequency range for devices that are operated within 25 mm of the body. The
algorithm found in Annex B is generally applicable to many popular mobile telephone system
standards (e.g., GSM, CDMA, PCS), and land mobile radios and wireless local area network
(WLAN) devices. The formulae have been shown to be conservative for a wide variety of antennas
typically used on portable wireless devices, such as dipoles, monopoles, planar inverted-F antennas
(PIFAs), and inverted-F antennas (IFAs). However, the formulae may not apply for wireless
devices having antennas whose directivity is significantly greater than that of a half-wavelength
dipole antenna (i.e., 2.1 dBi). Further details are given in IEC 62479 where Table B.1 lists some
typical portable wireless devices and corresponding alternative low power exclusion levels Pmax’ for
separation from the body by 5 and 25 mm. Other distances can be calculated using the formulas
provided. The following description is from IEC 62479 (2010), based on the work of Ali et al.34 and
Sayem et al.35 where further details are available.
Based on a systematic study of canonical dipole antennas of different lengths and at different
distances from a flat phantom, a simple equation (B.1) was developed for predicting alternative
higher values of the low-power exclusion levels, Pmax':
Pmax' = exp [As + Bs2 + C ln (BW) + D]

(B.1)

where s is the closest distance between the wireless device and the user’s body, BW is the free-space
antenna bandwidth, and A, B, C and D are third-order polynomials of frequency. The bandwidth
corresponds to |S11| ≤ -7 dB, which is the reciprocal of the radiation quality factor, defined as the
ratio between the stored and the radiated energies of an antenna. In Equation (B.1), s is expressed
in mm and BW is expressed in percent (e.g., enter 10 in the equation if the bandwidth is 10%). Two
sets of formulas of A, B, C, D were derived for both 2 W/kg averaged over 10 g limit and 1.6 W/kg
averaged over 1 g limit. Table B.1 in IEC 62479 (2010) shows some typical frequency bands of
portable wireless devices and corresponding low-power exclusion levels Pmax′for two separation
33

IEC 62479, Edition 1.0 (2010-06-16), Assessment of the compliance of low-power electronic and
electrical equipment with the basic restrictions related to human exposure to electromagnetic fields (10
MHz to 300 GHz), International Electrotechnical Commission, Geneva, Switzerland.
34
Ali, M., Douglas, M.G., Sayem, A.T.M., Faraone, A. and Chou, C-K. Threshold power of canonical
antennas for inducing SAR at compliance limits in the 300- 3000 MHz frequency range. IEEE Trans.
Electromag. Compat. 49(1): 143-152, 2007.
35
Sayem, A.T.M., Douglas, M. G., Schmid, G., Petric, B. and Ali, M. Correlating threshold power with freespace bandwidth for low directivity antennas. IEEE Trans. Electromag. Compat. 51(1): 25-37, 2009.
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distances (5 and 25 mm). Other distances can be calculated using the formulas provided.
Tables A.1, B.1 and related formulas in IEC 62479 (2010) can eliminate the need for testing in
those cases where the SAR cannot physically exceed exposure limits. Since this standard is already
adopted internationally, ICES endorses acceptance of the provisions of IEC 62479 (2010). In
contrast, the FCC 1 mW exclusion and the calculated levels in Table 2 of the subject Order and
Report are overly conservative and not as practical for use with modern wireless devices. Adoption
of the provisions of IEC 62479 (2010) will eliminate many instances of unnecessary, costly, and
time-consuming compliance tests. It is useful to note from Table A.1 of IEC 62479 (2010) the
significant difference between the exclusion level of 1.6 mW associated with IEEE C95.1-1991 and
the more recent value of 20 mW based on IEEE C95.1-2005 and the ICNIRP guidelines. In order to
resolve this large difference, ICES again urges the Commission to adopt the peak spatial-average
SAR value of 2 W/kg averaged over 10 g of tissue, which will result in an exclusion power of
20 mW in harmony with the rest of the world.
Similarly, the FCC should also adopt the provisions of IEC 62209-2 (2010). 36 In this standard,
a single tissue-equivalent liquid in the phantom is specified for frequencies ranging between 30
MHz and 6 GHz for testing devices in close proximity to the human body. This liquid is the same
as the head simulating tissue in IEC 62209-1, and different from the body simulating liquid in FCC
OET Bulletin 65 Supplement C, which was derived from extrapolations from the head tissue by
FCC (not verified by others). If the FCC adopts IEC 62209-2, as has other parts of the world, it
would eliminate unnecessary double testing of products in two different tissue stimulants for
devices used in the USA and devices used in the rest of world. The large safety factor built into the
exposure standards assures that small differences in the SAR values do not substantively affect
protections to public health and safety provided by the standards. Finally, global harmonization
yields benefits that would be unavailable by preserving the status quo.
In summary, the FCC should adopt the provisions of international assessment standards IEC
62479 (2010) and IEC 62209-2 (2010); specifically the international low power device exclusion
values and the use of a single tissue simulating liquid. Both of these changes will facilitate a more
efficient and economical compliance process.
III.

MEDICAL IMPLANTS

In paragraph 125 of the FNPRM, the Commission cites a "worst-case" example of RFtransmitting medical implants that have a high potential for most of their energy being absorbed in
one gram of tissue. 37 Furthermore, in paragraph 168, the Commission states that it proposes to
apply only the 1 mW blanket exemption to implanted medical devices.
ICES notes that neither IEEE C95.1-1991 nor IEEE C95.1-2005 is intended for exposure of
36

IEC 62209-2 Edition 1.0 (2010-03-30), Human exposure to radio frequency fields from hand-held and
body-mounted wireless communication devices – Human models, instrumentation, and procedures – Part
2: Procedure to determine the specific absorption rate (SAR) for wireless communication devices used in
close proximity to the human body (frequency range of 30 MHz to 6 GHz). International Electrotechnical
Commission, Geneva, Switzerland.
37
Id. at para. 125.
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patients by, or under the direction of, physicians and medical professionals. In its 1998 guidelines,
ICNIRP also clarifies its position: “Compliance with the present guidelines may not necessarily
preclude interference with, or effects on, medical devices such as metallic prostheses, cardiac
pacemakers and defibrillators, and cochlear implants.”15
ICES urges the Commission not to use the general public peak-spatial SAR limit for medical
implants. It is an inappropriate use of the standard and guidelines and would severely limit
beneficial applications of medical implants for improved healthcare.
We note that FDA 38 has adopted the IEC temperature limits for compliance of MRI scanning,
rather than relying on just the SAR as a limiting factor because excessive temperature is
acknowledged as a definite cause of harm that must be prevented for medical diagnostics and
medical implants, whereas SAR of itself is not a relevant factor in clinical circumstances. IEC
60601-2-33 provides SAR values that were derived in a manner such that localized temperatures
will not result in tissue damage. IEC 60601-2-33 also states that higher temperatures and higher
local SAR values may be accepted for specific tissues if there is no unacceptable risk for the
patient. 39
In summary, for compliance in medical applications ICES recommends use of the (higher) SAR
values based on temperature rise derived by the IEC, not the SAR exposure limits in ICNIRP or
IEEE C95.1-2005.
IV.

CONCLUSION

In response to the Further Notice of Proposed Rule Making (FNPRM) and Notice of Inquiry
(NOI) issued by the Commission, the International Committee on Electromagnetic Safety (ICES) of
the Institute of Electrical and Electronics Engineers urges the Commission to adopt up-to-date,
internationally recognized, electromagnetic exposure and assessment standards. Those standards
supplant out-of-date localized exposure limits that no existing international standard organization
supports. Specifically, ICES recommends that the Commission adopt the IEEE C95.1-2005
exposure limits. These limits are harmonized with International Commission on Non-Ionizing
Radiation Protection guidelines in terms of basic restrictions (SAR) and reference levels (MPEs) as
applied to exposures of the general public at frequencies between 30 MHz and 100 GHz. IEEE
C95.1-2005 contains many science-based improvements over the IEEE C95.1-1991 and ICNIRP
guidelines. In particular, we therefore urge the Commission to adopt the widely endorsed ICNIRP
and IEEE C95.1-2005 peak spatial-average SAR value of 2 W/kg averaged over 10 g of tissue for
localized exposures among the general public, and 10 W/kg averaged over 10 g of tissue for
occupational exposures in controlled environments. In addition, ICES fully supports and
38

Food and Drug Administration, "Guidance for the Submission of Premarket Notifications for Magnetic
Resonance Diagnostic Devices," Nov. 14, 1998.
39
IEC Standard 60601-2-33 Edition 3 (2010-03-10), Medical electrical equipment – Part 2-33: Particular
requirements for the basic safety and essential performance of magnetic resonance equipment for medical
diagnosis. International Electrotechnical Commission, Geneva, Switzerland.
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encourages FCC adoption of the provisions of the IEEE C95.7-2005 standard, which describes RF
safety programs designed to complement IEEE C95.1-2005.
ICES also urges the adoption of international assessment standards IEC 62479 (2010) that
defines low power device exclusions agreed upon by an international technical committee, and IEC
62209-2 (2010) that provides technical guidance on SAR measurements for transmitting devices
operated close to the body. Adoption of these two international standards will make the compliance
process more efficient and economical without any adverse impact on human safety. For medical
products, ICES recommends that compliance be determined using SARs based on temperature rise
as determined by the IEC rather than the SAR exposure limits in ICNIRP or IEEE C95.1-2005.

Respectfully submitted,

_____________________________
Dr. Ralf Bodemann
Chairman of the International Committee on
Electromagnetic Safety
Institute of Electrical and Electronics Engineers, Inc.
ralf.bodemann@ieee.org
+491738561184
August 30, 2013

11

ICES comments in response to the Further Notice of Proposed Rule Making (FNPRM)
and Notice of Inquiry (NOI) issued by the Federal Communications Commission

ATTACHMENT 4

Attachment A: Expert Reviews
Statements from Governments and Expert Panels Concerning Health Effects
and Safe Exposure Levels of Radiofrequency Energy (Examples from last 3
years)
1. Spain’s Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS) (2011)
http://ccars.es/en
 “According to various agencies, there is no scientific justification for a reduction in
current exposure limits for RF EMF.”
2. UK Health Protection Agency
(2011) http://www.hpa.org.uk/NewsCentre/NationalPressReleases/2011PressReleases/1105
31electomagneticfields/
 “HPA advice is that there is no clear scientific evidence of a cancer risk from exposure
to radiofrequencies at levels below international guidelines but the possibility remains.”
3. UK National Health Service (2011)
http://www.nhs.uk/news/2011/05May/Pages/iarc-mobile-phones-brain-tumour-cancer.aspx
So do mobile phones definitely cause cancer?
 “No. The IARC’s classification means there is some evidence linking mobile phones to
some types of brain cancer but that this evidence is too weak to draw strong conclusions.”
4. US National Cancer Institute (2011)
http://www.cancer.gov/newscenter/pressreleases/2011/IARCcellphoneMay2011
NCI Statement: International Agency for Research on Cancer Classification of Cell Phones
as “Possible Carcinogen”
 “Interphone, considered the major study on cell phone use and cancer risk, has reported
that overall, cell phone users have no increased risk of the most common forms of brain
tumors -- glioma and meningioma. In addition, the study revealed no evidence of
increasing risk with progressively increasing number of calls, longer call time, or years
since beginning cell phone use. For the small proportion of study participants who
reported spending the most total time on cell phone calls, there was some increased risk
of glioma, but the researchers considered this finding inconclusive. Furthermore, a large
population-based cohort study in Denmark has found no evidence of increased risk of
brain tumors. It is noteworthy that brain cancer incidence and mortality rates in the
population have changed little in the past decade.”
5. WHO (June, 2011)
Fact Sheet #193 Electromagnetic fields and public health: mobile phones
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
Are there any health effects?
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“A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health effects
have been established as being caused by mobile phone use.”
“WHO will conduct a formal risk assessment of all studied health outcomes from
radiofrequency fields exposure by 2012.”

6. ICNIRP (July 2011)
Mobile Phones, Brain Tumours and the Interphone Study: Where Are We Now?
http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693
 “In summary, Interphone and the literature overall have methodological deficiencies but
do not demonstrate greater risk of either glioma or meningioma with longer or greater
use of mobile phones, although the longest period since first use examined is <15 years.”
 “Although there remains some uncertainty, the trend in the accumulating evidence is
increasingly against the hypothesis that mobile phone use can cause brain tumours in
adults.”
7. International Epidemiology Institute (2011)
http://jnci.oxfordjournals.org/content/early/2011/07/27/jnci.djr285.full
 “There have been other recent studies presenting brain tumor incidence trends among
adults and children over the last 20 years in the United States; the United Kingdom; New
Zealand; and Denmark, Norway, Sweden, and Finland. It is especially encouraging that
these nationwide time-trend studies are uniformly and remarkably consistent in showing
no evidence of increases in brain tumors over recent calendar years, up to and including
2009 in Sweden. Increases would have been expected if radio frequency waves were
causally associated with brain cancer, given the steady and marked rise in the use of cell
phones throughout the world since the 1980s.”
8. National Cancer Institute (2011)
Fact Sheet: Cell Phones and Cancer Risk
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
 “Studies thus far have not shown a consistent link between cell phone use and cancers of
the brain, nerves, or other tissues of the head or neck.”
 “..to date there is no evidence from studies of cells, animals, or humans that
radiofrequency energy can cause cancer.”
9. Health Canada (2011)
Wi-Fi Equipment
http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/wifi/index-eng.php
 “Based on scientific evidence, Health Canada has determined that exposure to low-level
RF energy, such as that from Wi-Fi equipment, is not dangerous to the public.”
10. Health Canada (2011)
Safety of Cell Phones and Cell Phone Towers
http://www.hc-sc.gc.ca/hl-vs/alt_formats/pacrb-dgapcr/pdf/iyh-vsv/prod/cell-eng.pdf
13

ICES comments in response to the Further Notice of Proposed Rule Making (FNPRM)
and Notice of Inquiry (NOI) issued by the Federal Communications Commission

ATTACHMENT 4

 “The IARC classification of RF energy reflects the fact that some limited evidence exists
that RF energy might be a risk factor for cancer. However, the vast majority of scientific
research to date does not support a link between RF energy exposure and human
cancers.”
 “With respect to cell phone towers, as long as exposures respect the limits set in Health
Canada’s guidelines, there is no scientific reason to consider cell phone towers
dangerous to the public.”
11. Health Council of the Netherlands (2011)
Radiofrequency electromagnetic fields and children’s brains
http://www.gezondheidsraad.nl/en/news/infleuence-radiofrequency-telecommunicationsignals-children-s-brains
 “Available data do not indicate that exposure to radiofrequency electromagnetic fields
affect brain development or health in children.”
12. EU Commission's DG Health and Consumers (2011)
Public Health (22-11-2011) Electromagnetic Fields and Health: The Way Forward
http://ec.europa.eu/dgs/health_consumer/dyna/enews/enews.cfm?al_id=1198
 “The nocebo effect (an ill effect caused by the suggestion or belief that something is
harmful) is a major contributor to electrohypersensitivity”
13. UK Independent Advisory Group on Non-Ionizing Radiation (AGNIR) (2012)
Health effects from radiofrequency electromagnetic fields.
http://www.hpa.org.uk/webw/HPAweb&HPAwebStandard/HPAweb_C/1317133826368
 “In summary, although a substantial amount of research has been conducted in this area,
there is no convincing evidence that RF field exposure below guideline levels causes
health effects in adults or children.”
14. UK Biological Effects Policy Advisory Group (BEPAG) of the Institution of Engineering
and Technology (2012)
http://www.theiet.org/factfiles/bioeffects/emf-position-page.cfm?type=pdf
 “that the balance of scientific evidence to date does not indicate that harmful effects occur
in humans due to low-level exposure to EMFs.”
 “In summary, the absence of robust new evidence of harmful effects of EMFs in the past
two years is reassuring and is consistent with our findings over the past two decades. The
widespread use of electricity and telecommunications has demonstrable value to society,
including health benefits. BEPAG is of the opinion that these factors, along with the
overall scientific evidence, should be taken into account by policy makers when
considering the costs and benefits.”
15. US Government Accountability Office (2012)
Exposure and testing requirements for mobile phones should be reassessed.
http://www.gao.gov/products/GAO-12-771
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 “Scientific research to date has not demonstrated adverse human health effects of
exposure to radio-frequency (RF) energy from mobile phone use, but research is ongoing
that may increase understanding of any possible effects.”
16. Swedish Council for Working Life and Social Research (2012)
Radiofrequency electromagnetic fields and risk of disease and ill health– Research during
the last ten years
http://www.fas.se/pagefiles/5303/10-y-rf-report.pdf
“Extensive research for more than a decade has not detected anything new regarding
interaction mechanisms between radiofrequency fields and the human body and has
found no evidence for health risks below current exposure guidelines. While absolute
certainty can never be achieved, nothing has appeared to suggest that the since long
established interaction mechanism of heating would not suffice as basis for health
protection.”
17. Norwegian Institute for Public Health (2012)
Low-level radiofrequency electromagnetic fields – an assessment of health risks and
evaluation of regulatory practice.
http://www.fhi.no/eway/default.aspx?pid=238&trg=MainLeft_5895&MainArea_5811=58
95:0:15,2829:1:0:0:::0:0&MainLeft_5895=5825:99168::1:5896:1:::0:0
 "The studies have been performed on cells and tissues, and in animals and humans. The
effects that have been studied apply to changes in organ systems, functions and other
effects. There are also a large number of population studies with an emphasis on studies
of cancer risk.”
 “The large total number of studies provides no evidence that exposure to weak RF fields
causes adverse health effects.”
18. European Commission (2012)
European Health Risk Assessment Network on Electromagnetic Fields Exposure
(EFHRAN). Report on priorities of health risk management and communication on EMF
exposure. 2012 Nov. http://efhran.polimi.it/


the public’s perception of possible health risks due to EMF exposure levels within
international guidelines does not necessarily reflect the scientific community’s
assessment that there is a lack of evidence that could support this suggestion.



This “should suggest to policy and health authorities in Europe…that they need to invest
in improving communication strategies related to EMF, allowing Europeans to have
access to high quality and referenced information about the scientific state of the art on
EMF and health issues.

19. Swedish Scientific Council on Electromagnetic Fields (2013)
2013:19 – Recent Research on EMF and Health Risk (Eighth report from SSM’s Scientific
Council on Electromagnetic Fields, 2010), Swedish Radiation Safety Authority
http://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2013/S
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SM-Rapport-2013-19.pdf
 Subsequent to the last Council report published in 2010, IARC in 2011 classified
radiofrequency electromagnetic (RF) fields as possibly carcinogenic to humans (Group
2B) based on an increased risk for glioma and acoustic neuroma (vestibular
schwannoma) associated with wireless phone use. Since then, numerous epidemiological
studies on mobile phone use and risk of brain tumours and other tumours of the head
(vestibular schwannomas, salivary gland) have been published. The collective of these
studies, together with national cancer incidence statistics from different countries, is not
convincing in linking mobile phone use to the occurrence of glioma or other tumours of
the head region among adults. Although recent studies have covered longer exposure
periods, scientific uncertainty remains for regular mobile phone use for longer than 1315 years. It is also too early to draw firm conclusions regarding children and adolescents
and risk for brain tumours, but the available literature to date does not indicate an
increased risk.
 While the symptoms experienced by patients with perceived electromagnetic
hypersensitivity are real and some individuals suffer severely, studies so far have not
provided evidence that exposure to electromagnetic fields is a causal factor. In a number
of experimental provocation studies (mostly with radiofrequency fields), persons who
consider themselves electromagnetically hypersensitive as well as healthy volunteers
have been exposed to either sham or real fields, but symptoms have not been more
prevalent during real exposure than during sham exposure in the experimental groups.
Several studies have indicated a nocebo effect, i.e. an adverse effect caused by an
expectation that something is harmful.
20. American Cancer Society (2013)
Updates info on cell phone
towers http://www.cancer.org/cancer/cancercauses/othercarcinogens/athome/cellular-phonetowers
 “Cell phone towers are not known to cause any health effects. But if you are concerned
about possible exposure from a cell phone tower near your home or office, you can ask a
government agency or private firm to measure the RF field strength near the tower
(where a person could be exposed) to ensure that it is within the acceptable range.”
21. International Agency for Research on Cancer (2013)
Monograph 102 “non-ionizing radiation, part 2: radiofrequency electromagnetic fields”
http://monographs.iarc.fr/ENG/Monographs/vol102/index.php
 There is limited evidence in humans for the carcinogenicity of radiofrequency radiation.
Positive associations have been observed between exposure to radiofrequency radiation
from wireless phones and glioma, and acoustic neuroma.
 There is limited evidence in experimental animals for the carcinogenicity of
radiofrequency radiation.
 Radiofrequency electromagnetic fields are possibly carcinogenic to humans (Group 2B).
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 The comparative weakness of the associations in the INTERPHONE study and
inconsistencies between its results and those of the Swedish study led to the evaluation
of limited evidence for glioma and acoustic neuroma, as decided by the majority of the
members of the Working Group.
[Note: The task of IARC is to classify the possibility of effects, while the other expert
reviews are on established health effects.]
22. Health Council of the Netherlands (2013)
Mobile phones and cancer. Part 1: Epidemiology of tumours in the head.
http://www.gr.nl/en/publications/environmental-health/mobile-phones-and-cancer-part-1epidemiology-tumours-head
“[T]he final conclusion from this systematic analysis is then: there is no clear and consistent
evidence for an increased risk for tumours in the brain and other regions in the head in
association with up to approximately 13 years use of a mobile telephone, but such risk can
also not be excluded. It is not possible to pronounce upon longer term use.”
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)

ET Docket No. 13-84

ET Docket No. 03-137

REPLY OF THE
INTERNATIONAL COMMITTEE ON ELECTROMAGNETIC SAFETY OF THE
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.

SUMMARY
Pursuant to Section 1.405 of the Federal Communications Commission’s (FCC’s) Rules, 1 the
International Committee on Electromagnetic Safety (ICES) of the Institute of Electrical and
Electronics Engineers (IEEE) hereby replies to the submittals concerning Further Notice of
Proposed Rule Making (FNPRM) and Notice of Inquiry (NOI) issued by the Commission in the
above-captioned proceeding. 2 This document replies to the joint submittal by Momentum
Dynamics (MD) Corporation and Oak Ridge National Laboratory (ORNL), dated September 3,
2013.
The MD/ORNL statement addresses the questions: (1) Should the FCC extend its oversight to
frequencies below 100 kHz? (2) If yes, what international organization’s standard/guidelines should
the FCC adopt? Based on the information contained in the Appendix to their submittal, MD/ORNL
recommends:
“... should the Commission decide to adopt limits below 100 kHz, the limits should be based
upon the latest relevant IEEE Standards, C95.1-2005, C95.6-2002, and C95.7-2005.”
ICES will not address question (1). Concerning question (2), for frequencies below 100 kHz,
ICES recommends that the FCC adopt the maximum permissible exposure (MPE) values and basic
restrictions (BR) of IEEE Standards C95.1-2005 and C95.6-2002 (reaffirmed by the IEEE
Standards Association Standards Board in 2007 following ICES reaffirmation balloting). This
1
2

47 C.F.R. §1.405.
See Reassessment of Federal Communications Commission Radiofrequency Exposure Limits and Policies,
in ET Docket No. 13-84, and Proposed Changes in the Commission's Rules Regarding Human Exposure to
Radiofrequency Electromagnetic Fields, in ET Docket No. 03-137, FCC 13-39 (Released: March 29, 2013).
1
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recommendation is in concert with the position of MD/ORNL. This reply supplements the
information contained in the MD/ORNL submittal, providing further backing for adoption of the
IEEE limits below 100 kHz if the FCC decides to set exposure limits at those frequencies. A
discussion supporting adoption of the IEEE limits at higher frequencies is provided in our previous
submission to the FCC on 3 September, 2013.
I. DISCUSSION
Two existing IEEE standards collectively define limits on human exposure to electromagnetic
fields and electric currents over the spectrum from 0 Hz to 300 GHz: C95.6-2002 (from 0 Hz to
3 kHz) and C95.1-2005 (from 3 kHz to 300 GHz). 3 Various applications of electrical technology
create emissions within this broad frequency range. The 3 September 2013 submittal by IEEE
ICES urges the FCC to adopt the limits in the IEEE standards at frequencies related to broadcast
and wireless industries. 4 With this reply, ICES further recommends that if the FCC extends its
oversight to frequencies below 100 kHz, the FCC adopt the MPEs and BRs in the IEEE standards
with respect to frequencies below 100 kHz.
The intent of the limits in these IEEE standards is to protect against established adverse human
reactions from exposure to electric, magnetic and electromagnetic fields in the frequency range
0 Hz to 300 GHz. Many applications of electrical energy could potentially create more than trivial
emissions below 100 kHz. One such possible application is anti-theft technology, which is common
in many retail facilities. Another example is the switched gradient field used in MRI scanners.
Although the IEEE standards state that the limits are not intended to apply to patient exposure
during medical procedures, that would not preclude application to the practitioners who administer
such procedures. The FDA and the IEC both set MRI limits for exposure of patients, but not for the
personnel involved in those procedures. Other low frequency applications are on the drawing
board, such as the wireless charging systems addressed in the MD/ORNL position to which this
document replies.
The Annex attached herewith provides rationale for the FCC adoption of the limits in IEEE
Standards C95.6-2002 and IEEE C95.1-2005.
II. ICES Position
For the reasons summarized below, ICES supports the recommendation of MD/ORNL that if
the FCC concludes that setting exposure limits below 100 kHz is beneficial or necessary, it should
adopt the limits in IEEE C95.6-2002 (reaffirmed in 2007) and C95.1-2005. Adoption of both IEEE
C95.6 and C.95.1 would provide coverage of the full spectrum from 0 Hz to 300 GHz with sciencebased standards developed by a single, highly qualified and representative body through a thorough,

3

ICES is in the process of reviewing and updating its standards, and combining IEEE Standards C95.1-2005
and C95.6-2002 (reaffirmed in 2007) into a single document.
4
Comments of The International Committee on Electromagnetic Safety (ICES) of The Institute of Electrical
and Electronics Engineers, Inc. (IEEE), submitted in response to Notice of Inquiry issued by the Federal
Communication Commission, dated 30 August, 2013, and submitted on September 3, 2013.
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open and transparent process. 5
For example, the limits in IEEE C95.6 are based on clearly defined scientific principles
connecting experimental data and theoretical models of human reactions. That standard provides
tissue-specific limits in a self-consistent manner. These limits are developed through consultation
with a broad base of constituencies that include a wide range of points of view.
IEEE standards are developed with oversight by the IEEE Standard Association under the
principles of transparency and due process afforded to all. 6 The IEEE standard development
process is further governed by principles of balance, representation across the social spectrum of
concerns over safe exposure, and fair consideration of all competing viewpoints, research, and data.
The IEEE standards define safety levels with respect to human exposure to electromagnetic fields
that are based on the best available science and engineering and, as such, they are scientifically
defensible. The subcommittee that developed IEEE C95.6 has a broad range of participation by
over 68 experts in engineering, biology, medicine, measurements and safety programs. The
committee’s balanced membership consists of members of the government, military, academia, and
industry.
Although ICNIRP (another organization mentioned by the FCC in its NOI) has defined limits
with respect to the safe exposure to electromagnetic fields, ICES submits, for reasons summarized
below, that the ICES standards have many strengths over the ICNIRP 2010 guidelines:
(1) Objectives. It is clearly stated in IEEE Standards C95.6-2002 and C95.1-2005 that, in the
absence of established evidence for chronic effects of low-level, long-term exposure below the
limits in these standards, their objectives are to avoid adverse biological effects, which are
defined in 4.3 of IEEE C95.6.
(2) Data trail. The IEEE standards provide a clear path from experimental adverse effect
thresholds and theoretical principles to the limits of the standards.
(3) Safety/reduction factors. The rationale behind reduction factors is made clear in the IEEE
standards, and separate components of those factors are identified.
(4) Probability models and treatment. The probabilities associated with reaction thresholds,
including the limit values, are made clear in the IEEE standards.
(5) Exposure of the limbs. The IEEE standards provide separate limits for exposure of the limbs.
(6) Definition of exposed populations. The IEEE standards clearly define the two categories of
exposed populations in a rational manner.
5

