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£ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
N WASHINGTCN, D.C. 20460
%, §§ APRIL 25, 1984
A, prot®

QFFICE OF
THE AGMINISTRATGR

Mr, William D. Rugkelshaus
Administrator

Environmental Protection Agency
Washington., N.C. 20460

Naar Mr. Ruckelshaus:
The Science Advisory Board (SAR) has completed its review of the

0ffica of Research and NDevelopment's assessment document entitled Riological
Effects of Radiofrequency Radiation and is pleased to transmit its report

to you. An SAR Subcommittee, chaired hy QUr. Charles Susskind of the University
of California at Rerkeley, twice reviewed the draft document and unanimously
conciuded that it represents an adequate statement of the current. scientific
literature and can serve as a scientifically defensihie hasis for the

Agency's development of radiation protection guidance for use by Federal
agencies to 1imit exposure of the general pubhlic to radiofrequency

radfation.

The enclosed report summarizes the Subcommittee's review process and
presents its major findings and recommendations. The SAB Executive Committee,
at its recent meeting of April 11-12. fully endorsed the Subcommittee's
report and authorized its transmittal to you. Should you wish any further
SAR review of the radiofrequency issue..l am sure that the Board would be
pleased to address your request.

Sincerely.
f.__,_,_.-‘.—
Mwh
Norton Nelson, Chairman

Executive Committee
Science Advisory RBoard

Enclosure



The following is general background information on radiofrequency (RF)
radiation and, with only minor changes, is a re-issue of the material
prepared for Mr, Ruckelshaus in advance of his July meeting with

Mr. Ancil Payne of King Broadcasting.
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Why

b.
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d.

a.

d.

Radiofrequency Radiation Background for Mr. Ruckelshaus

is Guidance being prepared?

To respond to needs of Federal agencies and the private

sector — see list in notebook, Section 1

To protect public health

To allow effective planning/siting by industry and Federal agencies
To preempt a variety of conflicting local standards

Other oo

1. Congressiomal interest

2. High degree of public apprehension

is EPA involved?

No Federal exposure guides or standards

1. OSHA occupational standard is advisory only
Voluntary industrial advisory standards only

Other agemcies and industry have asked EPA to use its
Atomic Energy Act/Federal Radiation Guidance authorities
Longstanding programs ~-— OAR and ORD

Nature of the environmental problem -— see notebook, Section 4

EPA

-9

a.
b.
Ce
d.

approach

Developed scientific/techunical basis
1. Measured national envirommental levels
2. Developed cost/impact data
3. Developed credible health assessment document
a. rTeviewed by SAB and found to be adequate basis for satting
Cuidance -- ses closure letters in notebook, Section 2

Developed draft Guidance in cooperation with

1. Interagency Work Group —— listed in notebook, Section 2
a, Other Federal agencies
b. State representation
¢. NCRP '

2. EPA Work Group

a. Regional representation - target focal point for public comcerns

b, OPPE, OGC, ORD (OFA kept up-to-date) :

Impact of Guidance

Allows rationmal planning of new source sites by industry and government

Protects property values of local residents/communities
Corrective measures relatively inexpensive

Impact on EPA budget small

1. Implementation by other agencies

2. EPA technical advice/oversight

Status of RF Guidance

a.

Steering Coumittee met, OPPE non~concurrence



HEQUESTS FOR BPA ACTION

Department of Commerce, National Telecommnications
andl Informaktion Administration (NTIA)--({Provides
frequency assiguoments to Government—owned and
operated sources.)

~ August 1981l. Letter Erom the Electromagnetic Radiation Encourages development of Federal standard.
Hanagement Advisory Council (ERMAC) to Secretary of

Comprerce.,

Indicates HAD supporl and encourages DOC
support of issuing EPA standard. "... the
Executive branch must not lose eight of the
potentially crippling costs to industry of
not regulating exposure standards at the
Federal level.”

- (ctober _mmm. Letter Erom Wational Assocation of
froadcasters (NHAB) to Secretary of Commerce.

EPA should promulgate guidelines as soon as
possibla.

- Marclh 1982. Letter from Assistant Secretacy of Commerce
‘to Administrator, EPA.

“| Cowmerce urges EPA to rapidly issue guide-

lines.

- Hovember 1982. Heeting among Deputy Secretary of .#?
Commerce, Assistant Secretary of Commerce, and
Administrator, EPA.

"I want to underscere my suppert of EPA's

efforts in this regard {proposed guidance}
L1}

—~ March 1984. Letter Erom Assistant Secretary of Commerce
to Adminiskrator, EPA.

— — — — — — — ——— T — . A in. S— A — — — — — ———r T . —a-it




REQUESTS FOR EPA ACTION {Continued}

Federal Communications Commission {FCC})-—{Issues licensen to

Lo privately-owned sources,)

~ Tebruary 1982, Hotice of Proposed Rulemaking,

Responsibility of the FCC to Consider Biological

Effects of Radiofrequency Radiation When Authorizing

the Use of Radiofrequency Devites.

- Junes 1982, Letter Erom Director, EPA's Qffice of
Federal Activities to Secretary, FCC.

. -{. Jpi

- February 1983. Letter from Chairman Fowler, FCC, to

Administrator, EPA.

YR

— — — — — — — ———— — —— it S — —— ————— L NN ——— ——

"... until EPA, the nmmﬂw:=w¢~m Fedaral
agency, establishes a standard for gemeral
population exposure, ...i (FCC will use) ...
the radiation level established by OSIA For
workers as the trigger for reviewiung the
environmental impsct of general public
exposure levels under our NEPA procedures.
Hhen EPA ... establigbes a general public
exposure standerd, that will become the
trigper.

"EPA recognizes its broad authority to issue

Federal Radiation Guidance for limiting
expogures of the general public to nonion-
izing radiation. Until such time (as EPA
guidance is issued) FCC should coasider
using a more conservative approach to
evaluating public exposure than that
provided in the OSHA standard."

M... we believe that a definitive Federsal

standard is imperative. Therefore, we would

like to make clear our support for your
guidance development. We encourage the TPA
to complete this process as expeditiously
ag possible so that a uniform Federal stan-
dard will be available For use by the FCC
and other affected agencies.”

_
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REQUESTS FOR EPA ACTION (Continued)

Industey,

- 1982, Responge to FCC Notice of Proposed Rulemaking
{gee above).

- 1983, American Satellite Co., ATET, GTE, sz_ TV
Broadcasters All Industry Committee, Ford, Motor
¥Yebicle Manufacturers Association, Motorola,

- February 1984. Electromagnetic Energy Policy Alliance
established. YT =

Companies and Trade Associations aaked FCC
to adopt interim guidelines for assedaing
radiation hazards while worlt on a Fedecal
standard continues at other agencies. FCC
haa made a policy decision to leave standard
setting to other Guvernmenl agencies such

as HPA.

All support issuance of Federal Quidance in |
response to EPA's Advance Notice of Proposed|
Recommendations for Controlling Radicfre- i
quency Exposure of the Public, Decewber 1982]

_
Purpose is to push for Federal safety stan- |
dards for nonionizing radiation because of |
concern over State and local standards and |
costly siting disputes. Founded by 3 trade |
asgociations and 7 industrial cowmpanies with|
initial budget of $100K.

Ocher.

1983. States (Massachusetls, Hew Jersey, and New York).

March 1984, American Radio Relay League, the Wational
Association of Amateur Radic Operators.

e

— — — —— — — —— — — A L — — — — — ——— ——— — — —— — — ————

Support naticonal envirommeantal exposure
expogure standard in response to RF ANPR.

Petitions FCC to issue a status report on
preparations for the eventual adoption of
RF protection guidelines by EPA.

|
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FEDERAL COMMUMICATIONS COMMISSION ;}

WASHINGTON, D. C. 20554 '""}'-]-.:'? -"CT
February 22, 1983

SEFICE oK
Tiel B Qiet A M A M

Anne M. Burford

Administrator

U.S. Environmental Protection Agency
401 M Scraer, 3.W.

Washington, D.C. 20460

In re: Docket A=8l=43

Dear Mrs. Burford:

This letcter is in respouse to the Environmental Protectiom Agency's
Advance Notice of Proposed Recommendatioms in Docket A-81-43, Federal
Radiation Protection Guidance for Public Exposure to Radiofrequency
Radiation (47 Fed. Reg. 57338, December 23, 1%82).

The Federal Commmications Commission (FCC) is responsible for licensing
facilities and authorizing equipment, not operated by the federal government,
that utilize radiofrequency (RF) energy. In carrying out these regponsibili-
ties the FCC must comply with the requirements of the National Environmental
Polliey Act of 1969 (NEPA) to comsider the esvironmental Impact of its "major
actions...significantly afifecting the quality of the human auvironmant''[42

S ULTSIC. §4332(2)(e), 1976].

In 1979, the Commission issued a Notice of Inquiry (44 Fed. Reg. 37008,
1979) to gather information to help us determine the extent to which RF
radiation hazards should be counsidered by us in our licensing and
authorization procedures, As s result of that inquiry and an assessment of
our statutory obligations under NEPA, the Commission lssued a Notice of
Propoged Rule Making (NPRM) (47 Fed. Reg. 8214, 1982) in February of -last
year. A copy 1s enclosed.

The FCQ's NPRM proposes to amend Section 1.1305 of the Commission’'s
Rules, 47 C.F.R. 31.1305, for assessing the environmental consequences of FCC
actions by adding a new subsection to address the matter of potential hazards
of RF and microwave radiation. Pursuant to this proposal, the Commission
would treat grants of comstruction permits or licemses to transmit as “major
actions” subject to its NEPA procesgsing requirements (47 C.F.R. §1.1301~
1.1319) if the proposad operations would result in exposure of workers or the
general public to levels of RF radiation in excess of those established by
federal agencies having jurisdiction theraover.



To determine whethar an actiom should be treated as a "mpajor action” the
Commission plaus to rely on standards for exposure to RF radiation astablished
by federsl agencies such as EPA. The FCC lacks the necessary expertise and
statutory authority to preomulgate its owm health and safety standards and,
tharefore, must look to EPA and other raspomsible agencies for guidance in
this area.

