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o This rulemaking proceeding is a critical part of the Commission’s mission. o ellmmate barriers to
wireless competition to the local loop. As the Comm1ssmn has noted, “changes mvﬂxpe afieD.
arrangements are necessary if CMRS services “are to begin to compete directly against L C wifeline
services.” L

: Sy
L AT&T supports the Commission’s tentative conclusion to adopt bill and keep as an interim
mechanism to govern CMRS - LEC interconnection. To recognize the mutual benefits inherent the LEC-
CMRS interconnection model, the Commission should broaden the scope of its bill and keep proposal to

apply to each carriers’ entire termination service -- i.e., extend bill and keep to cover access, switching and
transport between the end user and the tandem.

] Bill and keep is an appropriate interim compensation measure because the implicit charges for traffic
termination between CMRS and LEC networks provide a reasonable proxy to the actual incremental costs:

-- While today more CMRS traffic may terminate on the LEC network
then vice versa, it is also the case that it costs CMRS providers more to terminate
traffic on CMRS networks then it costs LECs to terminate traffic of their networks.

In these circumstances, bill and keep is a reasonable proxy on an interim basis for
TSLRIC.

-- The Commission can expect that traffic flows will become essentially even after bill
and keep is adopted, since bill and keep removes a significant barrier to co-equal status
of CMRS providers and LECs.

-- In addition, bill and keep is appropriate because the likely real incremental costs
incurred by LECs to terminate a CMRS originated call is de minimis.

® As a long-term arrangement, the Commission should require LECs to set interconnection rates for
CMRS providers at total service, long-run incremental cost (“TSLRIC”). TSLRIC emulates that pricing that
would occur if the local telephone market was competitive and it prevents LECs from engaging in a “price
squeeze” by charging supra-competitive access rates.

o The FCC should exercise its plenary jurisdiction over interconnection and require LECs and CMRS
providers to comply with specific federal regulations for both interstate and intrastate traffic because:

-- a uniform national policy on LEC-CMRS interconnection, including compensation,
is essential to ensure the growth and development of wireless services;

-- Congress confirmed the FCC’s plenary jurisdiction over CMRS-LEC interconnection
when it enacted Section 332(c) in 1993;

-- Even apart for 332(c), the inseverable nature of interstate and intrastate wireless
transmissions justifies preemption of intrastate interconnection rates; and

-- Nothing in the Telecommunications Act of 1996 disturbs the Commission’s plenary
authority over these matters.



CMRS Flexibili

® AT&T strongly supports the Commission’s proposal to clarify that CMRS providers may offer
primarily fixed services on their wireless spectrum. This action will:

-- allow wireless providers to make the most efficient use of their facilities
-- enhance the options available to customers
-- allow the development of competition in the local exchange marketplace.

® The Commission should not limit the types of fixed services that CMRS providers may provide since
this could result in artificial regulatory distinctions that would not serve the public interest.

° Until and unless wireless networks incorporating fixed services have actually become a substitute for
wireline local loop service, the Commission should continue to regulate all wireless services provided by
CMRS licensees as CMRS.

° It is important for the Commission to quickly issue an order clarifying the ability of CMRS providers
to provide primarily fixed services.



Pursuant to Section 704(a) of the 1996 Act, no State may regulate the placement,
construction and modification of wireless service facilities on the basis of the
environmental effects of RF emissions if the facilities comply with FCC regulations on
such emissions. Pursuant to Section 704(b), the FCC is instructed to complete action in
its open RF standards docket item (ET 93-62) by August 6, 1996.

The Conference Report on this provision makes clear that Congress intended Section
704(a) to prevent State or local governments from basing their land use regulations and
decisions "directly or indirectly” on CMRS RF emissions. Congress intended the FCC to
be the sole regulator of CMRS RF emissions. This would preclude regulations designed
to ensure compliance with Federal standards which are not otherwise required by the
Federal rules such as periodic monitoring, fencing, signage, power limitations, etc.

The FCC should move quickly to adopt ANSI/IEEE C95.1-1992 as the exclusive Federal
RF standard.

-- the ANSI standard is widely accepted by experts in government (FDA,
OSHA, DOD), academia and industry. The standard was produced by a
120 member committee from over 14 scientific disciplines through a
consensus process open to public comment.

- The FCC has already adopted the ANSI standard for PCS services. See
47 C.F.R. § 24.52. Many cellular carriers are voluntarily complying with
the ANSI standard to ensure safe facilities.

- The ANSI standard includes implementation guidance and provides for
ongoing interpretation through a consensus process.