Consistent with Office of Management and Budget (OMB) Circular A-119 Revised, “Federal Participation
in the Development and Use of Voluntary Consensus Standards and in Conformity Assessment Activities,”
(Feb., 1998).
6
One of the hallmarks of IEEE’s process is its inclusion of all materially interested parties, along with
transparency, due process, documentation, balancing and consideration of all interests, and appeal rights.
In addition, IEEE ICES represents a large international contingency: the main committee of ICES, TC95,
has approximately 122 members, including members of the Federal RF Interagency Working Group (FCC,
FDA, NIOSH and OSHA). Over one-third of the members are from outside the U.S., with 22 members
from important Far East countries (such as China, Korea, and Japan). The representation of various
viewpoints allows IEEE ICES to consider and address issues with implementation that may not be
considered in a less inclusive process.
3
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(7) Induction Models. In the IEEE standard, an artifact-free model is used to derive the MPE
values from the basic restrictions.
(8) CNS limits below 20 Hz. The IEEE standards provide central nervous system (CNS) limits at
very low frequencies (< 20 Hz) that take into account biophysical responses that might occur
with realistic exposure waveforms.
(9) Environmental E-field limits – consistency. The MPE values for electric fields are consistent
with contact current limits elsewhere in the two IEEE standards.
(10) Environmental E-field limits in power line ROWs. Relaxed limits for the general public
within power line rights of way (ROWs) are included in IEEE C95.6-2002.
ICES believes its standards best define exposure levels that (1) are sufficiently low, and with
an adequate margin of safety, to protect against demonstrated adverse health effects in humans and
(2) are not unnecessarily low in light of the body of available scientific evidence. The FCC’s NOI
acknowledges that rulemaking must include weighing relative costs and benefits. See, e.g., NOI
229. Thus, the FCC should avoid adoption of limits that unnecessarily restrict technology or
increase costs by requiring compliance with unjustifiably stringent limitations. For example,
ICNIRP’s 1998 low frequency limits adversely affected several applications, e.g., MRI, which led
ICNIRP to relax its guidelines in 2010 without any adverse effect on safety.
If the FCC decides to regulate exposures in the 0-100 kHz spectrum, it must avoid the
possibility of erring in two ways: (1) adoption of highly restrictive limits at the risk of unnecessarily
constraining technology development, and (2) adoption of insufficiently restrictive limits that
possibly put the health and safety of the public at risk. As noted, ICES believes that adoption of its
standards avoids this dilemma: its standards fairly balance the need to protect the public from
scientifically established mechanisms of biological effects in humans without being unnecessary
stringent in light of scientific evidence. Further comparison of the IEEE ICES standards with the
applicable ICNIRP 2010 guidelines is provided in the Annex. 7
For deeper inspection of such conflicts, ICES recommends possible consultation with
additional resources to assist in evaluating the technical rationale for selection of limits in the 0 Hz 100 kHz region. Such agencies or bodies might include the National Council on Radiation
Protection and Measurements (NCRP), which has historically been involved in evaluating public
health implications of electromagnetic field exposure; the Federal RF Interagency Working Group;
and the Committee on Man and Radiation (COMAR). 8

7

The Annex to this letter is based on a paper prepared by J.P. Reilly for Momentum Dynamics and submitted
to the FCC as an Appendix to the MD/ORNL comments dated 2 September 2013. The Annex hereto was
prepared by J.P. Reilly with significant review and input by ICES. The Annex supplements, expands on,
and clarifies information in J.P. Reilly’s September 2 paper, prepared for Momentum Dynamics, but does
not change or contradict the conclusions in that paper. The Annex hereto represents the collective position
of ICES.
8
COMAR is a Technical Committee of the Engineering in Medicine and Biology Society (EMBS) of the
Institute of Electrical and Electronics Engineers (IEEE). COMAR's primary area of interest is biological
effects of non-ionizing electromagnetic radiation.
4
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CONCLUSION

If the Commission elects to extend its oversight to frequencies below 100 kHz, ICES
concurs with the recommendation of MD/ORNL that the FCC adopt the limits in IEEE Standards
C95.6-2002 (reaffirmed in 2007) and C95.1-2005 across the spectrum. The two standards are being
updated based on an evaluation of the scientific evidence and developments since the two standards
were last approved or reaffirmed, and, if finally approved through the IEEE’s rigorous and open
balloting and approval process, will be published as a single document that covers the full spectrum
from 0 Hz to 300 GHz.
Respectfully submitted,

Dr. Ralf Bodemann
Chairman of the International Committee on
Electromagnetic Safety
Institute of Electrical and Electronics Engineers, Inc.
ralf.bodemann@ieee.org
+491738561184
16 November, 2013
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Annex
HUMAN EXPOSURE STANDARDS IN THE FREQUENCY RANGE 1 Hz TO
100 kHz: THE CASE FOR ADOPTION OF THE IEEE STANDARD.
J. Patrick Reilly 1
Abstract—Differences between IEEE C95 Standards (C95.6-2002 and C95.1-2005) in
the low-frequency (1 Hz – 100 kHz) and the ICNIRP-2010 guidelines appear across the
frequency spectrum. Factors accounting for lack of convergence include: differences
between the IEEE standards and the ICNIRP guidelines with respect to: biological
induction models; stated objectives; data trail from experimentally derived thresholds
through physical and biological principles; selection and justification of safety/reduction
factors; use of probability models; compliance standards for the limbs as distinct from the
whole body; defined population categories; strategies for central nervous system
protection below 20 Hz; correspondence of environmental electric field limits with
contact currents. This paper discusses these factors, and makes the case for adoption of
the limits in the IEEE standards.
Key words: safety standards; EMF exposure; nonionizing; electromagnetic fields; health
effects; regulatory guides.
INTRODUCTION
Standards and guidelines on human exposure to electric, magnetic and electromagnetic
fields and electric currents have been issued by two international organizations: the
Institute of Electrical and Electronics Engineers, Inc. (IEEE—headquartered in New
York, USA), and the International Commission on Non- Ionizing Radiation Protection
(ICNIRP—headquartered in Munich, Germany). 2 The IEEE committee responsible for
development of standards for electromagnetic exposure is known as the International
Committee on Electromagnetic Safety (ICES). The World Health Organization in its fact
sheet #193 has recognized both organizations in developing exposure guidelines for
workers and for the general public. 3
Both the IEEE C95 standards and the ICNIRP guidelines cover the frequency range
of 0 Hz (static) to 300 GHz. This document focuses on the frequency regime from 1 Hz
to 100 kHz, where the dominant mechanism of biological interaction is
electrostimulation—the excitation of nerve and muscle by applied electrical energy. For

1

Metatec Associates. 12516 Davan Dr., Silver Spring, MD 20904. For correspondence, contact
the author at that address, or email at jpreilly@erols.com.

2

The IEEE considers its limits as constituting a “voluntary standard;” ICNIRP considers its limits
as “Guidelines.” Neither organization has enforcement power. Adoption and enforcement of
either standard is at the discretion of adopting agencies, whether governmental, or other.
3
(http://www.who.int/mediacentre/factsheets/fs193/en/index.html).
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frequencies above 100 kHz, the dominant mechanism is typically a thermal one 4 (Reilly,
1998, pp. 265-269).
IEEE limits cover the frequency range 0 Hz to 3 kHz in IEEE Standard C95.6-2002
(IEEE, 2002), and the frequency range 3 kHz to 100 kHz in IEEE Standard C95.1-2005
(IEEE, 2005). Principles of electrostimulation forming the basis of IEEE C95.6 and
C95.1 are found in (Reilly, 1998) and updated in (Reilly & Diamant, 2011).
In 1998 ICNIRP published exposure guidelines for the frequency range 0 Hz to
300 GHz (ICNIRP, 1998). Sizable differences between the low frequency limits of IEEE
C95.6-2002 and ICNIRP-1998 were evident – at some frequencies differences were as
great as a factor of 100, despite the fact that both organizations espoused the same
objectives and reviewed essentially the same literature (Reilly, 2005).
Technical factors responsible for these large discrepancies include: in situ metrics;
interpretation of published literature and theoretical principles; selection of transition
frequencies at which thresholds obeyed different power laws; differentiation of limits for
different tissues of the body; induction model; treatment of “safety factors;” and
consistency issues in environmental electric field limits (Reilly, 2005).
ICNIRP’s revised guidelines, published in 2010, were more closely aligned with
IEEE C95.6-2002 due to changes with respect to: inclusion of an in situ metric using the
induced electric field; revision of transition frequencies; differentiation of central nervous
system (CNS) and other tissue; substitution of an improved induction model; and
reconsideration of published literature and theoretical principles. Despite the substantial
reduction of differences, significant discrepancies between the two standards still remain
at frequencies below 100 kHz.
COMPARISON OF IEEE STANDARDS WITH ICNIRP
GUIDELINES FROM 1 Hz – 100 kHz
IEEE standards and ICNIRP 2010 guidelines express both in situ and environmental
exposure limits. The in situ limits are termed Basic Restrictions (BRs) by both
organizations; the environmental limits are called Maximum Permissible Exposure
(MPE) by IEEE, and Reference Levels (RLs) by ICNIRP. It is typically much easier to
determine compliance with MPEs than BRs. Compliance with the MPEs ensures that the
BRs are satisfied. However, exceedance of an MPE or RL does not necessarily mean a
BR is exceeded. In such cases, a user has the option of demonstrating compliance with
the BRs through measurement or calculation.
Both organizations provide two tiers of limits – one tier is identified as the General
Public; the other is identified as Individuals in Controlled Environments by IEEE, and
Occupational Exposure by ICNIRP.
4

For pulsed electrostimulation, particularly of low duty factor, the dominance of electrostimulation vs. heating effects can extend well into megahertz frequencies (Reilly, 1998, pp.
134-141). This paper focuses on continuous sinusoidal stimulus waveforms, where the dividing
line between electrostimulation and thermal effects is at about 100 kHz (Reilly, 1998, pp. 265269).
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Table 1 lists IEEE BRs, which are differentiated among the tissue types as: brain;
heart; hands, wrists, feet and ankles; and “other tissue.” 5 As seen in Table 2, ICNIRP
differentiates between only two tissue types: the brain, and “other.”
Table 3 lists the IEEE MPEs. In this case, allowable exposure of the head and torso
(effectively, “whole-body” exposure) is differentiated from the limbs. However, ICNIRP
makes no such distinction (Table 4). Tables 5 and 6 list the IEEE environmental E-field
MPEs and ICNIRP RLs, respectively.
Figure 1 compares the IEEE and ICNIRP BRs. At frequencies above a few hertz,
the IEEE limits for the brain are lower than those of ICNIRP, typically by a factor of 2 –
3. As the frequency drops below10 Hz, IEEE limits become increasingly conservative
relative to ICNIRP. For peripheral nerve stimulation (PNS), the IEEE limits exceed
those of ICNIRP by a factor of about 2.
Figure 2 compares the environmental magnetic field limits of the two organizations.
Excepting exposure of the limbs, the IEEE MPE values assume exposure of the head and
torso. Consequently, the MPEs below 759 Hz would be dominated by the most sensitive
tissue (those of the CNS where synaptic function can be affected). The IEEE limits
typically exceed those of ICNIRP by factors of about 3 – 5 over most of the frequency
spectrum. For exposure of the limbs but insignificant exposure of the head and torso at
frequencies above 1000 Hz, IEEE limits exceed those of ICNIRP by a factor of about 10
or more. Below 1000 Hz, IEEE MPEs for the limbs exceed the RLs of ICNIRP by a
factor exceeding 100. The reason for such a large discrepancy is that extremity exposure
does not include the brain, which is much more sensitive to electrostimulation than other
tissue at frequencies below 1000 Hz, 6 and the magnetic induction areas of the limbs are
smaller than those of the head and torso (C95.6, Annex B). 7
THE CASE FOR ADOPTION OF THE IEEE MPES AND BASIC
RESTRICTIONS
Although the 2010 revision of the ICNIRP guidelines are less stringent than its
1998 predecessor for frequencies below 100 kHz, significant differences between the
IEEE and ICNIRP limits in that frequency domain remain. The discussion below
addresses these discrepancies and makes a case for preference of the limits in the IEEE
Standards in the frequency regime below 100 kHz.
The rationale for the IEEE electrostimulation limits is fully developed in IEEE
C95.6-2002 (Sect. 6). Although that document provides limits only up 3 kHz, the
rationale is equally applicable to electrostimulation at much higher frequencies, including
the upper limit of 100 kHz discussed here (C95.1, Sect. C.2; Reilly, 1998, pp. 134-141).

5

In some cases the units or formats of the original data expressed in Tables 1 – 4 have been
converted to other forms for clarity and consistency.
6
Such CNS sensitivity is due to the effects of the induced in situ electric field on synaptic
processes within the brain (Reilly, 1998, pp. 387-393; Reilly & Diamant, pp. 147-150).
7
For brevity, hereafter the citation IEEE C95.6-2002 is cited simply as C95.6, and ICNIRP-2010
is cited simply as ICNIRP.
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Table 10 of IEEE C95.6-2002 provides an overview of the derivation of IEEE BRs,
in which numerical data are presented on: the median thresholds of just-noticeable
reaction; the adverse reaction levels; a factor to convert median thresholds to low
probability reaction thresholds; safety factors; and the final BR value. The text provides
the justification, including experimental references. Figure 1 of C95.6 provides an
overview of the derivation of MPEs, and Appendix B describes the mathematical
induction model used to derive the MPEs from the BRs.
Objective and purpose of the standards and guidelines
Both organizations state the objective to protect against established adverse health
effects of an acute nature (C95.6, Sect. 4.3; ICNIRP, p. 818, col. 2).
In the absence of established evidence for chronic effects of low-level long-term
exposure, the IEEE standards clearly identify adverse effects in this frequency regime to
include aversive or painful electrostimulation (C95.6, Sect. 4.3), and provides a basis for
its values with a complete explanation of the relevant principles and experiments (C95.6,
Sect. 6).
In contrast, although ICNIRP states its purpose is to protect all persons against
adverse effects (ICNIRP, p. 818, col. 1), specific adverse reactions are not identified. For
example, in discussing protection afforded by the RLs, ICNIRP refers to “PNS effects”
(p. 828, col. 1) but does not specify whether these effects are perception, discomfort,
pain, motor twitch, limits of tolerance, or something else, nor does it reveal percentile
ranks associated with the quoted data and derived limits. Consequently, one cannot
properly evaluate whether the protection afforded in that standard is adequate, excessive,
or overly permissive.
Data trail leading to BR and MPE limits
The IEEE standards provide a complete data and computational trail leading from
experimental and theoretical sources to the actual limits, with every step and assumption
clearly and numerically defined (Sect. 6). Consequently, it is possible for someone to
follow the IEEE reasoning, to duplicate or repudiate those results, or to determine the
consequences if new data were to become available or if other assumptions were made.
This is not the case in the ICNIRP guidelines. In general, the reader is not given the
information with which to determine how ICNIRP determined the BRs. ICNIRP
discusses various publications on electrostimulation, but the connection between the
ICNIRP limits and the cited literature is not evident.
For instance ICNIRP (2010, p. 825, col.1) states that with exposure to the head and
body in controlled environments, the BR of 800 mV/m includes a “reduction factor” of 5
below a putative stimulation threshold of 4 V/m. Such a statement begs the questions: To
what waveform does the experimentally derived threshold 4 V/m apply? How did
ICNIRP extrapolate this result to sinusoidal exposure at frequencies outside the specified
range in Table 2, and what is the justification for such extrapolation? Is the 4 V/m value
the threshold of perception as the statement implies? If so, how can this be understood as
an adverse reaction? What probability rank among the population does 4 V/m apply to –
50%? 1%? Is this the lowest observable effect level or the lowest observable adverse
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effects level? What probability rank would apply at the BR level? Is 4 V/m a peak or an
RMS value, and how does this comport with experimental values?
Safety/Reduction factors
To develop an exposure limit, a “reduction” or “safety” factor is typically applied to
what is considered an adverse effects level. IEEE ICES and ICNIRP adhere to different
philosophies in applying such margins.
In developing its BRs, IEEE ICES identifies a population median adverse reaction
level, as noted in Table 10 of IEEE C95.6-2002, column D, 8 and C95.6, Sect. 6.9.1.1.
That value is converted to a low probability reaction level (i.e., no more than
conservatively determined 1% or less of persons would find the stimulus painful) by
reducing the median value by a Probability Factor, FP (Table 10 of IEEE C95.6-2002,
column E). That value is further reduced by applying a “Safety Factor,” FS (column F),
which accounts for various uncertainties. The inverse of the product FP FS might be
compared with what is called a “Reduction Factor” by ICNIRP, or a “Safety Factor” in
IEEE C95.1-2005 at higher frequencies. 9 For most of the effects under consideration, the
product FP FS = 1/3 for the controlled environment (equivalent to “Occupational
Exposure” in ICNIRP) and 1/9 for the general public (where the factors are multipliers).
ICNIRP cites “Reduction Factors” (divisors), including 5 for the general public BR
of the head, and 10 for the rest of the body (p. 825, col. 2). An additional reduction factor
of 3 is applied for the General Public RL (p. 827, col. 2). When the ICNIRP BR and RL
safety factors are combined, the total reduction factor is 15 for the head, and 30 for the
rest of the body. The ICNIRP guidelines do not provide the physiological or statistical
bases for these reductions and do not attend to the implications of not applying a
reduction factor for the adverse effects of occupational exposures. Consequently, the
rationale for ICNIRP’s limits is unclear.
Probability models
Electrostimulation thresholds vary from person to person. Such intersubject
variability is found to be considerably greater than variations in a single subject measured
repeatedly over time (Reilly, 1998, pp 282-290). Intersubject variations usually fit well
8

The Median Adverse Reaction Levels in IEEE C95.6-2002 (products of columns C and D of
Table 10) are derived from a just noticeable threshold by applying a multiplier that depends on
the particular tissue under consideration (column D) (C95.6, Sect. 6.2). For peripheral nerve
stimulation (PNS) a multiplier of 1.45 converts the perception threshold to a pain threshold
(C95.6, Sect. 6.2). For central nerve stimulation, the just noticeable reaction is considered
adverse, i.e., FS = 1.

9

In IEEE C95.6-2002, the product FP FS = (1/3) x (1/3) = 1/9 in most cases for the general
public, and is 1/3 for the controlled environment. To compare these reduction factors to the
“Safety Factor” applied to specific absorption rates (SAR) at higher frequencies, note that the
SAR safety factor is applicable to the square of the in situ field, whereas the product FP FS is
applied to the magnitude of the field. One would have to square the product FP FS to compare
it with the inverse of the SAR safety factor.
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to a lognormal statistical model (Reilly, 1998, pp. 282-290; Reilly & Diamant, 2011, pp.
111-114), especially for probability ranks at and below 50%.
IEEE standards incorporate probability factors to account for such statistical
characteristics (C95.6, Sect. 6.8). Probability levels associated with reaction thresholds
and the limits of the standard are defined (C95.6, Table 10).
ICNIRP does not refer to intersubject variations. It is unclear what phenomena are
included in its “Reduction Factors.” It does not discuss in meaningful depth probabilities
associated with reaction thresholds that are mentioned throughout its guidelines.
Separate magnetic field limits for exposure of the limbs
The MPE values in IEEE Standards C95.1-2005 and C95.6-2002 (Tables 2 and 3 in
both standards) separately specify limits for exposure of the limbs to allow for
nonuniform exposures in which the limbs may be preferentially exposed, but with
insignificant exposure to the head and torso. An example would be the case of an
attendant in an MRI examination who places his/her hands and arms into the core,
possibly to minister to the patient, but with very little exposure to his/her head or torso. 10
The exclusion of the examiner’s head from maximal exposure is particularly significant,
since the exposure limits for the brain at low frequencies are particularly low (C95.6,
Sect. 6.1.3). It would be overly conservative to require an examiner to comply with
exposure limits for the brain, when only his/her arms are exposed. The MPEs in the
IEEE standards for the limbs are greater than whole body values, not only because the
brain is excluded, but also because the magnetic cross sectional induction area of the
limbs is much smaller than that of the head and torso (C95.6, Annex. B).
ICNIRP has no separate provisions for exposure of the limbs. Consequently, the
MPE values of that standard may be unnecessarily restrictive in cases where the limbs are
primarily exposed.
Definition of exposed populations
IEEE C95.6-2002 provides limits for two categories of exposed individuals:
General Public: All individuals who may experience exposure, except those in
controlled environments (Sect. 3.1.28).
Controlled Environment: An area that is accessible to those who are aware of
the potential for exposure as a concomitant of employment, to individuals
cognizant of exposure and potential adverse effects, or where exposure is the
incidental result of passage through areas posted with warnings, or where the
environment is not accessible to the general public, and those individuals having
access are aware of the potential for adverse health effects (Sect. 3.1.15).
Accordingly, persons in occupational settings and those in controlled environments
are not necessarily the same. For instance, in the IEEE standards an office worker or a
10

The IEEE standard does not apply to patients undergoing medical procedures (C95.6, Sect.
1.1), but it would apply to practitioners, who would be considered as persons within a
controlled environment.
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grounds-keeper in a facility with an electromagnetic field source would not be considered
subject to the Controlled Environment limits unless special conditions were met (C95.6,
Sect. 4.1 & 3.1.15).
ICNIRP (pp. 834 – 835) recognizes two categories: General Public, and
Occupational Exposure, which are defined as:
General Public: ... the entire population. It includes individuals of all ages and
of varying health status, and this will include particularly vulnerable groups or
individuals such as the frail, elderly, pregnant workers, babies and young
children.
Occupational Exposure: All exposure to EMF experienced by individuals as a
result of performing their regular or assigned job activities.
The ICNIRP definition of Occupational Exposure includes individuals who might
be considered members of the general public in the IEEE standard. As a result, the
ICNIRP guidelines could allow untrained or naive workers to experience exposure at
levels intended for occupational groups having such training or knowledge, thereby
removing the added safety margin afforded to the general public by virtue of their naivety
or lack of training.
Induction models
To derive MPEs from the BRs, IEEE C95.6-2002 uses an ellipsoidal uniform
conductivity (EUC) model to fit the body or body part under consideration. The EUC
model supports an analytic solution to the induced electric field (E-field) at any point
within the ellipsoidal volume with arbitrarily high precision (C95.6, Annex B; Reilly,
1998, pp. 363-366).
ICNIRP-2010 uses a Finite Difference Time Domain (FDTD) detailed anatomical
induction model. 11 FDTD models allow one to determine the distribution of the induced
electric field (E-field) with high resolution, and with the ability to separately determine
the E-field distribution within individual organs and tissues.
A difficulty with FDTD results is the presence of numerical artifacts at the
interfaces between regions having disparate conductivity, and particularly at air/tissue
interfaces (Reilly & Diamant, 2011, pp. 122-128). Such artifacts typically exaggerate the
maximum E-field at the interfaces. A common method of dealing with these artifacts is
to discard a small percentage of the largest values in each organ, such as the largest
1 percentile values, and retain the largest value (the 99th percentile rank) as
representative of the “maximum” value (Kavet et al., 2012; Laasko & Hirata, 2012).
Recent studies demonstrate that removing artifacts in FDTD solutions using this method,
which is prescribed by the ICNIRP guidelines, can result in errors due to the discard of
valid values or retention of invalid artifacts (De Santis and Chen, 2013; Laasko and
Hirata, 2012).

11

The FDTD model used in ICNIRP’s 2010 guidelines is a considerable improvement over the
simple circular loop model which was used to represent the body in the 1998 guidelines.
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This method of artifact filtering may be satisfactory when determining averages or
medians within specified volumes, as is done at high frequencies where the SAR metric
may be appropriate. In such cases, large-value artifacts may have only a modest effect on
the average. However, with electrostimulation phenomena, the potential for exciting a
neuron more nearly depends on the maximum E-field value along a portion of its
extended length, in a direction aligned with the neuron’s axon. When evaluating the
possibility of neuronal excitation, it is appropriate to average that peak field over a linear
distance of about 5 mm (Reilly & Diamant, 2003; Reilly & Diamant, 2011, pp. 117 –
118), in which case included artifacts or discarded valid points may introduce a
significant error.
The ICNIRP specification of volume averaging for determination of the
electrostimulation potential (p. 825, col. 2) creates additional difficulties in assessing
FDTD artifacts because, as an electrostimulation metric, a volume average may obscure
the maximal linear average metric mentioned above. 12
CNS limits below 20 Hz
BRs applicable to the CNS below 20 Hz have a flat plateau in the IEEE standard,
but below 10 Hz rise in inverse proportion to frequency in the ICNIRP guidelines as is
evident in magneto-phosphene experimental thresholds (Reilly, 1998). The motivation
for the rising ICNIRP limit concerns accommodation due to the very low rate of rise of
the waveform (Reilly & Diamant, 2011, pp. 78-80). This phenomenon is recognized in
the IEEE standard, but a minimum plateau below 20 Hz is retained to account for an
external magnetic field that might be suddenly switched on at a zero crossing, or a low
frequency square wave (Reilly, 2005, p. 75, col. 1). In the first case, the induced in situ
field would be equivalent to a long pulse; in the latter case, the fast rate of rise of the
square wave would preclude accommodation. 13
Environmental E-field limits
At frequencies where the IEEE electric field MPEs are proportional to 1/f (Table 5
specifies a range beginning at 368 Hz or 272 Hz for the general public and controlled
environment, respectively, and ending at 3000 Hz), the limits are chosen such that a
person of height 1.75 m who is insulated from ground and touching a grounded conductor
would experience a current that is consistent with the limits for conducted contact current

12

For limits based on CNS synaptic effects, volume averaging within a small region e.g., 1 mm3,
might be acceptable. Unlike excitation of a neuron along it axon, where the alignment of the
field and axon trajectory is important, a post-synaptic cell sums the presynaptic inputs from as
many as a thousand pre-synaptic cells, all accessing the post-synaptic cell at a myriad of
directions (Koch & Segev, 1992). In this case, an average of the E-field over a small volume
(e.g., 1 mm3) may be more appropriate than a linear average (Jefferys, 1994).

13

If a low frequency B-field is switched on at a zero crossing, the induced E- field (which is
proportional to dB/dt) would be initiated at a peak, and would appear equivalent to a long
monophasic electrostimulation pulse, i.e., a sudden rise to a peak, followed by a very gradual
and lengthy fall.
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with a fingertip contact, namely, 0.5 mA for the general public, and 1.5 mA for persons
in controlled environments. 14
A cap of 5 kV/m (general public) and 20 kV/m (controlled environment) is in place
below the frequencies cited above to protect against painful spark discharges (See C95.6,
Sect. 6.6 in reference to this paragraph). In addition, the IEEE standard allows an
exposure of 10 kV/m (intermediate of limits for the general public and individuals in
controlled environments) for power line rights-of-way (ROWs), with the understanding
that public access is often allowed for public benefit. Moreover, IEEE C95.6 provides
statistics concerning the possible impact of contact current and spark discharges that
might ensue from this exception (C95.6, Sect. 6.6).
A similar calculation with the ICNIRP electric field limits result in contact current
values of 69 µA for the general public, and 138 µA for occupational exposures in the
frequency range 25 or 50 Hz to 3 kHz. These values are inconsistent with ICNIRP’s
contact currents limits, which are 0.5 and 1.5 mA for the general public and occupational
groups, respectively. No justification is given in the ICNIRP guidelines for these E-field
limits. Like IEEE, ICNIRP also caps exposure at 5 and 10 kV/m (general public and
occupational exposures), but does not specify a power line ROW exception for the
general public.
SUMMARY AND CONCLUSIONS
Human exposure limits to electromagnetic fields in the frequency range 1 Hz –
100 kHz have been developed by IEEE ICES and ICNIRP. This document presents the
case for adoption of the IEEE limits for reasons summarized below. The following is a
summary of the points covered in detail under the preceding sections of this document.
(1) Objectives. The stated objective of the IEEE standard is avoidance of adverse
biological effects, which are defined to include aversive or painful reactions.
ICNIRP also states the goal is avoidance of adverse reactions, but the physiological
and behavioral meaning of “adverse” is not given and therefore it is unclear whether
the specified limiting values are consistent with this goal.
(2) Data trail. The IEEE standards set a clear path from experimental thresholds and
theoretical principles to the adopted limits. The ICNIRP guidelines do not show a
clear connection between laboratory or theoretical studies and the adopted limits.
(3) Safety/reduction factors. The rationale behind the reduction factors are made clear
in the IEEE standards, and separate components of those factors (probability and
safety factors) are identified. ICNIRP does not explain the rationale behind its
reduction factors.
(4) Probability models and treatment. The probabilities associated with reaction
thresholds, including the limit values, are made clear in the IEEE standards. ICNIRP
14

This result and the corresponding calculation for ICNIRP can be verified for a standing person
1.75 m tall, within a vertically polarized field using Eq. (10) of IEEE C95.6-2002 or Eq. 9.9 on
p. 344 of Reilly, 1998, and the limit functions in Tables 5 and 6 in this paper.
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does not acknowledge variability among subjects, nor does it define the statistical
probabilities associated with its cited experimental thresholds and derived limit
values.
(5) Exposure of the limbs. The IEEE standards provide separate limits for exposure of
the limbs. ICNIRP does not.
(6) Definition of exposed populations. Two categories of exposed populations are
identified in the IEEE standards: General Public, and Persons in Controlled
Environments. The Occupational Exposure group defined in the ICNIRP guidelines
could include individuals considered members of the general public in the IEEE
standards.
(7) Induction Models. An ellipsoidal uniform conductivity (EUC) model is used in the
IEEE standards to derive MPE values from the BRs. That model provides
reasonably accurate values of the induced E-field within the body, and is free of
artifacts. ICNIRP uses an FDTD model that can produce large artifacts and attempts
to discard these artifacts using a criterion that could discard valid data or accept
invalid artifacts.
(8) CNS limits below 20 Hz. The IEEE standard has frequency-independent CNS
limits below 20 Hz in recognition of certain extremely-low-frequency waveforms for
which stimulatory effects are unchanged as frequency declines below 20 Hz.
However, ICNIRP allows for accommodation and therefore adopts limits that
increase as frequency decreases below 10 Hz. Consequently, ICNIRP limits are
significantly higher than IEEE limits below 5 Hz.
(9) Environmental E-field limits – consistency. MPEs for electric field exposure in
the IEEE standards are consistent with contact current limits elsewhere in the
standards. The ICNIRP E-field limits are inconsistent with its contact current limits.
No justification is given by ICNIRP for its E-field limits.
(10) Environmental E-field limits in power line ROWs. Relaxed limits for the general
public within power line ROWs are specified in the IEEE standards. ICNIRP makes
no such exception.
Acknowledgment—This study was partially supported by Momentum Dynamics Inc., Malvern
PA. The majority of the efforts in developing this paper were voluntary with significant review
and input by ICES.
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Table 1.IEEE Basic Restrictions, f = 1 Hz – 100 kHz (from IEEE-2002; 2005)

Exposed
tissue
Brain

Freq. Range
(Hz)

(a)

Hands, wrists,
feet, ankles
Other tissue

(b)

Basic Restriction, EBR
(V/m)
Gen. Public

Contr. Env.