There is prasently no standard set by the federal governmment for exposure
of the gemeral public to RF radiation. However, several state and local
governments are establishing thelr own standards ino this area. We cannot
judge whether an applicant’s failure to comply with one of these non-federal
standards constitutes an envircomental impact issue. In addition, the
Commission and its regulatees are concerned abeut safe exposure levels and the
possibllity of 2 coufusing and costly proliferation of incomslstent state and
loeal standards. For these reasoms, we believe that a definitive federal
standard is Imperative.

Therefore, we would like to make clear our suppert for your guldance
development., We encourage the EPA to complete this process as expaditiously
as possible so that a wmiform federal standard will be available for use by
the FCC and other affected agemcies.

We will be happy to cooperate in apy way possible ia this effort. Cur

Office of Science and Technology will be responsible for ccordinating further
activities with BPA's Office of Radlation Programs.

Sincerely,

Mark 3. Fowler
Chadirman

Enclosurs

ce: Ms, Kathleen M. Bemnett,
Assistant Administrator for ‘
Air, Noise, and Radiation, EPA

Norbert W. Hankin,
Qffice of Radiation Programs, EFA

Central Docker Section, EFA
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Honorable William D. Ruckelshaus
Administrator

Envireonmental Protection Agency
Washington, D.C. 20480

 Dear Mr. Ruckelshaus:

I am writing with regard to the Environmental Protection Agency's (EPA)
development of proposed Federal Radiation Protection Guidance for 2ublic
Exposure to Radiofraguency Radiation.

The National Telecommunicaticns and Information Administration's (NTIA)
interest stems from itg responsibi.ities for zuthorizing and managing Federal
Government use of the radio frequency spectrum and our role as the principal
Execurive branch advigser on telecommunications matters. s part of these
responsibilities, I am concerned that the spectrum is used safely and also
that essentiazl and beneficial services in both the Government and private
sector are not unnecessarily curtailed.

)

S Rt

This agency and its predecessors have long encdouraged Federal efforis Lo

develop 2 sound scientific basis for natlonal pelicy that would afford
necessary protection and permit continued development and innmovation in the
telecommunications industry.

I want to underscore my support for EPA's efforts in this regard and also
to express my concern that the functional and econemic impact of such
guidance on telecommunications and related services, including but not
limited to mobile platforms and certain low freguency systems, be carefully
identified and evaluated prior to promulgation in crder to avoid or minimize
any unnecessary dislocation or disruption. I am particularly interested in
seeing EPA's Background Information and Cost Estimate documents in this
regard. I am also concerned that any ¢riteria be operationally practical in
terms of methods for determining compliance and that institutional roles-in
implementation, compliznc=, and snforcement be glearly delineated, including
Federal-State relationshipe inscfar as possible.

We have just received EPA's March 8 revised draft guidance and Notice of
Proposed Recommendation (NPR). We plan to bring this to the attention of the
Interdepartment Radio Advisory Committse (IRAC), which advises on spectrum
use and management matters, for their review and comments. My staff will
continue to work with EPA and, in addition to views and comments provided
previously, we will provide further comments on this and other matters as
appropriate. )

Please be assured of our continuing cooperation in your efforis to
develop sound national guidelines in this arez of mutual interest.

Singerely,

éZﬁ@ﬁ

David J. Markey

vinmiians



Background MNotes on the EPA Raciofreaguency Radiation Guidsnce Program

In April 1979, the Agency initiated a program to develop Federal
Radiation Protection Guides to protect the public from excessive exposurs Lo
radiofrequency radiation (Start Action Netice L3253}, The Development Plan
was approved in September 1982, and an Advance Notice of Proposed Recommenda-
tions (ANPR) was published in the Federal Register in December 12482, The
ANPR states, "We intend to develop guidance for Federal agencies to limit
exposure of the public to radiofrequency (RF) radiation” and to publish a
Notice of Proposed. Rescommendations (NPR) "in late 1983." The current
schedule for publication of the NPR is listed as June 1984 in the Ragulatoery
Agenda published in the April 19, 1984 Federal Register.

The Agency has been asked to develop this Guidance by private citizens,
State and local Governments, industry, trade associations, and Federal
agencies., Federal Communications Commission (FCC) Chairman Fowler in a
February 1983 letter to the Administrator, states, '... we believe that a
definicive Federal standard is imperative. Therefore, we would like to make
clear our support for your guidance development. We encourage the EPA to
complete this process as expeditiously as possible so that a uniform Federal
standard will be available for use by the FCC and other affected agencies.”
The FCC licenses privately-owned and not for profit owned radiofreguency
sources. The National Telecowmunications and Infermation Administratiom
(NTIA) within the Department of Commerce assigns frequencies to Federally-
pwned and operated sources. In November 1982, the Deputy Secretary for
Commerce mer with former Administratgr Gorsuch to encourage EPA to promulgate
guidance as soon as possible. More recently, March 1984, the Assistant
Secretary of Commerce wrote the Administrator to "underscors my support of
EPA's efforts in this regard (proposed guidance.)"

In developing-the-Guidance,thae Agancy (1) established an Interagency
Work Group comsisting of representatives from 16 Federal agencies to review
the proposed suidance and how it is to be implemented, (2) establisned an
Interagency Agreement with the Lawrence Liverwore National Laboratery (LLNL)
to develop and apply a methodology to determine economic impact oI cCia
proposed Guidance, (3) conducted an indepth review of the blological
affects, and (4) conducted a national measurements program to define
sxpusura.

The final draft of the economic impact report by LLNL is now completed.
The 500 plus page comprehensive review of the biological effects was
transmitted to the Administrator April 25, 1984, with a letter from
Dr. Norton Nelson, Chairman of EPA's Science Advisory Board (SAB) stating
that the review, Biological Effects of Radiofrequency Radiation is "an
adequate statement of the current scientifie literature and can serve as a
scientifically deféunsible basis for the Agency's developmeat of radiation
protection guidance for use by Federal agencies to limir exposure of the
general public to radiofrequency radiatiom." The studies of radiofrequency
environmental exposures have been published in the open literatuve and have
been Jummarized .o a Background Information Document (3ID) tna:z L: complete
except for ravising the economic impact ssction to conform to the Iimal
version of the LLNL economic analysis report.
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On Mareh 13, 1984, the Draft Notice of Proposad Recoummendations fox
Controlling Public Exposure to Radiofrequency Radiation was entersed into the

Sceering Commifrae raview process. Tne Steering Committee wat on April 6,
1984 and the only objectioms to thne proposal were raised by the 0ffice of
folicy, Flanaing, and Evaluatioa (QPPE). Though there are a numoser of
points detailed in the May 9, 1984 memo from the Chairman of the Steariag
Committee on closure of this issue, the two principal objscticns ars:

(1) Snould EPA propose guildance? and (2) If guidance is to De proposed, what
specific rate of absorption (SAR) value is appropriate? (Note: BSAR is thne
rate at which energy Ls absorbed per unit bedy mass). These two polnts are
also contained in an OPPE options paper transmitted to Assistant
Administrators Cannon and Goldstein by Deputy Asgsistant Adminiscrator
Campbell on May 11, 1984. This options paper is being reviewed in the
Office of Ailr and Radiationm (OAR). '

The issue of whether guidance should be proposed will need to be
resolved in the context of whether the Administrator decides to respond to
the requests of FCC and NTIA to exercise his Atomic Emergy Act Guidance
Authority. The levels proposed by the Office of Radiation Programs are
within a factor of two of those enacted by the State of Massachusetts and
proposed by the Mational Coumcil of Radiation Protection and Measurements
and the Intermational Radiation Protection Association. The proposed levels
are a factor of ten less tnan the present American Natiounal $Standards
Institute's voluntary standard, which is principally a standard for
occupational exposure and at best is only an upper limit for public exposure.

As a related issue, FCC Chairman Fowler in a February 14, 1984 larrer
wrote to the Adminmistrator and requested EPA assistance in measuring
radiofreauency radiation levels in Honolulu, Hawaii. The Administrator
agreed to help in his March 12, 1984 “letter and a field study was conducted
in Homolulu from May 15-24. The EPA News Release announcing the study
states '"When the measurements in Honolulu and their analysis are complete,
the results will be provided to the FCC for action. The vesults will be
made public at that time." We can anticipate that FCC will ask for an
interpretation of the health significance of the fields weasured in
Honolulu. Since the NPR has not yet completed the Steering Committee
process, the Agency has not yet reached conclusions oun the health
significance of various exposure levels.

There has been a continuing media interest in radiofrequency radiation
problems in general and in the Agency's program. Of recent note, Spectrum,
the journal of the Institute of Electrical and Electronics Engineers,
faatured articles on "The Drive to Regulate Electromagnetic Fields" and
"Biological Effects of Electromagnetic Fields," in its March and May 1984
issues, respectively. The Honolulu study generated mostly local coverage
and West Coast coverage. The most recent coverage is an article that
appeared in the June 7, 1984 New York Times. As a spinoff, many articles
appeared nationally after June 7. Electromagnetic radiation exposure was
also the subject of a Times article by Philip Boffey, August 2, 1933. An
article by Marjorie Sun also zppeared in the July &, 1984, issue of Sciepce
Magazine on the Honolulu study and the development of guidance.




Significant Events, EPA Radisfrequency Radiation Guidance Program

e L1979, April 30

e 1981, July 23

e 1982, Mareh 11

o 1982, September l3——.--

» 1982, November 5

Start Action Notice 1525, "Federal Radiation
Protection Guides will be developed to protect the
public from excessive exposure to radiofrsquency
radiation through specification of maximum
allowable environmental radiofrequency intensities
as a function of radiation fraquency at locations
accessible to the public. Instrumentation and
measurement techniques appropriate to guldance
compliznce zctivities will be recommended.”

Interagency Agresment negotiated with Lawrence
Livermore National Laboratories to "develop and
apply a2 metnodology to determine tne economic
impact of Faederal Radiofrequency Radiation
Guidance" (IAG-AD-89-F-1-803-0).

Assistant Secretary of Communications,

U.8. Department of Commerce {B.J. Wunder, Jr.)
writes Administrator Gorsuch: ".,.T understand
that EPA has prepared a work plan and is carrying
out studies to support the development and issuance
of guidelines for public exposure to nonionizing
electromagnetic radiation. NTIA (National Tele-
communications and Information Administratiom, DOC)
thoroughly sépports EPA's initiative in this area
and believes®"EPA should devote all rescurces
necessary to promulgate these guidelienss (sie) as
soon as possible.

