INTERNATIONAL
COMMITTEE on
ELECTROMAGNETIC
SAFETY

Unapproved Minutes

ICES Main Committee
December 7, 2003
8:00 to Noon
Doubletree Hotel
37 NE Loop 410
San Antonio, TX 78216

1. Call to Order
Chairman Adair called the meeting to order at 0805 h and welcomed the attendees.
2. Introduction of those Present
Each of the attendees introduced him/herself. (See Attachment 1 for List of Attendees).
3. Approval of Agenda
Following a motion by L. Heynick that was seconded by D. Blick, the agenda was approved
without modification. (See Attachment 2.)
4. Approval of the Minutes of June 21, 2003 Meeting
Following a motion by J. Cohen that was seconded by J. D’Andrea, the minutes of the June
2003 meeting were approved without modification.
5. Secretary's Report
Petersen reported that the PAR for an amendment to specify the same peak spatial-average
SAR values for the pinna that are now specified for the arms wrists, feet and ankles, i.e., 4 and
20 W/kg for exposures of the public and exposures in controlled environments, respectively,
was approved by the Standards Association Standards Board (SASB) in September. He
pointed out that these specific changes were already approved by ICES two years ago at which
time a decision was made to incorporate the approved changes into the revision rather than
issue an amendment to the 1991 standard. Therefore, the original PAR, which was valid until
December 2002, was administratively withdrawn in June. During the summer, however, it was
decided that an amendment is in order because of the time it is taking to complete the revision
and a new PAR was submitted. A balloting group is now being formed to vote on the
amendment. The invitation to ballot is offered to all ICES members and any IEEE-SA
members who registered for the balloting pool. Petersen pointed out that ICES members who
are not IEEE-SA members can vote on the amendment but must first be approved as “invited
experts” by the SASB.
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Petersen pointed out that unless balloting is completed on the recommended practice on RF
safety programs (P1466) before December 2004, an extension of the PAR will be necessary.
He noted that the chair of SC-2 intends to submit a revised PAR and will request that the
project number be changed from P1466 to PC95.7 to be consistent with the other standards
developed by ICES. He also pointed out that the PAR for the revision of PC95.1 is no longer
valid after December 2005.
6. IEEE Standards Activities Report
Bill Ash, IEEE Staff Liaison to ICES, reported that the Standards Department is moving
forward in establishing ICES as an oversight committee, or council, to SCC-28, SCC-34 and
any new committees with similar scope. He noted that key members of the Standards
Department will meet on December 16th to discuss the issue. Once organizational issues are
resolved, IEEE staff will meet with ICES ExCom, probably in January or February, to discuss
plans for moving forward. Once the new structure is in place, a fundraising program can be
developed. Ash said that there is strong support at IEEE for the new structure. (See
Attachment 3 for proposed structure.)
7. Chairman’s Report
Adair noted that John Osepchuk sends his regrets – this is the first ANSI C95/ANSI/ASC
C95/IEEE SCC-28/ICES meeting that he has missed – ever. She then noted that the ICES
ExCom met Friday evening (December 5th) and tries to meet at least once every three months –
either face-to-face or by teleconference. The restructure of ICES and a fundraising program to
bring key people to meetings were discussed at length at the ExCom meeting. She reported
that the Membership Committee Chairman, Tom McManus, has been working very hard to
bring key scientists from outside the US into ICES. She also welcomed Bill Ash, noting that
he is very motivated about ICES and its role in the future. She briefly discussed the plans for
restructuring ICES and the plans for meeting with IEEE staff to discuss the issue and further
develop the proposal.
Adair briefly reported on the meeting held between members of the SC-4 Revision Working
Group and members of the Federal Interagency RF Working Group (IAWG). The meeting
was held to discuss the 17 issues that the IAWG suggested SC-4 consider in the revision of
C95.1. This informational meeting, which was held September 23, 2003, was considered
successful. A good dialog was established between members of ICES and members of the
IAWG (several of whom are also members of ICES) and a number of issues were resolved.
Adair said that she wrote to the appropriate official at EPA to invite members of EPA to
participate in ICES activities, even as observers. She said she has not yet received a response.
Adair reported that Members of ICES will be participating in a COST 281 RF Dosimetry
Workshop in Paris in September of 2004, and in a collaborative ICES/COST281 Thermal
Physiology Workshop, also in September in Paris (see Attachment 4). She pointed out that the
original proposal was to hold a joint Thermal Physiology Workshop with ICNIRP but ICNIRP
could never agree on a date. The primary goal of the Thermal Physiology Workshop is to
develop appropriate techniques for predicting the thermophysiological responses of human
beings who are exposed to RF/MW fields at specific frequencies, field strengths, and field
characteristics and to validate some predictions with existing human exposure data.
Adair briefly discussed the article in the November issue of IEEE Spectrum (“Dawn of the EBomb), specifically the sidebar “Don’t Try This at Home,” which explains how to find
information on using a microwave oven magnetron to build a device capable of destroying, or
at least interfering with your neighbor’s electronics. She said that she is concerned that such
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irresponsible reporting could lead to injury and is considering writing to the editor to express
her concerns and the concerns of the ICES ExCom.
8. Vice Chairman's Report
Bodemann discussed the Draft EU Directive on occupational exposure. He noted that the first
draft has a number of serious shortcomings and seems have evolved from a standard
addressing mechanical vibrations in the workplace. He said that most of the concerns were
removed in the April/May draft and the latest draft (October) is now recognized by the
European Council. He then reviewed key points of the draft pointing out that the interaction
mechanisms are electrostimulation and tissue heating at low and at high frequencies,
respectively and that the ICNIRP philosophy on safety has been accepted. He noted that
although the directive addresses pulsed fields, it is not explicitly stated how the directive
should be applied to such fields. Also, there are no basic restrictions for static fields, which
presents the dichotomy of having to show compliance with basic restrictions that do not exist.
He also pointed out that the directive covers indirect hazards such as EMI, fire and explosions.
After the directive is approved, a standardization mandate will be issued requiring CENELEC
to evaluate/harmonize with existing standards and consult with ICNIRP.
In response to a question from Woods regarding the process that will be followed for
implementation, Bodemann pointed out that it will become national law in the EU. Murphy
asked if all ICNIRP basic restrictions and MPE will be adopted, for example the limits on
pulsed fields – Bodemann explained that he is not sure that the national law will apply to
pulsed fields. He added that the ICNIRP summation formulas are optional and other methods
can be employed for addressing specific issues. Cohen asked if there was opposition in Europe
and where such opposition was coming from – Bodemann explained that opposition is based
on public fear of RF, non-thermal effects, etc. Fichtenberg asked if the EU Parliament can
propose changes – Bodemann explained that any changes must be approved by the Council.
Fichtenberg asked whether the directive contained categorical exclusions, e.g., for low-power
devices – Bodemann replied that it does not, per se. Chadwick noted that preliminary
discussions on the development of the rationale for exclusions are now being carried out with
the Commission.
Woods asked for any insight on categories of standards. Bodemann explained that that a
number of standards on products are already in place or are under development by CENELEC.
These now have to be translated into standards relating to exposure of people. In response to a
question about signage, Bodemann replied that he does not believe there is an obligation to
post warning signs. He also said the directive applies in the workplace – not to the general
public – but he was not certain whether it applies to the military. He also explained that the
EU can only set minimum requirements – member states can adopt more restrictive
requirements. Woods asked about obligations placed on employers regarding certification of
compliance – Bodemann explained that assessments of the workplace are required but there
are no formal certification requirements. Assessment requirements would be carried out at the
state level and individual states may enact different requirements.
Adair thanked Bodemann for his presentation and pointed out that these interactions are a twoway street in that he provides us with up-to-date information on relevant issues in Europe and
he carries back information on US activities, i.e., he serves as a knowledgeable ambassador.
9. Treasurer’s Report
Varanelli reported a current balance of $7843. The expenses for the Maui meeting were about
$7000 and once several issues are resolved he expected that we would break even for that
meeting. He said that he will be meeting with IEEE early next year to verify the balance and
3