-3

1.77x10
-4
8.85x10 f
2.10

-4

6.27x10 f
2.10

-4

6.27x10 f

1 – 20
20 – 1k
1 – 3.35k
3.35k – 100k
1 – 3.35k

6.27x10 f
0.701

3.35k – 100k

2.09x10 f

5.8x10
-4
2.9x10 f
2.10

-2

-4

-4

Notes:
(a) BRs for brain are based on synaptic activity alteration. The upper limit of such interaction is
not known. An upper limit of 1 kHz has been assumed.
(b) IEEE BRs for the heart are not shown here for brevity. “Other tissue” is all tissue other than
brain; heart; hands, wrist, feet, & ankles.
(c) Data expressed as RMS values.
(d) In formulas, f is expressed in Hz.

Table 2. ICNIRP Basic Restrictions, f = 1 Hz – 100 kHz (from ICNIRP 2010)
General Public
Exposed
tissue
Brain

Occupational Environment

Freq. Range
(Hz)
1 - 10

EBR
(V/m)
0.1/f

Freq. Range
(Hz)
1 - 10

EBR
(V/m)
0.5/f

10 - 25

0.01

10 - 25

0.05

25 – 1k

4x10 f

25 – 400

2x10 f

1k – 3k

0.4

400 – 3k

0.8

3k – 100k

1.35x10 f

3k – 100k

2.7x10 f

1 – 3k

0.4

1 – 3k

0.8

3k – 100k

1.35x10 f

3k – 100k

2.7x10 f

-4

-4

-3

-4

(a)

Other tissue

-4

-4

Notes:
(a) “Other tissue” includes everything other than brain. No special provisions made for limbs.
(b) Data expressed as RMS values.
(c) In formulas, f is expressed in Hz.
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Table 3. IEEE Maximum permissible exposure (MPE) values for
magnetic field exposure, f = 1 Hz – 100 kHz (from IEEE 2002; 2005).

Exposed body
part

RMS MPE, BMPE
(mT)

Freq. Range
(Hz)

Gen. Public

Contr. Env.

1 – 20

18.1/f

54.3/f

20-759

0.904

2.71

759-3.35k

687/f

2060/f

3.35k – 100k

0.205

0.615

1 – 10.7

353

353

10.7 – 3.35k

3790/f

3790/f

3.35k – 100k

1.13

1.13

Head & torso

Limbs

Notes:
(a) In formulas, f is expressed in Hz.

Table 4. ICNIRP Reference Levels (RLs) for exposure to time-varying magnetic fields,
f = 1 Hz – 100 kHz. No distinction is made for exposed body part.
General Public
Freq. Range
(Hz)

Occupational Exposure

Mag. flux density
(mT)
2

Freq. Range
(Hz)
1-8

Mag. flux density
(mT)
2

1-8

40/f

8 - 25

5/f

8 - 25

25/f

25 – 400

0.2

25 - 300

1.0

400 – 3k

80/f

300 – 3k

300/f

3k – 100k

0.027

3k – 100k

0.10

200/f

(b)

Notes
(a) In formulas, f is expressed in Hz.
(b) Units of magnetic flux density in this table are in mT, rather than T as in ICNIRP document.
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Table 5. IEEE Environmental electric field limits (MPEs as RMS values);
whole body exposure; 1 Hz – 100 kHz
General Public

Controlled Environment.

Freq. Range
(Hz)

EMPE
(kV/m)

Freq. Range
(Hz)

EMPE
(kV/m)

1 – 368

5

1 – 272

20

368 – 3k

1.84 x 10 /f

272 – 3k

5.44 x 10 /f

3k – 100k

0.614

3k – 100k

1.813

3

3

(a) In formulas, f is expressed in Hz.
(b) Within power line ROWs, the MPE for the general public is 10 kV/m under normal load
conditions.
(c) The limit 20 kV/m may be exceeded in the controlled environment when a worker is not
within reach of a conducting object.

Table 6. ICNIRP Environmental electric field limits, whole body exposure, 1 Hz –
100 kHz
General Public

Occupational Exposure

Freq. Range
(Hz)

EMPE
(kV/m)

Freq. Range
(Hz)

EMPE
(kV/m)

1 - 50

5

1 - 25

20

50 – 3k

2.5 x 10 /f

25 – 3k

5 x 10 /f

3k – 100k

0.17

3k – 100k

2

-2

8.3 x 10

Notes
(a) In formulas, f is expressed in Hz, and E is in kV/m.
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Figure 1. Basic Restrictions of IEEE C95.6-2002 (red) and ICNIRP-2010 (black) in the frequency
range 1 Hz – 100 kHz. In the legend, “PNS” (upper 4 curves) refers to the peripheral nervous
system; “CNS” (lower 4 curves) refers to the central nervous system—in particular, the brain).
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Figure 2. Maximum Permissible Exposure (MPE) values of the IEEE standard (red) and
Reference Levels (RLs) of ICNIRP (black).
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of the IEEE International Committee on Electromagnetic Safety (ICES)
Response to Questions
October 21, 2011

IEEE ICES Respondents
Ronald Petersen, M.S.E.P.
Executive Secretary of IEEE ICES, Secretary SC-4
Former Chair of IEEE ICES and SCC34
Retired from Alcatel-Lucent, Bell Labs
Wolfgang Kainz, Ph.D.
Chair, IEEE ICES TC34 (Assessment Standards)
FDA, Center for Devices and Radiological Health
C-K. Chou, Ph.D.
Chair, IEEE ICES TC95 (Exposure Standards)
Motorola Solutions, Inc.
Art Thansandote, Ph.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Health Canada, Consumer and Clinical Radiation Protection Bureau
Marvin C. Ziskin, M.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Professor of Radiology & Medical Physics
Temple University Medical School

Please note that answers to the questions submitted by GAO are
addressed by officers of IEEE ICES speaking as individuals
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RF Energy Exposure Standards
1. Please explain the process by which the IEEE develops radiofrequency (RF) energy

exposure standards.
IEEE standards are developed through an open consensus process with the oversight of the
IEEE Standards Association’s Standards Board (SASB) to ensure openness and due process
at every level. The RF exposure standards (C95.1) are developed by Subcommittee 4 (SC4)
of IEEE ICES Technical Committee 95 (TC95). The subcommittees are open to anyone with
a material interest who is willing to participate by providing input, commenting on draft
standards, etc. IEEE membership is not required to participate in the development process or
subcommittee balloting.
Standards developed by SC4 go through a formal subcommittee balloting process by e-mail.
All comments received with the ballot have to be addressed with their resolution and all
negative ballots distributed to the balloting group (called a recirculation ballot) to allow
members to confirm or change their original vote. Once approved by SC4 (at least 75%
ballot return and at least 75% affirmative votes after recirculation), the draft is sent to the
IEEE Standards Department for “Sponsor Ballot,” i.e., ballot by the parent committee, TC95.
This ballot, which is carried out online by the IEEE SA Standards Department, is open to the
members of TC95 and any member of the IEEE Standards Association. Again, all comments
have to be addressed and circulated to the ballot group. Once the draft standard is approved
(same requirements as those for the subcommittee), it is sent to the SASB’s Review
Committee (RevCom). The function of RevCom is to ensure that balloting was conducted in
accordance with IEEE procedures, e.g., all comments have been addressed, etc. When
RevCom is satisfied that IEEE procedures have been followed and all requirements have
been met, RevCom can recommend that the SASB approve the standard. Following IEEE
approval, the standard is sent to the American National Standards Institute for approval as an
American National Standard. This process includes opening the standard for public
comment before ANSI approval. (See Figure 1 for the ICES structure and Figure 2 for a
depiction of the IEEE process.)
At the time the 1991 and the 2005 RF standards (C95.1-1991 – sometimes referred to as
ANSI/IEEE C95.1-1992 – and C95.1-2005) were developed, SC4 was composed of about
125 members from more than 25 countries. The membership represents a wide range of
scientific disciplines with practical experience related to exposure assessment, standards
compliance, and biological/medical expertise from academia, government public health
agencies, industry, and interested members of the general public.1 In addition to
knowledgeable scientists, any interested individual, including members of the public, are
1

For example, of the 125 members of SC4 that participated in the development of ANSI/IEEE C95.1-1992, approximately 30%
were from university research laboratories, 6% were from non-profit research laboratories, 12% from military research
laboratories, 24% were representatives of federal public health agencies, including the EPA, FDA, NIOSH, and OSHA, 10%
were from industry, 3% consultants to industry, 4% from government administrative offices, and 11% were independent
consultants or represented the general public. Approximately 33% were physical scientists (physics, biophysics, engineering,
etc.), 43% were life scientists (biology, genetics, etc.), 10% were physicians and research physicians, 3% were radiologists,
toxicologists, pharmacologists, and 11% were from the law, safety, and medical professions. The makeup of the subcommittee
that developed the 2005 standard, C95.1-2005 is similar and includes FCC representatives.
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welcome to attend and participate in the SC4 and TC95 meetings. Please see the attached
COMAR Technical Information Statement for more details of how the C95.1 standards are
developed [COMAR, 2005]. Note that this process differs considerably from that of
organizations that develop safety guidelines, e.g., the International Commission on NonIonizing Radiation Protection (ICNIRP). (ICNIRP is made up of 14 members representing
academia and government agencies, but without representation of stakeholders with practical
experience relating to how the guidelines would be applied.)
2. How have these standards changed since 1996? Why were these changes made?

The C95.1-1991 standard was reaffirmed in 1997 and an updated edition incorporating
C95.1-1991 and C95.1a-1998, which contained minor revisions and clarifications, was
approved and published in 1999. An amendment that addresses the peak spatial average
SAR in the pinnae (C95.1b-2004) was approved in 2004. This amendment changes the peak
SAR limits for the pinnae to the same values as those for the extremities. These standards
included a review of the scientific literature on health effects through 1986. A complete
revision of the 1991 standard and its amendments was approved by the IEEE SASB in
October 2005 and published in April 2006 (C95.1-2005)2. This revision has a significantly
expanded review and evaluation of the relevant health effects literature. Specifically, a
Literature Surveillance Working Group was established to compile a citation list of all
relevant published literature. At the literature cutoff date of 31 December 2003,
approximately 2200 papers had been identified. These were augmented by a few papers and
documents appearing in 2004 and 2005. The committee agreed that only peer-reviewed
papers and technical reports of original research would constitute the primary database on
which any risk analysis would be based. In March 2010 an amendment, C95.1a-2010, was
published to address the issue of ceiling limits for induced and contact currents and to clarify
distinctions between localized exposure and spatial peak power density.
Due to the publication of a companion standard on RF safety programs (C95.7-2005), the
lower tier limits were designated as Action Levels, which are to be used as maximum
permissible exposures (MPEs) for the general public when an RF safety program is not
available and as the threshold above which an RF safety program is required. Details of
changes from C95.1-1991 (1999 Edition) to C95.1-2005 are explained in Annex C of C95.12005. The major changes relating to the exposure limits are:
a)

The upper frequency boundary over which whole-body-average (WBA) SAR is deemed
to be the basic restriction has been reduced from 6 GHz to 3 GHz to address the fact the
RF energy at frequencies above 3 GHz is absorbed superficially. To provide a transition
in the frequency range 3 GHz to 6 GHz, compliance with this standard may be
demonstrated by evaluation of either incident power density or local SAR.

b)

The MPEs for the lower tier are in general more restrictive between 300 MHz and
300 GHz to harmonize with ICNIRP and FCC limits. This change in the MPE was based
on research showing that the WBA SAR for small children due to a whole body

2

Because of their importance, IEEE C95.1-2005 and several other C95.1 standards are available at no cost at Internet site
http://standards.ieee.org/about/get/index.html.
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exposure could potentially exceed the basic restriction of 0.08 W/kg for the lower tier in
the 1 – 3 GHz frequency range.
c)

The peak spatial-average SAR values have been changed from 1.6 W/kg and 8 W/kg for
lower and upper tiers to 2 W/kg and 10 W/kg, respectively (see Question 5 for more
detail).

d)

The averaging mass for determining the peak spatial-average SAR has been changed
from 1 g of tissue in the shape of a cube to 10 g of tissue in the shape of a cube (see
Question 5 for more detail).

e)

The averaging time for both the upper and lower tiers has been changed for frequencies
above 3 GHz since the thermal time constant depends on frequency (and penetration
depth).

3. How, if at all, has smart phone technology led to changes in SAR standards? Have other

changes in technology led to changes in SAR standards?
The C95.1 standards are based on a critical review of all peer-reviewed scientific literature
related to biological effects associated with exposure to RF energy whether relevant to
mobile phones or not, i.e., the C95.1 standards are not product standards. The committee
strives to develop limits that protect against adverse health effects from any source of RF
exposure. Changes to C95.1-1991, which are based on a better understanding of the science,
especially the dosimetry, affect mobile telephones (not the other way around). For example,
the localized SAR limits (peak spatial-average SAR) in C95.1-2005 differ from the values
found in C95.1-1991. The 8 and 1.6 W/kg, averaged over 1 g of tissue, peak spatial-average
SAR values in the 1991 standard were based on the results of thermographic studies of
phantoms (models) representing animals and humans. The results of the early studies
indicated that under whole-body exposure conditions, spatial peaks were found that exceeded
the WBA SAR by 20 times or more, i.e., under whole-body exposure, one could expect “hot
spots” of 20 or more times the WBA SAR. During the development of C95.1-2005, SC4
recognized that advances in computational analysis indicate that the values in C95.1-1991
are very conservative. To address this issue, SC4 decided to adopt the values of ICNIRP (10
and 2 W/kg averaged over 10 g of tissue), which reflect the results of more recent dosimetry
studies and have biological support. (See Question 5 for more detail.)
While some may claim that modulation of the carrier in mobile telephone technology may be
important, this too is addressed in the C95.1 standards. To date, the literature review and
evaluation process has not shown modulation effects to be adverse except for very high peak
power and short duration pulses (e.g., some radars), which is far different from the
modulations used in mobile phones.
In summary, the C95.1 standards do not address specific products but the distribution of
absorbed RF energy and types of modulation associated with mobile telephones have been
addressed in the standards. The literature review process includes a number of studies that
address issues relating to devices such as mobile telephones and, therefore, indirectly address
devices such as smart phones. At this time the consensus is that there is no scientific
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justification for making any changes to the SAR limits or peak-power limits due to smart
phone or other existing technologies.
4. How, if at all, has the research on the health effects of RF energy from mobile phone

use influenced IEEE’s exposure standards?
All peer-reviewed studies on RF bio-effects, whether relevant to mobile phones or not and
whether declared by the authors to be non-thermal or not, have been considered in the
development of the IEEE C95.1 exposure standard. When evaluating possible health risks
from exposure to RF energy, it is important to assess the weight of scientific evidence3
including the quality of studies, since not all studies are well conducted. Poorly conducted
studies receive little or no weight, while properly conducted ones carry more weight toward
health risk evaluations. During our review of the literature, if there is any convincing
evidence that the standard should be changed, proper amendments will be made that will be
incorporated into the next revision. For example, during the revision of C95.1–1991 (1999
Edition), a computational dosimetry study demonstrated that the basic restriction (SAR limit
of 0.08 W/kg) for general public exposure could be exceeded if we were to continue to use
the same power density limit at frequencies around 2 GHz. Therefore, the power density
limit was adjusted accordingly, and the revised MPE value appears in C95.1–2005. Based on
our continuous review of scientific data, there is no convincing evidence that RF exposures
at levels below the limits specified by the standard can cause any short- or long-term adverse
health effects or cumulative effects.
As stated in the WHO revised Fact Sheet #193 “Electromagnetic fields and public health:
mobile phones” (published June 22, 2011) under the question: “Are there any health
effects?”
“A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health
effects have been established as being caused by mobile phone use.”
On July 1, 2011, ICNIRP published a paper “Mobile Phones, Brain Tumours and the
Interphone Study: Where Are We Now?” with the following conclusions:
“In summary, Interphone and the literature overall have methodological deficiencies
but do not demonstrate greater risk of either glioma or meningioma with longer or
greater use of mobile phones, although the longest period since first use examined is
<15 years.”, and “Although there remains some uncertainty, the trend in the
accumulating evidence is increasingly against the hypothesis that mobile phone use
can cause brain tumours in adults.”4
3

The weight of scientific evidence is a way of expressing the importance of published research for influencing opinion on the
biological and health effects of exposure to RF energy. Included are the evaluation of the quality of test methods, sample size and
statistical power of the study designs, consistency of results across studies, dose-response relationships, statistical associations,
and biological plausibility. Repeatability of study findings across several laboratories generally results in a greater weight of
evidence.
4

http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693
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The results of the SC4 evaluation of the literature are in agreement with the WHO and
ICNIRP statements. There is no established evidence from mobile phone research to serve as
a basis for a revision of limits of C95.1-2005. In fact, to date, research on the health effects of
RF energy has only strengthened the view that the current standard is protective against
adverse health effects.
5. Please explain the reason for the variations between SAR limit of 1.6 W/kg in the

United States and 2.0 W/kg in Europe.
The FCC peak spatial-average SAR limit for localized exposure of the general public
(1.6 W/kg averaged over 1 g of tissue) is based on the C95.1-1991 (and NCRP Report 86)
SAR values and is different from the 2 W/kg averaged over 10 g of tissue value found in the
1998 ICNIRP guidelines. The ICNIRP limits, which are based on more recent data and an
updated scientific rationale, are recommended by the World Health Organization (WHO) and
have been adopted by more than 40 countries, including the European Union countries.
In the revised C95.1-2005 standard, the recommended peak spatial-average SAR values for
the controlled environment and the general public (if no RF safety program is implemented)
have been changed and are now harmonized with the WHO-recommended ICNIRP peak
SAR limits, i.e., 10 and 2.0 W/kg averaged over 10 g of tissue, respectively. The rationale
for the change is explained in Appendix C, Section C.2.2.2.1 of C95.1-2005. Whereas the
1991 SAR limits were based on early dosimetry considerations alone, the 2005 limits are
based on a significantly improved understanding of the RF and thermal dosimetry and
biological/health effects considerations as explained below.
a) Origin of the 1.6 W/kg in 1 g limit in C95.1-1991: Prior to C95.1-1991, the
committee that developed C95.1-1982 identified behavioral disruption in laboratory
animals as the most sensitive, repeatable physiological endpoint considered potentially
adverse to human health, with a threshold of 4 W/kg expressed in terms of WBA SAR.
A safety factor of 10 was applied to define the basic restrictions from which the MPEs
were derived, i.e., 0.4 W/kg for whole-body exposure. Unlike C95.1-1982, C95.1-1991
had two tiers of limits. By incorporating an additional safety factor of 5 (yielding a
total safety factor of 50), a lower tier was established in C95.1-1991 applicable to the
general public in the uncontrolled environment (0.08 W/kg). The earlier peak spatial
average SAR values for partial body, or localized exposures (8 W/kg and 1.6 W/kg
averaged over 1 g of tissue) for controlled and uncontrolled environments were based
on the 20:1 spatial peak to WBA SAR ratio, empirically derived from experimental
data available in the late 1970’s. The 1 g averaging mass was consistent with the
achievable resolution of thermographic measurements at the time.
b) Origin of the 2.0 W/kg in 10 g limit: During revision of C95.1-1991, SC4 agreed that
the biologically based ICNIRP rationale using health effects on the eyes was more
appropriate than the purely dosimetry-based rationale in C95.1-1982 and C95.1- 1991,
and the 1999 Edition of the standard. ICNIRP used a 10 g SAR averaging mass to
correlate SAR with RF-induced localized heating of the eye (about a 10 g mass) and
other parts of the head with equivalent mass. The limit of 10 W/kg averaged over 10 g

6

ATTACHMENT 6a
is supported by results from animal experiments showing that this value is at least 10
times below the SAR threshold (100 W/kg) for inducing cataracts. By extrapolation,
the cataractogenic threshold in humans would be 100 W/kg, deposited in the
approximately 10 g mass of the eyeball. For the lower tier limit, a safety factor of 50
was applied to obtain a limit of 2 W/kg averaged over 10 g of tissue. In addition to the
biological rationale, several computational studies have shown that the 10 g average
SAR correlates with localized temperature rise better than 1 g average SAR.
The widespread adoption of the ICNIRP guidelines as recommended by the WHO
demonstrates scientific consensus on RF exposure limits. The scientific judgment of
SC4, as expressed above, is calibrated by and in agreement with the views of other
independent expert groups around the world (see Annex D).
6. Some phones on the market today are on the high end of the SAR limit (one model is as
high as 1.55 W/kg). What data are available on the effects on the body when the SAR is
near or above the 1.6 W/kg limit?
There are hundreds of research papers containing data relevant to effects on the body when
the SAR is near or above the 1.6 W/kg limit. A search of the IEEE EMF Database
(http://ieee-emf.com/) under the following criteria: Freq. Range = 300 kHz - 300 GHz;
Frequency Subrange = Mobile Phone & Wi-Fi Communication, generates a list of 626
bioeffects papers (epidemiology = 114, Human/Provocation = 159, In Vitro = 175, In Vivo =
178). This list would include all of the INTERPHONE papers and many of the animal tumor
studies. The animal tumor studies include experiments specifically designed to investigate
brain tumor development at mobile phone frequencies; the SAR in the animal’s brain ranged
from 0.16 to 2 W/kg in these studies. Other tumor studies exposed animals on a daily basis
of 1-4 hours WBA SARs up to 4 W/kg but it is important to note that seven studies exposed
animals almost continuously (>20 h/day, 7 days/week) for 10-25 months. A few of the
studies initiated RF exposure prior to birth and continued the exposure for two years, the
average lifetime of mice and rats, to test the effect of RF exposure on tumor development in
most all phases of life, including the fetal phase and young ages prior to sexual maturity.
The animal tumor studies are summarized in the abstract of the recent paper by Juutilainen et
al. [Critical Reviews in Environmental Science and Technology, 41(18); 1-32, 2011; Epub
July 2011]. The abstract reads:
“In this paper, the authors present a comprehensive review of animal studies on
carcinogenicity of radiofrequency (RF) electromagnetic fields. The rapid increase in
mobile telephony has resulted in concerns regarding possible health effects from the
low-level but increasingly ubiquitous exposure to RF fields. The possible
carcinogenicity of RF fields has been investigated in a number of experimental
models including classical rodent bioassays, studies using genetically predisposed
animals, cocarcinogenicity studies, and studies evaluating effects on the development
of tumors from transplanted tumor cells. Overall, the results of these studies are
rather consistent and indicate no carcinogenic effects at exposure levels relevant to
human exposure from mobile phones. This finding is consistent with the results of the
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majority of epidemiological studies on mobile phone users, and suggests that RF
field exposure below the present guidelines is not likely to cause cancer.”
In addition, the weight of evidence from these animal studies shows no significant change on
survival or body mass of the animals (Elder, JA. Radiofrequency Studies on Tumorigenesis
and the Blood-Brain Barrier in Lab Animals Support the Conclusion of No Adverse Effects
without Significant Tissue Temperature Increase. 2010 Asia-Pacific International
Symposium on Electromagnetic Compatibility, April 12 - 16, 2010, Beijing, China, pages
13-15.) These findings indicate no effect of RF energy at mobile phone frequencies on the
health of the animals exposed throughout their lifetime to WBA SARs up to 4 W/kg. The
results showing a lack of RF effects on tumorigenesis, survival and body mass in live
animals offer a strong challenge to studies reporting potential genotoxic and other health
effects in cells in culture and other biological specimens exposed in vitro to RF energy. This
conclusion is very important to a hazard assessment of RF exposure because most of the
claims of biological effects at SARs at or below the limit are based on in vitro studies. The
results of the live animal studies indicate that any extrapolation of in vitro results,
particularly genotoxic effects including DNA breaks, should be made with utmost caution.
7. It is our understanding that the Federal Communications Commission (FCC) adopted
exposure standards for mobile phones based on criteria developed by the American
National Standards Institute and IEEE in 1996. To what extent should FCC adopt the
IEEE’s updated standards or otherwise update their mobile phone testing and
certification process?
The FCC exposure limits for cell phones are based on IEEE C95.1-1991 but these 1991
recommendations have been revised by the publication of IEEE C95.1-2005. Both the
C95.1-2005 standard and the 1998 ICNIRP guidelines recommend 2.0 W/kg averaged over
10 g of tissue as a limit for localized exposure of the general public. Currently, there is no
existing international standard recommending 1.6 W/kg, averaged over 1 g of tissue, the limit
adopted by FCC in 1996. WHO has been promoting harmonization of EMF standards
globally—adopting harmonized standards is beneficial to consumers, the government and the
industry. There is significant value for all standards to have the same limits. Differing
values lessen public confidence in standards. It would seem most appropriate for FCC SAR
rules to be brought up to date and in agreement with existing international standards. It
would be of value if the GAO would encourage FCC to harmonize with the ICNIRP and
C95.1-2005 SAR values of 2 W/kg averaged over 10 g of tissue for exposure of the general
public and 10 W/kg averaged over 10 g of tissue for exposure in controlled environments.
It is important to note that, in 2003, the FCC issued a Notice of Proposed Rule Making to
reconsider many aspects of its regulations regarding exposure to RF energy. [Reference:
Notice of Proposed Rule Making in ET Docket 03-137 (Proposed Changes in the
Commission’s Rules Regarding Human Exposure to Radiofrequency Electromagnetic
Fields), 18 FCC Rcd 13187 (2003)]. In the introduction of this Notice the FCC stated that it
believed the transmitters and devices it regulates,
“… typically would not result in levels of exposure high enough to cause injury”
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and it is
“… important to ensure that human exposures are maintained well below levels that
are suspected to be even potentially harmful.”
In the Notice, the FCC proposed,
“… modifications in [it's] rules to provide more efficient, practical, and consistent
application of compliance procedures.”
However, the FCC specifically stated that it was not, at that time, considering a change in the
exposure limits themselves.
Nonetheless, in the intervening years since issuance of this Notice, there have been several
significant developments relevant to this issue, including approval and publication of C95.12005, that were not considered by the FCC in 2003. It is our understanding that the FCC
may soon be moving forward with the next iteration in this docketed proceeding. When this
occurs we will be very interested to see if the FCC is now expanding this proceeding to
reconsider the Agency’s exposure limits themselves. Should that occur we would expect the
FCC to consider the adoption of the new C95.1-2005 SAR limits. Also, if the FCC moves
forward we expect that many of the proposals made in the original Notice that dealt with
compliance evaluation and testing for mobile devices will be either approved or approved in
a modified form.
Mobile Phone Testing
8. To what extent are mobile devices tested for RF energy emissions when they are used
for activities other than talking on the phone? For example, are mobile phones tested
when they are receiving text messages, downloading applications or updates, or idle
and how much, if any, RF energy is emitted while devices are in these modes?
Use of a mobile telephone while held next to the head results in the greatest exposure to the
brain and, therefore, testing at each side of the head with the phone touching the ear is the
most important test.5 IEEE/ICES Technical Committee 34 (TC34) developed IEEE 1528 as
a specific measurement standard for mobile communication devices used close to the head.
For other phone positions, such as holding the phone in front of the face, or carrying the
phone near the body (except the head), the IEC standard, IEC 62209-2 (2010), is the
appropriate measurement standard. SAR testing in the laboratory is done with the phones
operating under maximum power conditions and at several frequencies (at the center and
each end of each frequency band). During actual use, the power at which the phone operates
is much lower due to the adaptive power control of the phone. During idling, phones only
emit brief transmissions periodically in order to remain in contact with the base stations.