Development Plan for Federal Radiation Protection

Guidance for Coutrolling Public Exposure to
Radiofrequency Radiation cowpleted Steering
Coumittee Congsent Calendar review.

Department.of Commerce Deputy Secretary Fiske

and Assistant Secretary for Cowmunications Wunder
met with Administrator Gorsuch to reemphasize DOC
interest in the Guidance and request that the
scheduled date for the availability of Guidauce,
September 1984, be greatly advanced so the guidance
would be available to meat NTIA neads as sarly as
September 1983. (January 10, 1983 letter frowm EPA
Assistant Administrator Bennett to Deputy Sac¢retary
Fiske,)
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s 1982, Decamber 23 Advance Notice of Proposasd Recommendations, ''Wa
intend to develop radiatiomn protection guidancs for
use by Federal agencies to limit exposure of the
general public to radiofraquency radiation....
Agency plans to publish a Wotice of Proposed
Recommeudations in late 1983,.." Federal Ragistar
47 (247): 57338, '

=]

o

h

e 1982, December 29 Assistant Administrator Bennert signs letfers tfo 13
Federal agencies reactivating Interagency Work
Group and asking that each Ageucy designate an
individual to work with EPA in the Guidance
developm%nt DroOCess.

e 1983, March 28 Questions frowm Senatae Appropriations Subcommittze
on 1984 Budget.

Question: Your budget request indicates tnat the nonionizing healch effects
program has been eliminated in FY 84 due Lo the completion of health
resaarch needed for publicatiom of a guidance document. When will the
guidance material be available? -

Answer: The Agency published a notice in the Federal Register on

December 23, 1982, wnich stated our intention to develop guidance for
Federal agencies to limit exposure of the public to radiofrequency radiation
(nonionizing). The Agency plans to publish a Notice of Proposed Recom-
mendations in late 1983 and will announce a schedule of public of public
hearings. Coincident with the Notice of Proposed Recommendatiouns, the
Agency will publisn a Background Information Document that summarizes the
health effects and environmental levels of radiofrequency radiation. The
Background Information Document will also examine the economic impact of
guidance and methods of implementation.

The Agency is preparing a2 critical and comprehensive review of the
literature on the biological effects of radiofrequency radiation. This
literature review will be submitted to an ad hoc¢ panel of the Ageney's
Science Advisory Board. The Science Advisory Board pamel will eritique the
literature review in an open meeting in late spring or early summer 1983;
the date and placé of the meeting will be announced in the Federal Register.

The final guidance should be issued within one year of the proposed
guidance,. l.e., in Fiscal Year 1984,

e 1983, April 14 First Interagency Work Group meeting.

& 1983, June 21 Department of Commerce established Ad Hoc 139
Committee to "...accurately assess the potential
impact of the (EPA) proposed guideline for exposure
of the general public to electromagnetic radization
from telecommunication transmitters...”
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o 1983, July 21 Request for public comment on Biolegical Zffacts
of Radiofrequency Radiation, a health geffects
agsessment document prepared by ORD staff in the
Experimental Biology Division, Health Effects
Research Laboratory, Research Triamgle Partk, NC.
Federal Register &8 (l41): 33345,

e 1933, Augusc 25 Office of Management and Budget Approved Information
Collection Request, Survey of Economic Costs of
Guidance for Wonlonlzlng Radiation, OMB No. 2060-
Q45. -

e 1983, September Z1 EZPA offers assistance to other agencies in analyzing
impact of Guidance on specific souzrces.

e 1983, September 22-23 First meeting of the Science Advisory Board (SAB)
Subcommittee to review the Biological Effects of
. Radiofrequency Radlation, Washington, D C. Faderal
Register 48 (171): 39688.

& 1983, October 18 Nonionizing radiation briefing for Assistant
Admipistrator Cannon.

¢ 1984, January 10 FPA Radiofrequency Work Group meeting.

s 1384, January 24-25 Second meeting of the SAB Subcommittee on the
Biological Effects of Radiofrequency Radiation,
Research Triangle Park, North Carolina.

e 1984, January 31 SAB Subcommittee on the Biolegical Effects of

- Radiofrequency Radiation concludes that the hezlth
effects assessment document..." is an adequate
review of the scientific literature and can sarve
as the basis for the development of radiation
protection guidance for use by Federal agencies to
limit exposure of the genmeral public to radiofre-
quency radiatiou™{letter from Professor Charles
Susskind, Subcommittee Chairman to Dr. Norton,

e Chairman, SAB).

e 1984, April 25 SAB closure on health assessment document,
Biological Effects of Radiofrequency Radiation,
transmitted by letfter from SAB Chairman
Dr. Norton to Administrator Ruckelshaus.




FEDERAL RADIATION PROTECTION GUIDANCE FOR CONTROLLING
PUBLIC EXPOSURE TO RADIOFRZQUENCY RADIATION

PURPOSE: To LIMIT'EXPOSURE OF THAE PUBLIC 1O
RADIOFREQUENCY RADIATION

COMPLIANCE BY SOURCES INCLUDING: AM AND FM RADIQ
VHF AND UHF TELEVISION
COMMUNICATIONS
RADAR

NOT APPLICABLE TO: QCCUPATIONAL EXPOSURE
" CONSUMER PRODUCTS CONTROLLED MORE EASILY

BE'PRQDUCT PERFORMANCE STANDARDS
IMPLEMENTATION BY: ALL FEDERAL AGENCIES., INCLUDING

FCC AND NTIA

DOD |

DOT

DOE

NASA
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RF GUIDANCEZ INTERAGENCY WORK GROLP

FEDERAL COMMUNICATIONS COMMISSION
DEPARTMENT oF COMMERCE
NATIONAL TELECOMMUNICATIONS & I"JFDRMATIDN ADMINISTRATION
NATIONAL BUREAU OF STANDARDS
DEPARTMENT OF HEALTH AND HUMAN SERVICES |
NATIONAL CENTER FOR DEVICES AND RADIOLOGICAL HEALTH. FDA
DEPARTMENT of LABOR '
OCCUPATIONAL SAFETY AND‘.HEALTH ADMINISTRATION
DEPARTMENT oF DEFENSE
DEPARTMENT of TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
U.S, CoAST GUARD ‘
NATIONAL AERONAUTICS anD SPACE ébMINISTRATION
DEPARTMENT oF ENERGY e
DEPARTMENT oF STATE

- DEPARTMENT oF AGRICULTURE

U.5, INFORMATION ADMINISTRATION: VOICE OF AMERICA
VETERANS ADMINISTRATION

NATIONALSCIENGE_EQUNDATION.

CENTRAL INTELLIGENCE AGENCY

NATIONAL ACADEMY 0F SCIENCES

NATIONAL COUNCIL on RADIATION PROTECTION AnD MEASUREMENTS
CONFERENCE oF RADIATION CONTROL PROGRAM DIRECTORS
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INDUSTRY COST - TOTAL BROADCAST AM, FM, & TV (Millions of Dollars)

Total Net Preseunt Value | Average Annual Cash Flow

(Constant Dollars) (Current Year Deollars)

Low Med, High Low Med. High
100 uwW/cm® (Opt.5) 23.5  41.5 55.3 2.6 4.7 6.3
200 uW/cm> (Opt.4) 17.4 29.9-  40.0 1.9 3.4 4.5
1,000 uW/cm® (Opt.3) 10.1 15.1  19.6 1.0 - L6 - 2.1

The three columns represent the low, medium, and high cost scenarios evaluated
in the Study., Subtract approximately $12.5 M from all TNPV dollars above
since many stations will not have to conduct & survey. In addition costs can
be reduced by approximately 10-20 percent by permitting posting which was not
allowed in study numbers

AVERAGE STATION COSTS (Medium Costs) (Thousands of Dollars)

Annual Net Total Net Average Profit

Cash Flow (5 yrs.) Present Value Drop (percent)
100 uW/cm? AM 0.4 2.1 | 0.5
(Opt. 5) FM 4.0 20. 4 4.2
v 16.3 81.9 1.2
200 uW/cm’ AM 0.4 2.1 0.5
(opt.4) FM 4.0 20. 1 4,2
TV 11.7 - 59.0 0.9
1,000 ui/cm®  AM 0.4 2.0 0.5
(opt.3) M 3.4 17.4 3.6
TV ' 7.8 39.5 0.6

Compliance costs are reduced by approximately 20 percent for FM and 8 percent
for entire industry if pesting is allowed.

NUMBER OF STATIONS AFFECTED

AM (4622) M (4374) TV (1080)
100 uw/cm® (Opt.5) 2,253 1400 (32%) 60 (6%)
200 uW/cm® (Opt.4) 1,031 962 (22%) 30 (3%)

1,000 wW/cm> (Opt.3) 946 262 (6%) 2 (0.2%)



A CUMPARLSON OF STANDARDS

LEVEL

.;zanﬁm (W/kg)

ORCANLZATION

REFEREHCE

1060 (0.4}

Americaw Mational Standards Inetitute

{ANST)

|
_ . REMARKS
|

|"Becaunse of the iimitations of |
|the bioclogical effects data [
|ease, these guides are offered |
|as upper limits of exposure, }
_umnnpncpnnmm for the wawcmmnwn |

_mn large." . ;
I

less n&u=
100 te 1000

Horld llealth Owxganization {(WHO) and
International Badiation Protection

Aasociation {IRPA)

| ”
|occupational Exposure Limik.

| "Exposure of the general popu-
| lation should be kept as Hoﬁ
|as reasonably achievesable %nm
|expoaure limite should .
|generally be lower than ﬂrcmm

200 (0.08)

Massachusetts

e

|
{pivided ANSI recommendations by
|5 for application to general
_vovﬂ—mnman.