go over the process to see if anything needs to be modified as ICES moves forward. He also
noted that all the small costs incurred at meetings add up quickly, e.g., power strips @ $5 per
plug, catering @ $8.50/head, coffee @ $36/gallon. He explained that he tries to adjust the
registration fee so that we break even. Fichtenberg suggested that for future meeting
arrangements, ICES explore package deals through a provider, such as Expedia, that would
include travel, lodging, etc.
10.

Membership Committee Report
In the Membership Committee Chairman’s absence, Adair presented the report. She reported
that since the June meeting ICES added the following three new members: Professor Stanislaw
Szmigielski, Professor of Medicine and Head of the Department of Microwave Safety at the
Military Institute of Hygiene and Epidemiology, Warsaw, Poland; Professor Dariusz
Leszczynski, Head of the Radiobiology Laboratory at the Radiation and Nuclear Safety
Authority in Finland; and Professor Ray Kemp, Head of Risk Management and
Communication at the University of Surrey, Surrey, England. In addition, two more
applications are under consideration: Dr. Thymios Karabestos, Head of the Non-Ionizing
Radiation Office at the Greek Atomic Energy Commission in Athens and Professor Siannette
Kwee, Professor of Medical Biochemistry at the University of Aarhus in Denmark.
Adair also reported that ICES is now a recognized full member and participant in the WHO
International EMF Project’s International Advisory Committee and is now partnering in the
EU’s COST-281 Action (Health Effects of Third Generation Wireless Telephony) in cosponsoring a workshop on Thermal Physiology in Paris next September. Also, the EU’s
European Information System’s EMF Project (EIS-EMF) was finally launched in October
2003. It is the intention of the Project Management to invite ICES, together with WHO and
ICNIRP to be non-voting members of the Advisory Board.

11.

International Liaison Committee Report
Murphy announced that the speaker from Russia, Dr. Cheremis, who was scheduled to speak
during this session, became ill and would not be presenting. Murphy then reported that
ICNIRP has named the following new officers and chairman: Anderson (US), Breithart (DE),
Lin (US), Mathes (DE), Peralta (PH), Stuck (US) and Vechia (IT-Chairman). He also reported
that Patrick Masson represented ICES at the recent WHO Regional Meeting on EMF Health
Effects and Standards Harmonization, held in Guilin, China. (See http://www.who.int/pehemf/ for Proceedings.) He noted that were 10 sessions, some in parallel and pointed out that
there are now six laboratories in China that are employing genomics/proteomics to investigate
possible RF bioeffects. He also noted that Chou gave a presentation on the revision of IEEE
Std C95.1-1991, and the history of the standard, during Session 6 of the Guilin meeting. Chou
added that Dr. Chiang is in the process of revising the RF exposure limits for China and is
pushing to divide the ICNIRP MPEs by 4 and the SAR basic restrictions by 2. He then
announced a number of upcoming meetings (see Attachment 5). Murphy noted that Cleveland
gave a presentation on how the FCC implements its safety guidelines in the US. Bodemann
asked about the Guliani presentation – he said that he is virtually unknown in Europe and he
never heard about the Swiss-Italian collaboration. Cleveland said that he thought that Guliani
held some minor position in the Italian Government – Chou agreed.
Chou reported that after the Guilin meeting he visited Professor Dewen Wang’s laboratory.
Professor Wang is studying the effects of EMP and high-power microwaves by exposing
animals in a parallel plate exposure setup. Wang had reported that several monkey subjects
died during the exposure – Chou said that because of the exposure setup that was used, they
could have been electrocuted. He pointed out that one issue of concern in China is that only
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studies yielding positive effects are published, i.e., studies that do not show an effect are not
published.
Murphy continued with his presentation. He noted that the theme of the Guilin meeting also
prevailed at other meetings. In response to a question from Fichtenberg, Murphy said that the
issue of effects to the blood brain barrier was not given much weight at any of the meetings. In
response to a question about the recent report by the Technological Research Institute (TNO)
in the Netherlands, which claimed that individuals exposed to 3G base station transmissions
reported headaches, nausea and other effects, Murphy explained that the initial proposal was
reviewed by people at Brooks who raised a number of questions that were not answered. He
said the concern is that the report was released prematurely with exaggerated conclusions and
he cannot really say much about the report until it has been reviewed and published.
Fichtenberg noted that there have been a number of recent international meetings that address
the issue of EMF bioeffects and that most of the meetings seem to have the common attendees
and presentations. He questioned the purpose of this. Murphy pointed out that not all
meetings have the same people presenting – it depends on the theme of the meeting. He added
that Repacholi, of course, attends all of the WHO EMF Project-sponsored meetings since this
is his program.
Murphy then introduced Professor Dariusz Leszczynski, Head of the Radiobiology Laboratory
at the Radiation and Nuclear Safety Authority in Finland (and new member of ICES) who gave
a presentation on the use of high-throughput screening techniques to determine the biological
effects of mobile phone radiation. (See Attachment 6 for slides.). Leszczynski described his
research laboratory, his interest in genomics and proteomics and how he screens all genes and
proteins that can be extracted. He said that his work has led him to conclude that cells can
respond to low-level exposures at frequencies used for wireless telecommunications by
exhibiting a stress response but he has not determined whether the response is harmful.
A number of questions were asked following the presentation. In response to a question from
Ziskin, Leszczynski explained that there are many agents that could cause a change in HSP27
including heat, UV, and gamma-radiation. He said that it is simply a stress response and is not
unique to RF radiation at cell phone frequencies. D’Andrea pointed out that the dosimetry and
cellular response to the environment may vary for in vitro studies and asked if there were plans
to carry out animal experiments. Leszczynski replied that there are such planes but not right
now – funding may be an issue. Meltz complimented the speaker on the quality and coherence
of the presentation and said that he can appreciate the concept of “discovery science” for
examining cell recovery and cell-cycle effects, its use for hypothesis generating tests, etc. In
response to a question from Proctor, Leszczynski replied that the results have not yet been
escalated to the point where it can definitely stated that the effects are harmful – or beneficial
either. The studies have to be repeated and the results confirmed first before forming any such
conclusions.
12.