5

Exposure of the hands during texting is of less concern because exposure standards allow higher exposure for the extremities
and, therefore, mobile phones are not tested for handheld usage such as texting.
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9. What are the strengths and limitations of FCC’s mobile phone testing and certification
process?
a) Strength: FCC has essentially adopted the harmonized international standards, IEEE
1528-2003 and IEC 62209-1 (2005) standards, for mobile phone testing near the ear. By
requiring the submission of detailed results for testing and evaluating compliance, the
FCC probably has the most comprehensive program for safety evaluation in the world.
To our knowledge, no other country requires such extensive documentation of the
compliance of mobile devices with SAR limits.
b) Limitations: FCC exposure limits are based on IEEE C95.1-1991 and NCRP report 86
(1986). As explained in Question 5, those limits are based on an outdated scientific
rationale and have been superseded by more scientifically sound limits in C95.1-2005,
also harmonized with the limits defined in the ICNIRP guidelines, which are
recommended by the WHO. Currently, there are 5 countries including the US that have
adopted the C95.1-1991 localized peak SAR limits. Countries in the rest of the world
either adopted (about 40 countries) the ICNIRP limits or accept products in compliance
with them. The lack of harmonization between FCC and the majority of other countries
should be resolved. Representatives of ICES TC95 met with the Federal RF Interagency
Working Group (EPA, FCC, FDA, NIOSH, and OSHA) at the FDA building on May 9,
2006 and September 30, 2009 to promote the adoption of C95.1-2005. If the FCC should
adopt the SAR limits in C95.1-2005, the U.S. regulations would be in harmony with the
majority of countries that have adopted SAR limits. FCC did not, however, fully adopt
the IEC 62209-2 (2010) standard for body-worn devices. This is because of the exiting
FCC requirements on different head and body simulating liquids for SAR testing, in
contrast with the IEC requirement of one head liquid, which currently requires
manufacturers to perform additional testing for products sold in the USA.
c) Opportunities: As part of the docketed proceeding (ET 03-137) the FCC made
extensive proposals for revising many of its compliance and testing procedures. There is
also general agreement that the FCC's “Supplement C” to OET Bulletin 65 is out of date
and needs to be revised. If in the coming months the FCC moves forward in this
proceeding, a revision of Supplement C would facilitate the correction of many of the
problems and inconsistencies that have been identified to date. We look forward to any
action the FCC may take in the near future in this regard. We hope the ongoing FCC
proceeding can streamline compliance evaluation processes and eliminate unnecessary
and redundant procedures.
10. What are the advantages and limitations of using SAM (Specific Anthropomorphic
Mannequin) compared to previous SAR testing methods?
The SAM phantom was developed by IEEE ICES TC34 during the development of IEEE
1528-2003. This is the first international standard that specifies in detail the rationale and
SAR test method for hand-held mobile phones. Before publication of 1528, SAR testing in
various labs was not standardized and, therefore, it was not possible to directly compare the
results of tests on the same device across laboratories. In addition to a standardized process,
test positions and uncertainty assessment, the committee took great effort to develop the
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SAM model to provide a very conservative result to cover the entire user population,
including children of various ages. Concerning the issue of exposure of children, the SAM
phantom has very thin lossless pinnae to simulate the small ears of children. Because the
antennas on the phones are brought close to the simulating head-tissue liquid, the results are
conservative. A 14 laboratory comparison and several other simulation studies on MRIbased realistic human models of various head sizes have shown that the SAM phantom is
conservative for the entire user population. Therefore all phones tested using the SAM
phantom that are found to be within the compliance limits are approved for all users,
including children.
11. How have measurement uncertainties been addressed while developing testing
standards?
Measurement uncertainty is one of the major topics covered in IEEE 1528 and the IEC
62209 standards. In IEEE 1528, there is a large section (7.2 SAR measurement uncertainty
considerations) that covers this topic in detail. Both standards have the most comprehensive
uncertainty assessment requirements of many measurement standards. Interlaboratory
comparisons have been conducted to evaluate the ability of independent SAR testing
procedures to provide consistent and reliable data on exposure to mobile phones. These
studies have shown that present day procedures are uniform and variations in results are
minimal in comparison with the established SAR limits.
12. According to the FCC, mobile phone SAR tests are conducted at the highest power
level, in all frequency bands in which the phone operates and in various specific
positions against a dummy head and body. However, some phone manufactures warn
in their owner’s manual that holding the phone too close to the body or in a certain
position can cause the phone to exceed FCC SAR limits.
a) On what basis are manufacturer’s making these recommendations?
Portable RF wireless devices emit RF energy for communication. For a device to operate
over a desired range, a maximum RF power is specified for each type of device. While
an RF device is operated near a body, the body tissue reflects and absorbs the energy. RF
absorption in tissue is related to how far the source is from the body; shorter distances
result in greater energy absorption. For voice mode with the phone operated at the ear,
the phone is usually in contact with the head. The IEEE 1528 and IEC 62209-1 standards
define test methods to measure SAR for devices operated at the side of the head,
including the phone in contact with the ear and cheek. For body-worn devices, both FCC
Bulletin 65 Supplement C and IEC 62209-2 (2010) specify a separation distance for
testing the products or leave the definition of the distance to the manufacturers in
accordance with instructions in the owner’s manual. Manufacturers instruct consumers
to use phones in the way in which the phones are tested for compliance purposes. The
owner’s manual, therefore, instructs consumers that when used near the body (not the
head) the device should be used in an approved holster or used at a specified distance
from the body (hands not included). This distance is the distance at which the device is
tested in accordance with the applicable regulation or standard.
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The FCC includes these instructions (not warnings) in OET Bulletin 65, Supplement C
(pages 41-42); the pertinent parts are as follows:
Body-worn accessories may not always be supplied or available as options for
some devices that are intended to be authorized for body-worn use. A separation
distance of 1.5 cm between the back of the device and a flat phantom is
recommended for testing body-worn SAR compliance under such circumstances.
Other separation distances may be used, but they should not exceed 2.5 cm. In
these cases, the device may use body-worn accessories that provide a separation
distance greater than that tested for the device provided however that the
accessory contains no metallic components.
In order for users to be aware of the body-worn operating requirements for
meeting RF exposure compliance, operating instructions and caution statements
should be included in the manual. The information should allow users to make
informed decisions on the type of body-worn accessories and operating
configurations that are appropriate for the device. The following are examples of
typical statements that provide end-users with the necessary information about
body-worn accessories:
1.

For a product that has the potential to be used in a body worn configuration
and has been tested and certified with a specific accessory device(s):
“For body worn operation, this phone has been tested and meets the FCC RF
exposure guidelines when used with the (manufacturer name) accessories
supplied or designated for this product. Use of other accessories may not
ensure compliance with FCC RF exposure guidelines. ”

2. For a product that has the potential to be used in a body worn configuration
and has not been certified with a specific accessory device(s):
“For body worn operation, this phone has been tested and meets FCC RF
exposure guidelines when used with an accessory that contains no metal and
that positions the handset a minimum of (specified distance) from the body.
Use of other accessories may not ensure compliance with FCC RF exposure
guidelines.”
3.

For a product that has the potential to be used in a body worn configuration
with future manufacturer designed accessories:
“For body worn operation, this phone has been tested and meets the FCC RF
exposure guidelines when used with a (manufacturer name) accessory
designated for this product or when used with an accessory that contains no
metal and that positions the handset a minimum of (specified distance) from
the body.”

The following are sections concerning the separation distance in the IEC62209-2 (2010)
standard:
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6.1.4.3:
“The SAR evaluation shall be performed for all surfaces of the DUT (device
under test) that are accessible during intended use….. The separation distance in
testing shall correspond to the intended use distance as specified in the user
instructions provided by the manufacturer. If the intended use is not specified, all
surfaces of the DUT shall be tested directly against the flat phantom.”
6.1.4.4:
“If the user instructions provided by the manufacturer specify intended use with
a carry accessory (belt-clip, holster, carry-case or similar), the device shall be
placed as intended in that carry accessory and the carry accessory shall be
placed in the intended orientation against the flat phantom”, and “When
evaluating device SAR without a specific carry accessory, the separation
distance shall not exceed 25 mm.”
b) Can these phones still be considered safe? Why or why not?
Yes, the phones can still be considered safe. As stated in Question 5, large safety margins
are incorporated in the exposure limits. The FCC SAR limit of 1.6 W/kg averaged over
1 g of tissue is an exposure limit – not a safety limit. There is no reason to believe that
devices in compliance with the FCC limit of 1.6 W/kg would expose consumers, even if
used closer to the body than instructed by the manufacturers, to levels of RF that would
exceed the safety threshold established in the 1982, 1991, 1999 standards and reaffirmed
in 2005.
It should be pointed out that phones during idling or standby mode do not continuously
emit full power. Only periodically (once every few minutes) a short registration signal is
sent to remain in contact with the base station. The average power of most phones and
resultant SAR is very low. Even when the phone is in use against the body with a
Bluetooth earpiece, the adaptive power control usually limits the operating power to
values below the maximum power as tested in the lab, unless the call occurs in a very
poor reception area.6 Therefore, it is unlikely that the phone when carried at the body
location would exceed the 1.6 W/kg compliance limit. As stated above, large safety
margins were used to develop the RF exposure limits. Even at the highest level, because
of the large safety margins, RF exposure from mobile phones is not a safety issue. It
should be noted that if the FCC limit of 1.6 W/kg per 1 g tissue were to be raised to 2
W/kg averaged per 10 g tissue, as is the case for the current IEEE standard and ICNIRP
guidelines, much, if not all, of this concern would diminish.
13. Since the FCC requires SAR levels for wireless devices to be below 1.6 W/kg, how
important is it that consumers know the SAR level when purchasing one of these
devices?
All phones approved by FCC are in compliance with the SAR limits of C95.1-1991, which
are more conservative than those that are used throughout the rest of the world (ICNIRP
6

Note that some people report that they experience a sensation of heating when using of mobile telephone for extended periods
of time, the heating is usually from the battery, which can be much greater than that caused by RF energy absorption.

13

ATTACHMENT 6a
guidelines). There is no convincing evidence that effects related to RF exposure are anything
but threshold effects. Application of a safety factor to provide a large safety margin between
the threshold for the most sensitive reproducible biological effect ensures that the peak
spatial-average values found in the standards and adopted by the FCC are very conservative.
(Also see answer to Question 5.) The existence of a threshold and a wide safety margin
means that if the SAR meets the safety criterion, it is safe, i.e., if the SAR of one compliant
phone is half that of another, the lower SAR phone is not “safer” than the other. Other than
curiosity, there is no reason for consumers to know the exact SAR value from testing when
purchasing a wireless device. From a scientific perspective, the only thing that the consumer
really needs to know is that the device complies with the established regulatory SAR limit.
Moreover, choosing a phone with a lower maximum SAR as determined during product
certification does not mean that the consumer will reduce his or her exposure to RF energy
from using that phone. Actual exposure depends on a number of factors including the
operating power of the phone, how the phone is held during use and where it is used.
Typically, compliance tests are required in more than 20 different positions and operating
conditions. The maximum SAR corresponding to each of the numerous specified positions
and operating conditions are recorded but only the single highest value is assigned to that
phone. The actual SAR during consumer use of cellular phones varies constantly depending
on a number of factors including operating power (which itself is dependent upon the
distance from a base station, topography, phone efficiency, location of the caller, among
other things), how the consumer uses the phone (e.g., against the side of the head, which side
of the head, against the hip, texting), the physical characteristics of the user, and the type of
service and frequency band on which the phone is operating. In fact the phone with the
higher reported SAR may have a lower SAR under some use conditions than a phone with a
lower reported SAR.
We fully agree with the following FCC statement posted on their website:7
Many people mistakenly assume that using a cell phone with a lower reported SAR
value necessarily decreases a user’s exposure to RF emissions, or is somehow
“safer” than using a cell phone with a high SAR value. While SAR values are an
important tool in judging the maximum possible exposure to RF energy from a
particular model of cell phone, a single SAR value does not provide sufficient
information about the amount of RF exposure under typical usage conditions to
reliably compare individual cell phone models. Rather, the SAR values collected by
the FCC are intended only to ensure that the cell phone does not exceed the FCC’s
maximum permissible exposure levels even when operating in conditions which result
in the device’s highest possible – but not its typical - RF energy absorption for a
user.
14. What are the key studies related to RF energy exposure and cancer or other negative
health effects that we should be aware of?

7

“Specific Absorption Rate (SAR) For Cell Phones: What It Means For You “. http://www.fcc.gov/guides/specificabsorption-rate-sar-cell-phones-what-it-means-you
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There is a voluminous literature concerning health effect of RF exposure. An extensive
database is maintained by IEEE (www.ieee-emf.com). Over 1100 references are listed in
Annex F (Literature Database) of C95.1-2005. Several important references pertinent to
these questions are listed in Annex B of this document, and a number of additional references
arranged according to category are listed in Annex C. Annex D lists Summary Statements
from Governments and Expert Panels Concerning Health Effects and Safe Exposure Levels
of RF Energy.
15. Are there any other groups or individuals we should speak to about these issues?
There are two international organizations that develop EMF exposure standards and
guidelines – ICES and ICNIRP, respectively. To get a second opinion, GAO can contact Dr.
Paolo Vecchia, Chairman of the International Commission on Non-Ionizing Radiation
Protection (ICNIRP). Currently more than 40 countries have adopted the WHO
recommended ICNIRP guidelines. Dr. Vecchia can be reached by Phone at +39 3883742469
or e-mail to paolo.vecchia@iss.infn.it,
Food and Drug Administration/Center for Devices and Radiological Health (FDA/CDRH),
Contact: Dr. Simon Choi; telephone (301) 796 5426; e-mail: simon.choi@fda.hhs.gov
Federal Communication Commission (FCC)
National Cancer Institute (NCI)

Additional Contributors:
Although the following individuals did not participate in the teleconference with GAO, they
provided valuable assistance in formulating answers to the above questions.
Robert Cleveland, Ph.D.
Member of IEEE ICES
EMF Consulting
US FCC (Retired)
Joseph A. Elder, Ph.D.
Chair of ICES TC95 SC-4 Literature Surveillance Working Group
US EPA and Motorola (Retired)
Richard A. Tell
R A Tell Associates
Chair of ICES TC95 SC-2 (RF Safety Programs)
US EPA (Retired)
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ANNEX A: Organizational Charts for IEEE ICES Standard Setting

Figure 1—ICES Structure
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ANNEX B: Selected References
Chou C-K, and Petersen R: “Radio Frequency exposure and compliance standards” In Fujimoto
K. (Editor) “Mobile Antenna Systems Handbook, 3rd Edition”. Artech House, Norwood,
MA., pp:321-342, July, 2008.
COMAR Technical Information Statement: Expert Reviews on Potential Health Effects of
Radiofrequency Electromagnetic Fields and Comments on the Bioinitiative Report.
Health Physics 97:348-356, 2009.
COMAR Technical Information Statement: The IEEE Exposure Limits for Radiofrequency and
Microwave Energy. IEEE Engineering in Medicine and Biology Magazine. Pp. 114121, March/April 2005
ICNIRP: Exposure to high frequency electromagnetic fields, biological effects and health
consequences (100 kHz - 300 GHz), International Commission on Non-Ionizing
Radiation Protection, www.icnirp.de/documents/RFReview.pdf, 2009.
IEEE C95.1-1991, Standard for safety levels with respect to human exposure to radio frequency
electromagnetic fields, 3 kHz to 300 GHz. IEEE; New York; 1991.
IEEE C95.1-2005, Standard for safety levels with respect to human exposure to radio frequency
electromagnetic fields, 3 kHz to 300 GHz. IEEE, New York, 2005.
Juutilainen J, Hoyto A, Kumlin T, and Naarala J: Review of Possible Modulation-Dependent
Biological Effects of Radiofrequency Fields. Bioelectromagnetics 32:511-534, 2011.
NCRP Report: Biological Effects of Modulated Radiofrequency Fields, NCRP Commentary No.
18, December 31, 2003, 52 pages.
SCENIHR : Health Effects of Exposure to EMF, European Commission’s Scientific Committee
on Emerging and Newly Identified Health Risks,
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_022.pdf, ,
2009.
Sheppard AR, Swicord ML, Balzano Q: Quantitative evaluations of mechanisms of
radiofrequency interactions with biological molecules and processes. Health Phys.
95:365-96, 2008.
Swedish Radiation Safety Authority, SSM: Recent Research on EMF and Health Risks Seventh
annual report from SSM: Independent Expert Group on Electromagnetic Fields 2010,
www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2010/SSMRapport-2010-44.pdf., 2010.
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The INTERPHONE Study Group: Brain tumour risk in relation to mobile telephone use: results
of the INTERPHONE international case–control study. International Journal of
Epidemiology;1–20, 2010.
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ANNEX C: References According to Category
IARC
Baan R, Grosse Y, Lauby-Secretan B, El Ghissassi F, Bouvard V, Benbrahim-Tallaa L, Guha N,
Islami F, Galichet L, Straif K; WHO International Agency for Research on Cancer Monograph
Working Group. Carcinogenicity of radiofrequency electromagnetic fields. Lancet Oncol.
12:624-626, 2011.
HUMAN BRAIN CANCER
Larjavaara S, Schüz J, Swerdlow A, Feychting M, Johansen C, Lagorio S, Tynes T, Klaeboe L,
Tonjer SR, Blettner M, Berg-Beckhoff G, Schlehofer B, Schoemaker M, Britton J, Mäntylä R,
Lönn S, Ahlbom A, Flodmark O, Lilja A, Martini S, Rastelli E, Vidiri A, Kähärä V, Raitanen J,
Heinävaara S, Auvinen A. Location of gliomas in relation to mobile telephone use: a case-case
and case-specular analysis. Am J Epidemiol. 174:2-11, 2011.
BRAIN TUMORS IN CHILDREN
Aydin D, Feychting M, Schüz J, Tynes T, Andersen TV, Schmidt LS, Poulsen AH, Johansen C,
Prochazka M, Lannering B, Klæboe L, Eggen T, Jenni D, Grotzer M, Von der Weid N, Kuehni
CE, Röösli M. Mobile phone use and brain tumors in children and adolescents: a multicenter
case-control study. J Natl Cancer Inst. 103:1264-1276, 2011.
INTERPHONE
Swerdlow AJ, Feychting M, Green AC, Kheifets L, Savitz DA. Mobile phones, brain tumors and
the Interphone Study: Where are we now?. Env. Health Perspectives, July 2011. (Online July 1,
2011)
Cardis E., Armstrong B., Siemiatcki J., Krewski D., Schuz J., et al. Acoustic neuroma risk in
relation to mobile telephone use: Results of the INTERPHONE international case control study.
Cancer Epidemiology. 35:453-464, 2011.
INTERPHONE Study Group. Brain tumour risk in relation to mobile telephone use: results of
the INTERPHONE international case-control study. Int J Epidemiol. 39:675-694. 2010.
Cardis E, Armstrong BK, Bowman JD, Giles GG, Hours M, Krewski D, McBride M, Parent ME,
Sadetzki S, Woodward A, Brown J, Chetrit A, Figuerola J, Hoffmann C, Jarus-Hakak A,
Montestruq L, Nadon L, Richardson L, Villegas R, Vrijheid M. Risk of brain tumours in relation
to estimated RF dose from mobile phones: results from five Interphone countries. Occup Environ
Med. 68:631-40, 2011.
DANISH CANCER STUDY
Schüz J, Jacobsen R, Olsen JH, Boice JD Jr, McLaughlin JK, Johansen C. Cellular telephone use
and cancer risk: update of a nationwide Danish cohort. J Natl Cancer Inst. 98:1707-1713, 2006.
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Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schüz J. Use of mobile phones
and risk of brain tumours: update of Danish cohort study. British Medical Journal. 2011 Oct 20;
[Epub ahead of print]. Available free of charge at
http://www.bmj.com/content/343/bmj.d6387.full
CANCER TREND STUDIES
de Vocht F, Burstyn I, Cherrie JW. Time trends (1998-2007) in brain cancer incidence rates in
relation to mobile phone use in England. Bioelectromagnetics. 32:334-339, 2011.
Larjavaara S, Feychting M, Sankila R, Johansen C, Klaeboe L, Schüz J, Auvinen A. Incidence
trends of vestibular schwannomas in Denmark, Finland, Norway and Sweden in 1987-2007. Br J
Cancer. 105:1069-1075, 2011.
Inskip PD, Hoover RN, Devesa SS. Brain cancer incidence trends in relation to cellular
telephone use in the United States. Neuro Oncol. 12:1147-1151, 2010.
Röösli M, Michel G, Kuehni CE, Spoerri A. Cellular telephone use and time trends in brain
tumour mortality in Switzerland from 1969 to 2002. Eur J Cancer Prev. 16:77-82, 2007.
Deltour I, Johansen C, Auvinen A, Feychting M, Klaeboe L, Schüz J. Time trends in brain tumor
incidence rates in Denmark, Finland, Norway, and Sweden, 1974-2003. J Natl Cancer Inst.
101:1721-1724, 2009.
EHS
Rubin GJ, Nieto-Hernandez R, Wessely S. Idiopathic environmental intolerance attributed to
electromagnetic fields (formerly 'electromagnetic hypersensitivity'): An updated systematic
review of provocation studies. Bioelectromagnetics. 31:1-11, 2010.
HUMAN NON-SPECIFIC SYMPTOMS
Frei P, Mohler E, Braun-Fahrländer C, Fröhlich J, Neubauer G, Röösli M; the QUALIFEX-team.
Cohort study on the effects of everyday life radio frequency electromagnetic field exposure on
non-specific symptoms and tinnitus. Environ Int. 38:29-36, 2012. [Epub 2011 Sep 10]
SLEEP
Danker-Hopfe H., Dorn H. BIOLOGICAL EFFECTS OF ELECTROMAGNETIC FIELDS AT
MOBILE PHONE FREQUENCIES ON SLEEP: CURRENT STATE OF KNOWLEDGE
FROM LABORATORY STUDIES. Somnologie. 9:192 - 198, 2005.
Danker-Hopfe H., Dorn H., Bahr A., Anderer P., Sauter C. Effects of electromagnetic fields
emitted by mobile phones (GSM 900 and WCDMA/UMTS) on the macrostructure of sleep. J
Sleep Res. 20:73 - 81, 2011.
BBB
de Gannes F. P., Billaudel B., Taxile M., Veyret B., Lagroye I., et al. Effects of head-only
exposure of rats to GSM-900 on blood-brain barrier permeability and neuronal degeneration.
Radiat Res. 172: 359 - 367, 2009.
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BBB AND ANIMAL TUMOR STUDIES
Elder J. A. Radiofrequency Studies on Tumorigenesis and the Blood-Brain Barrier in Lab
Animals Support the Conclusion of No Adverse Effects without Significant Tissue Temperature
Increase. Asia-Pacific International Symposium on Electromagnetic Compatibility. Pg. 13-15,
2010.
ANIMAL TUMOR STUDIES (2006-present)
P. Heikkinen, H. Ernst, H. Huuskonen, H. Komulainen, T. Kumlin, J. Mäki-Paakkanen, L.
Puranen, J. Juutilainen, “No effects of radiofrequency radiation on 3-chloro-4-(dichloromethyl)5-hydroxy-2(5H)-furanone-induced tumorigenesis in female Wistar rats,” Radiat Res vol. 166,
pp. 397-408, 2006.
S. Sanchez, H. Masuda, B. Billaudel, E. Haro, R. Anane, P. Leveque, G. Ruffie, I. Lagroye, B.
Veyret, “Effect of GSM-900 and -1800 signals on the skin of hairless rats. II. 12-week chronic
exposure. Int J Radiat Biol vol. 82, pp. 675-680, 2006.
D. Yu, Y. Shen, N. Kuster, Y. Fu, C.Huai, “Effects of 900 MHz GSM wireless communication
signals on DMBA-induced mammary tumors in rats,” Radiat Res vol. 165, pp. 174-180, 2006.
B.C. Zook, S.J. Simmens, “The effects of pulsed 860 MHz radiofrequency radiation on the
promotion of neurogenic tumors in rats,” Radiat Res, vol. 165, pp. 608-615, 2006.
G. Oberto, K. Rolfo, P. Yu, M. Carbonatto, S. Peano, N. Kuster, S. Ebert, S. Tofani,
“Carcinogenicity study of 217 Hz pulsed 900 MHz electromagnetic fields in Pim1 transgenic
mice. Radiat Res, vol. 168, pp. 316–326, 2007.
T. Shirai, T. Ichihara, K. Wake, W. Watanabe, Y. Yamanaka, M. Kawabe, M. Taki, O. Fujiwara,
J. Wang, S. Takahashi, S. Tamano, “Lack of promoting effects of chronic exposure to 1.95-GHz
W-CDMA signals for IMT-2000 cellular system on development of N-ethylnitrosourea-induced
central nervous system tumors in F344 rats,” Bioelectromagnetics, vol. 28, pp. 562-572, 2007.
P. Smith, N. Kuster, S. Ebert, H-J. Chevalier, “GSM and DCS wireless communication signals:
Combined chronic toxicity/carcinogenicity study in the Wistar rat,” Radiation Research, vol.
168, pp. 480-492, 2007.
A.M. Sommer, A.K. Bitz, J. Streckert, V.W. Hansen, A. Lerchl, “Lymphoma development in
mice chronically exposed to UMTS-modulated radiofrequency electromagnetic fields,”
Radiation Research, vol. 168, pp. 72-80, 2007.
T. Tillmann, H. Ernst, S. Ebert, N. Kuster, W. Behnke, S. Rittinghausen, C. Dasenbrock,
“Carcinogenicity study of GSM and DCS wireless communication signals in B6C3F1
mice,“Bioelectromagnetics, vol. 28, pp. 173-187, 2007.
R. Hruby, G. Neubauer, N. Kuster, M. Frauscher, “Study of potential effects of “902-MHz GSMtype wireless communication signals” on DMBA-induced mammary tumours in SpragueDawley rats,” Mutation Research, vol. 649, pp. 34-44, 2008.
Tillmann T., Ernst H., Streckert J., Zhou Y., Dasenbrock C., et al. Indication of cocarcinogenic
potential of chronic UMTS-modulated radiofrequency exposure in an ethylnitrosourea mouse
model. Int J Radiat Biol. 86: 529 - 541, 2010.
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Lee H. J., Jin Y. B., Lee J. S., Choi S. Y., Pack J. K., et al. Lymphoma Development of
Simultaneously Combined Exposure to Two Radiofrequency Signals in AKR/J Mice.
Bioelectromagnetics. 32:485 - 492, 2011.
[Jin YB, Lee HJ, Seon Lee J, Pack JK, Kim N, Lee YS. One-year, simultaneous combined
exposure of CDMA and WCDMA radiofrequency electromagnetic fields to rats. Int J Radiat
Biol. 87:416-423, 2011.
Juutilainen J, Heikkinen P, Lagroye I, Miyakoshi J, Van Rongen E, Saunders R, De Seze R,
Tenforde T, Verschaeve L, Veyret, B, Xu Z. Experimental studies on carcinogenicity of
radiofrequency radiation in animals. Crit Rev Environ Sci Technol. 41:1-31, 2011.
GENOTOXICITY and DNA BREAKS IN BRAIN CELLS STUDIES
Verschaeve L, Juutilainen J, Lagroye I, Miyakoshi J, Saunders R, de Seze R, Tenforde T, van
Rongen E, Veyret B, Xu Z. In vitro and in vivo genotoxicity of radiofrequency fields. Mutat
Res. 705:252-68, 2010.
Lagroye I, Anane JR, Wettring BA, Moros EG, Straube WL, LaRegina M, Niehoff M, Pickard,
WF, Bary J, Roti Roti JL. Measurement of DNA damage after acute exposure to pulsed-wave
2450 MHz microwaves in rat brain cells by two alkaline comet assay methods. Int. J. Radiat.
Biol. 80:11-20, 2004
Malyapa RS, Ahem EW Straube WL, LaRegina M, Pickard WF, Roti Roti JL. DNA damage in
rat brain cells after in vivo exposure to 2450 MHz electromagnetic radiation and various methods
of euthanasia. Radiat. Res. 149: 637-645, 1998.
MODULATION
Juutilainen J., Höytö A., Kumlin T., Naarala J. Review of Possible Modulation-Dependent
Biological Effects of Radiofrequency Fields. Bioelectromagnetics. 32: 511 - 534, 2011.
ADULT VS CHILD HEAD
Bit-Babik G, Guy AW, Chou CK, Faraone A, Kanda M, Gessner A, Wang J, Fujiwara O.
Simulation of exposure and SAR estimation for adult and child heads exposed to radiofrequency
energy from portable communication devices. Radiat Res. 163:580-590, 2005.
Beard B. B., Kainz W., Onishi T., Wiart J., Kuster N., et al. Comparisons of Computed Mobile
Phone Induced SAR in the SAM Phantom to That in Anatomically Correct Models of the
Human Head. IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY., Vol.
48, Pg. 397 - 407, 2006
Christ A., Gosselin M. C., Christopoulou M., Kuhn S., Kuster N. AGE-DEPENDENT TISSUESPECIFIC EXPOSURE OF CELL PHONE USERS. Phys Med Biol, Vol. 55, Pg. 1767 - 1783,
2010
Hadjem A., Conil E., Gati A., Wong M. F., Wiart J. Analysis of Power Absorbed by Children’s
Head as a Result of New Usages of Mobile Phone. IEEE TRANSACTIONS ON
ELECTROMAGNETIC COMPATIBILITY., Vol. 52, Pg. 812 - 819, 2010
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Annex D: Expert Reviews
Statements from Governments and Expert Panels Concerning Health Effects
and Safe Exposure Levels of Radiofrequency Energy (2000- 2011)