260 (0.08)

Bational Council om Radiation

Protection and Measurements {HCRP)

|

_
_
|
;
f
_
_
_
_
| for occupational exposure. _
_
}
]
_
_
_
[
_

ves it 19 recommended that
|there be an exposure criterion |
| for the geuneral public that is |
|set at a level agual to one- |
|fifth of that of occupationally]
|exposed individuals.™

100 (.04}

Environmental Protection Agency (EPA)

Recommendation

|

IBased on eliminating temper-
isture-dependent effects and
Jon protecting against other
jeffects.
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BIOLOGICAL EFFECTS OF RADIOFREQUENCY (RF) RADIATION®

document, NIOSH, ANSI, IEEE Spectrum, atc.

" Dose Rate - Specific Rate
of Energy Absorption (ZAR) Effect/Activity Relevant Benchmark/Standard
(Wikg) -
25 # Heat exhaustion — deach (humams)
10 & Maximum suatained exercise (humans)
8 ¢ Teratologic effeccs (anmimals)
7 * Increaze core temperature Co 409C; a.g., about
39¢ above normal (numans) (433 MHz) - increases
of 29C or more believed to be tsscciated with
fetal loas)
4=8 ¢ -Lathality (animals includiag doga)
& Severe hest atress, +390 incresass in core
temperature (animals ineluding doga)
® Fetotoxicity — low birth weight (snimals);
G+: acute exposure, 4,8: chrooie exposura
5.6 # Temporary infertility in rata
& s Behavioral affects (worh stoppage) = animals ¢ 0Old Q58A standard
refusa food # "Advarsze Effects Leval®
= EPA, Draft NPR (QAR)
= ANST
= NCRP
= ACGIH-
— TRPA/WHO
3 # Changas in hesrt rate (animals)
2.3 * Tumor prowotion (mice){l study)
' # Severe heat stress in monkeys (prodicted to ba
fatal with continued axposure)
2 s Decreasw in nimber of Purkinje cells # "Adverse Bifscrs Lavel"
in braian {rac) . = NIOSH proposed
1-4 # Increase in core Lemparature {0.5-19G), human models
# Various changes in e¢linical chemistry, hormone
levels, and jmetabolisa (animala) l
\
1 # Resting metabolic rate” (humans) o “Adverse Effects Leval"
& Behavioral effects (work stoppage) with high under eouditionz of
temperature and humidity (animals) snvironmeatal streas .
= EPA health document (ORD)
- SAB
.7 eat. ® Heart disease in men (exploratory da:n - rough
SAR estimate). Bisth defects sspect of study
in raview ar FDA.
.5 - Vathus hematologic and immnologic changes
=1 * Ounset of thermoregulatory proceassa (humang)
- # Increase io primary malignant neoplasma and ® ANSI voluntary standard
‘ enlarged adrenal-glands in rats exposed throughout & FDA - probable heat sealer
tneir liferime (one srudy), performance standard
.29 ¢ Caleium ion efflux from cat brain in wive
.2 est. & Poor preghandy outcome (women) « NIOSH - probable recom—
(one atudy - rough SAR estimate) mended oecupational levael
.1 ¢ Alterations in brain energy mecabolism (rats)
08 * Massachusetts population
atandard
% NCEP popularion stamdard
& IRPA population standarpd
+05 s Calcium ion efflux from human calla in witro
¢ Chromosomal tranalocstions (mice)
(from FDA-submitted for publicatiom)
04 * EPA proposed Guidance
L0011 est. # Caleium ion efflux from chick brain in vitro
+ 0001 esc. e RF hearing
e Defects in daveloping chick embryos with pulse
modislated, low-infensity magnetiac fields
{EPA is veplicating)
¥Based on ORD health assessmant
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of dectmmagm@ﬁc tields

New findings linking changes in organisms to irradiation by weak fields
encourage researchers to posit theories, although research is incomplete

In the past three years, the study of the biological ef- gm===
feets of radio-frequency electromagnetic (EM)
fieids has :aken a new turn. At the beginning of the
1980s, researchers still argued about whether all af- :
fects of flelds on organisms were caused simply by s

the heating induced by intense radiation or if some B>
#ffects also occurred at field strengths too low o
produce even localized heating. Although labora- [,
tory results had by that time convinced some re- [

oA nervous system, and howdo thev relaze 10 other ef-
fects on cell membranas (the outer covering of
cells)? Whar progress is being made to te sxpeari-
mental rasults to theoretical models? Whar aew 2x-
periments, instrumentaton, and approaches would
aid in drawing firm conclusions?

The panelists reported a number of significant
results thar have appeared in recent work:
* Induetion of chromosomal defects in mice sper-
matogenic (sperm-precursor) cells following micro-

searchers that athermal effects—thosa that could
not be explained by hearing—did in fact occur, a vocal group of
scientists still doubted that these laboratory resulis were valid and
repeatable.

MNow, a growing mass of evidence has virtually ended that
debats. Few now question that some such weak-field effects ax-
fst. Int fact, one such effect—the influence of weak, pulsed EM
fields on bone growth—has now found widespread use as a treat-
ment of bone fractures, with thousands of individuals meated
successfully since the method won approval from the U.S. Food
and Drug Administration in 1979.

But the study of the interaction of EM fields and organisms re-
mains intensely controversial, with many questions not yet an-
swered fully, For example, under what conditions and at what
frequencies and field strengths do interactions with organisms
oceur? Whar are the mechanisms by which weak fields can influ-
ence organisms? Which biological effects are just harmiess
changes, which arc beneficial, and which are harmful? How

might weak-field effects be taken intg account in setting safety '

standards for exposure o EM fields?

The outcome of these controversies has bearing as well on po-
tential therapeutic uses of electromagneric fields. In the view of
some scientists, these studies can aid in the understanding of
basic biological processes such as how growth is controlled, how

£ells communicate with one another, and how the nervous system

Worky - -——_

To examine this rapidly evolving field, Spectrum organized a
panel discussion, held in conjunction with the annual meeting of
the Bioelectromagnetics Society in Boulder, Colo., on June 16,
1983, The society is a multidiseiplinary organization devoted to
the study of the biological effects of radio-frequency EM fields.
Spectrum invited to the meeting some of the outstanding re-
searchers who have been looking at and observing evidence of
weak-field effects. [An earlier panel meeting, also organized by
Spectrum in Boulder, centered on the question of Drogress
woward regulating exposurs to radio-frequency EM fields. This
meeting was reporied in “The drive to regulate slectromagnetic
heids,” March 1984, pp. 63-70.]

Spectrum’s scientific panet focused on a number of kay ques-
tions: What is the most recent evidence for the exiszence of gene-
tic effects from electromagnatic fields—thar is, effects on the
nucleus of the celf? Whar new effects have Been observed on the

Eric I. Lerner Canzriburz‘ng Editor

{EEESPECTRUM MAY 1984
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wave radiation in the gigahertz range.

* Changes in the cajcinm balance of Hving cats” brains exposad tg
microwaves modulated ar exiremely low frequencies,

* Alteration of nerve and bone calls exposed to axtremely low-
frequency fields. _

* Decreased activity of the immune cells of mice exposed 1o
modulared microwaves,

* Apparent increases in deformed fetuses among miniature
swine exposed to iniense power-line {requency flelds.

These results are, in a number of cases, preliminary and sub-
ject to confirmation, entailing replication at different labora-
tories and further testing with increased numbers of specimens.
MNevertheless, they all paint to & need for a beer undersianding
of the underlying mechanism of interaction betwesn {elds and
Organisms.

The study of EM-field interactions with orzanisms s wide-

List of Participants
Chairmam:

Frank Barnes, chairrnan, Department of Elecirical Engi-
neering, University of Catorado, Boulder

Panelists:

W. Rass Adey, associate chief of staff for fesearch. Yeter-
ans Administrations Hospital, Loma Linda, Calif.

Larry £ Anderson, research sclentist, Bioslsctromagnatic
Section, Battella Pacific Norhwest Laboratories, Rich-
land, Wash.

Chung-Kwang Chou, associate director, Bicelectromag-
neties Research Laboratory, Schoal of Medicine, Universi-
ty of Washington, Seattis.

Friedrich Kremer, research scientist, Max-Planck institute
fiir Festkorperforschung (Solid State Research), Stutigart,
Waest Gemany.

Shirley Moizkin, head, Biology Department, Polytechnic
Institute of Mew York, Mew York,

Mays Swicord, research scientist, Mational Center for
Devices and Fadiological Health, U.S. Puliic Health Ser
vices, Rockville, Md.

Howard Wachtel, professor of electrical engineering,
University of Colarado, Boulder,
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results obtained with extremely low-frequency felds.

Not only are the interactions with elecrromagnetic fields stud-
‘ad gver a wide frequency and power range, but the effects ob-

~ved in experimen:al animals and biologieal preparations are

.0 extrernety varied. They range from subtle changes in body
chemusity to possible gross deformations of feruses. Broadly the
effects are often grouped according to the pans of the living ceils
involved. Effects on the cell membrane are important in the ner-
vous system, the immune system, and the endocrine systern that
produces hormones, while effects on cell nuelei (the part of the
cell thar contains genetic mformanon) are 1mportant m the pro-
duerion of genetie changzs.

Proceed with caution

The results that have accumulated must te interpreted with
caution for & number of reasons. Cne limitation of nearly all the
experiments is that they are performed at a very few frequenciss
widely spaced across the electromagnede spectrum. In the United
States, experiments typically take place ar 27,12, 915, and 2450
MHz not because of their particular biological importance, but
because they happen to be the frequencies thar the Federal Com-
municarions Comrnission has allocated to indusirial, scientifie,
and medical uses and thus are the f{requencies generated by refa-
tively inexpensive and readily available sources. Similar reasons
dictate the selection of such higher frequencies as 9.4 or 64 Ghz.
Extrapoladon of the results obtained at one frequency to other
frequencies not tested is thus risky,

Second, as in any biological investigarion, many experiments
are performed not on whele living animals (i vive), but on lab-
orarory preparations (in vited), such as part of a chicken’s brain
or a cell culture, Effects obtained /nt vitre are not necessarly
reflective of effects in a living organism. However, in vitro experi-
ments, being generally capable of closer control than those per-

o

M:ce cells with chmmosoma! defects

Ly R . e +-- AR R

(3ham cells, i

not jradiated) 248 3]
0.05 111 8 72 |
0.5 116 8 ]
5 214 8 42
10 108 13 124
20 i. 122 15 12.3

Chromosomal defeets in animals subsequent 1o sxposure 10 low-
leve! microwave radiation is indicated in experiments performed
by Ewa Manikowska-Crerska, Proemyslaw A. Czerski, and Wil-
liam M. Leach at the U.S. Food and Drug Administration s Na-
tional Center for Devices and Radiolagical Heaith, Rockviile,
Md. In the dara rabulated, the resecrchers found a significant
number of chromosomal translocations fa class of defecis) in
sperm-precurser cells of mice afier irradiation at 2.45 gigahers:.
Moareover, the number gf translocations does npi increase
smoothly with an increasing dose rate; ¢ relaive minimurm vaiueg
of translocarions is indicated at 5 milliwatthours per gram.

formed in vivo, often help explain effects observed in whole ani-
mals or point the way to new animal tests.