The only other standard being discussed, the 1986 NCRP standard, does not reflect
current scientific literature, was not the product of a broad-based consensus process, and
contains no implementation guidance or ongoing interpretation program. The NCRP
standard also includes a scientifically insupportable limit on low frequency modulation
that could imperil emerging wireless digital technologies.
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321 papers selected from the archival literature (Appendix A) was reviewed for biological,
engineering, and statistical validity (see 6.3). It was agreed that only peer-reviewed -e-
ports of studies at SAR < 10 W/kg, which had received favorable engineering sind biolcg-
ical validation, should be considered reievant to the assessment of risk from exposure to
electromagnetic fields in the resonance range. The literature review was fcllowed oy
extengive deliberations of the Risk Assessment Working Group that was charged to rea-h
agrosment on an SAR at which potentially-deleterious health effects are likely .o oceur in
human beings. A majority of the Risk Assessment Working Group agreed that the liter-
atare is still supportive of the 4 W/kg criterion. Further, the ANSI 1982 safety factor of .0
was reaffirmed by Subeommittes IV, yielding an SAR of 0.4 W/kg as the workin;z basis for
the MPE. The quastion then arose of the need for two tiers of MPE (as adopted by NCRP, 19.46
{(B52)) to distinguish oceupational vs. general public exposures.

To some, it would appear attractive and logical to apply a larger, or different, iafety fac-
tor to arrive at the guide for the generai public. Supportive arguments claim subgrcups >f
greater sensitivity (infants, the aged. the ill and disabled), potentially greater exposu-e
durations (24-hr/day vs. 8-hr/day), adverse environmental conditions (excessive he.:t
and/or humidity), voluntary vs. inveluntary exposure, and psychological/cmotional
factors that can range from anxiety to ignorance. Non-thermal offects, such as: o

lcium ions from brain tissues, are aiso mentioned as potential health hazirds Tte
members of Subcommitise IV believe the recommended exposure leveis should Le safe f.r
all, and submit as support for this conclusion the observation that no reliable scientific da:a
exist indicating that:

MAR 4 96 10:02

(1) Certain subgroups of the population are more at risk than others

(2) Exposure duration at ANSI C95.1-1982 levels is » significant risk,

(3) Damage from exposurs to electromagnetic fields is cumulative, or

(4)_Nonthermal (other than shock) or modulation-specific sequelae of exposure may te

meaningfally related o humal Realth

No verified reports axist of injury to human beings or of adverse effects on the hezlth «f
human beings who have been exposed to electromagnetic fislds within the limits of fre-
quency and SAR specified by previous ANSI standards, including ANSI C95.1-1982: (B} ..
In the promulgation of revised guidelines, the responsibility of the current Subemrmittes
IV is adherence to the scientific base of data in the determination of exposure levels thet
will be safe not only for personnel in the working environment, but also for the public ¢t
large. The important distinction is not the population type, but the nature of the exposurz
environment. When exposure is in a controlled environment, the scientificall:/-derivel
exposure limits apply. When exposure is in an uncontrolled environment, however, a1
extra safety factor is applied under certain conditions; these include, but are not limited tc,
the following:

(1) Exposure in the resonant frequency range, and
(2) Low.frequency exposure to slectric fislds where exposure is penetrating or coriplicates.
by associated hazards like RF shocks or burns induced by metal contacts.

As defined earlier, uncontrolled environments include the domicile and most piace:
where the infirm, the aged, and children are likely to be. It also includes the work envi
ronment where employees are not specifically involved in the operation or usa of equip-
ment that does or may radiate significant electromagnetic energy and where there are nc
expectations that the exposure ievels may exceed those shown in Table 2. On the other hand.
coutrolled environments may involve exposure of the general public as well as occupa-
tional personnel, ¢.g., in passing through aress such as an observation platform: near 2
transmitting tower where analyses show ths exposure may be above that shown in Table 2



MAR 4 '95 19:82 FROM ATT WIRELESS SERUICES TO D.C. OFFICE PAGE .883-/0643

IV ER
Ceslasa IREE STANDARD FOR SAFETY LEVELS WITH RESPECT TO SUMAN EXPC SUEE TC

but is below that in Table 1. Other exposure conditions include that of the radio amaieur whe
‘voluntarily and knowledgeably operates in a controlled RF environment.

At frequencies below 3 MHz, the MPE;g, in terms of magnetic fields, have been relaxed tc

more reasonably correspond to whole-body SAR limits. On the other hand, the MPEs, in
terms of E field, continus to be capped below 3 MHz in order to limit the possibility of reac.
Hons (shocks or burns) at the surface of the body that might occur in E fields of high
strength, especially under conditions of spatial and temporal field conecsntration.
4 In this standard, there are extensive modifications of the averaging time for dater-
mining permissible exposure. At the upper frequencies, these rules agree with soundly-
based averaging times derived from optical considerations. At the lower frequenc.es, new
rules on induced currents have been introduced to prevent RF shock or burn upon grasping
contact with an object in an RF environment. These rules supplement the limits on E and
H field exposure.