1. U.K. Independent Expert Group on Mobile Phones (IEGMP) (2000)
 IEGMP, “Mobile Phones and Health,” Independent Expert Group on Mobile
Phones,” c/o National Radiological Protection Board, Chilton, Didcot,” Oxon, UK.
www.iegmp.org.uk
o “The balance of evidence to date suggests that exposures to RF radiation below
NRPB and ICNIRP guidelines do not cause adverse health effects to the general
population...” (p. 3).
2. World Health Organization (2000)
 Fact Sheet N193
http://www.who.int/docstore/peh-emf/publications/facts_press/efact/efs193.html
o “Cancer: Current scientific evidence indicates that exposure to RF fields, such as
those emitted by mobile phones and their base stations, is unlikely to induce or
promote cancers.”
o “Other health risks: Scientists have reported other effects of using mobile phones
including changes in brain activity, reaction times, and sleep patterns. These
effects are small and have no apparent health significance.”
o “None of the recent reviews have concluded that exposure to the RF fields from
mobile phones or their base stations causes any adverse health consequence.”
3. Japanese Ministry of Public Management, Home Affairs, Posts and Telecommunications
(MPHPT) (2001)
 Interim Report by Committee to Promote Research on the Possible Biological Effects
of Electromagnetic Fields (30 January 2001), MPHPT Communications News, Vol.
11, No. 23.
http://www.soumu.go.jp/joho_tsusin/eng/Releases/NewsLetter/Vol11/Vol11_23.pdf
o “Research into the effects of radio waves on the human body has been conducted
for more than 50 years in countries around the world, including Japan. Based on
voluminous findings from those studies, exposure guidelines including the
Japanese guideline of the ‘Radio Radiation Protection Guidelines for Human
Exposure to Electromagnetic Fields’ has been developed with a safety margin
enough to protect human health from adverse effects of radio waves.” (summary
point 1, p. 3)
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4. Singapore Health Sciences Authority (2002)
 Pulse@HSA (Health Sciences Authority), Frequently Asked Questions about EME &
Mobile Phones http://www.hsa.gov.sg/docs/fullversion.pdf
o “Up to the present time, all international and national committees that have
evaluated this whole body of evidence have reached the same conclusions: that
there are no established health effects from EMF exposures below the
international guidelines limits.” (p. 12)
5. Australian Government, Australian Radiation Protection and Nuclear Safety Agency,
Committee on Electromagnetic Energy Public Health Issues (2003)
 Fact Sheet EME Series No 1 “Electromagnetic Energy and Its Effects”
http://www.arpansa.gov.au/pubs/eme_comitee/fact1.pdf
o “The weight of national and international scientific opinion is that there is no
substantiated evidence that exposure to low level RF EME causes adverse health
effects.”
6. French Environmental Health and Safety Agency (AFSSE) (2003)
 AFSSE Statement on Mobile Phones and Health
http://afsse.fr/upload/bibliotheque/994597576240248663335826568793/statement_m
obile_phones_2003.pdf
o ”With regard to the risk of cancer, we can accept that with the levels of power
used in mobile telephony, radiation does not have an effect on our cells’ genes (it
is not ‘genotoxic’). Work carried out on animals using long-term exposure does
not indicate a risk of cancer; it shows neither an actual ‘initiator’ effect nor a
promoter’ effect for cancers caused by carcinogenic agents.” (p.4)
o “At present, the scientific data available does not indicate that children are
particularly susceptible to radiation caused by telephones nor do they have a
higher exposure in comparison to adults.” (p. 5)
7. U.K. National Radiological Protection Board (NRPB), Advisory Group on Non-Ionizing
Radiation (AGNIR) (2004)
 “Review of the Scientific Evidence for Limiting Exposure to Electromagnetic Fields
(0 – 300 GHz),” Documents of the NRPB, Vol. 15, No. 3, NRPB, Chilton, Didcot,
Oxfordshire, U.K.
http://www.hpa.org.uk/radiation/publications/documents_of_nrpb/abstracts/absd153.htm
o “Overall, AGNIR concluded that, in aggregate, the research published since the
IEGMP8 report does not give cause for concern and that the weight of evidence
now available does not suggest that there are adverse health effects from
exposures to RF fields below guideline levels” (p. 8).
8

IEGMP: U.K. Independent Expert Group on Mobile Phones (see first item on page 1)
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8. World Health Organization (2004)
 Electromagnetic Fields (EMF). Summary of health effects
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
o “Conclusions from scientific research
In the area of biological effects and medical applications of non-ionizing radiation
approximately 25,000 articles have been published over the past 30 years. Despite
the feeling of some people that more research needs to be done, scientific
knowledge in this area is now more extensive than for most chemicals. Based on a
recent in-depth review of the scientific literature, the WHO concluded that current
evidence does not confirm the existence of any health consequences from
exposure to low level electromagnetic fields. However, some gaps in knowledge
about biological effects exist and need further research.”
9. Health Council of the Netherlands (2004)
 Electromagnetic Fields Committee. Mobile Phones and Children: Is Precaution
Warranted? Bioelectromagnetics 25:142-144.
o “The Health Council therefore sees no reason to recommend limiting the use of
mobile phones by children.” (p. 142)
10. U.S. Department of Health and Human Services, Centers for Disease Prevention and
Control (2005)
 CDC Fact Sheet: Frequently Asked Questions about Cell Phones and Your Health
http://www.cdc.gov/nceh/radiation/factsheets/cellphone_facts.pdf
o “In the last 10 years, hundreds of new research studies have been done to more
directly study possible effects of cell phone use. Although some studies have
raised concerns, the scientific research, when taken together, does not indicate a
significant association between cell phone use and health effects.” (p. 1)
11. European Cancer Prevention Organization (2005)
 During annual symposium on Cell Phones and Cancer in Blankenberge, Belgium on
November 4-5, 2005, a consensus statement was developed about the health effects of
electromagnetic fields from cell phones. http://www.ecpo.org/
o The consensus statement includes the conclusion that “The European Cancer
Prevention Organization states that, in 2005 there is insufficient contemporary
proof with regard to increased cancer risk to change mobile phoning habits.”
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12. German Research Centre Jülich, Programme Group Humans, Environment, Technology
(MUT) (2005)
 This program brought together 25 leading experts from Germany and Switzerland in a
risk dialogue to assess the results of recent scientific studies on mobile phones and
base stations http://www.fzjuelich.de/portal/index.php?index=721&jahr=2005&cmd=show&mid=288
o Dr. Peter Wiedemann, head of the Jülich MUT Programme Group, concluded that
"The scientific studies examined in the risk dialogue do not support suspicions
that mobile telephony has harmful effects on health."
13. Swedish State Radiation Protection Authority (SSI) (2006)
 Recent Research on EMF and Health Risk, Fourth annual report from SSI’s
Independent Expert Group on Electromagnetic Fields
http://www.ssi.se/ssi_rapporter/pdf/ssi_rapp_2007_4.pdf
o Mobile phone: “Recently published studies on mobile phone use and cancer risk
do not change the earlier overall assessment of the available evidence from
epidemiological studies. In particular an extended follow up of a cohort study
from Denmark does not alter the conclusions. Currently available evidence
suggests that for adult brain tumours there is no association with mobile phone
use for at least up to, say, ten years of use. For longer latency the majority of the
evidence also speaks against an association, but the data are still sparse. The same
conclusion holds for short-term use and acoustic neuroma. However, for longterm use and acoustic neuroma there is a concern, and more information is
required.” (p. 5)
o Base station: “The overall conclusion is that exposure from transmitters is
unlikely to be a health risk.” (p. 36)
14. Australian Communications and Media Authority (2006)
 Mobile Phones, Your Health and Regulation of Radiofrequency Electromagnetic
Energy http://emr.acma.gov.au/mobile_phone_health.pdf
o Mobile phone: “The weight of national and international scientific opinion is that
there is no substantiated evidence that using a mobile phone causes harmful health
effects. Although there have been studies reporting biological effects at low
levels, there has been no indication that such effects might constitute a human
health hazard, even with long-term exposure...The general consensus of scientific
opinion is that, provided mobile phones do not exceed the limits of recognised
standards, there will be no harmful effects.” (p. 8)
o Base station: “The weight of national and international expert opinion is that there
is no substantiated evidence that there are adverse health effects resulting from the
emissions of mobile phone towers or base stations.” (p. 9)
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15. Health Canada (2006)
 It’s Your Health, Safety and Safe Use of Mobile Phones
http://www.hc-sc.gc.ca/iyh-vsv/prod/cell_e.html
o “There is no firm evidence to date that RF emissions from cell phones cause ill
health.”
16. U.S. Federal Communications Commission (2006)
 Mobile Phones and Health Concerns
http://ftp.fcc.gov/cgb/consumerfacts/mobilephone.html
o “There is no scientific evidence that proves that wireless phone usage can lead to
cancer or a variety of other problems, including headaches, dizziness or memory
loss.”
17. UK Institution of Engineering and Technology, Biological Effects Policy Advisory
Group on Low-level Electromagnetic Fields (2006)
 The Possible Harmful Biological Effects of Low-Level Electromagnetic Fields of
Frequencies up to 300 GHz
http://www.theiet.org/publicaffairs/bepag/postat02final.pdf
o “…the balance of scientific evidence to date does not indicate that harmful effects
occur in humans due to low-level exposure to electromagnetic fields (“EMF”).”
(p. 1)
18. New Zealand Ministry of Health, National Radiation Laboratory (2007)
 Safety of Cell Phones http://www.nrl.moh.govt.nz/faq/cellphonesandcellsites.asp
o “The balance of current research evidence suggests that exposures to the
radiofrequency energy produced by cellphones do not cause health problems
provided they comply with international guidelines. Reviews of all the research
have not found clear, consistent evidence of any adverse effects.”
19. Hong Kong, Office of the Telecommunications Authority (2007)
 “Know More about Radiofrequency Electromagnetic Radiation”
http://www.ofta.gov.hk/en/freq-spec/radiation.pdf
o “Is it safe to use held-held mobile phones?”
“Many studies have concluded that there is no evidence that mobile phones bring
hazards to health when used under normal operating conditions.”
o “Is it safe to live close to radiofrequency transmitters?”
“Operators of radio stations are required to ensure that the levels of
electromagnetic radiation of their radio transmitters including those on rooftops
in residential areas are within the limits stipulated in the Code of Practice.
Despite densely-packed transmitters on some rooftops in residential areas,
therefore, the buildings are absolutely safe to live in.”
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20. Health Council of the Netherlands (2007)
 “UMTS9 and DECT10 are systems for mobile communication. Some people wonder
whether exposure to the radio waves of UMTS antennae or DECT base stations and
handsets used at home may cause health problems. Recent research does not give any
indications for this, however. This is the message of the Health Council of the
Netherlands in its fourth Annual Update on Electromagnetic Fields…”
http://www.healthcouncil.nl/pdf/Press%20release%20200706%20site.pdf
21. Ireland Expert Group on Health Effects of Electromagnetic Fields (2007)
http://www.dcmnr.gov.ie/NR/rdonlyres/9E29937F-1A27-4A16-A8C3F403A623300C/0/ElectromagneticReport.pdf
o “So far no adverse short or long-term health effects have been found from
exposure to the RF signals produced by mobile phones and base station
transmitters.” (p. 3)
o “There are no data available to suggest that the use of mobile phones by children
is a health hazard.” (p. 3)
o “The ICNIRP guidelines provides adequate protection for the public from any
EMF sources.” (p. 4)
22. International Commission on Non-ionizing Radiation Protection (ICNIRP) (2007)
o ‘It is however the opinion of ICNIRP that present guidelines provide adequate
protection against any adverse effect established so far.”
Paolo Vecchia, Chairman, ICNIRP, Scientific Rationale of ICNIRP Guidelines,
Abstract, WHO/ICNIRP/EMF-NET Joint Workshop on Current Trends in Health
and Safety Risk Assessment of Work-Related Exposure to EMFs, Milan, Italy,
February 14-16, 2007 (http://www.icnirp.de/Joint/VecchiaAbstract.pdf)
23. European Commission Scientific Committee on Emerging and Newly Identified Health
Risks
 Possible Effects of Electromagnetic Fields (EMF) on Human Health (2007)
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_007.pdf
o “RF field exposure has not convincingly been shown to have an effect on selfreported symptoms or well-being.” (p.6)
o “In conclusion, no health effect has been consistently demonstrated at exposure
levels below the limits of ICNIRP (International Commission on Non Ionising
Radiation Protection) established in 1998.” (p. 6)

9

UMTS: Universal Mobile Telecommunications System (UMTS) is one of the third-generation (3G) mobile phone technologies
DECT: Digital Enhanced Cordless Telecommunication is a European Telecommunications Standard Institute standard for
digital cordless phones
10
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24. States of Jersey (2007)
 Regarding emissions from mobile masts, “…it is equally clear that there is no
scientific evidence to show that an actual risk exists.” States of Jersey, Review into
the perceived health effects of mobile phone masts (s.r.8/2007) – Response of the
Minister for Economic Development, May 30, 2007.
http://www.scrutiny.gov.je/view_doc.asp?panelid=0&reviewid=0&target=Reports&d
oc=documents/reports/S-260-48911-3052007.htm

25. Japan Ministry of Internal Affairs and Communications (2007)
 “Consequently, this committee cannot recognize that there is any firm evidence of
effects on health, including nonthermal effects, from radio waves at strengths that do
not exceed the policy for protection from radio waves.” Committee to Promote
Research on the Possible Effects of Electromagnetic Fields, Biweekly Newsletter of
the Ministry of Internal Affairs and Communications (MIC), Communications News,
Vol. 18(6), July 6, 2007.
http://www.soumu.go.jp/joho_tsusin/eng/Releases/NewsLetter/Vol18/Vol18_06/Vol1
8_06.html
26. Finland (2007)
 “No evidence of detrimental health effects were obtained in the studies on cell
cultures, laboratory animals, voluntary persons, or theoretical modelling.” HERMO Health Risk Assessment of Mobile Communications, A Finnish Research Programme
2004-2007. Final report. November 30, 2007.
http://www.uku.fi/hermo/english/Final_report.shtml
27. United Kingdom (2007)
 “The MTHR Programme was set up to resolve uncertainties identified by previous
evaluations of the possible health risks associated with the widespread use of mobile
phone technology. None of the research supported by the Programme and published
so far demonstrates that biological or adverse health effects are produced by
radiofrequency exposure from mobile phones…The Committee has recognized that,
while many of the concerns raised by the Stewart Committee have been reduced by
the Programme and work done elsewhere, some still remain. It has therefore
proposed a further programme of work to address these.” Mobile
Telecommunications Health Research (MTHR) Programme, Report 2007. See Report
2007 at http://www.mthr.org.uk/
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28. European Commission, EMF-NET, Sixth Framework Programme (2007)
 “Overall, there is no convincing scientific evidence that acute or long-term exposure
to low level RF fields can affect reproduction and development in mammals: where
consistent effects have been reported they can be attributable to thermal insults
induced by exposure and not to any field-specific effect unrelated to heating.” EMFNET: Effects of the exposure to electromagnetic fields: From science to public health
and safer workplace. WP2.2 Deliverable report D4bis: Effects on reproduction and
development, November 2007. http://web.jrc.ec.europa.eu/emf%2Dnet/reports.cfm
29. World Health Organization (2007)
 “Despite extensive research, to date there is no evidence to conclude that exposure to
low level electromagnetic fields is harmful to human health.” (Key Point #6)
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
 “To date, all expert reviews on the health effects of exposure to RF fields have
reached the same conclusion: There have been no adverse health consequences
established from exposure to RF fields at levels below the international guidelines on
exposure limits published by the International Commission on Non-Ionizing
Radiation Protection (ICNIRP, 1998).” Children and Mobile Phones: Clarification
http://www.who.int/pehstatement (second paragraph)
emf/meetings/ottawa_june05/en/index4.html
o Fact Sheet #304: Electromagnetic fields and public health: Base stations and
wireless technologies
http://www.who.int/mediacentre/factsheets/fs304/en/index.html
 “Conclusions: Considering the very low exposure levels and research results
collected to date, there is no convincing scientific evidence that the weak RF signals
from base stations and wireless networks cause adverse health effects.”
30. European Commission (2008)
Health and Consumer Protection Directorate-General, Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR) (2008). Possible effects of
electromagnetic fields (EMF) on human health -- opinion of the Scientific Committee on
Emerging and Newly Identified Health Risks (SCENIHR). Toxicology. 2008 (Apr 18)
246:248-250.
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_007.pdf
 “Since the adoption of the 2001 opinion extensive research has been conducted
regarding possible health effects of exposure to low intensity RF fields, including
epidemiologic, in vivo, and in vitro research. In conclusion, no health effect has been
consistently demonstrated at exposure levels below the limits of ICNIRP
(International Committee on Non Ionising Radiation Protection) established in 1998.”
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31. United Kingdom (2008).
Position Statement by The Institution of Engineering and Technology: The Possible
Harmful Biological Effects of Low-level Electromagnetic Fields of Frequencies up to
300 GHz. (May 2008) www.theiet.org/factfiles
 “In summary, the absence of robust new evidence of harmful effects of EMFs in the
past two years is reassuring and is consistent with findings over the past decade.”
32. United Kingdom (2008).
Sense About Science. Making Sense of Radiation. A Guide to Radiation and Its Health
Effects. www.senseaboutscience.org.uk/index.php/site/project/256/
 “A concern often raised by campaign groups is that mobile phones can have
biological effects (affect our cells) despite being too weak to cause significant
heating. Because non-thermal effects cover everything except heating it is a very
broad term – it can refer both to cancer and insomnia – but there is no evidence that
RF radiation causes harmful non-thermal effects.”
33. UK Government (2008)
 “The published evidence for health effects of radiofrequency (RF) electromagnetic
fields in general is reviewed in Health Effects from Radiofrequency
Electromagnetic Fields: Report of an Independent Advisory Group on Non-ionising
Radiation. The report found that, as a whole, the research published since the report
of the Independent Expert Group on Mobile Phones does not give cause for
concern. The weight of evidence now available does not suggest that there are
adverse health effects from exposures to RF fields below guideline levels.”
http://www.number10.gov.uk/output/Page14249.asp
34. Australian Radiation Protection and Nuclear Safety Agency, Committee on
Electromagnetic Energy (2008). http://www.arpansa.gov.au/pubs/eme/fact1.pdf
 “The weight of national and international scientific opinion is that there is no
substantiated evidence that exposure to low level RF EME causes adverse health
effects.”
35. U.S. National Cancer Institute (2008).
Fact Sheet on Cellular Telephone Use and Cancer Risk.
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
 “Studies have not shown any consistent link between cellular telephone use and
cancer…”
 “Incidence data from the Surveillance, Epidemiology and End Results (SEER)
program of the National Cancer Institute have shown no increase between 1987 and
2005 in the age-adjusted incidence of brain or other nervous system cancers despite
the dramatic increase in use of cellular telephones…”
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36. U.S. Food and Drug Administration (2008). Cell Phones.
http://www.fda.gov/cdrh/wireless/health.html
 “The weight of scientific evidence has not linked cell phones with any health
problems.”
 “The scientific evidence does not show a danger to any users of cell phones from RF
exposure, including children and teenagers.”
37. WHO/IARC (International Agency for Research on Cancer) World Cancer Report 2008.
http://www.iarc.fr/en/Publications/PDFs-online/World-Cancer-Report
 “Radiofrequency radiation emitted by mobile telephones has been investigated in a
number of studies. There is some evidence that long-term and heavy use of
mobile/cellular phones may be associated with moderate increased risks of gliomas,
parotid gland tumours, and acoustic neuromas; however, evidence is conflicting and a
role of bias in these studies cannot be ruled out.” (p. 170)
 “With reference to radio frequency, available data do not show any excess risk of
brain cancer and other neoplasms associated with the use of mobile phones.” (p. 170)
 Concerning brain tumors: “After 1983 and more recently during the period of
increasing prevalence of mobile phone users, the incidence has remained relatively
stable for both men and women.” (p. 461)
38. Sweden SSI (2008) Recent Research on EMF and Health Risks- Fifth Annual Report
from SSI: Independent Expert Group on Electromagnetic fields, 2007(Revised edition 15
April, 2008)
http://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2008/
ssi-rapp-2008-12.pdf
 Most of these studies have not demonstrated effects of RF exposure on the studied outcomes,





including also attempts to replicate the genotoxic effects observed in the REFLEX European
programme.
Six recent studies on carcinogenicity, some with higher exposure levels than previously used,
consistently report lack of carcinogenic effects, and two studies on genotoxicity report no
increase in micronuclei or DNA strand breaks after RF exposure.
Most recent volunteer studies have investigated the effects of GSM mobile phone RF
radiation on cognitive function, sleep, heart rate variability, blood pressure, and
hypersensitivity. In general, the recent, methodologically more rigorous studies do not
replicate the positive findings from smaller, less rigorous studies published a few years ago,
but a few positive effects are reported.
Two national Interphone publications are based on very small numbers and do not change the
overall assessment, and two published meta-analyses provide little additional information.

39. European Commission (2009). Health Effects of Exposure to EMF. Opinion of the
Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR) (p. 4).
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/scenihr_opinions_en.htm
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“It is concluded from three independent lines of evidence (epidemiological, animal
and in vitro studies) that exposure to RF fields is unlikely to lead to an increase in
cancer in humans”
“…the conclusion that scientific studies have failed to provide support for an effect
of RF fields on self-reported symptoms still holds.”
“There is some evidence that RF fields can influence EEG patterns and sleep in
humans. However, the health relevance is uncertain…Other studies on
functions/aspects of the nervous system, such as cognitive functions, sensory
functions, structural stability, and cellular responses show no or no consistent
effects.”
“Recent studies have not shown effects from RF fields on human or animal
reproduction and development. No new data have appeared that indicate any other
effects on human health.”

40. The Netherlands, Health Council (2009)
http://www.gr.nl/index.php
 Annual Update 2008: “The Committee further discusses the relationship between
electromagnetic fields and brain activity and that between electromagnetic fields and
health symptoms. In both cases the Committee concludes that there is no scientific
evidence that exposure to environmental levels of radiofrequency electromagnetic
fields causes health problems.”
41. Isle of Man (2009)
http://www.gov.im/lib/docs/cso/mobilephonemastscominreport.pdf
 The Council of Ministers considered and accepted the Working Group’s Report as the
appropriate approach to the health impacts of mobile phone masts in the Island. The
final recommendations of the Working Party for the government included
endorsement of the ICNIRP guidelines.
42. Spain’s Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS) (2009)
http://www.ccars.es/docs/informes/INFORME%20CCARS%202007-2008.pdf



Report on radiofrequency and health (2007-2008). The committee concluded from a
review of the literature that the use and exposure of adults to mobile phones over a
period of less than 10 years is not associated with an increased risk of brain tumor,
and that the results of recent scientific research do not justify changes in Spain’s
exposure limits [currently based on ICNIRP guidelines].

43. ICNIRP (2009): "Exposure to high frequency electromagnetic fields, biological effects and health
consequences (100 kHz-300 GHz)"
http://www.icnirp.de/documents/RFReview.pdf



“The mechanisms by which RF exposure heats biological tissue are well understood
and the most marked and consistent effect of RF exposure is that of heating, resulting
in a number of heat-related physiological and pathological responses in human
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subjects and laboratory animals. Heating also remains a potential confounder in in
vitro studies and may account for some of the positive effects reported.”
44. German Telecommunications Research Programme Final Report (2009):
http://www.emf-forschungsprogramm.de/abschlussphase/abschlusskonferenz.html
 “The DMF’s findings give no reason to question the protective effect of current limit
values.”
45. Finland's Radiation and Nuclear Safety Authority (Stuk) (2009)
http://www.stuk.fi/julkaisut_maaraykset/fi_FI/katsaukset/_files/81811016537538837/def
ault/taustakentat_engl_22_7_2009_lopullinen.pdf
 “There is no evidence so far on the health effects due to long-term exposure to radio
frequency radiation but anyone can reduce one’s own exposure easily.”
46. ICNIRP (2009): ICNIRP statement on the “Guidelines for limiting exposure to timevarying electric, magnetic, and electromagnetic fields (up to 300 GHz)”
http://icnirp.org/documents/StatementEMF.pdf
 “..it is the opinion of ICNIRP that the scientific literature published since the 1998
guidelines has provided no evidence of any adverse effects below the basic
restrictions and does not necessitate an immediate revision of its guidance on limiting
exposure to high frequency electromagnetic fields.”
47. US National Institute of Environmental Health Sciences, National Toxicology Program
(2009)
“Cell Phone Radiofrequency Radiation Studies”
http://www.niehs.nih.gov/health/docs/cell-phone-fact-sheet.pdf
 “The weight of scientific evidence has not conclusively linked cell phones with any
health problems. Additional research is needed. The NTP is conducting studies on
radiofrequency radiation emitted by cell phones.”
48. US Health Physics Society (2009)
http://hps.org/documents/mobiletelephonefactsheet.pdf
 “These analyses, together with other previous reviews by expert groups and health
agencies, show there is no clear evidence for health hazards from exposures to RF
fields below international (IEEE or ICNIRP) exposure guidelines.”
49. French Agency for Environmental and Occupational Health Safety (2009)
http://www.afsset.fr/upload/bibliotheque/964737982279214719846901993881/Rapport_
RF_20_151009_l.pdf
 “..the currently available experimental data do not indicate short-term or long-term
effects from RF EMF exposure, nor do current epidemiological data point to effects
from short-term exposure. Questions remain for long-term effects, the group states;
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however, no biological mechanism has been established to support the presence of
long-term harm.”
50. French Parliament (2009)
http://www.assemblee-nationale.fr/13/rap-off/i2005-tI.asp#P1889_148540
 “The majority of researchers have confirmed, albeit with some caution, the absence of
any health risk. There is a near consensus on the harmlessness of mobile phone
relays,”
 “With regard to the possible effects of mobile phone, a majority of researchers affirm,
though cautiously, the absence of a proven health hazard,”
51. Germany Federal Office for Radiation Protection BfS (2009)
http://www.bfs.de/en/elektro/papiere/EMF_Wirkungen
ttp://www.bfs.de/en/elektro/hff/papiere.html/Fruchtbarkeit_Mann.html
 “..research to date has not demonstrated a lasting threat to animals or plants from
EMF below the limits, nor significant effects of mobile phone EMF on testes and
sperm -- only minor fluctuations in individual physiological parameters. “
52. Nordic countries (2009)
EXPOSURE OF THE GENERAL PUBLIC TO RADIOFREQUENCY
ELECTROMAGNETIC FIELDS - A joint statement from the Nordic Radiation Safety
Authorities
http://www.stuk.fi/stuk/tiedotteet/fi_FI/news_578/_files/82468261251448918/default/No
rdic_Statement-EMF161109.pdf
 “The Nordic authorities agree that there is no scientific evidence for adverse health
effects caused by radiofrequency field strengths in the normal living environment at
present. ….The Nordic authorities therefore at present see no need for a common
recommendation for further actions to reduce these radiofrequency fields.”
53. Sweden SSI (2009 )
Recent Research on EMF and Health Risks Sixth annual report from SSM’s independent
Expert Group on Electromagnetic Fields
Report number: 2009:36 ISSN: 2000-0456, Available at
www.stralsakerhetsmyndigheten.se
 “Overall the studies published to date do not demonstrate an increased risk of cancer
related to mobile phone use within approximately ten years of use for any tumour of
the brain or any other head tumour.” “For slow-growing tumours such as meningioma
and acoustic neuroma, as well as for glioma among longterm users, the absence of
association reported thus far is less conclusive because the observation period has
been too short.”, and “Long-term animal data on balance do not indicate any
carcinogenic effect.”
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“..these results in combination with the negative animal data and very low exposure
from transmitters make it highly unlikely that living in the vicinity of a transmitter
implicates an increased risk of cancer.”
“While the symptoms experienced by patients with perceived electromagnetic
hypersensitivity are very real and some subjects suffer severely, there is no evidence
that RF exposure is a causal factor.”

54. UK Health Protection Agency (HPA) (2010)
Health Advice on Mobile Phones
http://www.hpa.org.uk/webw/HPAweb&HPAwebStandard/HPAweb_C/1195733769169
Although HPA mentions in this statement that scientific evidence is limited, in particular
regarding long term use and children, they clearly state at the beginning of the paper:
 “The scientific consensus is that, apart from the increased risk of a road accident due
to mobile phone use when driving, there is no clear evidence of adverse health effects
from the use of mobile phones or from phone masts.”
55. WHO (2010)
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
Electromagnetic fields and public health: mobile phones
 To date, no adverse health effects have been established for mobile phone use.
56. ICNIRP (2010)
Note on the Interphone publication
http://icnirp.org/documents/ICNIRPnote.pdf
 ICNIRP therefore considers that the results of Interphone study give no reason for
alteration of the current guidelines.
57. UK HPA (2010)
http://www.hpa.org.uk/NewsCentre/NationalPressReleases/2010PressReleases/100518IN
TERPHONE/
 Dr John Cooper, director of the Health Protection Agency's Centre for Radiation,
Chemicals and Environmental Hazards, said: "The INTERPHONE study has not
established an increase in brain cancer but some uncertainties remain, particularly
regarding high users. The HPA welcomes both the study and the call from the
International Agency for Research on Cancer for further research into mobile phone
use and brain cancer."
58. FDA (2010)
http://www.fda.gov/downloads/ForConsumers/ConsumerUpdates/UCM212306.pdf
 “No evidence linking cell phone use to risk of brain tumors”
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59. National Cancer Institute (2010)
http://www.cancer.gov/newscenter/pressreleases/Interphone2010Results
 “NCI Statement: International Study Shows No Increased Risk of Brain Tumors from
Cell Phone Use”
60. Australia Cancer Council (2010)
http://www.cancer.org.au/Newsmedia/mediareleases/mediareleases2010/17May2010.htm
 “World’s largest mobile phone study fails to find brain cancer link
Mobile phones and cancer risk – Interphone study”
61. Austria (2010): Scientific Expert Panel on EMF and health confirms ICNIRP limits
http://www.wbf.or.at/wbf-expertenforum/expertenforum-2010/
 The Austrian Scientific Advisory Board Funk (WBF) has unanimously concluded that
the current state of scientific evidence on mobile phone use shows no conclusive
health hazard could be proven. WBF says it may therefore continue to be assumed
that mobile phones - in compliance with the limits – represents no health risk to
humans.
62. The Institution of Engineering and Technology (2010)
http://www.theiet.org/factfiles/bioeffects/emf-position.cfm
The Possible Harmful Biological Effects of Low-Level Electromagnetic Fields of
Frequencies up to 300 GHz
 BEPAG has concluded that the balance of scientific evidence to date still does not
indicate that harmful effects occur in humans due to low-level exposure to EMFs.
This conclusion remains the same as that reached in its previous position statements,
the last being in May 2008, and has not been substantially altered by the peerreviewed literature published in the past two years.
63. European health risk assessment network on EMF exposure (2010)
http://efhran.polimi.it/docs/IMS-EFHRAN_09072010.pdf
Report on the analysis of risks associated to exposure to EMF: in vitro and in vivo
(animals) studies
 For the three frequency ranges examined, the conclusions of the 2009 SCENIHR
report are still valid in spite of the publication of several positive findings.
 Many of the new publications originate from laboratories and countries that are new
to bioelectromagnetics research. This translates sometimes into unsatisfactory
dosimetry or statistical analysis. Health risk assessment to be performed in the
coming years (e.g., WHO EMF project) will need to be carried out with strict quality
criteria.
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64. Latin America (2010)
Experts Committee on High Frequency Electromagnetic Fields and Human Health.
Scientific review: Non-ionizing electromagnetic radiation in the radiofrequency spectrum
and its effects on human health.
http://www.wireless-health.org.br/downloads/LatinAmericanScienceReviewReport.pdf
 “Having many different rules only creates confusion and mistrust of government.
Every effort should be made to harmonize standards at all levels (from national to
state or municipality level) adopting science-based standards recommended by
international bodies such as ICNIRP.”
 “…the general conclusion, after more than 20 years of in vivo studies, is that no
consistent or important effects of RF could be demonstrated in intact animals below
international safety standards,”
 Overall, “current science-based evidence points to there being no adverse effects in
humans below thermal thresholds, no hazardous influences on the well-being and
heath status of users and non-users of cell phones and people living near base
stations, and that no convincing evidence for adverse cognitive, behavioral and
neurophysiological and other physiological effects exist.”
65. European Commission (2010)
PROMOTING HEALTHY ENVIRONMENTS WITH A FOCUS ON THE IMPACT OF
ACTIONS ON ELECTROMAGNETIC FIELDS
http://ec.europa.eu/health/electromagnetic_fields/docs/bio_frep_en.pdf




There is no conclusive scientific evidence of any adverse health effects below the
protection limits of exposure to electromagnetic fields proposed by the International
Commission on Non-Ionising Radiation Protection (ICNIRP), implemented in Europe
by the Council Recommendation 1999/519/EC. The advantage of applying the
ICNIRP guidelines is their solid scientific basis of established biological effects.
In conclusion, society and/or decision-makers have to decide which options of
exposure reductions are to be applied, given the present scientific uncertainty in
relation to some exposure scenarios. However, it is unclear at the moment whether
precautionary measures lead to any benefits. For this purpose, the options, their
potential benefits, and potential lack of any benefits together with the implementation
costs have to be communicated in a transparent manner. At the same time, more data
are needed to have a better overview of an individual’s total EMF exposure in a
modern environment, to better identify where exposure peaks occur, and how they can be
avoided.
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66. Tanzania Communications Regulatory Authority (2010)
Electromagnetic radiation from telecommunications and broadcasting equipment and
health
http://www.tcra.go.tz/headlines/radiationPressReleaseEng.pdf
 The conclusions from these publications show that there is strong evidence that RF
exposure below a certain threshold does not cause harmful effects to biological
systems.
 The weight of substantial international scientific research is that there is no
substantial evidence that the use of communications equipment causes harmful health
effects.
67. European Union (2010)
European Health Risk Assessment Network on Electromagnetic Fields Exposure
(EFHRAN)
http://efhran.polimi.it/docs/EFHRAN_D2_final.pdf
 For none of the diseases is there sufficient evidence for a causal association between
exposure and the risk of the disease, and the strength of evidence for many outcomes
remains as inadequate.
 Classification: Evidence for Lack of Effect for EHS.
69. Ontario Agency for Health Protection and Promotion (2010)
Wireless Technology and Health Outcomes: Evidence and Review
http://www.oahpp.ca/resources/documents/10-092010_Wireless_technology_and_health_outcomes_v2.pdf


‘…While the most recent review continues to call for additional research to follow up
on new findings, after a decade of additional research, there is still no conclusive
evidence of adverse effects on health at exposure levels below current Canadian
guidelines.’