Third, as in all research, inirial resuits may not be confirmed
by larer resaarch. Confirmation, however, may come not only as
experiments are repeated, bur also as rasubs from different kinds
of sxperiments pile up and consistenty reinforce one another,
resulting in a theoretical model of interaction.

Finally, it is important to realize that not ail researchers are in-
terested in the hazards of EM fields.

- Rather, the quest for basic knowledge of
. ‘ how biological systems work is the major
T motivation for many researchers, aad

d such knowledge often has no direct bear-
ing on health consequences. Thus, for ex-
ample, some experiments cited by the
panelists show effects on yeast calls of
radiation in the 40-GHz range. The ax-
periments are of great intersst, beczuse
they appear to indicate that the cells’ reac-
tion to the radiation is heavily dependsn:
on the exact frequency used. But such an
experiment cannot reflect directly on
human hazards, because 40-GHz radia-
tion cannot penewrate beyond the outer
layers of skin.

The panel members were chosen be-
cause of their expertise in the athermal ef-
fects of relarively weak fields that are
believad to produce negligibie heating In
general, fields are termed weak if they
cannot produca remperaturs mereases in
animals ouiside the range of normal fluc-
- tuations. In most cases, power densities at
= or below 1 milliwatt per square centimeser,
the limir set by the current American Ma-
tional Standards Institute (ANSI) safery
standard for RF radiadon in the frequen.
cy rangs from 20 to 300 MBz, are consid-
ered weak felds.

Indications of genetic effects

Perhaps the most dramatic findings
dizscussed at the panel meeting wers those
indicating that microwaves may, In some
circumnstaness, induca chromosomal dam-
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those thar other researchers had looked ar and in that we used

repeated exposurss as well as 2 range of frequencies,” Dr. Czar-

ki commented. “Of course, noneg of the other experiments were
antical to ours, and we would cerainly welcome someone
Jplicating our results.””

Whiie the data of Dr, Czerski have not been repeated in other
species, Friedrich Kremer of the Max-Planek Insttut fiir Fest-
korperforschung (Solid State Studies), Stutigart, West Germany,
told the panel of relared results at higher frequencies in a com-
plerely different organismn. Dr. Kremer exposed the salivary
glands of the larvae of an insecy called the midge to radiation be-

tween 64 and 69 GHz for 2 hours. At a2 power density of 6
mW/em®, Dr. Kremer observed significent changes in larvae
chromosomes [Fig. 1], The experiments were carried ouwr blind,
which msans that the examining blologist was not informed
which gland was rradiared and which served as a cortrol.

A key question is: Can the observed effects be caused by smail
microwave-induced rises in temperature? To answer thaz, Dr
Kremer examined the temperature sensitivity of the chromo-
somes. He warmed up a sham-sxposed gland by 2.5 °C above the
eontrol, which is more than sightfold the microwave-inducsd
temperature inereass of 0.3 °C. No effect was observed, which in-

The link between weak fields and ¢zl membranes

Much of the present research on the effects of weak alec-
tromagnetic fields (EM) on crganisms has concentrated on
possible intoracttons with cell membranas, the thin outer
cavering of cells. Interest in the possible interactions of cell
membranes and weak fields was originally generated not by
any concern with the poténtial hazards of artificial flelds, but
by efforts to ungerstand how weak flelds generated by the
body Hzelf could affect the body’s cails,

In fact, resaarch on EM effects on the brain was initially
aimed at testing theories that gave weak fields in the brain a
centraf role in coordinating the warkings of the human brain’s
hilftons of neurons. 3uch thearles, daveloped by E. Roy John,
research professorin the Department of Psychiatry, Mew York
University Medical Canter, New Yori, myseif, and others in the
16608, rejectad earler jdeas that attempted to explain all
brain functions on the basis of the electrical impulse that
traveled Datween individuat neurons—the primitive analogies
betwean tha computer and the brain.

Eut there was a mystary here. The weak fields genematad by
the brain—elestromagnetic waves cailed the electroen-
cephalagram, or EEG—are only on the crder of 50 millivoits

fields of the nerve-call membranes.
if the waak EEG flelds could in fact affect brain functi‘bn
then, researchers reasoned, imposed flelds simiiar !n

should have measurable effects. By the early 19705, such ax
periments demonstrated that not only do thosza frelde alter
brain function, but that even weakar fields, down to 10" and
10™* Vicm, could also modity behavior and slowly recnuit the
EEG to match the fraquency of the imposed field. The ques-
tion then became: “How does the cell membrane behave as a
powerful amplifier?

In the mid-1970s, a number of sclentists, Inctuding Lecnard
Kaczmarek, now profasser of blochamistry at Yale University
in New Haven, Conn., and irwin Grodsky, then a professor of
physics at Cleveland State University in Ohio, proposed that
cetl membranas could act a8 nonlingar rgsonators that could
strongly amplify signals within 2 narrow range of frequencies.
They developed models showing how such a blologieal
arnpiitier might wark.

it has long been Knowry that calelum ions have a powerful
effect an the cell membrane's function and, in particular, play
a centrat role in the excitation of nerve impuises. Therefore,
the thecries that had been developed attempted to explain
now the binding of calcium lons to proteins embedded in the
membranes and protruding from its surface could modify the
ampiifying characteristics of the membranes.

i calcium jons bound to membranes could effect the in-
teraction of cells with weak EM flelds, then It was reasoned
that extremety low-frequency (ELF) flelds perhaps could
kriack catcium iong looss, (ke dust from a vibrating shest of
metal. in the 19708 Suzanne Bawin, then a research ana-
tomist at the University of Califomnia at Los Angeles, and |
showed that caleium efflux from brains in vitrs could indeed
be increased by exposure to microwave radiation that was
sinuseidally modulated at ELF frequencies. The efflux varied
as tha medulation frequency was shifted.

Later expearimeants by ¢ell biglogist Carf Blackman and his
associates at the Health Effects Research Labomtory of the

par cantimeter, far weakar than the 10* voits-per- centimeter
© . transmitting such vibration in some manner threugh the:

strength and frequency to the EEG (between 1 and 100 hertz) -

.5, Environmental Protection Agency in Research Triangle
Park, N.C., showed that not oniy was the efffux affeciad by
frequency, but also that there were, only certain fieid-
amplitude “windows" withis which the efftux would increase.
To further somplicate the picturs, Dr. Bawin and [ found that
while Ei_F-modulated microwaves increasa efflux in the tis-
sues at . 'd strengths of 0.1 Viom, the £LF fields thermseives,
at much lower field strengths of 10-7 Vicm, decreass calcium
efflux by similar amounts.

Slnce the 1970s these calcium effhx experiments have
bean central to efforts to study the interaction of cells and
weak flelds,

Highly nonlinear effects must be involved, effects that
allow large releases of chemical energy o be friggered or
madified by smali stimull, Attempts at models of effects are
made more difficult because the celk-membrana structure is
itself so complex. The acoepted view of the membranes anvi-
slons a fleld of lipid {fat) with rocks of protein that float around
it the fat and protrude outward and inward like a fleld of com.
The protein is heavily glecirically charged with terminal
aming sugars. In most mechaniams, this tield of com ¢an be
made to vibrate or résonate with very weak osciltating fields,

mambrane and into the interior of the ¢ell

Attempts to explain the mechanisms have mcreesmgry
facused on the processes of non-equilibrium thermody-
ramics, first studied by Belgian chemist and Nobe! Lauroate
lya Prigoyine. These are processes in which thare are [arge
flows of energy (hroughout the system, and their study has
evolved rapidly gver the past decade, shadding light on
phenomena ranging from turbutent {luids and plasma ta the.
origin of life. While systems near equilibrium can be charac-
terized by their statistical propenies—such as jemperaturs,
pressure, and soon—ang tend to evoive from more ordered to
less ordered conditions, those far from equifibrium exhibit
much Mmore complex, behavior. Such systems can shift from
apparently disordered, chactic motion to highly ordered pat-
terns wien their environment changes in small ways. Non-
aquilibrium systems also exhibit two of the properties ob-
sarved In the biclogical effects of EM flelds—very high
rasponse to Imposed frequancies that resonate with inkbeemt—_
asciliations in the system and windows of response to the
amplitude of impaosed fluctuations.

For the first time. in the history of biological science, the
uza of EM fields offers a tool that allows a perceptive and
precise view of nonlinear processes that are essaniial
aspects In ltving tlssue. Future clinical applications will un-
doubtedly include both diagnostic methods, such as imaging,
as well as therapeutic uses, such as the enhancement of drug
atficacy. We are witnessing a biologlcal revalition as funda-
mental as any sinca Descares. Not only are iving sysiems
being deflned in physical rather than chemical terms, with a
far finer rasolution of molecular and atomic events than ever
possible before, but thera s also an awareness that models
of living systems based on equilibrivm thermodynamics are
nao longer tenable a3 necessary and adequate explanations of
tiving matter.

— W Ross Adey
Veterans Administration Hospital
Loma Linda, Calif.

1 arperemBiclogical affaors of slaorromagnearic fialids
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the nuclei of cells are receiving far mors absorbed energy per unit

mass than is the organism a3 2 whole. For example, an absorp-
tion rate of 0.05 mW/g for the organism would yisld an absomp-
‘on rate, at least for some DINA, of 20 mW/g.