This standard is thus an extension of ANSI C95.1-1982 [Bl], and incorporates niany re-

finements that will serve to make the MPEs more useful in a greater variety of exposure
itugtions. There remain areas, however, which the standard does not cover, ¢.g., :he pos-
ible exposure of the body to transient spark-discharge phenomena upon touching a large
conducting object in an RF environment. Future research may provide the data base from
which quantitative rules for preventing adverse effects from such discharges can be

deriv ——
’ﬁﬁ;ﬁ: the effects of chronic exposure and speculations on the biclogical signifi-
cance of nonthermal interactions have not yet resuited in any meaningful basis for
alteration of the standard. It remains to be seen what future research may produce for con-
sideration at the time of the next revision of this standard. - ——

——

6.1 Racognition of Whole-Body Resonance. As is true of ANSI C95.1-1982 (B1], the MPE in
this standard is based on recommendations of field strengths or of plane-wave-equivalent
power densities of incident fields, but these limits are based on well established findings
that the body, as a whole, exhibits frequency-dependent rates of absorbing electromagnetic
energy (B6, B20, B21, B25]. Whole-body-averaged SARs approach maximal values when
the long axis of a body is parallel to the E-field vector and is four tenths of a wavelength of
the incident field. Maximal absorption occurs at a frequency near 70 MHz for Stancard
Man (height = 175 cm) and results in an approximats seven-fold increase of absorption
relative to that in a 2450 MHz field (B22, B27]. In consideration of this dependency, recom-
mended MPEs of field strength have been reduced across the range of frequencies in which
numan bodies from infants to large adulits axhibit whole-body resonance. Above 6 GHz, the
absorption is quasi-optical and body resonance considerations do not apply.

6.2 Incorporation of Dosimetry. Dosimetry is the fundamental process of measuring phys-
1cal quantities of energy or substances that are imparted to an absorbing body (B40, I141). In
1972, The National Council on Radiation Protection and Measurements (NCRP) convened
Scientific Committee 39 to deliberats and recommend dosimetric quantities and units
applicable to electromagnetic figlds (BS1]. In keeping with the NCRP recommendat ons, in
1982 the ANSI C95 Subcommittee IV adopted the unit-mass, time-averaged rats of :lectro-
magnetic energy absorption, as specified in units of watts per kilogram (Wrkg). The
quantity expressed by these units is termed the specific absorption rate (SAR).

Formally defined, the SAR is the time rate at which radio-frequency electrom:gnatic
energy is impartad to an element of mass of a biological body. The SAR is spplicable to any
tissue or organ of interest (that is, can be applied to any macroscopic element of mnss) or,
as utilized in ANS] C95.1-1982 {B11], is expressed as a whole-body average. Ideally, anatom-
ieal distributions of SARs would be used explicitly to formulate a guide in recognition that
absorption of electromagnetic energy from even the most uniform field can result in
highly variable anatomical depositions of energy. It has been established (B31, B34, B35]
through thermographic analyses of models of rats and man, and cadavers of rabbits, that

*x% TOTAL PAGE.Q@B3 *x
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Preface

This report is the second of s series concerning radiofrequency
electromagnetic (RFEM) radiation that constitutes an extension of
the NCRP interest into the subject of non-ionizing radistion. The first
report, NCRP Report No. 87, Radiofrequency Electromagnetic Fields—
Properties, Quantities and Units, Biophysical Interaction, and Mea-
surements, was published in 1981. The report provided a comprehen-
sive discussion of fundamentals, especially those that relete to radia-
tion protection. It provided the basis for future reports, including this
one.

Soon after the work on Report No. 67 was begun, the NCRP formed
Scientific Committee 53 to prepare a report on the biological effects
of RFEM radiation. This scientific committee was also requested to
consider the development of recommendations for exposure criteria if
the committee felt that such recommendstions could be justified on
the basis of the adequacy of the biological information. The acientific
literature on the biological effects of RFEM radistion is voluminous
but of varying scientific quality, and it has taken considerable time to
assess it. On the basis of a detailed evaluation, which is reflected in
this report, the committes concluded that exposure criteria could be
developed in spite of the limitations of the biological information and
these too are included in this document.