“Given the experience with other sources of non-ionizing radiation (e.g. power lines) that
have been in use much longer than cellphones or Wi-Fi, it is unlikely that all controversies
related to potential RF effects will be resolved even after decades of additional research.”

70. French National Cancer Institute (2010)
Mobile phones and health: what do we know?
http://www.e-cancer.fr/prevention/environnement-et-cancers/ondeselectromagnetiques/telephones-mobiles-et-sante--que-savons-nous “French health authorities indicate there is no evidence to demonstrate that the use of
mobile phones presents a risk to health, both for adults and for children. “
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71. Swedish Radiation Safety Authority (2010)
2010:44 Recent Research on EMF and Health Risk: Seventh annual report from SSM:s
Independent Expert Group on Electromagnetic Fields, 2010
http://www.stralsakerhetsmyndigheten.se/Global/Publikationer/Rapport/Stralskydd/2010/
SSM-Rapport-2010-44.pdf

“…for up to about ten years of mobile phone use associations with brain tumour risk
are unlikely. …For longer duration of use, for specific subtypes of cancer, and for
children and adolescents data are sparse or non-existing, and conclusions are less
certain.”

“Available data do not indicate any risks related to exposure to RF from base stations
or radio or TV antennas. Taking into account also the low levels of exposure that
these sources give rise to, health effects from transmitters are unlikely.”
72. Spain’s Comité Cientifico Asesor en Radiofrecuencias y Salud (CCARS) (2011)
http://www.ccars.es/
 “According to various agencies, there is no scientific justification for a reduction in
current exposure limits for RF EMF.”
73. ICNIRP (2011)
Note From The ICNIRP Regarding The IARC Classification Of Radiofrequency Fields
http://www.icnirp.de/documents/ICNIRP_IARCclassificationRF.pdf
 “ICNIRP awaits with interest the full Monograph that explains the justification and
arguments put forward by IARC in arriving at this conclusion. ICNIRP has been
conducting a review of the potential health effects of RF including carcinogenicity as
well as other aspects. The Commission will be publishing a revision of the ICNIRP
guidelines on limiting RF exposure for the general public and occupational groups. It
will take into account all aspects of the literature including the material put forward in
the IARC Monograph.”
74. National Cancer Institute
http://www.cancer.gov/ncicancerbulletin/062811/page4
A conversation with Dr. Martha Linet on Cell Phone Use and Cancer Risk
 “Most studies to date have not found an association between cell phone use overall
and the development of tumors. However, there are a handful of studies that have
shown an association with increased risk for glioma among the small number of cell
phone users who reported the highest level of call time. Among the positive studies,
results are conflicting and don't show a dose-response. In addition, there is no
biologically plausible mechanism or animal evidence for how cell phones might
cause cancer. “
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75. Association for International Cancer Research (2011)
http://www.thecourier.co.uk/Community/Health/article/14539/cancer-expert-plays-downmobile-phone-link-with-brain-tumours.html
 “There is no convincing evidence linking mobile phone use and cancer.”
76. Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) (2011)
Statement by ARPANSA on IARC announcement on classification of radiofrequency
http://www.arpansa.gov.au/index.htm
 “ARPANSA does not consider that the new classification should give rise to any
alarm.”
 “ARPANSA will consider the implications of the IARC decision and the underlying
scientific evidence and, if necessary, review the current standard and other means of
protecting the public.”
77. Cancer Council Australia (2011)
http://www.cancer.org.au/Newsmedia/mediareleases/mediareleases2011/1June2011.htm
 “However, these findings need to be put in context. While we need to continue
researching the possible link between mobile phones and cancer, it is important to
remind people there are many more established cancer risk factors that we can take
action every day. Strong action on clear cancer risks like tobacco, alcohol, excessive
UV exposure and obesity remain a priority.”
78. Irish Cancer Society
http://www.cancer.ie/news/news.php?newsID=464?h
 “This means that there is potential for harm from mobile phones but there is
insufficient evidence to say there is a direct effect. “
79. UK Health Protection Agency (2011)
http://www.hpa.org.uk/NewsCentre/NationalPressReleases/2011PressReleases/110531ele
ctomagneticfields/
 “HPA advice is that there is no clear scientific evidence of a cancer risk from
exposure to radiofrequencies at levels below international guidelines but the
possibility remains.”
80. UK National Health Service (2011)
http://www.nhs.uk/news/2011/05May/Pages/iarc-mobile-phones-brain-tumourcancer.aspx
So do mobile phones definitely cause cancer?
 No. The IARC’s classification means there is some evidence linking mobile
phones to some types of brain cancer but that this evidence is too weak to draw
strong conclusions.
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81. US National Cancer Institute (2011)
http://www.cancer.gov/newscenter/pressreleases/2011/IARCcellphoneMay2011
NCI Statement: International Agency for Research on Cancer Classification of Cell Phones as
“Possible Carcinogen”


“Interphone, considered the major study on cell phone use and cancer risk, has
reported that overall, cell phone users have no increased risk of the most common
forms of brain tumors -- glioma and meningioma. In addition, the study revealed no
evidence of increasing risk with progressively increasing number of calls, longer call
time, or years since beginning cell phone use. For the small proportion of study
participants who reported spending the most total time on cell phone calls, there was
some increased risk of glioma, but the researchers considered this finding
inconclusive. Furthermore, a large population-based cohort study in Denmark has
found no evidence of increased risk of brain tumors. It is noteworthy that brain cancer
incidence and mortality rates in the population have changed little in the past decade.”

82. American Cancer Society (2011)
http://pressroom.cancer.org/index.php?s=43&item=312
Dr. Otis Brawley, Chief Medical Director, responds to IARC Classification of Cell
Phones as Possible Carcinogenic
 “It is critical that its findings be interpreted with great care. The working group
reviewed a large number of studies and concluded that there was limited evidence
that cell phones may cause glioma, a type of brain tumor that starts in the brain or
spine. A 2B classification means that there could be some risk, but that the evidence
is not strong enough to be considered causal, and needs to be investigated further.
The bottom line is the evidence is enough to warrant concern, but it is not
conclusive.”
 “It's also important to put this 2B classification into perspective. Many common
exposures are classified in Category 2B, including gasoline exhaust and even coffee.”
83. Health Canada (2011)
http://www.canada.com/health/Call+concern+cellphone+emissions+carcinogenic+says/
4868280/story.html#ixzz1NyKX64T5
 "The best way to define this is it's a recognition that there is some evidence from
human studies and from animal studies. It's very important to state that this evidence
is far from established and it's far from causal, but it is a recognition that a lot of work
has been done, a great deal of work has been reviewed and it's a statement of where
the science is in time," said McNamee.
84. WHO (June, 2011)
Fact Sheet #193 Electromagnetic fields and public health: mobile phones
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
Are there any health effects?
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“A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health effects
have been established as being caused by mobile phone use.”
“WHO will conduct a formal risk assessment of all studied health outcomes from
radiofrequency fields exposure by 2012.”

85. ICNIRP (July 2011)
Mobile Phones, Brain Tumours and the Interphone Study: Where Are We Now?
http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693
 “In summary, Interphone and the literature overall have methodological deficiencies
but do not demonstrate greater risk of either glioma or meningioma with longer or
greater use of mobile phones, although the longest period since first use examined is
<15 years.”
 “Although there remains some uncertainty, the trend in the accumulating evidence is
increasingly against the hypothesis that mobile phone use can cause brain tumours in
adults.”
86. International Epidemiology Institute (2011)
http://jnci.oxfordjournals.org/content/early/2011/07/27/jnci.djr285.full
 “There have been other recent studies presenting brain tumor incidence trends among
adults and children over the last 20 years in the United States; the United Kingdom;
New Zealand; and Denmark, Norway, Sweden, and Finland. It is especially
encouraging that these nationwide time-trend studies are uniformly and remarkably
consistent in showing no evidence of increases in brain tumors over recent calendar
years, up to and including 2009 in Sweden. Increases would have been expected if
radio frequency waves were causally associated with brain cancer, given the steady
and marked rise in the use of cell phones throughout the world since the 1980s.”
.
87. National Cancer Institute (2011)
Fact Sheet: Cell Phones and Cancer Risk
http://www.cancer.gov/cancertopics/factsheet/Risk/cellphones
 “Studies thus far have not shown a consistent link between cell phone use and cancers
of the brain, nerves, or other tissues of the head or neck.”
 “..to date there is no evidence from studies of cells, animals, or humans that
radiofrequency energy can cause cancer.”
88. Health Canada (2011)
Wi-Fi Equipment
http://www.hc-sc.gc.ca/ewh-semt/radiation/cons/wifi/index-eng.php
 “Based on scientific evidence, Health Canada has determined that exposure to lowlevel RF energy, such as that from Wi-Fi equipment, is not dangerous to the public.”
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89. Health Canada (2011)
Safety of Cell Phones and Cell Phone Towers
http://www.hc-sc.gc.ca/hl-vs/alt_formats/pacrb-dgapcr/pdf/iyh-vsv/prod/cell-eng.pdf
 “The IARC classification of RF energy reflects the fact that some limited evidence
exists that RF energy might be a risk factor for cancer. However, the vast majority of
scientific research to date does not support a link between RF energy exposure and
human cancers.”
 “With respect to cell phone towers, as long as exposures respect the limits set in
Health Canada’s guidelines, there is no scientific reason to consider cell phone towers
dangerous to the public.”
90. Health Council of the Netherlands (2011)
Radiofrequency electromagnetic fields and children’s brains
http://www.gezondheidsraad.nl/en/news/infleuence-radiofrequency-telecommunicationsignals-children-s-brains
 “Available data do not indicate that exposure to radiofrequency electromagnetic fields
affect brain development or health in children.”

45

ATTACHMENT 6b

GAO Additional Questions Response-6 January 2012

Response to five additional interview questions directed by the GAO to officers
of the IEEE International Committee on Electromagnetic Safety (ICES)
January 6, 2012
IEEE ICES Respondents
Ronald Petersen, M.S.E.P.
Executive Secretary, IEEE ICES, Secretary SC-4
Former Chair of IEEE ICES and SCC34
Retired from Lucent Technologies Bell Labs
Ken Gettman
Vice-Chair, IEEE ICES
Wolfgang Kainz, Ph.D.
Chair, IEEE ICES TC34 (Assessment Standards)
FDA, Center for Devices and Radiological Health
C-K. Chou, Ph.D.
Chair, IEEE ICES TC95 (Exposure Standards)
Motorola Solutions, Inc.
Richard A. Tell
Chair, IEEE ICES TC95 SC-2 (RF Safety Programs)
R A Tell Associates
US EPA (Retired)
Art Thansandote, Ph.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Health Canada, Consumer and Clinical Radiation Protection Bureau
Marvin C. Ziskin, M.D.
Co-Chair, IEEE ICES TC95 SC-4 (RF)
Professor of Radiology & Medical Physics
Temple University Medical School
Joe A. Elder, Ph.D.
Chair, IEEE ICES TC95 SC-4 Literature Surveillance Working Group
US EPA and Motorola (Retired)
Robert Cleveland, Ph.D.
Member, IEEE ICES
EMF Consulting
US FCC (Retired)
Please note that answers to the questions submitted by GAO are
addressed by officers of IEEE ICES speaking as individuals and not for
the IEEE.
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Additional Interview Questions for IEEE ICES
1. In the 2007 “BioInitiative Report: A Rationale for a Biologically-based Public
Exposure Standard for Electromagnetic Fields (ELF and RF),” the authors discuss
the “precautionary principle,” suggesting that if there is uncertainty about the risk
posed to human health, protective measures should be taken without having to wait
until the risk proves to be real and causes irreversible threats to health or the
environment.
a. What is IEEE’s perspective on this principle?
The 2007 BioInitiative Report (BIR) is a compilation of distinct chapters or sections with
no consistent approach and no evidence of consensus among all the authors or any
statement to that effect. The report is not an objective comprehensive review, nor a
weight-of-evidence assessment. For example, critical literature was ignored, including the
animal tumor studies. Furthermore, the BIR does not provide a rationale to show how
their recommended limits were derived. Setting RF exposure limits based on the
“precautionary principle” as recommended in the BIR is inappropriate and inadvisable
because of the large database on the biological and health effects of RF exposure that was
ignored. Furthermore, we contend that by incorporating large safety factors into the
IEEE C95.1 exposure limits, i.e., 10 and 50 for exposures in the workplace and for the
general public, respectively, ICES is recommending safe limits based on a defensible
scientific process.
A critique of the BIR is included in the Technical Information Statement (TIS) published
in 2009 by the IEEE Committee on Man and Radiation 1 (COMAR) [1]). The COMAR
position, as summarized in the abstract of the TIS, is consistent with that of ICES and a
number of international expert panels that have recently reviewed the literature.
Specifically,
“Since appearing on the Internet in August 2007, the BIR [BioInitiative
Report] has received much media attention but, more recently, has been
criticized by several health organizations (see Section titled “Views of
health agencies about BIR”). COMAR concludes that the weight of
scientific evidence in the RF bioeffects literature does not support the
safety limits recommended by the BioInitiative group. For this reason,
COMAR recommends that public health officials continue to base their
policies on RF safety limits recommended by established and sanctioned
international organizations such as the Institute of Electrical and
Electronics Engineers International Committee on Electromagnetic Safety
and the International Commission on Non-Ionizing Radiation Protection,
which is formally related to the World Health Organization.”

1

IEEE Committee on Man and Radiation is a Technical Committee of the IEEE Engineering in Medicine and
Biology Society (EMBS). See http://ewh.ieee.org/soc/embs/comar/.
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Unlike the BioInitiative Group, IEEE/ICES uses a weight-of-evidence approach—an
approach commonly used by federal health agencies to evaluate the risks associated with
exposure to chemicals and physical agents. As described in IEEE C95.1-2005, based on
its review of the literature on the biological and health effects of exposure to RF energy,
ICES determined that the literature published over the past 50 plus years provided
sufficient information to develop exposure limits to protect against established adverse
health effects associated with RF exposure. The results of the literature review and
evaluation that led to the exposure limits presented in the 2005 standard are summarized
in part in 11 peer-reviewed papers published in 2003 in a special issue of the
Bioelectromagnetics Journal [2]. The aim of these review papers was to summarize the
weight-of-evidence of the 1200 plus relevant papers that are cited in the published
standard. The results of the literature evaluation established thresholds for effects
considered adverse to which safety factors were added to derive limits to protect against
all established health risks associated with RF exposure. An interesting corollary is that
there are no known injuries or diseases documented in the literature from exposures
within the RF limits recommended by IEEE or similar limits derived from a weight-ofevidence approach by other organizations, e.g., the International Commission on NonIonizing Radiation Protection (ICNIRP). 2
IEEE/ICES continues to monitor the pertinent literature. Should scientifically sound
evidence become available about an adverse health effect occurring at a level below
current limits, the limits would be adjusted accordingly and implemented by means of a
revision or amendment to the standard.
b. What would be the strengths and limitations of adopting this approach when
setting radiofrequency energy exposure standards?
Whereas the IEEE standards and ICNIRP guidelines are based on established adverse
health effects, the precautionary approach recommended in the BIR for setting standards
is based on reports of low-level biological effects that have not been established. The
relevance of such low-level effects to health remains speculative and, therefore, not
useful for standard setting. Moreover, there is no established mechanism that could
possibly explain how any adverse health effect could result from exposures below the
IEEE limits. Setting exposure limits based on questionable, low-level biological effects
that do not rise to the level of an adverse health effect would lead to unreasonably low
and inappropriate limits. For example, the 0.6 V/m limit recommended in the BIR, which
is 2,094 to 10,472 times below the IEEE and ICNIRP general public and occupational
exposure limits in terms of power density, would not provide any demonstrable health
benefit over the existing standards, guidelines and regulations, but would, in fact, cause
immediate and significant risks for health and safety. As stated in the COMAR TIS,

2

ICNIRP is a body of independent scientific experts consisting of a main Commission of 14 members, 4 Scientific
Standing Committees covering Epidemiology, Biology, Dosimetry and Optical Radiation and a number of
consulting experts. ICNIRP, which is independent from industry in both membership and funding, works in close
collaboration with many health protection related agencies both national and international, including, for example,
the World Health Organization (WHO) and the International Radiation Protection Association (IRPA).
3
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“…if the limits in the BIR were applied consistently, such limits would
prevent, or at least greatly complicate, the installation and use of
traditional radio and TV broadcasting services, airport radar systems,
police and other emergency communications systems, wireless telephone
and wireless Internet systems, and many other applications of the
radiofrequency spectrum—all of which have important benefits to public
health and safety. Therefore, the BIR recommendations would in effect
potentially increase risks by degrading effectiveness of many safety systems
employing RF energy.”
References:
[1] COMAR, “Technical Information Statement: Expert Reviews on Potential Health
Effects of Radiofrequency Electromagnetic Fields and Comments on the BioInitiative
Report,” Health Physics, vol. 97, no. 4, 348-356, 2009.
[2] Reviews of the effects of RF fields on various aspects of human health,
Bioelectromagnetics, vol. 24, issue S6, pp. S1-S213, 2003.
2. In our last interview, you discussed the use of the SAM (Specific Anthropomorphic
Mannequin) during mobile phone exposure testing, noting that it was designed to
produce conservative (that is, high) SAR values during testing. Since adopting
standardized testing procedures using the SAM, the FCC has also noted that finitedifference time-domain (FDTD) algorithm is a widely accepted computational
method for SAR modeling, as it is an anatomically-based model that takes into
account the wide range of ages and head sizes of users.
a. What is your perspective on the studies that have shown that using the SAM
results in higher radiofrequency energy exposures to children and some adults?
Although spatial variations in SAR are expected for RF exposures to the head in the near
field, as pointed out by Gandhi et al. (1996) [1], de Salles et al. (2006) [2], Wiart et al.
(2008) [3] and Christ et al. (2010) [4], spatial peak SARs in the SAM head model used
for compliance evaluation have been shown to be conservative for both adults and
children (by the teams of Kuster and Wiart 2010 [4], [5]). Their conclusions are
summarized in the following statements taken from the abstracts of their papers:
“The peak spatial specific absorption rate (SAR) assessed with the
standardized specific anthropometric mannequin head phantom has been
shown to yield a conservative exposure estimate for both adults and
children using mobile phones.” [4]
“The specific anthropomorphic mannequin (SAM) homogeneous head
model has been also used to compare all the results and to confirm that
the SAM model always overestimates adult and child head exposure… It
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was also pointed out that the value of the maximum local peak SAR in the
SAM was always higher than in the adult and children models.” [5]
The apparent concern stems from recent media reports and presentations by those
promoting precautionary measures when using mobile phones. Their arguments are
usually based on a figure (Figure 1) from Gandhi et al. (1996) [1] that represents the
results of numerically-computed SAR patterns for 5 yr, 10 yr and adult heads.

a) Adult

b) 10-year old

c) 5-year old

Figure 1: The apparent dramatic increase of penetration depth in smaller heads.
(Gandhi et al., 1996 [1])
The figure is misleading and has been corrected in a follow-up paper by Gandhi and
Kang (2002) [6]. In this paper, the revised scaling and color presentation show that the
penetration depth in the three head models is about the same (see Figure 2). While the
authors still claim that the penetration is deeper in the smaller heads, this statement is true
only if RF penetration is expressed as a percentage of the width of the head, and not
penetration depth, per se.

a) Adult

b) 10-year old c) 5-year old

Figure 2: In contrast with Figure 1, the 2002 Gandhi and Kang paper [5] shows
that with the corrected scaling with respect to physical size, the SAR patterns in
the different sized heads are similar.
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Based on the physical theory of RF exposure in the near-field, the results shown in
Gandhi and Kang (2002) [6] are expected. Similar results obtained by Bit-Babik et al.
(2005) [7] are shown in Figure 3. In spite of the fact that Gandhi and Kang [2002]
revised their earlier results, activists repeatedly use the Gandhi et al. [1996] results to
argue that RF energy has deeper penetration in the heads of children compared with
adults.

a) Adult

b) 10-year old

c) 5-year old

Figure 3: Results by Bit-Babik et al. (2005) [7] (SAR 1-g average) using scaled
head models that are similar to the results of Gandhi and Kang [2002].
MRI-based adult and child models used for simulation of exposure to mobile phones
show that the peak SAR in the brain of smaller heads is greater than in the adult head.
This is expected because smaller heads have smaller ears and a thinner skull, i.e., the
antennas are closer to the brain. Some use this fact to argue that because the SAM head is
large, SAR measurements using the SAM phantom are not conservative, especially for
children [8]. However, IEEE/ICES TC34 was aware of the fact that the closer the
antenna is to the brain the greater the absorption. To compensate for this and to ensure
conservative estimates, the SAM phantom possesses both a thin ear to allow cell phone
antennas to be close to the head and a simulant liquid with greater absorption properties
than those found within the human head. For details see Chapter 5 Phantom Model of
IEEE Std. 1528-2003 [9]. Three recent studies ([4], [5], [10]), using the finite difference
time domain (FDTD) method and MRI-based human head models, have shown that
measurements using the SAM phantom are conservative. No study has shown that the
SAM phantom is not conservative for the user population. Therefore, our position is that
use of the SAM phantom provides conservative results.
References:
[1] Gandhi O P, Lazzi G, and Furse CM, “Electromagnetic absorption in the human
head and neck for mobile telephones at 835 and 1900 MHz,” IEEE Trans. Microw.
Theory Tech. vol. 44, pp. 1884–97, 1996.
[2] de Salles A. A., Bulla G., Fernandez, Rodreiguez C. E. Electromagnetic absorption
in the head of adults and children due to mobile phone operation close to the head.
Electromagn Biol Med, vol. 25, pp. 349–360, 2006.
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[3] Wiart J, Hadjem A, Wong MF, and Bloch I,“Analysis of RF exposure in the head
tissues of children and adults,” Phys. Med. Biol., vol. 53, pp. 3681–3695, 2008.
[4] Christ A, Gosselin MC, Christopoulou M, Kuhn S, Kuster N, “Age-dependent
tissue-specific exposure of cell phone users,” Phys. Med. Biol., vol. 55, pp. 1767–
1783, Mar. 2010.
[5] Hadjem A, Conil E, Gati A, Wong MF and Wiart J, “Analysis of power absorbed by
children’s head as a result of new usages of mobile phones,” IEEE Trans.
Electromagn. Compat., vol. 52, no. 4, pp. 812–819, Nov. 2010.
[6] Gandhi O and Kang G, “Some present problems and a proposed experimental
phantom for SAR compliance testing for cellular telephones at 835 and 1900 MHz,”
Phys. Med. Biol., vol. 47, pp. 1501–1518, 2002.
[7] Bit-Babik G, Guy AW, Chou C-K, Faraone A, Kanda M, Gessner A, Wang J and
Fujiwara O, “Simulation of exposure and SAR estimation for adult and child heads
exposed to radiofrequency energy from portable communication devices,” Radiat.
Res., vol. 163, pp. 580–590, 2005.
[8] Gandhi et al, “Exposure Limits: The underestimation of absorbed cell phone
radiation, especially in children,” Electromagnetic Biology and Medicine, Early
Online, pp. 1–18, 2011.
[9] IEEE 1528-3003, “IEEE Recommended Practice for Determining the Peak SpatialAverage Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques,” Institute of Electrical and
Electronics Engineers, New York, NY.
[10] Beard BB, Kainz W, Onishi T, Iyama T, Watanabe S, Fujiwara O, et al.,
“Comparisons of computed mobile phone induced SAR in the SAM phantom to that
in anatomically correct models of the human head,” IEEE Trans. Electromagn.
Compat., vol. 48, no. 2, pp. 397–407, May 2006.
b. What are the strengths and limitations of the FDTD computer simulation in lieu
of SAM testing for mobile phones?
The present state-of-the art numerical techniques, such as the finite-difference timedomain method (FDTD), allow computer simulations of RF exposure from mobile
phones in test configurations currently specified in the related measurement standards.
However, the development of numerical methods for the simulation of the
electromagnetic fields from a complex device such as a cell phone remains too immature
for use in compliance evaluations (see Limitations below).
Strengths: FDTD simulations are convenient and, in many cases, indispensable in
modeling and understanding the many details of exposure. Realistic heterogeneous
models of the head can be simulated including various shapes and head sizes, the bioheat
equation can be included to examine the temperature distribution associated with RF
heating, and the FDTD method can be used at the handset design stage to ensure
compliance. Furthermore, the FDTD input parameters can easily be changed to
accommodate different types of antennas and exposure conditions. A major strength lies
7
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in the ability to assess the SAR for the user population before the actual phone is built. A
reliable FDTD computer simulation uses the CAD models of the phone as a basis for the
SAR calculation. Based on the simulation results, changes to the design can be quickly
incorporated.
Limitations: The main issue that restricts the use of FDTD simulations for compliance
assessment is a large uncertainty of the computed results associated with the
approximation and simplification of highly detailed complex transmitters like mobile
phones. The issue for compliance evaluations is constructing and validating the computer
model to ensure that the simulated induced electromagnetic field is the same as that from
the actual transmitting device. While some simulations can demonstrate very accurate
results, many others could be off by a substantial amount exceeding many times the
acceptable uncertainty limits.
Additional Note: Efforts on standardizing the simulation procedures to improve
reliability and accuracy of the models are underway by the IEEE/ICES TC34
Subcommittee 2 numerical methods working groups and International Electrotechnical
Commission (IEC) TC106 project teams. When completed, the standards will be
published as dual-logo IEEE/IEC international standards. Whereas the procedures
developed to simulate a complex device such as a cell phone are still too immature to be
applied for exposure compliance evaluation, the measurement technique provides
sufficiently robust and accurate evaluations.
Newly submitted questions
3. In your response to our original questions, it said that the 2005 SAR limits are based
on a significantly improved understanding of the RF and thermal dosimetry and
biological/health effects considerations.
a. As these standards relate to cell phone usage, does using the older C95.1-1991
standard pose an increased assumption of health risks than if the FCC adopted
the 2005 standard?
No, both the C95.1-1991 and C95.1-2005 limits have large safety margins. The rationales
for the peak spatial-average SARs and the peak spatial-average SAR limits differ in the
two standards. Whereas the peak spatial-average SAR of 1.6 W/kg (averaged over 1 g of
tissue) found in C95.1-1991 was based on dosimetry, that is, it was based on the ratio of
the localized peak SAR to the whole body averaged SAR in animal and other models, the
peak spatial-average SAR in C95.1-2005 is biologically-based, that is, the limit is derived
from the SAR necessary for cataract formation (100 W/kg averaged over the mass of the
eye—approximately 10 g). A safety factor of 50 was applied to obtain the 2 W/kg value
(averaged over 10 g of tissue) for general public exposure found in C95.1-2005 and in the
ICNIRP guidelines.
b. Could you provide a summary of the overall impact of the change, in particular
changing the way the SAR is measured?