Subcommittee Reports
a) SC-1: Techniques, Procedures, Instrumentation and Computation. In the absence of
the SC-1 chair, Howard Bassen, Petersen reported that SC-1 met earlier in the year during
which time an outline was prepared for a new recommended practice “Draft
Recommended Practice for Measurements and Computation of Electric, Magnetic and
Electromagnetic Fields with Respect to Human Exposure to Such Fields, 0 – 100 kHz,
C95.3.1.” Section editors were assigned and a PAR for this project was submitted to
NesCom in September for consideration at the IEEE SASB Meeting next week.
Bodemann recommended that SC-1 hold its meetings in conjunction with the ICES series
of meetings for the benefit of attendees from Europe.
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b) SC-2: Terminology, Units of Measurements and Hazard Communication. Tell
reported that SC-2 met on December 4th – 24 were in attendance. The primary focus of the
meeting was the discussion of the results of the recent subcommittee ballot on the Draft
Recommended Practice for Radio Frequency Safety Programs (P1466). It was announced
that balloting had been successful with 96% approval. Some 160 plus comments have
been tabulated in matrix form, which a small SC-2 editorial working group will address
early next year. Also, a revised PAR will be submitted to reflect any minor changes to the
scope and purpose that may result from the editorial review. Also, a request will be made
to change the project number from P1466 to PC95.7 to keep the number consistent with
the other standards developed by ICES. As soon as the PAR is submitted, Tell will request
that the Chairman of ICES initiate the process to establish a balloting group so that sponsor
balloting can begin – hopefully by March. The intent is to have the draft approved by the
SASB in 2004.
c) SC-3: Safety Levels with Respect to Human Exposure, 0-3 kHz. Chadwick presented
the report for SC-3. He reported that SC-3 met during the morning of December 4th. Two
working groups were established to advance C95.6; an Application Guide Working Group
to prepare a guide addressing compliance, procedures and issues relating to the application
of the standard, and an Interpretations Working Group to formally respond to requests for
interpretation or explanation of the of the standard. Chadwick also announced that a oneday short-course on C95.6 is being developed. It will first be presented in conjunction
with a Canadian Electrical Association Workshop in March, 2004. Plans are to hold a
similar workshop immediately before the ICES meetings in June in Washington, DC.
Chadwick also reported that Reilly made presentations at two scientific workshops and
another at the Australian ELF Standard Working Group (ARPANSA). He said that they
were good meetings and a lot of questions were asked about C95.6 and a lot of answers
were provided. He is establishing a good dialog with important committees throughout the
world and furthering recognition of the IEEE standard.
d) SC-4: Safety Levels with Respect to Human Exposure, 3 kHz-300 GHz. D’Andrea
presented the SC-4 report. He reported that he and Co-chairman Chou conducted a
meeting of SC-4 on December 5th and 6th from 0800 to approximately 1700 h each day.
During the meetings Petersen reported that the PAR for an amendment to specify peak
spatial-average SAR values for the pinna was administratively withdrawn in June because
there was agreement that the required changes would be incorporated into the revision of
C95.1. It was later decided that we should go ahead before the revision is complete and
produce the amendment. A new PAR was submitted and a balloting group is now being
formed to vote on the amendment. During the SC-4 meetings, Chou provided an update
on the action items from the 2002 SC-4 meetings including the Maui meeting, the 7th and
8th Revision WG meetings, the IAWG meeting, and the Editorial WG Meeting of
November 24-25, 2003. The Chairmen of the Risk Assessment Working Group, R. Tell,
and the Literature Evaluation Working Group, L. Heynick, also presented reports at the
SC-4 meeting.
D’Andrea explained that a day and half were devoted to normative section discussions
conducted by R. Tell. There was agreement on a number of issues including changing
“partial-body” exposure to “localized exposure,” or something similar. It was also decided
that three options (see Attachment 7) to resolve the issues of safety factor, MPE, and basic
restrictions, will be balloted by January 15, 2004. Also, a “Local Exposure Task Group”
was established to obtain data and develop a thermal basis for localized exposure limits.
The informative annexes of the draft revision were reviewed by Adair, Swicord, Sheppard,
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and DeFrank. A motion passed that “localized exposure spatial averaging should be
consistent with whole body exposure limits below 6 GHz and to an area defined by
multiple number of wavelengths.” The target is to have a voting draft of the revision
completed in April, 2004 so that subcommittee balloting can begin and the results
discussed at the next SC-4 meeting. It was also agreed that all approved SC-4 and SC-4
Revision WG minutes from 2000 until the present will be posted on ICES web site. The
next SC-4 meeting will be held in conjunction with the annual BEMS meeting in
Washington DC June 16-20, 2004. The meeting was adjourned at approximately 1630 on
December 6, 2003.
Cochairman Chou pointed out the importance of the work of the “Local Exposure Task
Group” in relating local exposure to temperature. In response to a question from
Fichtenberg, Chou explained that balloting on the three options will be by first choice,
second choice and third choice. If there is a clear majority for one of the options, that is
the one that will be in the balloting draft. If not, then a decision will have to be made
depending on how close the ballot results are for the 1st and 2nd place options.
e) SC-5: Safety Levels with Respect to Electro-Explosive Devices. DeFrank reported that
SC-5 has not met since the last ICES series of meetings but plans to meet in June during
the ICES/BEMS meetings. The date, time and further activities of the subcommittee are to
be determined. He reported that the statement on the use of mobile phones in gasoline
stations was provided to ICES for publication as an ICES Position Paper but was rejected
by members of the Standards Department because of potential legal concerns. It was also
rejected by IEEE Spectrum. The Chairman of COMAR submitted the statement to Health
Physics where it was accepted for publication. [Note: Following discussion with members
of the Standards Department and legal counsel, the statement was withdrawn from Health
Physics and published in the April 2004 issue of IEEE Spectrum.]
13. Awards
Chairman Adair announced that the IEEE SA awarded three members of ICES the IEEE
Standards Medallion – Kent Jaffa, for “outstanding leadership in shepherding the IEEE C95.6
Standard through to completion,” Tom McManus for his leadership in making ICES “a truly
international organization” and for playing a key role in organizing several ICES meetings, and
Michael Murphy for his efforts in recruiting key people from outside the U.S. for membership
in ICES and for his scientific contributions in working groups, including several with the laser
standards community worldwide.
Adair announced that she would be stepping down as chairman at this meeting and Ron
Petersen would be taking over that position. Petersen thanked her and presented her with a
glass sculpture as a token of appreciation from ICES for her outstanding leadership the past
several years in ushering through a number of standards and for helping to navigate ICES
“through the rocks and shoals of the IEEE process.”
14. Next Meeting
The next series of ICES meetings will take place in Washington DC immediately before the
BEMS Meetings. The C95.6 short course will be held June 16th, the subcommittees will meet
June 17-19 and the parent committee will meet in the morning of June 20th.
15. Adjourn
There being no further business, following a motion by Varanelli and a second by D’Andrea,
the meeting adjourned at 1130h.
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List of Attendees ICES Main Committee Meeting
December 7, 2004
Last Name