Some have guestioned how absorption of microwave radizsion
by DNA could affser its behavior in genes, since the anergiss in-
volved are small compared with the thermal energy aiready pres-
ent in the molecules [see **New findings are pursling,” p. 67]. Dr.
Swicord commented on these views following the panel discus-
sion. ““You have o realize that in resonant absorpdon of co-
heren: radiation, energy can be absorbed over time, not just with

sach photon, just as a brdge can be destroyed by a resonant

interaction with seidiers marching in lockstep—eack push is
small, but the cumulative impact is large,” Dr. Swicord told
Specrrum. **Similarly, a DNA molecule can absorb the energy of
not just one but many photons. This energy may still be small

.. Alsg, the temperature difference between sham- and micro-

me indicated an ail-or-none effect of radiation. The irradia-
tion treatment apparenily served to activate or interact with
another factor to produce chromosomal insu!t | think that
factor was corporal restraint,

- During the earfy 1970s, rats were subjectad in my laboratary
to & 4-hour session ef intarmittent irradiation in 8 120-
mittimeter muliipath flatd; the session-averaged dose rate
was 5 m\Wig. Twenty-four rats were obsarved for core temper-
atures while under corporal regtraint, Anather 12 rats, not n
restraint, aiso yielded data on the thermal respanss to radi-
ation. The 24 restrained rats exbibited much higher tempera-
ture maxima (40 to 43°C) than did the unrestrained animals
(none higher than 39.5°C), and three of the. 24 expirad befnre
the conglusion of imadiation.

Although the irradiated mice of Dr. Grerski and collaagues
id not axhibit symptoms of hyperthermia, they were ail sub-
gcted to corporal restraint, which has besn confirmed:
repeatedly as a powerful sourge of physiclogical and.
psychological stress. High elevations of circulating steroid, a. -
“stress” hormone, have been known 1o cause severe ulcera-
tlon of the stornach, to promate the growth of cancer ceils,
and even to léad (o death. Glven the complication of restraint
in the mice expariments, one hopes thay soon will pursye ex-
perimertation in which the factor of restraint is controbed.

wave-irradiated mice—the former werg hypotharmic on
release from the wavequide—suggests that a lower ambient
temperature should be used o control testicular tempera-
ture. The irmportance of these chromosomal studles, past and
contemplated, may lie in confirming the thesls that micre-
wave iradiation interacts with physiagenic or psychogenic
sltress te produce effects that ara not present with irradiation
alone.

Faw, If any, consciaus humar berngs are under mvﬂiuntary
corporal restraint during exposure to radio flelds at the levels
usad In the mice experiments. Bt there are other sourdes of
stress In the Industrial and military environments that could
interact with relatively intense fields to produce untoward ef-
fects. Not the least of these sources is the chronic anxiety
assaciated with the supposition that one Is being exposen:i =]
harrmiul radiation,

There are two effactive antidotas to such harm enforced
control of fields to limit their intensity in settings where higbly
powered sources are in use and education of the user io
distinguish between probable and improbable ocutcomes of
exposurs, Failure to implament the second antidote has ex-
acted heavy economic and moral costs. To psmphrase
Shakespears, "Whether there be harmn or no, bellefin danger
can make it so.”

—Don A. Justesen
Veterans Administration Medfeal Centar
Kansas Clty, Mo.
University of Kansas, School of Medicine
Kansas City, Kan, '
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(3] Higher levels of effhux of caleiurn lons fram the brain of an in-
tact, living cat is obtained by irradiating the cat's brain witk
450-megaherty radiation, modulated ar 16 hertz, a frequency
near that of the cat’s brain waves. The effects are pronounced
even though a relatively low power density of 3 milliwais per
sgquare centimeter Is employed. Calcium lons are known to play
important roles in the transmizsion of nerve impulses in the
brain. The experiments were performed by W, Ross Adey,
Suzunne Bawin, and Albert Lawrence ar the Vererans Ad-
ministrarion Hospital in Loma Linde, Callf.
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4] The hypothesis thar extremely low-frequency-modulored
flelds aer mainly on the membranes, or ourer surfaces, of cells is
supporred by experiments on bone-cell cultures performed by
Richard Luben of the University of California a1 Riverside.
When the cultures were exposed o fields modulated ar 15 ang 72
Rerts, their reaction 1o parathyroid hormone—a chemical known
1o bindto cell membranes and to reduce cell energy-conversion
rates-—was vastly inhibited. Since parathyroid hormone rerards
bone growth, these phservations may help explain the beneficial
effect of pulsed efectromagneric fields (o accelerate bone healing.
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{3] Lymphocytes—eells that defend against foreign bodies in the bloodstrearmn—act through
receprors arrached to cell membranes. Thus, fizlds that disrupt membrane acriviry can inferfere
with the lymphocytes’ ability to kill invaders, In experiments performed by Daniel Lyle of the
University of California ar Riverside, the ceil’s killing power was reduced by over 20 percent
Jollowing exposure to 450-meguhertz flelds modulared ar 60 hertz, bur effects were less ar higher

research immunologist at the Loma Linda hospital, studied the
effeet of ELF~maodulated microwaves on mouse T-lymphocytes
{cells that kill foreign or cancerous cells {n the bloodstream). The
lymphocytes kill other cells by bringing receptor molecules, at-
tached to the lymphocyte membrane, in direct contaet with the
target cell. Anything that disrupts the lymphocyte membranas
can therefore be expected to interfere with its capacity to kill

~—= hartnful cells,

\ In the experiments, performed in 1981 and 1982, Dr. Lyle test-

k*_«,;d the lymphocytes for their capacity to kill foreign cells. The

AN

killing capacity was reduced by as much as 20 percent when the
lymphocytes were exposed 1o 450-MHz fields with 2 modulaton
frequency of £0 Hz, and by lesser amounts at other modulation
frequencies [Fig, 5], Again, Dr. Adey reiterated to the panel,
these results both confirm the role of the cell membranes in EM
effects and demnonstrate that many cell types can be affacted.

Other studies by Weldon Jolley, chief of surgical research a
the Loma Linda hospital, showed that 4-kHz magnetc flelds of
20 to 30 gauss, when modulated at 13 Hz to produce S-microsec-
ond bursts, could reduce msulin production in pancreas cells by
35 percent, Further, several researchers have demonstrated that
adrenal tissue tripled production of corticosterone, a powerful
hormone excreted by the adrenal gland, when exposed to 60-Hz
fislds at a strength of 10 kV/m,

In Pr. Adey's view, these experiments indicare that all cells
may respond to weak elecrical fleids, even those that are conrin-
uously generated in the human bedy. For exampie, clinical re-
search has indicated that bone growth in normal humans is
strongly influenced by weak electrical pulses that are produced
when bones are stressed. “‘Biologists are becoming aware that
many tissues have internal communication systems and that it is
not something that is imited to the brain,” Dr. Adey comment-
ed. In effect, he said, the known communication nerworks of
hormones and nerve impulses are suppiemented by a “‘radio net-
work® of weak EM felds.

 Health effect is uncertain

While Dr. Adey emphasized the relevance of recent findings to
1 deeper understanding of how organisms function, the effee: of

" ¢lectromagnetic fields on health remains unclear. Do any of the

effects cited actually cause harm to intact animals?
Chung-Kwang Chou, associate director of the Bioelestromag-

netics Research Laboratory, Urniversity of Washington, Searle,

reported to the panel on long-term experiments performed by

and lower modulation frequencies, @ typical exampile of a “windowed ™ response.

)
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bim and Arthur Guy, laboratory director, to see if microwaves
modulated ar ELF freguencies did indeed have health conse-
quences for rats. In thess experiments, 100 rats were exposed for
25 months to 0.5 mW/cm? of 2.45-GHz pulsed microwave radia-
tion, amplitude modulared at 8 Hz. (The maximum average SAR
was 0.4 mW/g and the radiation wags at the rate of 300 pulses per
second, sach 10 mictoseconds i length.) The vast majorty of
biological measurements, including behavior metabolism, blood
¢hemistry, and immune response, showed no difference betwzen
exposed animals and conuols. However, midway through the ex-
periment the exposed animals had increased numbers of B- and
T-type lymphacytes, although the increases were not observed at
the end of the experiment. Also, at the #nd of the 25 menths, the
exposed rats had enlarged adrenal glands.

Could rhese results indicate that the rats had experienced
changes in their immune and endocring systems similar 1o the
chapges Dr. Adey pointed to in the cell-level experiments? Dr
Chou believes it is too early to tell, He told the panel that he and
his colleagues are now repeating the one-year experiment with
more animals. If the effect is confirmed, further studies wiil be
done to find out if the inereass in lymphocytes could affect the
rars’ abllity to combar viruses and tumors. “We are mill just
lguking at the pitces,”’ he commented.



revised in 1982, is based on just such 2 nouon of a constant ab-
sorbed energy level per unit mass, Michasl Shandala, direeror of
the Kiev Insdtute of General and Communal Hygiene, told Spec-
‘rum at the confersnee, For frequencies thar coupl mos strong-
y with humans, around 100 MHz, this standard allows, in effact,
abowt 0.3 J/g of absorbed radiation.

Marters are further complicated because many effects do not
inerease steadily with increasing fisld amplitude, but instead have
“windows of effsctveness, "’ Dr. Wachtel noted.

Fipally, Dr. Shandala emphasized tha: Sovist sudies had
shown that an organism can compensate for many effects of EM
fields, but the same organism becomes iil if stresséd subsequent:
ly. In other words, the flelds are an added burden thar, if im-

posed on an already weakensd animal, ¢an cause breakdowns.

In gne experiment reported ar the Bioelecrromagnetics Socie-
ty, Berty Sisken and her colleazues a: the University of Kentucky
in Lexington showed that pulsed EN felds fail to affeer the
development of chick embryos under normal condidons—an
incubarion temperatirs of 37°C—but the fields szmificantly
increased abnormalities when the chicks were stressed by a high-
er incubatrion temperature of 3%°C, even though the incressad
temperature alone produced no effect.

Further research critically needed
Where do we go ffom here? Progress has been made in the
study of slectromagnetic-fleld effects in the past few years, b

New findings are puzzling

Long-standing ditficulties iminterpreting studies Invalving tha
biological effects of low-level electromagretle (EM) fiekls
raise congequent problems in satting pubiic policy. Glaims of
subtle responses to weak fields have been debated for much
of this cantury.