8
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The change represents an international harmonization of the limits for localized SAR.
There is no change in how SAR is measured. Currently, SAR systems measure both 1 g
and 10 g averages so that new mobile phones can be sold in markets with regulations
based on the 1991 IEEE standard and the 1998 ICNIRP guidelines. There is no impact on
the way the SAR is measured, but there is a large advantage to have internationally
harmonized requirements and standards.
4. In your response to our original questions, it said that all peer-reviewed studies on
RF bio-effects were considered in formulating the 2005 standard.
a. What methodology did you use to ensure that “all” peer-reviewed studies were
identified?
Although some peer-reviewed papers may have been overlooked, the goal was to identify
all relevant papers. Specifically, the Literature Surveillance Working group identified
relevant papers by searching databases, journals, querying committee members and
participants at meetings, etc. At the literature selection cutoff date (31 December 2003),
approximately 2200 papers had been identified, which were augmented by a few papers
and documents appearing in 2004 and 2005. The committee agreed that only peerreviewed papers and technical reports of original research would constitute the primary
database on which any risk analysis would be based (abstracts and presentations at
scientific meetings or technical conferences were expressly excluded from the database).
Of the 2200 identified papers, more than 1100 were deemed relevant and included in the
literature evaluation process.
b. What methodology did you use to assess the weight of scientific evidence in the
studies and process the information to come up with the final standard?
Chou and D’Andrea (2003) in “Reviews of Effects of RF Fields on Various Aspects of
Human Health: Introduction” described the review process in detail [1]. Essentially, the
complete revision of the 1991 standard by Subcommittee 4 was based on the peer
reviewed literature identified by the Literature Surveillance Working Group. The
Committee made a strong effort to have each relevant paper evaluated by two randomly
selected members of the subcommittee’s Engineering Evaluation Working Group and by
two members of the appropriate Biological Evaluation Working Group (in vitro, in vivo,
and epidemiology). Summaries of the working group evaluations were forwarded to the
Risk Assessment Working Group (RAWG) to evaluate the levels of possible risk to
humans and define the lowest threshold SAR above which potentially adverse effects are
likely to occur. A Mechanisms Working Group worked in parallel with the RAWG to
evaluate possible mechanisms of interaction, both non-thermal and thermal mechanisms.
A Statistical Evaluation Working Group was also available to address questions relating
to statistics in identified papers. The evaluation process included evaluation of the
quality of test methods, the size and power of the study designs, the consistency of results
across studies, and the biological plausibility of dose-response relationships and
statistical associations.
After several hundred papers were reviewed it became apparent that the process was very
time-consuming and a parallel process was initiated using expert reviewers for each
subject (from within and outside of ICES). The conclusions of these reviews are
9
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presented in a collection of 11 subject matter papers published in Supplement 6 of
Bioelectromagnetics [1]. Review papers were prepared on cancer, reproduction, calcium
efflux, behavior, thermo-regulation, nervous system, ocular and auditory effects,
homeostasis and metabolism, survival, epidemiology, and in vitro studies. Details of the
review process are included in Annex A of C95.1-2005, e.g., A.1.6 – Literature
evaluation process, A.1.7 – Hazard identification and review papers, A.1.8 – Role of the
Risk Assessment Working Group. In addition to the 11 subject matter papers published in
Bioelectromagnetics, details and conclusions of the reviews are contained in the 44 pages
of Annex B of IEEE C95.1-2005 (Identification of levels of RF exposure responsible for
adverse effects: summary of the literature). Finally, the results were also compared with
other scientific expert groups and government agencies to ensure the conclusions were
consistent with the published literature (Annex B.2).
References:
[1]

Bioelectromagnetics, Supplement 6, S17-S213, 2003.

5. How does the IEEE keep up with new studies and determine whether they warrant
a change in the standards for SAR limits? Is there a process/policy in place and, if
so, what is it?
IEEE standards are living documents and require constant monitoring and revision as
new information becomes available. IEEE/ICES TC95 has two meetings a year to
discuss revision issues. The meetings include invited experts/researchers to present
information on subject areas of interest, e.g., bioeffects associated with exposure at
millimeter wave and terahertz frequencies. In addition, there are several Editorial
Working Group meetings each year to address changes to the standard that may be
necessary. The Literature Surveillance Working Group continues to collect recently
published peer-reviewed papers. Reviews by expert panels throughout the world are also
evaluated, e.g., Health Council of the Netherlands, Health Canada, WHO, Health
Protection Agency (UK), to name a few. The IEEE/ICES Subcommittee 4 continues to
monitor current events and maintain a collection of expert reviews. Although there is no
convincing evidence of adverse effects that occur below the current exposure limits,
Subcommittee 4 remains prepared to modify the standard should there arise the need to
do so based on scientific evidence.
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. “The primary purpose of the IEEE (Institute of Electrical and Electronics Engineers) database
(ieee-emf.com/) is to provide a comprehensive database of the world’s English language literature
on radiofrequency (RF) energy to support the review and revision, if needed, of RF safety standards
published by IEEE. The goal is to identify all peer-reviewed research papers and other relevant
reports such as peer-reviewed review articles and letters to journal editors. In March 2011, the
database had over 5000 references of which over 3200 are research papers. Each entry has a brief
description of the experimental approach/model and results; in addition, many of the research
papers have a link to abstracts in PubMed. The database can be searched by a number of ways
(author, study type, key word, year, frequency range, etc.). The core of the database is available
without charge to the public; however, members of IEEE ICES (International Committee on
Electromagnetic Safety) who are writing reviews of specific research areas have access to a
password-protected area to support their work.”
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2013:
New citations:

185

PDF files added: 273
Currently:
Database has 5387 citations* distributed in 2336 projects.
* A number of entries are blank due to deletion of duplicate
citations and other errors.
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letters to editors, non-English papers, media articles, non-EMF papers, etc.)
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ELECTROMAGNETIC SAFETY
STANDARDS:
MILITARY PERSPECTIVE
Dr. B. Jon Klauenberg
Senior Research Physiologist
Radio Frequency Bioeffects Branch
Bioeffects Division
Human Effectiveness Directorate
711th Human Performance Wing
Air Force Research Laboratory
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

Outline
1. Why militaries need electromagnetic safety standards
2. NATO involvement in electromagnetic safety standards
3. Impact of the European Union worker safety Directive
4. NATO stakeholder activities with European Commission
5. The Transition From NATO to Civil Standards Process
6. New/Draft IEEE-NATO PC95.1-2345 Military Standard for
Personnel Exposure to Electric, Magnetic and
Electromagnetic Fields

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Why Militaries Need
Electromagnetic Safety Standards?
• Utilize a large array of electromagnetic devices
‒ Many unique to the military:
‒ Not evaluated by civilian standardization
‒ Some classified

• Must protect personnel from hazards of
electromagnetic fields
• Hazards are the reason for safety standards!
• Standards manage RISKS
• Standards facilitate multinational interoperability
• Ensure safe operations
• Minimize mission impact
PA case #09-466

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Why Militaries Need
Electromagnetic Safety Standards?
• Systems enablers: Increased use EM throughout military
–
–
–
–

Communications: HF, VHF, UHF, SATCOM
RADAR, GPS, detection and navigation (ARxxx, HAARP, ROTHR)
Sensory: Virtual fence, terahertz
Electronic battlefield, electric boats, future technologies

• Weapons enablers
– Non-lethal technology, directed energy weapons

• Mission enablers
– Least restrictive safe permissible limits
– Important piece of total risk assessment

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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NATO Standardization Agreement
(STANAG) 2345 (2003)
Standardization Agreement (STANAG) 2345: “Evaluation and Control of
Personnel Exposure to Radio Frequency Fields – 3 kHz to 300 GHz”
• Guidance to protect personnel from potential
electromagnetic health and safety hazards in the
military operational environment
• NATO designated “Essential STANAG”
• Triennial review: reaffirm, revise, cancel
• Two major revisions; Last 13 Feb 2003
• 2006 Revision was stalled due EU worker safety Directive 2004/40/EC
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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European Commission on Worker Safety
Proposed Directive

30.4.2004 EN Official Journal of the European Union L 159/
______________________________________________________________
_________________
1
I
(Acts whose
publication is obligatory
PA#-08-173Pa
DIRECTIVE 2004/40/EC OF THE EUROPEAN PARLIAMENT
AND OF THE COUNCIL
of 29 April 2004
on the minimum health and safety requirements regarding the exposure of workers
to the risks arising from physical agents (electromagnetic fields)

(18th individual Directive within the meaning of Article 16(1) of
Directive 89/391/EEC)

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Directive 2004/40/EC of the
European Parliament
•

Uses World Health Organization guidance prepared by
International Commission on Non-ionizing Radiation
Protection (ICNIRP)

•
•
•

Was to have become law for EU nations 28 April 2008
Amendment to delay four years approved 23 April 2008
Second amendment two year extension to 30 Oct 2013

– Medical concerns: MRI
– Industry concerns: Heat sealers, rail, power systems, cellular
– Military multinational interoperability threatened

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Military Exemption from European Union
Directive on Electromagnetic Safety Obtained

• Successfully obtained exemption of all military
operating in European Union territory
Impact/Importance:
• Removes legal block to EU NATO nations use of
NATO STANAG 2345
• Enables NATO adoption of newly revised standard
• Removes impacts to operations
• Maintains interoperability
• Protects military: Compatible with DoDI 6055.11
Status:
• EU Parliament approved 11 June, 2013
• EU Council approved 20 June, 2013
• Published 29 June 2013, Directive 20013/35/EU
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Military Employ
Rigorous Safety Programs
• Commanders need their personnel protected and healthy to
maintain force capabilities. “Protect those who protect us!”
• Military employ large sophisticated multifactor safety programs
• Include EMF-experienced medical doctors, health physicists,
bioenvironmental engineers, radiation safety officers,
scientists, electrical and electronics engineers, and other
safety support workers, all working to ensure personnel safety
• Military/NATO led development of first EMF safety standards in
1950s and continue to be heavily involved in standardization

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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European Union Directive on EMF
Health and Safety (2013/35/EC)
•
•

Adopted by EU Parliament 11 June 2013

•

Article 21 Directive of European Parliament and the Council

Published in Official Journal of the European Union Vol. 56, 29 June
2013

“(21) Given the specificities of the armed forces and in order to allow
them to operate and interoperate effectively, including in joint
international military exercises, Member States should be able to
implement equivalent or more specific protection systems, such as
internationally agreed standards, for example NATO standards,
provided that adverse health effects and safety risks are prevented”.

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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European Union Directive on EMF
Health and Safety (2013/35/EC)
Article 10 Derogations
“(b) Member States may allow for an equivalent or more specific protection
system to be implemented for personnel working in operational military
installations or involved in military activities, including in joint international
military exercises, provided that adverse health effects and safety risks are
prevented;
(c) Member States may allow, in duly justified circumstances and only for as
long as they remain duly justified, for the ELVs to be temporarily exceeded
in specific sectors or for specific activities outside the scope of points (a)
and (b).
For the purposes of this point, "duly justified circumstances" shall mean
circumstances in which the following conditions are met:
(i) the risk assessment carried out in accordance with Article 4 has shown
that the ELVs are exceeded;
(ii) “given the state of the art, all technical and/or organizational measures
have been applied”
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Specific Agreement Between
NATO and IEEE
“New IEEE Military Workplace Standard” signed 30 July 2009
“IEEE shall develop, maintain,
revise, and update a new IEEE
military workplace standard that
will address normative military
occupational/workplace-specific
exposure limits to electric, magnetic
and electromagnetic fields”
Not simply adopting a nongovernmental standard in lieu of a
military drafted standard, but having
civil SDO draft a military standard.
This is a precedent setter.
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Editorial Working Group (EWOG)

C.K. Chou: EWOG Chair
Ralf Bodemann
Marv Ziskin
Ron Petersen
PA#-08-173Pa
Rob Kavet
Art Thansandote
Pat Reilly
Ken Gettman: meeting host
Ric Tell
John Osepchuk
B. Jon Klauenberg
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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IEEE-NATO EMF Personnel
Protection Standard P95.1-2345
• Sponsor ballot met all the criteria
for RevCom submission:12/27/2013
• Combines C95.1 and C95.6
- 0 Hz – 300 GHz
• New environmental zone concept
• New concept for safety factors

−Relax exposure limit for experts
−Restricted expert only access zone

• New meaningful terminology

− Personnel protection program
initiation level vs. action level
− Dosimetric reference limit (DRL)
− Exposure reference level (ERL)
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Access to Higher Exposure Zones
EU overarching framework Directive 89/391/EEC Article 6 3.(d):
“take appropriate steps to ensure that only workers who have
received adequate instructions may have access to areas where
there is serious and specific danger.”
• Supports the provision for a restricted zone for aware experttrained workers, if a heightened safety program is initiated
• Supports a zone of higher exposure levels

‒ Increased safety procedures, increased restrictions
‒ Within safety margin, below adverse health effects level
‒ Only highly trained workers with need for access to maintain
operational integrity

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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European Union Directive on EMF
Health and Safety (2013/35/EC)
Article 10 Derogations
“(b) Member States may allow for an equivalent or more specific protection
system to be implemented for personnel working in operational military
installations or involved in military activities, including in joint international
military exercises, provided that adverse health effects and safety risks are
prevented;
(c) Member States may allow, in duly justified circumstances and only for as
long as they remain duly justified, for the ELVs to be temporarily exceeded
in specific sectors or for specific activities outside the scope of points (a)
and (b).
For the purposes of this point, "duly justified circumstances" shall mean
circumstances in which the following conditions are met:
(i) the risk assessment carried out in accordance with Article 4 has shown
that the ELVs are exceeded;
(ii) “given the state of the art, all technical and/or organizational measures
have been applied”
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Restricted Expert Only Zone
•
•

New concept; opens new zone of access within safe region
Provides command flexibility with safety Meets EU
Framework Directive 89/391/EEC Article 6.3.(d)

•

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

•

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

•
•
•
•

Safety procedures are enhanced - expert is closely monitored
System specific expertise required
Unique to the military
Developed by a civilian SDO, IEEE International Committee
on Electromagnetic Safety (ICES)
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00

17

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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PA#-08-173Pa

DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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QUESTIONS?
Thank you for your attention!

???????? ?
QUESTIONS
B. JON KLAUENBERG, Ph.D.,
711 HPW/RHDR
Air Force Research Laboratory
711th Human Performance Wing
Human Effectiveness Directorate
Bioeffects Division
Radio Frequency Bioeffects Branch
bertram.j.klauenberg.civ@mail.mil
210-539-8058
DRAFT Distribution A: Approved for public distribution. TSRL-PA-13-00
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Radiofrequency contact currents:
Sensory responses and dosimetry
Rob Kavet
Ric Tell
Bob Olsen
TC95/Subcommittees 3&4
January 15, 2014

Background
• RF contact currents generally acknowledged
as potentially hazardous;
• IEEE (and ICNIRP) provide exposure limits for
RF currents to 110 MHz to protect against
adverse sensory effects, including burn;
• There are no data at all above 20 MHz to
support such exposure limits, and no peerreviewed data above 3 MHz;
• What data are available are inconsistent.

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Jan 2013, Ric Tell at TC95

“Further insight is needed…Simple average current densities
for electrode areas may not be the relevant factor for
sensation of heating. Just taking raw currents from different
papers as thresholds may not be appropriate.”
© 2014 Electric Power Research Institute, Inc. All rights reserved.
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IEEE Std C95.1™-2005 Prioritization of
Hazard

© 2014 Electric Power Research Institute, Inc. All rights reserved.

4

Basis of Today’s Talk

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Comparison of Key Factors of RF Contact
Current Studies
Subjects
Frequency

Dalziel (1950)
28♂, 4 ♀
≤200 kHz

Touch/Tap:
Copper plate;
Contact with
Hold (Grasp): #8
copper wire
SalineYes
moistened?
Responses

Perception

© 2014 Electric Power Research Institute, Inc. All rights reserved.

Rogers (1981)
50 “persons”
2, 5, 10,
15, & 20 MHz
Brass tube
(back of finger)

Yes
Perception and
“let-go” (pain)

6

Chatterjee (1986
197 ♂and 170 ♀
10 and 30 kHz, 0.1,
0.3, 1 & 3 MHz
Touch: square copper
block (fingertip)
Grasp: brass rod
Yes
Perception & pain

Consistent Observation

• The results of Dalziel/Mansfield and Chatterjee
et al. lead to a generalization that, for
continuous sinusoidal currents, the transition
from electrostimulation to warming sensations
occurs at ~100 kHz.
• However, for lower duty factors (which they did
not study), the transition frequency would
increase, all else being equal.

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Chatterjee et al., 1986 Summary (♂ & ♀ avg)

Relatively constant from 0.1 to 3 MHz

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Chatterjee et al., 1986 Summary (♂ & ♀ avg)

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Data from Rogers, 1981

“an approximate
average hazard
threshold current of
200 mA for the band
2–20 MHz”

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Rogers, 1981: Calculated Thresholds for
Perception and Let-Go (LG)

© 2014 Electric Power Research Institute, Inc. All rights reserved.

11

Touch Perception Comparison
Rog:Chat ≈ 2.66
~x2
50.1
Rog:Chat ≈ 1.33
37.6

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Touch Pain Comparison
Rog:Chat ≈ 6.52
~x2

146

Rog:Chat ≈ 3.26
44.8

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Grasp Perception Comparison

Grasp

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Basics

Under an adiabatic assumption,

c = the heat capacity of the
affected tissue (joules/kg-°C)
© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Tissue Conductivity (Hagsall et al., 2012)

σ generally increases with f

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Tissue Density & Heat Capacity
(Hagsall et al., 2012)

ρ & c assumed
constant w/f

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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SAR vs σ and ρ

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Effect Thresholds in Skin
(adapted from: Dewhirst et al., 2003)

6 sec
1.8 sec

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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∆T in 2 sec vs SAR

Pain
Discomfort

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Chatterjee vs Rogers Contacts

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Edge Effect: Square Electrode on Tissue
(Krasteva et al, 2002) (~Chatterjee contact)

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Uniform Current Density When Electrode
Area > Contact Area (~Rogers contact)

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Chatterjee vs Rogers Contacts

Current

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Sensory Consequence of Edge Effect

• With an edge effect present, the current density
resulting in perception or pain is a multiple of
the average current density (Javg=I/A);
• For a given contact area and tissue
conductivity, the multiple is referred to here as
Jeff.

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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What multiple of Javg produces sensory
response? We don’t know (>1).

Jeff?
Wiley & Webster, 1985

Wiley & Webster, 1985

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Question
Can one reconcile the threshold current
differences between Chatterjee et al. and
Rogers?
 At 2-3 MHz, Rogers’ thresholds were about 1.3to-6.5 times greater than Chatterjee et al.’s for
the same subjective response.
 Rogers reported ~2-fold greater thresholds for
fingertip compared to back of finger contact.

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Assumptions
• Rogers’ back of finger contact area >
Chatterjee et al.’s fingertip contact area (Area
Ratio>1);
• Because of differences between back of hand
and fingertip tissue, σRog/σChat <1.0;
• Jeff>1 for Chatterjee et al. (i.e., edge effect
present); uniform current density in Rogers.
• In both studies, the same SAR leads to the
same subjective response.

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Factors Not Considered in Analysis
• Subjective response criteria specific to each
study;
• Distribution of subcutaneous heat and pain
receptors at sites of contact;
• How receptors process and integrate sensory
input from RF current;
• Tissue mass density (ρ) and heat capacity (c);
both assumed the same for Rogers and
Chatterjee et al.

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Then…
For the same SAR in both studies (i.e., the
same subjective response),

In 2013, R. Tell estimated an Area Ratio of
~4-5 (~113 mm2/25 mm2)

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Example: Area Ratio = 2

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Example: Area Ratio = 4

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Observation
• For the same response at similar frequencies,
under the (realistic) assumptions stated,
Rogers’ thresholds expressed as total current
could clearly have exceeded Chatterjee et al.’s
by the factors shown earlier.
• Within the Rogers’ study
– Current flow believed uniform whether back-of-finger
or fingertip (i.e., Jeff=1), and
– Assuming Area Ratio≈1.4
Then, If the conductivity ratio
𝑰𝑰𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
𝝈𝝈𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
≈2.0, the threshold would
= 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 × �
𝑰𝑰𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃−𝒐𝒐𝒐𝒐−𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
𝝈𝝈𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃−𝒐𝒐𝒐𝒐−𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇
double for fingertip contact
(as Rogers reported)
© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Conclusion
• RF contact currents across the spectrum can be
bad for you!
• Exposure standards are established to protect
against bad things happening;
• For many exposures (e.g., ELF), standards are set
with knowledge of population-wide sensitivity;
• For RF contact current, available data is insufficient
and inconsistent to specify threshold distributions;
• We have suggested several factors that may
contribute to the inconsistencies;
• RF contact current standards need to be better
informed.
© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Discussion/Questions

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Together…Shaping the Future of Electricity

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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IEEE Std C95.1™-2005

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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PC95.1-2345™/D6.8 Draft Standard

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Dalziel & Mansfield, 1950

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Rogers, 1981: Normalized Probit
Distributions

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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Kim et al, 1986: Low (eg, saline) vs High (eg,
dry) Resistance Contact

Low rho

Radius, R

High rho

© 2014 Electric Power Research Institute, Inc. All rights reserved.
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ATTACHMENT 10

The question of SAR Volume
Average and ICNIRP’s
Contiguous body tissue definition

Jafar Keshvari, ICES TC95 SC3 & SC4 meetings
Plantation, 15.01.2014

Background

ATTACHMENT 10

– Volume average definition in IEEE and ICNIRP
–
–

–
–

stds
SAR Volume avarge in Measurements
Contradiction between SAR volume average in
compliance assessment stds and ICNIRP
guidlines
Need for harmonizing ICNIRP definition with
measurement/computaional stds
The issue was discussed in San Antonio in Jan
2013
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Volume Average Definitions

• In particular, the regulations about near field exposure are
based on spatial-peak values of averaged SAR.
• Without restricting the shape, the ratio of the surface area to
the volume may become very large and may therefore not
adequately represent the thermal distribution in the tissues.

ATTACHMENT 10

Volume Average Definitions...
•
•
•
•

Cubical volume average
Spherical volume average
Contiguous body tissue definition (ICNIRP)
Niels Kuster’s group has been working on implementing
above listed volume averages in their computational tool

Approved Minutes – 15 January 2014 SC3/SC4 Meeting
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Efficient Implementation of SAR Averaging Techniques in
Computational Dosimetry for Highly Detailed Human Models
Pedro Crespo-Valero1, Nicolas Chavannes1, Niels Kuster2,3

SPEAG Software R&D, Zeughausstrasse 43, 8004 Zurich, Switzerland
crespo@speag.com and chavannes@speag.com

1

2

IT'IS Foundation, Zeughausstrasse 43, 8004 Zurich, Switzerland,
kuster@itis.ethz.ch
3
Swiss Federal Institute of Technology (ETHZ), 8092, Zurich, Switzerland

Abstract
This paper presents an efficient implementation of different techniques used in the computation of averaged Specific
Absorption Rate (SAR). The main purpose of this work is to enhance the accuracy and speed in the prediction of SAR
averaged values regarding highly detailed human models, which present a highly inhomogeneous medium. Following the
recommendations of IEEE and ICNIRP standards, three different averaging schemes have been considered, namely using a
cubical, contiguous and spherical volume. The resulting algorithms have been implemented and integrated into the
advanced simulation platform SEMCAD X.

1. Introduction
Various organizations in the world have established safety guidelines for electromagnetic (EM) wave absorption. In
particular, the regulations about near field exposure are based on spatial-peak values of averaged SAR. Nowadays, these
quantities can be predicted by numerical simulation but its computation is expensive, specially if the medium is highly
inhomogeneous and highly discretized.
In the process of SAR averaging, the adjustment of the averaging volume to a specific mass constitutes the major
computational burden in the method. Actually, in the computation of large problems the time required for SAR averaging
might even surpass that employed in the resolution of the EM problem itself. Previous techniques [1, 2] overcame this
problem by using approximations on the averaging volumes that took advantage of the imprecision of the human models. In
other cases, the problem was simply reduced to equivalent homogeneous models, where the process of averaging becomes
trivial [8].
Nowadays, highly detailed models of human bodies are available [7]. Therefore, it would be desirable to develop
algorithms that provide equivalent accuracy on larger models and without a loss in efficiency. In this line, we have develop
an implementation that meets the following requirements:
•
Performs an efficient and accurate computation on a range of averaging schemes: cubical (IEEE-compliant) [3],
contiguous (ICNIRP-compliant) [4] and spherical.
•
Suited for any arbitrary highly detailed human models (or equivalently, highly inhomogeneous structures ) and for
any averaging mass.
•
Evaluation of SAR average on specific organ/tissue
•
User-friendly interface for configuration and visualization.
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2. Methods
The computation of SAR is based on the evaluation of the EM energy dissipated on the tissue due to an EM source. This is
performed using an advanced implementation of the Finite-Difference Time-Domain (FDTD) technique [6] since this
method is specially well suited for the computation of large and arbitrary highly inhomogeneous problems. Then, this result
has to be integrated over a specific volume that is determined on a specific mass. The shape of this volume may be defined
in several ways, leading to different possible schemes. We have focused this work on three of them.
The IEEE standard [3] proposes a cubic region of a specific mass (typically 1 or 10g) as the averaging volume. This shape
can be easily fit in the FDTD grid which simplifies the averaging procedure. The cube fitting consist first in a fast ''coarse''
expansion based on the grid voxels [2]. Finally, the resulting cube is fine tuned in order to fit the exact mass, within a
specified tolerance [5].
Another useful scheme consists of the so-called contiguous SAR averaging [4]. In this case, the shape of the averaging
volume is not predefined. This is obtained connecting the tissue with maximum local SAR values until the required mass is
reached. This procedure requires a higher computational effort with respect to the previous technique since the
determination of the averaging volume shape implies the analysis of the entire problem instead of only the vicinity of the
sampling point. Therefore a segmentation strategy is used in the optimization of this algorithm.
Finally, a spherical volume has also been implemented for comparison since it seems to be a natural shape for averaging.
This shape has the inconvenient that it does not fit well the Cartesian grid provided in the FDTD method. This has been
overcome by interpolating different volumes from the cubic scheme.

3. Results
The algorithm has been integrated into the post-processing unit of the simulation platform SEMCAD-X [6] which
incorporates a number of advance tools for the visualization and treatment of simulation results.
In addition, SEMCAD provides all the features needed in order to generate and evaluate highly complex real world
problems. It supports the generation of model specific, customizable non-homogeneous grid generation together with a fast
voxelizer for material assignment. Advanced local refinement schemes enable enhanced modeling within FDTD, even for
setups with a large ratio between smallest and largest extensions.
These algorithms have been applied to the computation of averaged SAR on a model of a six-years old child from the
Virtual Family Project [7]. Fig.1 shows the results for the cubic scheme over the model's face together with a plot of the
conductivity of the tissue in order get an insight about the degree of accuracy achieved even in a highly detailed human
models.
Preliminary simulations show a clear increase of the computation speed with respect to previous implementations while
providing higher accuracy. The three averaging schemes are being applied to realistic scenarios involving the EM exposure
of human bodies, outlining performance of the methods as well as specific average SAR variations based on the chosen
scheme.
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Fig. 1: Example of SAR computation on a 6-years old child model from the Virtual Family [7]. On the left side: a 3D view
of the complete model. On the right: a representation of the tissue conductivity (top) and the SAR values averaged over 1gcubic volumes @64MHz (bottom) relative to the maximum (3.58 mW/g)

4. Conclusion
Three SAR averaging schemes have been implemented to meet the requirements, in terms of efficiency and
accuracy, in the computation of highly detailed human bodies. The cubical and contiguous schemes follow the
recommendations of standardization groups of IEEE and ICNIRP, respectively. On the other hand, the spherical scheme
provides an alternative averaging definition. These solutions have been successfully integrated into SEMCAD-X .
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Applied Computational Electromagnetics (ACES) 2007, 2007.
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SAR Volume Average and LetterATTACHMENT
to
ICNIRP

•
•
•
•
•

The issue was discussed in San Antonio in Jan 2013.
The intention was originally to write a letter on behalf of IEC
and IEEE.
The issue is more related to SAR at higher frequencies.
Decided to draft a letter in IEC MT1.
The letter sent to ICNIRP in August 2013.
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IEC MT1 letter to ICNIRP
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Jafar Keshvari
Chairman, IEC MT1/62209/1 & 62209/2
Nokia Corporation, Keilahdentie 2-4
00240, Espoo-Finland

August 29th 2013

Dr. Rüdiger Matthes
Chairman, ICNIRP
G. Ziegelberger c/o BfS
Ingolstädter Landstraße 1
85764 Oberschleißheim
Germany

Recommendation to revise the SAR averaging volume of the 1998 ICNIRP
guidelines

Dear Dr. Matthes,
The ICNIRP guidelines [1] define limits for the localized SAR or peak spatial average
SAR to be integrated over 10 g of contiguous body tissue. The guidelines only impose
the reference mass, but do not define the shape of the integration volume. Without
restricting the shape, the ratio of the surface area to the volume may become very large
and may therefore not adequately represent the thermal distribution in the tissues.
International measurement standards for the SAR assessment in the head and body of
the user of wireless devices, which have been developed by IEC [2, 3], by CENELEC
[4], and by IEEE ICES [5 – 7], define a cubical volume for the integration. The
application of this cubical volume has already been recognized by the ICNIRP in a
response to questions on the 1998 guidelines [8]
In a large number of countries all over the world, electromagnetic safety regulations are
based on the 1998 ICNIRP guidelines [1]. However, for more than a decade, SAR
measurement systems in use by testing laboratories, wireless device manufacturers
and governmental regulatory bodies have been abiding by the measurement norms of
[2 - 5] and integrate the measured SAR distribution over a cubical volume. Several
publications on near field RF exposure to cell phones as localized sources [9-11]
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observe a maximum temperature increase that is closely correlated to the SAR in a
cubical averaging volume.
The IEC Maintenance Team 1- 62209-1 & 1- 62209-2 kindly invites ICNIRP to consider
whether the issue could be more closely defined in future versions of their guidelines
regarding harmonization with the measurement standards.