First Name

1.

Adair

Eleanor

2.

Ash

3.

MI
R.

Affiliation

Status

E-mail

Ind Consultant

M

eadair@comcast.net

Bill

IEEE

IEEE

w.ash@ieee.org

Baron

David

AIHA Rep

M

d.baron@ieee.org

4.

Blick

Dennis

Consultant

M

dblick@satx.vv.com

5.

Bodemann

Ralf

Siemens AG

M

ralf.bodemann@siemens.com

6.

Bushberg

Jerrold

UC Davis

M

jbushberg@ucdavis.edu

7.

Chadwick

Philip

MCL

M

phil.chadwick@mcluk.org

8.

Chou

C.K.

Motorola, Inc.

M

ck.chou@motorola.com

9.

Cleveland

Robert

FCC, OET

M

robert.cleveland@fcc.gov

10.

Cohen

Jules

Jules Cohen P.E.

M

jcohen@denny.com

11.

D'Andrea

John

A.

Naval Hth Res Ctr.

M

john.dandrea@navy.brooks.af.mil

12.

DeFrank

John

J.

USACHPPM

M

john.defrank@amedd.army.mil

13.

Douglas-Miller

Ruth

Kansas St University

O

rdmiller@eece.ksu.edu

14.

Dovan

Thanh

SPI PowerNet Pty.
Ltd.

M

tdovan@spipowernet.com.au

15.

Fichtenberg

David

State of WA Med
Asst Admin

O

davidficht@comcast.net

16.

Glaser

Marne

General Public

O

marne325@netzero.com

17.

Haes, Jr.

Donald

L.

Consultant

M

haes@mit.edu

18.

Hammer

Wayne

C.

SPAWAR Sys Ctr

O

wayne.hammer@navy.mil

19.

Heynick

Louis

N.

Ind Consultant

O

heylou@mindspring.com

20.

Jaffa

Kent

C.

Pacificorp

O

kent.jaffa@pacificorp.com

21.

Leszczynski

Dariusz

STUK-Rad and
Nuclear Safety
Authority

M

darius.leszczynski@stuk.fi

22.

Mason

Patrick

USAFRL/HEDR

M

Patrick.mason@brooks.af.mil

23.

Meltz

Martin

L.

Dept of Radiation
Oncology

M

meltz@uthscsa.edu

24.

Mullins

Patricia

A.

Resource Strategies
ELF&RF Gateways

O

pmullins@rs-inc.com

25.

Murphy

Michael

R.

USAFRL/RFR
Branch

M

michael.murphy@brooks.af.mil

26.

Needy

Robert

Naval Surf Warfare
Ctr.

O

needyri@nswc.navy.mil

W.

F.

S
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MI
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Status

E-mail

27.

Petersen

Ronald

C.

R C Petersen Assoc

M

r.c.petersen@ieee.org

28.

Proctor

Ken

R.

US Army

O

kenneth.ritter.proctor@us.army.mil

29.

Roberts

Brad

J.

US Army CHPPM

M

brad.roberts@apg.amedd.army.mil

30.

Swicord

Mays

L.

Motorola

M

mays.swicord@motorola.com

31.

Tell

Richard

A.

Richard Tell Assoc.

M

rtell@radhaz.com

32.

Thansandote

Art

Health Canada

M

art_thansandote@hc-sc.gc.ca

33.

Umbdenstock

Don

Sensormatic

O

djumbdenstock@tycoint.com

34.

Varanelli

Arthur

G.

Raytheon Company

M

a.g.varanelli@ieee.org

35.

Whitmore

Jamaal

A

US Navy Bur Med &
Surgery

O

jawhitmore@us.med.navy.mil

36.

Wood

Richard

W.

Sensormatic
Electronics

O

richwoods@tycoint.com

37.

Ziskin

Marvin

C.

Temple Univ.
Medical School

M

ziskin@temple.edu

M = Member
O = Observer
IEEE = Staff Liaison
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Preliminary Agenda
Main Committee Meeting
Doubletree Hotel
San Antonio, TX
December 7, 2003
8:00 AM – Noon
1.
2.
3.
4.
5.
6.
7.
8.
9.