It needs to be recognived that our understanding of the biological
effects of RFEM redistion is aill evolving, based on continuing
research on this important subject. A2 a result, it is to be expected
that the exposure criteria set out in this report will be evaluated
periodically in the future, and possibly revised as new information
beCvines avanane. Tuis » a cuniinuing cimiienge for ihose invoived
in radiation protection and one to which the NCRP exnects to mepond.

This report was prepared by Scientific Committes 53 on Biological

Rifarto and Fynneusn Critorin for Padisfrequoncy Wectonmagnatic
Radiation. Serving on the Committee were:

i
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1. Introduction

The radio-frequency electromagnetic (RFEM) spectrum (Table 1.1)
is formally defined as waves that range in &eq\nncyﬁom>9to§
10"t Hz (Sams, 1968; ITU, 1981). This report addresses the
efl‘ecuofexposuutoRFEMﬁeldsthtmpinlnqmycy from 3 X
10* to 10’ Hz and in in-vacuo wavelength from, respectively, 1000 to
0.003 meters. Included in this range are all shortwave and most
microwave frequencies. Waves {onger than 1000 m have lcduring‘md
absorption properties with respect to the human body that differ
greatly from those of waves that approximate the body's physical
dimensions; such waves should and will receive Wndent analysis
by other assemblies of experts. RFEM fields that lie near the upper
limit of the microwave spectrum (3 x 10'' Hz), and fields of mm:
higher frequency in the sub-millimeter spectrum (3 x 10" to 3 X 10
Hz), i.e., fields at wavelengths that range from 3 mm to 300 xm, have
received relatively little study in the biological laboratory and are not
addressed in this report. However, exposure to far-infrared radiations,
which overlap the RFEM spectrum and are defined as wavelongths
from 300 to 20 um (frequencies from 10" to 1.6 X 10'* Hs), has been
studied extensively in the laboratory and is covered by separate
exposure criteria, at least in the industrial sector.

The lack of quantitative data on the biological effects of RFEM
fields has resulted in widespread concern that such exposure poses the
risk of injury to heafth regardiess of intensity. Although tlnn are
several thousands of reports—scientific papers, hooks, articles, and
newspaper accounts—of widely varying scientific quality tbnt‘pnunt
data or opinion on the biological :»ﬂRFEMr_udH.:m.no
g:‘:;::::‘;é t:a:::‘g‘d'a’x (CARs) halow o fow watts ner kilngram
(W/kg). The wide variation in RFEM-radistion exposure criteria
around the world reflects this absince of consensus. An objective
analvain nf the acientifie litarature and recommendations for exposure
limits by a qualified and unbiased group of experts is sorely noodod.

To address this need, the National Council on Radiation Protection
and Measurements (NCRP) decided in 1973 to extend its scope of
activities to the publication of reports that provide evaluations of the
biological effects of non-ionizing radiations and to the publication of

1
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2 /i INTRODUCTION

—_ TAMLE L1 —Prequency bands of the RFEM spectrum®

Band Metric )

be Frequency range subdivision 3
rumber ol Adjectival dsmsription Acronym
1 >0to 30 He - Sub-extremely* low  SELF*
2 30 to 300 Ha Megametric Extremely low ELF
3 03 3kie - Voice VF
4 0 30 kH2 Myriametsic Very- requency
] 30 to 300 kHs Kilowetric l::’f:'m:m l‘.,:r
e 0303 MH:  Hectometric Medium frequeacy MF
7 31030 MHz  Decametric High frequency HF
8 10300 MH:  Metric Very-high fre- VHF
Quency
9 030 3GH:  Decimelsic Ultra-high fre- UNHF
10 30%GCH:  Centimetric Super-high fre- SHP
11 30w 300GH:  Millimetric Extrersoly bigh fre- EHP
12 0303 TH:  Decimillimetric Supre-extremely SEHFP
high frequency’

* From Sams (1968), based on intermationsl sress involving participants i
Int:mmorlnd Tol:nmuiudom Union (ITU, INI).y vine o the
Bend 1is a inmdhnd'lthnoollicwodpm' ivel descripti symbol,
Sufguudomm are ehown for this band. ! fon and
b“:md 12 hea no official adjectival description. A sugpested eatry is shown for this

recommendations aimed st limiting exposures. Because there was

little standardization of quantities and units relating to this ﬁeld.:g
becauu thofe was considerable confusion between ionizing and non-
nom:'m;n&aﬁon,thoNCRP felt thet, as a prerequisite to the report
on b:ologk_:al oﬂocu' md exposure criteria, a publication was needed
on properties, quantities, units, biophysical interactions, and measure-

ments @umwmmu.. This first report, NCRP Report k
67, published in March 1981 (NCRP, 1981 ), provides a b-ckmmud):‘: '