Kindest regards,
Jafar Keshvari
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Research Update
C-K. Chou
Chief EME Scientist
Motorola Solutions, Inc
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Increasing validity

Quality of Science
(Established vs. Possible)
A

Confirmed and Established Science

B

Unconfirmed report (could be useful)

?

C

Unconfirmed report contradicts A

?

D

Unconfirmed report with clear flaws and artifacts

?

E

Junk report in peer-reviewed literature

?

F

Junk report in non-peer-reviewed literature

?

Adapted from Osepchuk [2004]
“Good science is never outdated.” -- Herman P. Schwan
2
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RF Bioeffect Studies

Study Type

Published

Epidemiology

549

Human

390

Animal

1229

In Vitro

675

Total

2843

*IEEE/ICES Database, December 6, 2013
3
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Mobile Telephony Related Studies

Study Type

Published

Epidemiology

324

Human

297

Animal

301

In Vitro

292

Total

1214

*IEEE/ICES Database, December 6, 2013
4

IARC: International Agency
for Research on Cancer
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IARC is an agency of the World Health Organization (WHO)
 IARC has so far classified 970 agents, mixtures and exposures
based on the strength of scientific evidence of their potential as
human cancer hazards
 IARC assigns one of 5 classification groups:
1
2A
2B
3
4

known carcinogen (113)
probable carcinogen (66)
possible carcinogen (285)
not classifiable (505)
Probably not a carcinogen (1)

 The IARC evaluation deals only with the hazard, not the risk.
It identifies the potential for RF fields to cause cancer under some
circumstances (“hazard”) but does not quantify the likelihood of the harm
occurring (“risk”).
5
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IARC evaluation of RF EMF
IARC schedule of events
 IARC ad hoc committee met on May 24-31, 2011 in Lyon, France
 RF Electromagnetic Fields (EMF) scope covers all RF transmitting devices operating in the 3
kHz to 300 GHz frequency range, e.g., Radio and TV transmitters, Radars, microwave ovens,
mobile phones, DECT phones, 2-way radios

 RF EMF classification announced on May 31, 2011 as possible
carcinogen 2B
 June 22, IARC published a summary paper in Lancet Oncology
“Although both the INTERPHONE study and the Swedish pooled analysis are susceptible to bias—due to
exposure misclassification, recall, and selection— the Working Group concluded that the findings could not be
dismissed as reflecting bias alone, and that a causal interpretation between mobile phone EMF-RF exposure
and glioma is possible. “

 IARC published a full monograph #102 in April 2013
 In 2014, WHO will publish an environmental health criteria document on
the RF EMF cancer risk issue based on the IARC monograph
 the International Commission on Non-Ionizing Radiation Protection
(ICNIRP) plans to publish updated RF exposure guidelines in 2015 or ?
6
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Limitation of Case Control Studies
 Risk of recall bias – prevalent disease affects selfreported exposure
• Amount of mobile phone use
• Distance to base station

 Disease is also self-reported
 Selection bias may be a problem
• Concerned persons more likely to participate
• more likely to have located the nearest base station
• probably more likely to report symptoms or lower well-being
[From Mobile phones and health effects in children – epidemiology,
Maria Feychting 2011]

7
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Statements from WHO
WHO (June 22, 2011) Fact Sheet #193 “Electromagnetic fields
and public health: mobile phones”
http://www.who.int/mediacentre/factsheets/fs193/en/index.html

•Are there any health effects?
 “A large number of studies have been performed over the
last two decades to assess whether mobile phones pose
a potential health risk. To date, no adverse health effects
have been established as being caused by mobile phone
use.”

•“WHO will conduct a formal risk assessment of all studied
health outcomes from radiofrequency fields exposure by 2012.”

8
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Statements from ICNIRP
International Commission on Non-Ionizing Radiation Protection
(July 1, 2011)
“Mobile Phones, Brain Tumours and the Interphone Study: Where
Are We Now?”
http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1103693

•“In summary, Interphone and the literature overall have
methodological deficiencies but do not demonstrate greater risk of
either glioma or meningioma with longer or greater use of mobile
phones, although the longest period since first use examined is
<15 years.”
•“Although there remains some uncertainty, the trend in the
accumulating evidence is increasingly against the hypothesis that
mobile phone use can cause brain tumours in adults.”
9

NCI on Glioma Risk
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NCI study:
 National Cancer Institute scientists published a paper “Mobile
phone use and glioma risk: comparison of epidemiological
study results with incidence trends in the United States” which
indicates “Age specific incidence rates of glioma remained
generally constant in 1992-2008 (−0.02% change per year), a
period coinciding with a substantial increase in mobile phone
use from close to 0% to almost 100% of the US population.
 Raised risks of glioma with mobile phone use, as reported by
one (Swedish) study forming the basis of the IARC’s reevaluation of mobile phone exposure, are not consistent with
observed incidence trends in US population data, although the
US data could be consistent with the modest excess risks in the
Interphone study.”
10
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Electrohypersensitivity EHS

•

EMF Refugee Zone in France

•

'Wi-Fi refugees' shelter in mountains of Green Bank, West
Virginia, USA
11
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Electrohypersensitivity EHS or IEI (1 of 3)

•

World Health Organization, Fact Sheet #296 (2005)



•


•


A more general term for sensitivity to environmental factors is
Idiopathic Environmental Intolerance (IEI).
EHS has no clear diagnostic criteria and there is no scientific
basis to link EHS symptoms to EMF exposure.

Health Council of Netherlands, Annual Update 2008

"From the good quality scientific data emerges the picture that
there is no causal relationship between exposure to
radiofrequency electromagnetic fields and the occurrence of
symptoms."

Swedish Radiation Protection Authority (SSI), Report 2009
“While the symptoms experienced by patients with perceived
electromagnetic hypersensitivity are very real and some subjects
suffer severely, there is no evidence that RF exposure is a
causal factor.”
12
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Electrohypersensitivity EHS or IEI (2 of 3)
•

•

Marc-Vergnes (2011): Review article on EHS concluding
that “there exists a set of convergent associated signs that
suggest individual neuropsychic factors may play a part in
this condition.”, and “None of the studies offered evidence
for a causal relationship between symptoms and EMF.”
Comptes Rendus Physique. 2011 Jan 26
Rubin et al. (2011): Do people with idiopathic environmental
intolerance attributed to electromagnetic fields display
physiological effects when exposed to electromagnetic
fields? A systematic review of provocation studies. “At
present, there is no reliable evidence to suggest that
people with IEI-EMF experience unusual physiological
reactions as a result of exposure to EMF. This supports
suggestions that EMF is not the main cause of their ill
health.” Bioelectromagnetics, 2011
13
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Electrohypersensitivity EHS or IEI (3 of 3)

•

EU: On November 16-17, 2011 the European
Commission hosted an international scientific
conference on electromagnetic fields (EMF) and
health in Brussels.







Research is the driving force behind risk assessment
The amount of radiation exposure (dosimetry) and exposure
assessment are a major source of uncertainty in research on
EMF and health
The nocebo effect (an ill effect caused by the suggestion or
belief that something is harmful) is a major contributor to
electrohypersensitivity
Epidemiology (case-control studies) is the main source of
evidence for potential adverse health effects of EMF (e.g.,
childhood leukaemia, glioma). However, so far these results
are not confirmed by other evidence.
14
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Most recent publication on EHS

•

UK: King's College in London published in
the Journal of Psychosomatic Research
provides new evidence of the link between
electrosensitivity and psychosomaticism,
reporting that participants who watched a
news report about the potential adverse
health effects of exposure to RF emissions
were more likely to experience symptoms of
electrosensitivity than those who watched a
control film.

15
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Other notables
• Finland: In February, Volkow et al. in the US reported that
•

•

mobile phone use causes increased brain metabolism;
however, the Finnish study reported the opposite result.
Denmark: In this update of a large nationwide cohort study of
mobile phone use in Demark, there were no increased risks
of tumours of the central nervous system, providing little
evidence for a causal association.
Netherlands: The Health Council published a report on
‘Radiofrequency electromagnetic fields and children’s brains’
with a conclusion: “There is no scientific evidence for a
negative influence of exposure to electromagnetic field of
mobile telephones, base station antennas or Wi-Fi equipment
on the development and functioning of the brain and on
health in children.”
16
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Expert Reviews (2000-2013)

Statements from Governments and Expert
Panels Concerning Health Effects and Safe
Exposure Levels of Radiofrequency Energy
(107 citations)

No adverse health effects have been
confirmed below the current
international RF safety guidelines or
exposure standards (ICNIRP, IEEE).
17
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Representative 2013 Expert Reviews (1 of 3)

•

Foster and Moulder on Wi-Fi:
“The larger bioeffects literature and mechanistic
considerations provide no basis to anticipate any biological
effects from Wi-Fi exposures in users,”

•

IEEE COMAR on Smart Meters:
“The low peak power of Smart Meters and the very low
duty cycles lead to the fact that accessible RF fields near
Smart Meters are far below both U.S. and international RF
safety limits whether judged on the basis of instantaneous
peak power densities or time-averaged exposures. This
conclusion holds for Smart Meters alone or installed in
large banks of meters.”

18
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Representative 2013 Expert Reviews (2 of 3)

• Sweden: Sweden’s Scientific Council on EMF,
appointed by the Swedish Radiation Safety Authority,
has released a report which covers research from
2011 and 2012.
“The overall data on brain tumour and mobile telephony do not
indicate an effect of mobile phone use on tumour risk, especially
not when taken together with national cancer incidence statistics
from different countries.”

• Switzerland: Swiss Federal Office for the Environment
Radiation of Transmission Facilities and Health
“no evidence was found that people with electromagnetic
hypersensitivity react differently to exposure than the rest of the
population.”
“The exposures by fixed transmitters are generally pleasantly low,
and at this load level no adverse health effects have been
scientifically proven.”
19
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Representative 2013 Expert Reviews (3 of 3)

• Netherlands: Health Council of the Netherlands
“[T]he final conclusion from this systematic analysis is then: there is
no clear and consistent evidence for an increased risk for tumours
in the brain and other regions in the head in association with up to
approximately 13 years use of a mobile telephone, but such risk
can also not be excluded. It is not possible to pronounce upon
longer term use.”

• France: Agency for Food, Environmental and
Occupational Health & Safety
“This update has not brought to light any proven health effect and
does not result in any proposed new maximum exposure limits for
the population.”

• WHO : Q&A on “What are the health risks associated
with mobile phones and their base stations?”
“Studies to date provide no indication that environmental
exposure to RF (radio frequency) fields, such as from base
stations, increases the risk of cancer or any other disease.”

20
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Established health effects vs
possible biological effects

•

•

Former WHO EMF Project Chairman Dr. Mike
Repacholi coauthored with the Chairman of Russian
Non-Ionizing Radiation Protection Commission Yuri
Grigoriev and published a paper on “Scientific basis
for the Soviet and Russian radiofrequency standards
for the general public” in the Bioelectromagnetics.
They contrasted the history of and rationale behind RF
EMF standards in the USSR/Russia vs. those of IEEE
and ICNIRP. They said that while western standards
are designed to guard against any established
adverse health effects, Soviet and Russian standards
do not find any biological effects to be acceptable,
even those that are transient and have not been
shown to be accompanied by adverse health effects.
21
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Minority view: BioInitiative Report 2012






A collection of positive reports written by those produced
them.
Sage and Carpenter recommend 0.3 nW/cm2 as a
precautionary RF exposure limit, without agreement among
the authors.
Foster and Trottier (2013): Picking cherries in Science: The
Bio-Initiative Report “In the case of EMF and health, the
overwhelming majority of scientists see no good evidence for
health effects. The BIR represents the views of a small
minority.”, “cherry picking can lead to disastrously bad
judgment.”
COMAR recommends that public health officials continue to
base their policies on RF safety limits recommended by
established and sanctioned international organizations such
as IEEE and ICNIRP. Health Phys. 97(4):348 –356; 2009
22
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Conclusions

•
•
•
•
•

Both positive and negative effects have been reported
Many expert groups use weight of evidence to review
all reported studies
Both IEEE standards and ICNIRP guidelines protect
against established adverse health effects
Activists are promoting precautionary limits because
of reported potential biological effects
Standards and regulations should be based on
established evidence, and not on possibilities.

23

ATTACHMENT 11
On what standards and regulations
should be built on?

Rock (scientific evidence)

Sand (unconfirmed reports)
24
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Update of IEEE EMF Exposure
Standards Activities

C-K. Chou*
TC95 Chairman
International Committee on Electromagnetic Safety (ICES)
IEEE
Piscataway, NJ, USA
*Speaking as an individual and not for the IEEE
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Outline





IEEE ICES Organization
TC95 standards
TC34 standards
C95.1 revision


Terminology changes
 Limit changes


2013 GLORE, FCC
November 14, 2013
Slide 2

Conclusions
IEEE ICES
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ICES as the Focal Point in the Global Program for EME Safety Standards
IEEE SASB

Liaison with International
Groups:
ICNIRP, WHO, IEC,
NATO…...

SCC39
ICES
(AdCom)

Liaison with National Groups:
NCRP, ACGIH, US Fed.
Agencies, Canada, China,
Ireland…….

Exposure
Standards

SC-1

SC-2

Product
Standards

TC-95

SC-3

Management,
Oversight,
Fundraising, etc.

SC-4

SC-5

SC-1: Measurements & Calculations
SC-2: Warning Signs/Hazard Communication
SC-3: 0-3 kHz
SC-4: 3 kHz - 300 GHz
SC-5: Electro-explosive devices

TC-34

SC-1

SC-2

SC-1: Experimental
SC-2: Numerical
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TC95 Standards
SC-1 (Techniques, Procedures, Instrumentation
and Computation)


C95.3-2002: Recommended Practice for Measurements
and Computations of Radio Frequency Electromagnetic
Fields with Respect to Human Exposure to Such Fields,
100 kHz to 300 GHz (Reaffirmed 2008)*



C95.3.1-2010: Recommended Practice for Measurements
and Computation of Electric, Magnetic and
Electromagnetic Fields With Respect to Human Exposure
to Such Fields, 0 Hz – 100 kHz.



2013 GLORE, FCC
November 14, 2013
Slide 4

IEEE ICES
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TC95 Standards
SC-1 (Continued)


1460-1996: IEEE Guide for the Measurement of QuasiStatic Magnetic and Electric Fields (Reaffirmed 2002,
2008, incorporated into C95.3.1-2010)



PC95.3-200X: Draft Recommended Practice for
Measurements and Computations of Electric, Magnetic
and Electro-magnetic Fields with Respect to Human
Exposure to Such Fields, 0 Hz to 300 GHz (Revision of
C95.3-2002—will incorporate C95.3.1-2010)

2013 GLORE, FCC
November 14, 2013
Slide 5

IEEE ICES
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TC95 Standards
SC-2 (Terminology, Units of Measurement and
Hazard Communication)


C95.2-1999: IEEE Standard for Radio Frequency Energy
and Current Flow Symbols (Reaffirmed 2005)



C95.7-2005: IEEE Recommended Practice for
Radiofrequency Safety Programs



C95.7-200X: Revision of C95.7-2005 (SC balloting
completed – ready for sponsor ballot)

2013 GLORE, FCC
November 14, 2013
Slide 6

IEEE ICES
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TC95 Standards
SC-3 (Safety Levels with Respect to Human
Exposure, 0-3 kHz)
 C95.6-2002: IEEE Standard for Safety Levels with
Respect to Human Exposure to Electromagnetic
Fields, 0 to 3 kHz (Reaffirmed 2007)

SC-4 (Safety Levels with Respect to Human
Exposure, 3 kHz-300 GHz)
 C95.1-2005: IEEE Standard for Safety Levels with Respect
to Human Exposure to Radio Frequency electromagnetic
Fields, 3 kHz to 300 GHz
2013 GLORE, FCC
November 14, 2013
Slide 7

IEEE ICES

ATTACHMENT 12

TC95 Standards
SC3/SC-4


PC95.1-200X: Draft Standard for Safety Levels with
Respect to Human Exposure to Electric, Magnetic and
Electromagnetic Fields, 0 Hz to 300 GHz (Revision—
incorporates C95.1-2005 and C95.6-2002)



PC95.1-2345: Draft Standard for Military Workplaces
– Force Health Protection Regarding Personnel
Exposure to Electric, Magnetic and Electromagnetic
Fields, 0 Hz to 300 GHz (Sponsor ballot 98% approval,
to be published in Q2, 2014)*

* Under an agreement between IEEE and the NATO Standardization
Agency, this standard will replace NATO STANAG 2345 MED
(EDITION 3) – “Evaluation and Control Of Personnel Exposure To
Radio Frequency Fields – 3 kHz to 300 GHz”
2013 GLORE, FCC
November 14, 2013
Slide 8

IEEE ICES
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TC95 Standards
SC-5 (Safety Levels with Respect to ElectroExplosive Devices)
 C95.4-2002: IEEE Recommended Practice for Determining
Safe Distances From Radio Frequency Transmitting
Antennas When Using Electric Blasting Caps During
Explosive Operations (Reaffirmed 2008)

 New Chairman (Ray Harmon) to reactivate SC5 activities,
will harmonize with other international standards

2013 GLORE, FCC
November 14, 2013
Slide 9

IEEE ICES
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TC95 Standards: Expiration Dates
* At the end of 10 years, IEEE standards must be reaffirmed,
revised or withdrawn

Number
1460
1528
C95.1
C95.1a
C95.2
C95.3
C95.3.1
C95.4
C95.6
C95.7
2013 GLORE, FCC
November 14, 2013
Slide 10

Year
1996
2013
2005
2010
1999
2002
2010
2002
2002
2005

Expiration Date Approval Date
12/31/2018
12/10/1996
06/14/2023
06/14/2013
12/31/2018
10/03/2005
02/02/2020
02/02/2010
12/31/2018
09/16/1999
12/31/2018
12/11/2002
03/25/2020
03/25/2010
12/31/2018
11/11/2002
12/31/2018
09/12/2002
12/31/2018
09/22/2005
IEEE ICES
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TC34 Standards
SC-1 (SAR Evaluation - Measurement Techniques)
 1528-2013: Recommended Practice for Determining the
Peak Spatial-Average Specific Absorption Rate (SAR) in
the Human Head from Wireless Communications Devices:
Measurement Techniques (published in September, similar
to IEC 62209-1)

SC-2 (SAR Evaluation – Numerical Techniques)
 IEC/IEEE P62704-1: Standard for Determining the Peak
Spatial Average Specific Absorption Rate (SAR) in the
Human Body from Wireless Communications Devices, 30
MHz – 6 GHz: General Requirements for using the Finite
Difference Time Domain (FDTD) Method for SAR
Calculations.
2013 GLORE, FCC
IEEE ICES
November 14, 2013
Slide 11
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IEC / IEEE Jointly Developed Standards
SC-2 (SAR Evaluation - Numerical Techniques)
 IEC/IEEE P62704-2: Standard for Determining the Peak
Spatial Average Specific absorption Rate (SAR) in the
Human Body from Wireless Communications Devices, 30
MHz – 6 GHz: Specific Requirements for Finite Difference
Time Domain (FDTD) Modeling of Vehicle Mounted
Antenna Configurations.
 IEC/IEEE P62704-3: Standard for Determining the Peak
Spatial-Average Specific Absorption Rate (SAR) in the
Human Body from Wireless Communications Devices, 30
MHz - 6 GHz: Specific Requirements for Finite Difference
Time Domain (FDTD) Modeling of Mobile Phones/Personal
Wireless Devices.
2013 GLORE, FCC
November 14, 2013
Slide 12

IEEE ICES
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IEEE / IEC Jointly Developed Standards
SC-2 (SAR Evaluation - Numerical Techniques)


IEC/IEEE 62704-4: Standard for Determining the Peak
Spatial-Average Specific Absorption Rate (SAR) in the
Human Body from Wireless Communications Devices, 30
MHz - 6 GHz: General Requirements for using the Finiteelement Method (FEM) for SAR Calculations and Specific
Requirements for Modeling Vehicle-mounted Antennas and
Personal Wireless Devices

2013 GLORE, FCC
November 14, 2013
Slide 13

IEEE ICES
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IEEE Exposure Standards History

1960: USASI C95 Radiation Hazards Project and
Committee chartered
1966: USAS C95.1-1966
 10 mW/cm2 (10 MHz to 100 GHz)
 based on simple thermal model
1974: ANSI C95.1-1974 (limits for E2 and H2)
1982: ANSI C95.1-1982 (incorporates dosimetry SAR)
1991: IEEE C95.1-1991 (two tiers – reaffirmed 1997)
2002: IEEE C95.6-2002 (0-3 kHz)
2006: IEEE C95.1-2005 (3 kHz -300 GHz) published on
April 19, 2006 (comprehensive revision, 250 pages,
1143 ref.)
2013 GLORE, FCC
IEEE ICES
November 14, 2013
Slide 14
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International Committee on
Electromagnetic Safety (ICES)
Scope

“Development of standards for the safe use of
electromagnetic energy in the range of 0 Hz to 300 GHz
relative to the potential hazards of exposure of humans,
volatile materials, and explosive devices to such energy.
Such standards will be based on established adverse
health effects and will include safety levels for human
exposure to electric, magnetic and electromagnetic
fields, including induced currents from such fields,
methods for the assessment of human exposure to such
fields, standards for products that emit electromagnetic
energy by design or as a by-product of their operation,
and environmental limits.”
2013 GLORE, FCC
November 14, 2013
Slide 15

IEEE ICES
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IEEE Standards Process
Open Process
 Consensus process






Allows for challenging and testing of all viewpoints
Balloting at Subcommittee and Sponsor level
75% of ballots must be returned with at least a
75% approval to reach consensus

All negative comments and their resolutions
must be recirculated
 C95.6 (2002): 90% approval
 C95.1(2005): 96% approval
 C95.1-2345 (2014): 98% approval


2013 GLORE, FCC
November 14, 2013
Slide 16
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IEEE ICES Subcommittee 3
C95.6-2002 (0-3 kHz)

Organized in 1991
 About 75 members from 11 different
countries
 Broad expertise: biology, biophysics,
engineering, epidemiology, medicine, etc.
 Members associated with Universities,
Industry, Military, Government Agencies,
Public, Consultants, Labor Unions, etc.
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SC4 Membership Composition
C95.1-2005 (3 kHz -300 GHz)
Biol Sci/Biophy

50

38%

Eng/Phys

52

39%

Psychology

5

4%

Medicine

6

5%

Env Health/Risk

11

8%

8
132

6%
100%

Others
Total*
From 24 countries
2013 GLORE, FCC
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Risk profile for adverse effects (C95.1-2005)

1.
2.
3.
4.
5.
6.
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RF shocks and burns
Localized RF heating effects
Surface heating effects
Whole body heating effects
Microwave hearing effects
Low-level effects (previously ‘nonthermal effects’)
IEEE ICES

Low-level effects ?

ATTACHMENT 12

No adverse effects have been established from
low-level exposures despite 50 years of research
 No known interaction mechanisms
 No meaningful dose-response relationship
 Speculative
 Inappropriate for standard setting


*The committee is unaware of any more recent studies
that would change the conclusions reached in the 2005
version of the standard.
2013 GLORE, FCC
November 14, 2013
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Increasing validity

Quality of Science
(Established vs. Possible)
A

Confirmed and Established Science

B

Unconfirmed report (could be useful)

?

C

Unconfirmed report contradicts A

?

D

Unconfirmed report with clear flaws and
artifacts

?

E

Junk report in peer-reviewed literature

?

F

Junk report in non-peer-reviewed literature

?

Adapted from Osepchuk [2004]
“Good science is never outdated.” -- Herman P. Schwan
2013 GLORE, FCC
November 14, 2013
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Weight of evidence
Subcommittee 4 reviewed:






Quality of test methods
Size and power of the study designs
Consistency of results across studies
Biological plausibility of dose-response
relationships
Statistical associations
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Basis of C95.1-2005:
The development of this standard is based on
protection against the following established adverse
health effects:
 aversive or painful electrostimulation due to excessive RF
internal electric fields (3 kHz – 5 MHz)
 RF shocks or burns due to contact with excessively high RF
currents (3 kHz – 110 MHz)
 heating pain or tissue burns due to excessive localized RF
exposure (> 100 kHz)
 behavioral disruption, heat exhaustion or heat stroke due to
excessive whole body RF exposures (> 100 kHz)
2013 GLORE, FCC
November 14, 2013
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[SAR applies 100 kHz- 3 GHz]


Whole body averaged






Localized exposure (averaged in 10 g)
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Behavioral effects in animals over many frequencies,
threshold at 4 W/kg
10X - 0.4 W/kg for upper tier
50X - 0.08 W/kg for lower tier

Cataract observed in rabbits, threshold at 100 W/kg
10X – 10 W/kg for upper tier
50X – 2 W/kg for lower tier
IEEE ICES
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Basic restrictions for frequencies
between 100 kHz and 3 GHz

2013 GLORE, FCC
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Combining C95.6-2002 and C95.1-2005



Different interaction mechanisms





Different exposure quantities
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Electrostimulation
Heating
In situ electric field, field intensity
SAR, power density

Different safety factors

IEEE ICES
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Terminology clarification
Clarify and convey more obvious meaning to some
confusing or misleading terms and definitions.
 RF radiation
RF exposure




Safety limits






Slide 27

unrestricted environments

avoids the term “uncontrolled” environment “

Persons in controlled environments
environments


2013 GLORE, FCC
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exposure limits

Exposure limits with large safety margins

Action level




Avoid confusion with ionizing radiation

restricted

Under RF safety program C95.7-2005, there is a restricted
environment
Informed persons including the general public are permitted to
enter, with exposure not to exceed the upper tier
IEEE ICES
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RF Safety Program (C95.7-2005)

General public

Lower tier

RF Safety Program
Required
Restricted
environment

NO
ENTRY

Upper tier

Zone 1
Unrestricted
environment

Only Informed Persons are permitted

Zone 0

2013 GLORE, FCC
November 14, 2013
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Basic Restriction
Dosimetric Reference Limit (DRL)


Recommended limits relative to dosimetric thresholds
for established adverse health effects that incorporate
appropriate safety factors.



DRLs are expressed in terms of the in situ electric field
strength (0 Hz to 5 MHz), SAR (100 kHz to 3 GHz*), or
incident power density (3 GHz to 300 GHz).

*Either incident power density or local SAR can be used for 3-6 GHz as a
transition.

2013 GLORE, FCC
November 14, 2013
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MPE






Exposure Reference Level (ERL)

The highest level of an electric field, magnetic field,
electromagnetic field, induced current or contact current to
which the standard permits exposure, and which includes
an adequate margin of safety against established adverse
health effects.
The ERL is expressed as a metric appropriate to the
frequency and temporal characteristics of the exposure.
The ERL is based on the dosimetric reference limit (DRL –
in situ electric field, SAR, or power density) and may be
exceeded if it can be demonstrated that the corresponding
DRL is not exceeded.
ERLs are sometimes called reference levels, derived
limits, permissible exposure limits, maximum permissible
exposure values, or investigation levels.

2013 GLORE, FCC
November 14, 2013
Slide 30

IEEE ICES

ATTACHMENT 12

Change in exposure limits

Zone 0 = unrestricted environment for general public
Zone 1 = restricted environment for informed personnel
2013 GLORE, FCC
November 14, 2013
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Free IEEE Safety Standards

Get IEEE C95™ STANDARDS: Safety Levels with Respect to Human Exposure
to Radio Frequency Electromagnetic Fields
http://standards.ieee.org/about/get/index.html











C95.1™-2005
Safety Levels with Respect to Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz
C95.3™-2002
Measurements and Computations of Radio Frequency Electromagnetic Fields
with Respect to Human Exposure to Such Fields, 100 kHz-300 GHz
C95.3.1™-2010
Measurements and Computations of Electric, Magnetic, and Electromagnetic
Fields with Respect to Human Exposure to Such Fields, 0 Hz to 100 kHz
C95.6™-2002 (R2007)
Safety Levels with Respect to Human Exposure to Electromagnetic Fields, 0-3
kHz
C95.7™-2005
Radio Frequency Safety Programs - 3 kHz to 300 GHz

Sponsored by the United States Navy, Air Force, and Army.
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Conclusions







C95.6-2002 and C95.1-2005 standards are developed to
protect against established adverse health effects.
At low frequencies below 5 MHz, minimizes effects
associated with electrostimulation.
100 kHz to 300 GHz, protects against effects associated with
heating.
Combination of C95.6 and C95.1 is in progress.
Terminology changes to clarify and convey more obvious
meaning to these terms.
ICES considers harmonization with ICNIRP and the
European Union Directives important, with an ultimate goal of
internationally-harmonized EMF exposure criteria.
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(Possible Effects)

Thank you
Built on Solid Rocks (Established Effects)
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Contact:
ck.chou@ieee.org
IEEE ICES