Call to Order:
Approval of Agenda:
Approval of June 22, 2003 Minutes:
Executive Secretary’s Report:
IEEE Standards Activities Report:
Chairman’s Report:
Treasurer’s Report:
Membership Chairman’s Report:
International Liaison
a) Chairman’s Report
b) Invited Presentations
•

10.
11.
12.
13.
14.

Use of high-throughput screening techniques to determine
biological effects of mobile phone radiation
• Standardization of protocols for the investigation of biological
effects of low-intensity millimeter wave electromagnetic radiation.
• Recent activities in Europe
Report on ICES and Fundraising:
Reports from the Subcommittees:
New Business:
Plans for Future Meetings:
Adjournment:

Adair
Adair
Petersen
Petersen
Ash
Adair
Varanelli
McManus
Murphy
Leszcynski
Chemeris
Bodemann
Adair/Osepchuk
Adair
Adair
Adair
Adair
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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…...

AdCom

ICES

Management,
Oversight, etc.

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

Exposure
Standards

TC-95?

Product
Standards

Environmental
Standards?

TC-34

WG-1 WG-2 WG-3 WG-4 WG-5

WG-1

WG-2

WG-3

SC-1: Measurements
SC-2: Warning Signs/Hazard Comm
SC-3: 0-3 kHz
SC-4: 3 kHz - 300 GHz
SC-5: EEDs

SC-1: Marine Radar
SC-2: Wireless Phones
SC-3: RF-Protective Clothing

TC-XX
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Proposed Thermal Physiology Workshop
Background, Agenda, and Suggested Participants
Eleanor R. Adair, Ph.D.
USAF Senior Scientist Emeritus
Background for the Workshop:
For some time, it has been a major goal of mine to combine our knowledge of basic human
thermal physiology with changes that occur when humans are exposed to thermal stress. This
stress can be natural environmental heating, elevated body temperatures during work and
exercise, and, specifically, in persons exposed to radio frequency (RF) and microwave (MW)
fields. Since data on human volunteers exposed to RF/MW fields are sparse, we need to
develop a method to predict how humans of various ages, sizes, fitness, and environmental
sensitivity would respond to different RF/MW frequencies, field strengths, durations,
modulations, etc. I believe it is important to combine our knowledge of both human
thermoregulation with careful RF dosimetry so that we can model thermoregulatory responses
of humans exposed to these fields. At a combined meeting of IEEE ICES and ICNIRP
members, held in January 2001 in San Antonio, TX, the ICNIRP Chairman proposed that the
two committees arrange to support a Thermal Physiology Workshop that could be held in
either 2002 or 2003 at a convenient site. This proposal was greeted with much enthusiasm and
I offered to submit some background material, a possible agenda, a list of potential
participants, and their role in the workshop.
The idea of a Thermal Physiology Workshop was also important to some scientists concerned
with potential hazards of RF fields from cell phones and other electronic devices. With the
support of several cell phone manufacturers, the Mobile Manufacturers Forum (MMF), and the
WHO, a two-day workshop concerning thermal effects of RF exposure on cells, tissues, and
organs was scheduled in Geneva in the fall of 2001. The workshop was postponed following
the 9/11 terrorist attacks, but met at the WHO Geneva headquarters in March, 2002. Heating of
all or part of the body was the focus of the workshop, with special emphasis on RF heating of
cells, tissues, and organs. A set of valuable papers, based on the workshop discussions and
expertise of several key speakers, was recently published in the International Journal of
Hyperthermia.
Although I attended the Geneva workshop, its focus was very different from my original
proposal. When I later contacted ICNIRP, they felt that the Geneva workshop had fulfilled
their mission in this area and were disinterested in a second workshop. I was pleased to learn
from Tom McManus that the possibility of another Thermal Physiology Workshop was
discussed at a recent COST 281 meeting in Dublin. Strong interest in a collaborative effort
between COST 281, ICES, and perhaps the WHO EMF Project, to hold a workshop in the fall
of 2004 has been presented to me by Norbert Leitgeb. I have also received assurance that the
U.S. Air Force will seriously consider providing support for this workshop. On this basis, I
present here a proposal for the workshop, a draft agenda, and lists of several categories of
potential invited speakers/participants in the meeting.
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Goals of the Workshop.
The primary goal of the workshop is to develop appropriate techniques for predicting the
thermophysiological responses of human beings who are exposed to RF/MW fields at specific
frequencies, field strengths, and field characteristics and to validate some predictions with
existing human exposure data. A primary focus on RF/MW bioeffects, their dosimetry and
prediction through modeling, would provide an enhancement of our capability to set sciencebased safety standards for human exposure to electromagnetic fields.
The relationship between temperature and time required to produce tissue damage was
published in 1947 by Moritz and Henriques, and the discipline of environmental physiology
has been ongoing since the mid-1800s. Masses of data exist that describe the regulatory
response changes in the human body as a function of environmental variables, work, exercise,
age, fitness, clothing insulation, and other characteristics of each individual. Much of this
material is amenable to comparison with data derived from RF/MW exposed humans and
animals. The first goal would be to bring together the world's expert environmental
physiologists to present the current state of knowledge. Two or more of these individuals
should be drawn from those who attended the Geneva Workshop, to present specifics on
thresholds for thermal hazard to cells, tissues, and organs.
Since experimental data concerning RF/MW exposure of humans are sparse, it is essential to
have a method or methods, to predict the results of conditions that have not yet been studied
experimentally. These methods appear to be models of two general types: models based on
human thermal physiology, such as compartmental models, and models based on RF energy
absorbed by the body, such as FD-TD models. Several scientists are currently working on
both types of models across a range of RF frequencies, with highly promising results. Many of
these scientists should interact with the environmental and cellular physiologists in the
application of their modeling techniques.
If one or more types of models are combined with appropriate physiological and dosimetric
data, it will be important to validate the predictions of the models. Data already collected on
human volunteers exposed to RF energy at several frequencies and field strengths are available
to compare with predictions at those same frequencies and field strengths. For example, a 27node model developed by Stolwijk and Hardy [1966] has been used to predict, with reasonable
accuracy, the physiological responses of human volunteers exposed to 2450 MHz CW in
controlled thermal environments [Foster and Adair, in press]. Accurate predictions of other
types of models, developed in this workshop, will greatly enhance the probability that
modeling will become a useful tool to determine RF safe exposure levels and hazard thresholds
across the RF/MW spectrum for many classifications of people.
Proposed Agenda for the Workshop.
A three-day workshop is proposed. The first day would be devoted to presentations by
each of the invited participants. It would begin with welcoming speeches, technical details,
and a keynote speech to present background material and set out the goals of the workshop.
The presentations would then proceed in 3 sections: 1) Environmental physiology under heat
stress, including both whole body and selected tissues; 2) Descriptions of types of models
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currently available, including physiological and dosimetric models; and 3) Possible techniques
for combining models with classical physiological data and basic theoretical and experimental
RF dosimetry. Each invited participant will be asked to provide a draft manuscript in his/her
field of endeavor for discussion sections to be held on the second day. A reception could be
held at the end of the first day.
The second morning would be devoted to several simultaneous discussion groups charged
with defining the optimal data to use and types of modeling that would be most useful to
generate predictions of human responses. A speaker would be chosen from each discussion
group to present a report and suggestions to members of the other groups. The afternoon
would then be devoted to presentation of these reports, followed by a roundtable discussion of
possibilities, and decisions on the best road to take. Specific work assignments to each
participant would be given. Working dinners would perhaps be a possibility in the evening.
The third day would be primarily devoted to combining all inputs into one or more models
and the testing of some elementary programs. Each active participant would need access to a
computer, either his own laptop or a device provided by the hosts. These activities could
easily take up most of the day. One would hope that at least a skeleton model or models
would have been assembled and tested by late afternoon, so that concluding reports would
define the feasibility of this approach to predicting human responses to RF/ME fields. A
banquet might follow to close the workshop.
The key to a successful workshop will be selection of the most appropriate and
knowledgeable scientists in each aspect of the enterprise and the preparation of a draft paper
by each participant, to be provided to all other participants in advance of the workshop. It is
not clear to me that the workshop should be opened to non-participating observers, although
some might wish to attend the first day of the workshop. The presence of observers on the
following 2 working days might be counter-productive; on the other hand, observers might
provide useful insights. This is a matter for discussion and decision by the organizers and
sponsors of the Workshop.