The real problemn faging sclentists and standards-setting
badles is not whether athermal, or weak, fleld effects exiat.
Electric shock satisiles tha definition of athermat and, while
serious hazard, is sufficiently well understood that effective
standards can ba egtablished. Many other athermal effects
that are well known are not hazards. The more serious prob-

effects of EM fields. ‘ o
The literature on biclogical effects and medical applica-
tions of EM radlatian is vast, with 4500 papers appearing from

hertz, aver 100 affects have been reported for electric fields at

To date, roughly one quarter of these clalmed effacts have
been Independantly confirmed, ona third apparently negated,
and the rest stilk await attempts at replication,

ing and Intetpteting the significance of biologleal effects. of
low tevel EM flelds.

" consitdered a hazard. But untll a compeiling explanation was

tem ig what o make of the many reports of poorly understood ‘ .
B ' ‘ ‘ to conciude that this represents 2 possible mechanism for

1978 to 1984 alone. In the single-frequency range near 50t 60
strengths as would be measured in the air surrounding theex- - ©

posed individual, from-1 volt per meter to abave 100 kiloveilts . .
per meter. Field strengths in the tissue would be far smaller,

* very strong. Dr. Swicord's observations, if they do ariss from

*values, .

Two axamples iHustrate some of the difficulty In estabiish-

_. 15 not averwhelmed by random agitation?

small, temperature rises in the tissue. Shortly thereziter, ex-
perimental and theoretical studles were begun by in-
vastigators at saveral institutions, and they confimed and ex-
tended my original hypothesis. The phenomenon is not now

providad, no one could tell for sura. ‘

Spactrum’'s paneliats raised many vexing scientific ques-
tions that must by dealt with separatety and at length. Among
them were the abservations of Mays Swicord, of the Nationai
Center for Devices and Radiologicat Health In Rockville, Md.,,
on the absomption of microwave energy by DNA solutions. He
reported high absorption coefficients, and the reader is likety

preducing biclegical effects from weak EM flelds. Moreaver,
caleutations by a different group on the vibrational properties
of palymers modeling DNA suggest that resonances might be
tound ever: in an aqueous solution, although the damping is .

resonant absomtion by DNA, would aiso suggest low. Q

Simpie calcutations shaow that tha amount of energy that -
¢an be added ta a DMA molecula by microwave flelds of .
reasonable intensily would be far smatler than the random
thermal energy that Is already present. A question arizes:
How can weak flelds produce an effect on the molecule that

The first example Is a study reported in 1978 by Robert O,
Tueker and Otto H. Schmitt (the inventor of the Schrmitt trig-
ger), bath then doing resesrch in Saint Paul at the University
of Minnesota's Electrical Engineering Department on the
possibility of human perception of 80-Hz magnetic flelds of

- 75 or 15 gauss. At a conferenca flve years eariier, these in-
" vestigators had reportad that some individuals appeared able
to respond to such fields. But they alzo noted thair suspicion
that these “perceptive” subjects might have been cued by
ather stimuli. They proceeded to increase systematlcatly the
fsolation of the subjects. Finally, not one of the 200 in-
dividuals tested could reliably perceive the fleld in a series of
30 000 trials. ‘ R
These investigators wers exceptionally persistent and self-

clusion. But many bislogical experiments are too expensive
or time-consuming to allow such an extensive follow-up, no

pioratary research that is looking for small etfects in complex
systems, it is difficult to idemtify all possible anifacts—
hance, much of the confusion in the literature.

The second examgle involves a microwave auditory effact,
in which “clicks” are parcaived when the head is exposed to
pulsed microwave energy of high peak power, but at an
average power level that might be far below the current
Amerlcan National Standards Institute guidetines. Research-
ars have occasicnatly suggested that the effact represants a
direct stimulation of the brain by EM fielda—an alarming

fram mechanical vibeations generated by abrupt, but very

 siowly varying fleids in a manner that would be understpod by

. have been intensivaly studied foc aver a century, and a quan-
. litative understanding of many intéraction mechanisms ex-

critical, but they saw the problem through to a definite.con-

mattar how excellent the investigators. Morsover, In ex-

possibility. ! first proposed in 1874 that the clicks might arfse

This same paradox Gcturs When one exarmmes other possic —
Ble mechanisms Dy which weak fieids could influance
biclogical systerns. Cortainly animals axizt that are unusually
sansitive to weak electric or magnetic fields—electric fishar |
magnetic bacteria, for example—but they possess speciallz-
&d receptors that trade high. sensitivity for response to only

any electrical engineer. - e ‘
intoractlons betweens EM fialds ang biological systems

ists. Effects can arige from nerve excitation, electranicadly in-
duced forces, the dielectric breakdown of cali mambranes,
and other processes that directly involve alactric fields. Or
they can arise ram secondary phenomena, such 35 tempara
ture changes or in the case of the auditory effect, thermaity in-
ducsd expansion. A commaon eraris to confuse comelation--

a change observed subssquent to exposure to EM felds—
with causality, atiributing ¢hange to the direct action of the
EM fleld.

The effacts reported by the panelists have only recently
been obaerved, and their underlying mechanisms have not
vel bean astablished. It is not yet possible to pradict the ex-
posure conditions under which they would occur. It is eagy to
understand the difficulties that these reports would create for
a standards-zetting body as it attempts to develop general
guidelines to protect an individual from unaccepiable risk,

‘ —Kenneih A. Fostar
University of Pennsylvania
Philadelphia, Pa.




that onz can hardly make any sense out of i, aad our work it
right into that,’” she commented. Especiallv at high fraquencies,
the experimental problems are manifold. As Dr, Barnes, the
panel’s chairman, commented, T wouldn’t minimize the experi-
menial problems of working in this ar=a, having done it. Thereis
a lot of ume and money involved in geting these sources to work
and to get sensible answers,””

As in many other areas of research, in the long run it may be
improved instrumentarion—not only for the actual measurement
but alse for controlling the experimental environment—that
finally begins to allow scientists to sort our real answers,

To probe further

The scientific literature on weak-field effects on .bioloéi'cal.

systems 1$ massive. Although no journal s exclusively deveted 1o
these low-level effacts, they are extensively reported, along with
other interactions of electromagnetic flelds with living
organisms, in the journal of the Bioelactromagnetics Sodety,
Bioelecrromagnetics. Shart summaries of recent research
developments are also reporred in the “‘Bioelectromagnetics
Newsletter.”” For more information on the society’s acuvites,

including its next annual confersnce, which will be held July
13-19, in Atlanta, Ga., write to BEMS, 1 Bank st
Gaithersburg, Md. 20878; or call 301-948-5330. Another
periodical presenting ressarch news is Microwave News,
available from P.Q. Box 1799, Grand Central Station, New
York, N.Y. 10163,

A partieularly useful overview of interactions, again not exciu-
sively focusing on weak-fleld effects is Binlogical Bffects of
Ruadio Frequency Radiation, Daniel F. Cahill and Joe A. Elder,
editors, U.5. Eavironmental Protecrion Agency, Juns 1983
(EPA-600/8-83-026A). This is ar present available only in the
form of 2 preliminary review draft and may be obtained from the
EPA Health Effects Research Laboratory, Research Trizngle
Park, M.C, 27711.

A number of technical papers provide deratls on the results dis-
cussed ar the Specrrum panel. Biological Effects and Dosimerry
of Nononizing Radiarion, edited by Martino Grandolfo, Sal M.
Michaelson, and Allessandro Rindi (Plenum Publishing Corp..
MNew York, 1983), contains contributions by major researchers in
the field, including members of the panel,

Research on chromosomal and genetic effects in mice is de-
tailed in “*Spermcount and sperm abnormality in male mice after
exposures to 2.43-CHrz microwave radiation,” by C.I. Kowal-

‘czuk et al., Murarion Ressarch, 1983, Vol. 122, pp. 153-61;

“Deminant lethal studies in male mice after exposures to
2.45-GHz mictowave radiation,” by R.D. Saunders ef ., Mura-
tion Research, 1983, Vol. 117, pp. 345-35; “‘Genetic effect of mi-
crowave radiation in mice,” by S.M_ Goud e af., Muration Re-

Lerner—Biologica! e7fequ of electramagnetic felds

search, 1982, Vol. 103, pp. 3$—2; and “‘Spenm morphological
changes in mice following microwave exposure,” by Chiang
Huai et al., Abstraces of the Bicelectromagneric Society Meeting,
Colorado, July 1983, p. 43, The first indication of such effects i3
elaborated in “‘Evaluation of domanant lethal tests and DNA
studies measuring mutagenicity caused by nonionizing
radiation’” and ‘“Mutagenicity induced by nonionizing radiation
in Swiss male mice,” both by M.N. Varma and E.A. Traboulay,
Biogffects of Electromagneric Waves, Proceedings of the U.3.
URSI Annual Meetng, Boulder, Colo., 1975, HEW-FDA
77-8010, pp. 386-403,

A review of sariier work in genetic effects can be found in
“Genetics, Growth and Development Effects of Microwave

‘Radiation,"”” by W.M. Leach, Bulletin of the New York Academy

af Medicine, 1980, Vol. 56, pp. 240-57.

Obsarvarions of DNA absorption are deseribed In **Chain-ink
depandent microwave absorption of DNA,, " by Mays Swicord e7
al., Biapolymers, 1983, Vol 22, pp. 2513-16.