Suggested Participants in the Workshop
Thermal and Environmental Physiologists
Kent Pandolf , USARIEM, Natick, MA or Michael Sawka, USARIEM, Natick, MA
Margaret Kolka, USARIEM, Natick, MA
John E. Greenleaf, NASA/Ames Research Center, CA
Rene deSeze, Nimes, FR
J.R.S. Hales, Sydney, Australia
Eckhart H. Simon, Bad Nauheim, GE
Eleanor R. Adair, Hamden, CT
Pathophysiologists/Biomedical Engineers

Unapproved ICES Minutes – December 7, 2003 Meeting

ATTACHMENT 4

Mark W. Dewhirst, Duke University, Durham, NC
Jack Hoopes, Dartmouth Medical School, Lebanon, NH
Dosimetry- Theoretical and Experimental
Patrick A. Mason, AFRL/HEDR, Brooks City-Base, TX
John M. Ziriax, NMRCD, Brooks City-Base, TX
Om P. Gandhi, University of Utah, Salt Lake City, UT
Niels Kuster, ETH-VAW, Zurich, CH
Paolo Bernardi, University “La Sapienza, Rome, Italy
Emanuele Piuzzi, University “La Sapienza”, Rome, Italy
Osamu Fujiwara and Jiangquing Wang, Nagoya Institute of Technology, Japan
Bart Van Leersum, TNO, The Netherlands
Peter Wainright, NRPB, UK
Masao Taki, Tokyo, Japan
Peter Gajsek, Slovenia
Thermal Modelers
James C. Weaver, MIT, Cambridge, MA
Kenneth R. Foster, U. Pennsylvania, Philadelphia, PA
David Nelson, Michigan Tech. University, MI
Larry G. Berglund, USARIEM, Natick. MA
Juergen Werner, Bochum, GE
Jan Lagendijk, University Hospital, Utrecht, The Netherlands
Dusan Fiala, DeMontfort University, UK
Charles Beason, Brooks City-Base, TX
Other Invited Participants
Michael Repacholi, WHO EMF Project, Geneva, CH
Tom McManus, Dublin, Ireland
Michael R. Murphy, AFRL/HEDR, Brooks City-Base, TX
Ralf Bodemann, Siemens AG, Munich, GE
Georges Goldberg, Zurich, CH
Norbert Leitgeb, Technical University, Graz, Austria
Gerd Friedrich, Forschungsgemeinschaft Funk E.V., Bonn GE
Marvin Ziskin, Temple University, Philadelphia, PA

Unapproved ICES Minutes – December 7, 2003 Meeting
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ICES International Liaison Report
San Antonio, 7 December 2003

Michael R. Murphy, PhD
Air Force Research Laboratory

Outline
• Recent International EMF Meetings
• Upcoming EMF Meetings
• Invited Presentations:
• Dariusz Leszczynski, Finland
• Nikolai K. Chemeris, Russia

2

Recent EMF Meetings
• WHO Regional Meeting on EMF Health and Standards Harmonization,
14 – 17 Oct. 2003, Guilin, China.
Proceedings available at http://www.who.int/peh-emf/
- International “Framework for Standards Harmonization,”

• International Conference on Non Ionizing Radiation (ICNIR): EMF
and Our Health, first scheduled for April 14-17, 2003, rescheduled
for 20-23 Oct.. Selangor, Malaysia.
Standards and Guidelines and Country Experiences

• 6th International Congress of the European Bioelectromagnetics
Association (EBEA) - Budapest, Hungary – 13-15 Nov 2003.

3

4

Future Meetings
• Asia-Pacific EMF Conference, 26-30 Jan 2004, Bangkok, Thailand
Supported by WHO, USAF, Thai Ministry of Public Health
- Co-Organizer – Art Thansandote, Health Canada
- Standards will be a main topic
-http://www.bangkokemf.com/

• BEMS Winter Workshop – Washington D. C. Feb 2004
• ICNIRP Fifth International Non-Ionizing Radiation Workshop.
This Workshop will be held in Seville, Spain - May 20-22 , 2004
http://www.icnirp.de
• BEMS 2004 - June 21-24 Washington D. C.
http://www.bioelectromagnetics.org
• 3rd International Workshop on Biological Effects of EMFs –
Kos, Greece, 4-8 October 2004.
http://imm.demokritos.gr/bioeffects/index.html

5
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Future Meetings
Combined meeting of ICES and COST Action 281 Paris,
September 20-22: POCs: Eleanor Adair & Norb Leitgeb
COST 281 Workshop “RF EMF Exposure Assessment and Dosimetry”
Paris, September 23-24, 2004. POC: René de Sèze
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Invited Presentation

Use of High-Throughput Screening
Techniques to Determine Biological
Effects of Mobile Phone Radiation

Dariusz Leszczynski, PhD, DSc
Research Professor & Head of Radiobiology Laboratory
STUK - Radiation and Nuclear Safety Authority
Helsinki, Finland

8

Invited Presentation

Standardization of Protocols for the
Investigation of Biological Effects of
Low-Intensity Millimeter Wave
Electromagnetic Radiation
Prof. Nikolai K. Chemeris, PhD, Dr.Sci
Chief of Laboratory of Regulation in Biomedical Systems,
Institute of Cell Biophysics
Russian Academy of Sciences
Pushchino, Russia
9

Use of high-throughput screening techniques
to determine biological effects of

Dariusz Leszczynski

Research Professor and Head of Radiobiology Laboratory

Bio-NIR Research Group at Radiobiology Laboratory,
Department of Research and Environmental Surveillance,
STUK - Radiation and Nuclear Safety Authority,
Helsinki, Finland
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mobile phone radiation

genomics

genes
transcription

transcriptomics

mRNA
translation

proteins
proteomics

post-translation

modified proteins
regulation of cell physiology
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systems biology
(systeomics)

Read a lot

Screen a lot

Guess a lot

Know a lot

Aebersold R,
Hood LE,
Watts JD
NATURE Biotechnology
vol.18, 2000, p.359

HYPOTHESIS
Test its relevance to health issue
© Dariusz Leszczynski
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Classic Science
Approach

proteomics + transcriptomics
“Discovery Science”
Approach

Health effect - ???

Physiological effect on cellular level – Yes
Biochemical effect on cellular level – Yes
Biophysical interaction - Yes (mechanism?)
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Physiological effect on organ/organism - ???

Experimental set-up
•

EA.hy926 and EA.hy926v1 human endothelial cell lines

Exposure
•

GSM mobile phone signal

•
•
•

SAR
exposure period
temperature

Jokela’s chamber 900 GSM
Kuster’s chamber 1800 GSM
2.0 - 2.4 W/kg
1 hour
37 ± 0.1 - 0.3oC
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Cells

do cells respond to mobile phone radiation?

Answer:

yes, if protein phosphorylation and stress
response are activated...
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Question:

from Leszczynski et al. Differentiation, 70, 2002,120-129
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B

SDS-PAGE

IEF 3

10

IEF 3

C

10

D

All 32Pphosphoproteins

32

P

12000
9000
6000
3000
0

control

E

exposed

sham 2.4 SAR
1

Phosphoproteins in sham (red) and in 2.4SAR (grey) irradiated cells

Spot density

1200
900
600
300

8704

8521

8204

7640

7531

7423

7325

7204

6720
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6517

6414

6319

6121

5705

5610

5525

5427

5317

5214

4717

4621

4434

4347

4301

4125

3631

3512

3315

3204

2710

2523

2316

2233

2128

1205

0

Phosphoprotein spot number
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A

IEF 3

Identification of target molecular events
using HTST methods

Step-2.

Validation of target molecular events
using non-HTST methods

Step-3.

Selection of group of
target molecular events and
validation of their physiological impact

Step-4.

Generation of health effect-related
hypothesis

Step-5.

HTST-identification
of new target events

Comparisons of various
large biological systems

Testing of the hypothesis
volunteers/epidemiology

Validation or dismissal
of the health hazard
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Step-1.

modified from Leszczynski
et al. Proteomics, 4, 2004,
in press

•
•
•
•
•

•

increased expression (western blot, IEF, cell staining)
increased phosphorylation (immunoprecipitation, IEF)
increased expression of p38 MAP kinase (western blot)
activation of p38 MAP kinase (immunoprecipitation)
phosphorylation of Hsp27-P is prevented
• by inhibitor of p38 MAP kinase (immunoprecipitation, cell staining)
• in non-phosphorylable mutant Hsp27 (cell staining)
Hsp27-P stabilizes stress fibers (cell staining, flow cytometry) and affects cell
size/shape (cell staining)
Hsp27 expression correlates with amount and subcellular localization of stress
fiber stability (cell staining)
translocates to nucleus (cell staining) and affects gene expression (cDNA Arrays)

•
•
•

non-thermal effect (0.1 or 0.3oC increases)
900 & 1800 GSM signal
SAR dose-dependent 900 & 1800 GSM

•
•
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Hsp27-related effects

Experimental observation:
•

RF-EMF exposure induces increase in expression and phosphorylation
of stress protein Hsp27 (Leszczynski et al.)
RF-EMF induced expression of Hsp19 in C. elegans (Hsp19 is an analog
of mammalian Hsp27) (de Pomerai et al.)

Functions of Hsp27:
oligomer
Hsp27

monomer
Hsp27-P
stress fibers

Hsp70

chaperone function

anti-apoptotic
transcription
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•

RF-EMF

increase in Hsp27

expression
(amount)

phosphorylation
(activity)

protein aggregation

F-actin redistribution
and stabilization of
stress fibers

apoptosome-bound
inactivating
caspase-9

translocation of
Hsp27-P
to nucleus

effect on
protein conformation

effect on
blood-brain barrier

effect
anti-apoptosis

effect on
gene expression

protein foldingrelated effects

cytoskeletonrelated effects

apoptosisrelated effects

gene expressionrelated effects
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chaperone
function

Fascin
Filamin A
F-actin
Actin-like protein 2
Vimentin
Cofilin
Tubulin
α-actinin 2
Myosin light chain

Effect on cell morphology…
EA.hy926
Orange – Hsp27
Green – Stress fibers
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RF-EMF-affected cytoskeletal proteins
(data from cDNA arrays, 2-DE/MS, cICAT/LC/MS)

Individual sensitivity

sub-cloning

human endothelial cell line EA.hy926v1 - slow proliferating
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human endothelial cell line EA.hy926 - fast proliferating