Work cited by W. Ross Adey is detailed in “Effects of Weak
Amplitude-Modulated Microwave Felds on Caleium Effux
from Awake Cat Cerebral Cortex,” Biselectromagnetics, 1982,
Vol. 3, pp. 295-307; ““Effects of electromagnetic simuli on bone
and bone cells n vitra,"" Proceedings of the National Academy of
Scigncas, July 1984, Vol. 79, pp. 4180-84; “Tissue [nreractions
with Nonionizing Electromagnetic Flelds,”” Physiological
Reviews, April 1981, Vol. 61, pp. 435-514; and **Frequency and
Power Windowing in Tissue Interactions with Weak BElectro-
magnetic Fields,” Proceedings of the IEEE, January 1980, Vol.
68, no. 1, pp. 119-25,

Friedrich Kremer’s work on midge chromosomes is further ex-
plained in “The Nonr-Thermal Effect of Millimeter Wave Radia-
tion on the Puifing of Gl&irChremosomes,”” Friedrich Kremer
at al., in Coherent Excirarion in Biological Systants, edited by H.
Frohlich and F. Kremer, Springer-Verlag, 1983, The response of
yeast to gigahertz radiation is discussed in **Sharp Resonancss in
Yeast Growth Prove Non-Thermal Sengitivity to Microwaves,”
Wemer Grudler and F. Keflmana, Physical Review Lerers, Vel
51, no. 13, pp: 1214-16,

Ideas presented in “New findings are puzzling™ [p. 67) are
elaborated upon in “RF-Fitld interactions with Biological
Systems: Electrical Properties and Biophysical Mechanisms,”” oy
Herman P. Schwan and Kenneth R. Foster, Proceedings of the
IEEE, 1980, Yol. 68, no. !, pp. 104-13, and in **Tests for Human
Perception of 60 Hz Moderate Strength Magnetic Fields,”” by
Robert D. Tucker and Ouwo H. Schmin, JEEE Transactions on
Biomedical Engineering, 1978, Vol, 25, no. 6, op. 509-18.

Ideas presemed in *Constraints on restraint’ [p. 62] are
elaborated upon in “A Microwave Oven for Behavicral and
Biological Research,' Journal aof Microwave Power, 1971, Vol.
6, pp. 237-258. *
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The drive to regulate
electromagnestic fields

In the United States, states and localities are imposing regulations,
and industry is seeking action by the Federal government

A few years ago, the electronics and communica- e
tions industries were more than content that, in the &
United Stares, thers wers no compulsory regula-
tons limiting human exposure 1o electromagnetic ;
{EM) fields. In the view of many industry spokes- L
men, the dangers of such flelds were minimal in any case. Today
many corporations and trade groups, ranging from broadeast-
ars to radar manufacturers, are urgentiy demanding that the
Environmental Protection Agency (EPA) or some other nation-
al agency set up standards.

The reason for this shift is rooted in large part in actions by
state and locai lawmalkers. In the past 18 months, Massachu-
serts and New Jersev, among other states, and even individual
towns, have begun either to consider or actually to impose their
own regularions, some as strict as ot stricter than the only exist-
ing U.3, national standard, the voluniary one set forth by the

" American National Standards Instituze (ANSI), With the num-

er of lawsuits and citizens’ battles over EM fields increasing
-monthly, the electrical and electronics industry may face a
morass of 530 or more sets of contradictory state and local regu-
lations. Thus, there is growing demand for national regulation.
There i5 still an ongoing scientific debate over the real haz-
ards from EM fields and where the standards protecting paople
from these hazards should be ser—although progress toward a
consensus has been made and the EM-field standards of most
countrias seem to be converging slowly toward rough agree.
ment. In 1980, for example, the U5, ANEI standard allowed an
§-hour ‘exposure to 10 000 microwatts per centimetar squared
at 100 MHz, while the Soviet standard allowed only 3 mW/cm?,
a two-thousandfold gap. Today the new ANSI standard has
lowered the allowable pawer density for such duration and fre-
quency to 1000 mW/cm?, “while the Soviats have increased rhsir
staridard to 25 mW/cm?*ciosing the gap to fortyfold [Fig. 1).
While the entire population is exposed 1o some degree to EM
fields produced by the vast array of electrical devices in modern
society, at frequencies ranging from de to 300 gigahertz, the
range of exposure is great. The vast majority of the public are
rarely exposed to power densities above a few nanowarts per
centimerer squared, far below the most stringent standards any-
where in the world, Some occupational groups, such as person-
nel on naval warships and broadcast-station workers, have
exposuras failing between the Soviet and ANSI standards and
would thus be most affected by where an occupational standard
is set. Finally, one occupational group, the workers in the plas-
tics and other industries in the United States who use radio-fre-

" quency hear sealers (industrial devices that employ RF radia-

on for heating), are exposed to radiation not only above the
vised ANST standard, but also {n many cases above the old

f ANSI standard.
Paradoxically, while thare is growing support for 4 standard
10 protect the publie, which is rarely exposed to #ven moderate

Eric J. Lerner Contributing Editor

3 |evel: of EM fields, theré is little pressure for 2
simil 1- compulsary standard to protect empioyess
at thair work places, where the highest exposures oc-
cur. @ opresent, no such compalsory standard axists

i in the United States, and the Occupational Safety
and Health Adminjstration {OSHA) appears uniikely to pro-
mulgare one.

Even the setting of national regulations for the general public
will not be simple. The bureaucratic machinery for regulation set-
ting is slow zand cumbersome; there are many conflicting economic
interests pulling on the regulatory procass; the Reagan adminisira-
tion takes a dim view of regulations in general and a aumber of dif-
farent agencies ars invoived (see “EM-fleld standards and how
they are made," p. 70]. In addition, accumulating evidence of th
bioiogical effects of electromagnetic fields may be outdating ex-
{sting standards, such as the present ANSI, which s fsself alr-a:ly
undergoing a review.

To find our how the efforts to promulgate regulations in this
field are progressing, Spectrum sponseored 2 special panel
mesting on June 13, 1983, in Boulder, Colo., in conjunction
with the annual conferencs of the Bioelectromagnetics Society,
an interdisciplinary organization dealing with the biolegical ef-
feets of elecrromagnsric fislds. The participants [see “*List of

List of participants

Chairman: ;
Henry J.L. Rechan, former deputy direstor, Civision of Elee- ;
tronic Products, National Center for Devices and Radiciogical
Health, Foad and Drug Administration, Rockville, Md,

Panelists:

Przemysfaw A, Czerski, M.D,, visiting scientist, MNational
Center for Devices and Radiologicai Health, FDA, Rockvilla,
Md. i
David Davigdson, zenior scientist, GTE Laboratories Inc.,
Vaitham, Mass.

Arthur W, Guy, directar, Bioslectromagnetics Research Labo-
ratary, School af Medicing, University of Washington, Seattie. |
Eflictt Postow, electromagnetic-radiation program manager,
Naval Megical R&D command, Maval Medical Centar,
Bethesda, Md. i
Maria A. Stuchly, research scientisi, Environmental Health
Center, Rediation Protection Bureau, Departmant of Health
and Welfare, Ottawa, Ont., Canada. i
Richard A, Tell, chief of nonionizing Sranch, Qiflce of Radia
tion Programs, U.S. Environmental Protection Agency, Las
Vagas, MNev.

Robest T Watking, radiation scientist, Massachusetts Depan.
ment of Public Health, Bostan. Mass. :
Max M. Weisg, supervisoe, Radiation Protection Group, Se!l ‘
Telephone Laboratories, Murray Hill, M..). !
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light of what's been happening—ragulation is the lesser of (wo
evils.” :

The alternative to uniform regulation was illustirared in

ring 1983 when the town of Wayland, Mass., passed a bvlaw
equiring corporations i obtain the permission of neighboring
landowners {f the corporate activities would lead 1o the produc-
tion of radiation-power densities in excess of 5 u'W.'cm? over
any nearby property. This dosage was 40 times less than the
statewide standard. The regulation arose out of concern over
the testing of radar at a Raytheon Co. plant in Wayland. Ray-
theon did not chellenge the regularion, nor did it test any radar

that would violate it. When the statewida regulation went into

effegt, it superseded the rown regulation,

A similar sequence of events took place in New Jersay follow-
ing a local dispute. '"We needed a standard for the Bureau of
Radiation Protection, an agency of the state of New Jersey, ta
use to answer citizens' concernsg,'’ vax M, Weiss, an engineer
at Bell Laboratories, told the Spectrum panel, Dr. Weiss and
others on the New Jersey Radiation Protection Commission are
urging the adoption of the revised ANSI standard as a staze
regulation without any modification of the dosage limit.

Searching for a site: new problem for indusiry

The worries in industry that are spurring such state regula-
tions were graphically illustrared at the Speerrim forum by Ar-
thur W. Guy, past chairman of the ANS] C-95.4 subcommittes
that set the revised ANSI standard. Dr. Guy, who i3 direetor of
the Bioelectromagnetics Research Laboratory ar the University
of Washington School of Medicine in Seattle, presented ex-
amples showing thar public concern over extremely low levels
of radization had blocked the siting of various facilities.

“Take the infamous case of Bainbridge Island,” Dr. Guy re-
counted, “RCA came in here and wanted 10 put up an earth

-atellite communicarion] station on an isiand across from Seat-

2. The highest exposure leve] along the property line was pro-

ected to be 3 uW/em?®, There was concern about these levels,

and it was turned down by the county. So RCA moved 10 a

more remote site in Kingston, Wash., and the highesr level there

would have been 42 nW/cm?, and again it was turned down."”

To David Davidson, an engineer ¢n the senjor scientific staff
of GTE Laboratories Inc. in Waltham, Mass., the probtem is at
least partly caused by misinformation. ““When people see an
earth stadon, they really don't understand what it is doing,”” he
told the Specrrum panel, It takes a lot of good PR work to edu-
cate people to the fact that industry spends a lot of meney to
reduce the antenna side lobes for reasons that have nothing to do
with safety but thar do enhance safety in the end.”’

But the panelists agreed that the lack of uniform regulation
was another key factor contributing to public.confusion. ““The
public feels,” said Richard A. Tell, chief of the EP&’'s nonioniz-
ing branch, the Office of Radiation Programs, '‘that where

1] Standards regidating exposures to electromagnetic flelds
around the world have both econverged and proliferated since
1980. [n the United States, Massachuseits, along with individual
localities such as Portland, QOre,, have proposed standards for
the general population that are five times more siringent than the
1982 revised ANSI siandard, itself a more strict rule than the pre-
vious ANST regulation. In addition Massaciusells regulations
wouid be compulsory, while the ANSI standards are voluniary.

Eastern European and Sovier standards in the meantime are
“-hifting to emphasize energy density rather than power densicy,

he resulr has been 19 narrow the gap berween Eastern and Wes-
et standards and nearly gliminate the gap for short exposures

" tthose of less than 30 to 60 minutes). BF-sealer workers are ex-

posed to flelds deemed hazardows by all the standards. Other
2roups, SHCh as some in the puilitary and some broadeast-station
workers, are subject to exposures lying between the highest and
lowest reguiarions.
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