EA.hy926
pH 3
MW

5

EA.hy926v1
7

10

3

5

7

10 pH
MW

75

50
50

25
25
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75

Increased expression in EA.hy926
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

proliferating cell nucleolar antigen P120; NOL1
Homo sapiens mRNA for beta 2-microglobulin
MCM7 DNA replication licensing factor; CDC47 homolog; p1.1-MCM3
zinc-finger protein (ZNFPT7) (fragment).
chloride conductance regulatory protein ICLN; nucleotide-sensitive chloride channel
1A; chloride ion current inducer protein (CLCI); reticulocyte PICLN
HHR23A; UV excision repair protein protein RAD23A
ferritin heavy chain (FTH1); FTHL6
CD166 antigen precursor (activated leukocyte-cell adhesion molecule) (ALCAM).
nucleolar phosphoprotein B23; nucleophosmin (NPM); numatrin
annexin IV (ANX4); lipocortin I; calpactin II; chromobindin 9; phospholipase A2 inhibitory protein
N4-(beta-N-acetylglucosaminyl)-L-asparaginase precursor (EC 3.5.1.26) (glycosylasparaginase) (aspartylglucosaminidase) (N4-(N-acetyl-beta- glucosaminyl)-Lasparagine amidase) (AGA).
glial growth factor 2 precursor (GGFHPP2); neuregulin; heregulin-beta3 + neu differentiation factor + heregulin-alpha
serine/threonine protein phosphatase PP1-alpha 1 catalytic subunit (PP-1A)
flavin reductase (EC 1.6.99.1) (FR) (NADPH-dependent diaphorase) (NADPH-flavin
reductase) (FLR) (biliverdin reductase B) (EC 1.3.1.24) (BVR-B) (biliverdin-IX betareductase) (green heme binding protein) (GHBP)
cytochrome c
DNA-directed RNA polymerase II 19 kD polypeptide (EC 2.7.7.6) (RPB7).

EA.hy926
EA.hy926v1
(fast proliferating)
(slow proliferating)
Ratio Difference Ratio Difference
RF/sham RF-sham RF/sham RF-sham
29,71
18734
0,38
-6343
14,70
3895
0,50
-5312
12,18
9029
0,98
-172
8,43
15053
0,46
-2512
5,37
4,42
4,30
4,09
3,89

16944
20499
6961
3184
50540

0,79
0,66
0,93
0,70
0,97

-1686
-7485
-2435
-2869
-1699

3,68

7176

4,20

15254

3,63

13266

0,55

-1060

3,53
3,31

21908
7521

0,70
1,08

-3070
1402

3,17
2,97
2,88

15395
12337
12043

0,77
0,82
0,88

-2827
-2047
-1360
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Gene name

Importance of experiments in vitro with human cell lines...

Raf
*
mice

Genes & Development;

PI3 kinase

RalGEF
*
humans

Vol. 16, No. 16, pp. 2045-2057, August 15, 2002

Distinct requirements for Ras oncogenesis in human versus mouse cells
NM Hamad, JH Elconin,AE Karnoub,W Bai, JN Rich, RT Abraham,CJ Der,CM Counter

…oncogenic Ras may transform murine and human cells by distinct
mechanisms…
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Ras

•

Combined proteomics & transcriptomics “Discovery Science” approach:
• permits “educated guessing”; some end-points will be disqualified
• Hsp27 was confirmed to be affected by mobile phone radiation in EC cell line
• effects on many cytoskeletal proteins (cell shrinking)
• effects on apoptosis regulating genes (prevention of cell death)
• differently responding cell lines - genotype-dependent response
• different response to CW vs. modulated microwaves

•

Not designed to directly give a health-risk estimate but designed to find
biological end-points for health risk studies (animals, volunteers, epidemiology)

•

Will help to find theoretically unpredictable end-points

•

Expensive and time consuming but...

•

Necessary if ever wishing determine all kinds of biological effects of EMF and
examine the possibility of health effects
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Conclusions

Use of proteomics/transcriptomics to study
biological effects of RF-EMF

• first invited talk on the topic in Tokyo in 2001 (invitation
from Shoogo Ueno)
• first session devoted to the topic Rhodes, Greece, 2002
• plenary at BEMS 2003 and plenary at EBEA 2003
• Special Tutorial Session at BEMS 2004
• WHO Workshop in 2004 (summer/autumn) in Finland
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• research started in the autumn 1999

Leszczynski D, Joenväärä S, Reivinen J, Kuokka R;
Non-thermal activation of hsp27/p38MAPK stress pathway by mobile phone
radiation in human endothelial cells:
Molecular mechanism for cancer- and blood-brain barrier-related effects.

Leszczynski D, Nylund R, Joenväärä S, Reivinen J;
Applicability of Discovery Science-Approach to Determine Biological Effects
of Mobile Phone Radiation: Viewpoint

Proteomics 4, 2004, 426-431

Nylund R, Leszczynski D;
Proteomics analysis of human endothelial cell line EA.hy926 after the exposure
to the GSM 900 radiation

Proteomics 4, 2004, 1359-1365
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Differentiation 70, 2002, 120-129

STUK
• Dariusz Leszczynski
• Reetta Kuokka
• Sakari Joenväärä*
• Jukka Reivinen*
• Mikko Luokkamäki
• Hanna Tammio
• Pia Kontturi
• Marjo Perälä

Dosimetry

STUK
• Kari Jokela
• Tim Toivo
• Ari-Pekka Sihvonen
ETH, Zürich, Switzerland
• Niels Kuster
• Juergen Schuderer

High-Throughput Screening Techniques
DKFZ, Heidelberg, Germany
• Christian Maercker
University of Minnesota, Minneapolis, MN, USA
• Tim Griffin
Inst. Systems Biology, Seattle, WA, USA
• Ruedi Aebersold

Cell lines

NC Univ. Chapel Hill, NC, USA
• Cora-Jean Edgell
Laval Univ., Quebec, Canada
• Jacques Landry
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BioNIR Group

Funding support:
Tekes - The National Technology Agency, Finland

5th Framework Programme of the European Union

(REFLEX project)

The Academy of Finland

(post-doc funds)

STUK - Radiation and Nuclear Safety Authority
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(ETX and LaVita projects)
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Three Options for Consideration
Maxiumum Permissible Exposure
Occupational (Controlled) Environment
100

Option 1
Option 2
Option 3

10

10

1

1

0.1

2
Power Density (mW/cm )

Power Density (mW/cm2)

100

0.1
10

100

1000

10000

100000

Frequency (MHz)

Maxiumum Permissible Exposure
General Public
100

Option 1
Option 2
Option 3

10

10

1

1

0.1

2
Power Density (mW/cm )

Power Density (mW/cm2)

100

0.1
10

100

1000

10000

Frequency (MHz)

100000