thaphydulpnnmmnmdmeehani-moﬁnunction of RFEM
b
fields with matter, a background essential for the interpretation and

vnderstanding of

mioﬂ ﬂf .'\0 MEHW“ Mprr‘:‘d .i’ L‘uO ziikl'iﬂ,u]ﬂ N !
N Y e wEAZERED ala lll:ll m a."n
quantitation discussed in NCRP Report. No. 67. The biologica) .ﬁ::

of exposure to RFEM fields depend on many factors thet complicate

e l{"‘";“t report. T'he complexity of the interaction
of these fields with biologica) systems makes it difficull W inurpx' '
the large volume of literature on the subject, because a substantial |

1 INTRODUCTION / 3

the interpretation of the literature and the specification of appropriste
exposure limits.

Unlike ionizing radiation, RFEM radiation must be specified in
terme of carrier frequency, modulation, electric-field and magmetic-
field strengths (or power density when applicable), snd zone of irre-
diation (near or far field). Also complicating the task of recommending
exposure guides is the fact that unrestricted exposure of the body to a
plane-wave or & multipath field at a given intensity can have results
far different from those of partial-body exposure at the same intenaity.
Unlike ionizing radiation, the spatially averaged fisld strength, de-
pending on the volume of space over which the fields are averaged,
may vary for a given body from practically zero to levels far exceeding
any proposed limit on exposure. This wide variation of field strengths
necessitates the use of exclusion clauses in the specified exposure
criteria, as discussed in Section 17.

This report, which begins with a discuseion of fundamental studies
at the molecular level in Section 2, presents a review of the subject
matter covered in NCRP Report No. 87 on mechanisms of interaction
of RFEM fields with tissue. The discussion continues to progressively
larger scales of interaction, beginning with macromolecular and cel-
lular effects in Section 3, chromosomal and mutagenic effects in
Section 4, and carcinogenic effects in Section 5. The scope of the
subject matter is then expanded to include systemic effects such as
those on reproduction, growth, and development in Section 6, hema-
topoiesis and immunology in Section 7, endocrinology and sutonomic
nervous function in Section 8, cardiovascular effects in Section 9 and
cersbrovascular effects in Section 10. The discussion in Section 10
places strong emphasis on the blood-brain barrier, which has received
considerabie attention in recent years.

Another controversial area besed on many conflicting reporta—the
interaction of electromagnetic fields with the central nervous system
and special senses—is discussed in Section 11. Some of the more
interesting and controversial effects that have received widespread
attention, such as frequency and intensity “windows,” are discuseed.
Section {1 concludes with a discussion of neurological sffects, which
includs the peipimral ssusuvmusvuler sysiem, Some of ibe more sen-
sitive biological end points, those associsted with behsvior, are dis-
cussed in Section 12; these end pointa contrast greatly with the
annarently inesnsitive hinlamical andmeint of cotarsstogenesiz &z
cussed in Section 13. In Section 12, a thermoelastically medisted
interaction, which has received widespread attention over the past
decade, is discussed as an auditory neural effect, and it is a phenome-
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non that deserves special attention. This interesting phenomenon

would never have been clearly understood without the development of

a quantitative argument. based on the material presented in NCRP

Report No. 67.

Probably of greatest importance in terms of the effects of RFEM
radiations on human populations are the epidemiological studies dis-
cussed in Section 14. Thermoregulation is discussed in Section 15 and
is an especially important subject because irradiation of an organism
can result in hyperthermia, which is responsible for many reported
effects. Hyperthermia, as such, is also extremely importiant because it
is the basis for the use of shortwave or microwave radiation as an

adjunct to the treatment of cancer, as reviewed in detail in Section 16.

Because the major purpose of this report is to interpret the literature

«is torms of health and safety of human beings in an RFEM environ-
ment, the human exposure criteria and rationale provided in Section
17 contain significant conlusions. It was necessary to make difficult
decisions in arriving at these conclusions. Because the biological data
base is drawn from reports varying in quality from poor to excellent,
one must be aware that the data forming the basis of this chapter also
vary in quality. Thus, value judgments had to be made conoerning the
data base discussed in the preceding chapters. Also, practical problems
that relate highly localized exposures of the body to low-power radio
devices essential to the quality of life and to public safety had to be
deait with by recommending meximal energy-absorption levels in
addition to exposure levels.

The history of therapeutic applications of RFEM fielda, which is
reviewed in Section 16, is important because it covers a period when
large numbers of human beings were exposed to highly intense RFEM
fields. The history is also illuminating, in relation to today’s contro-
versies, in that it points out how misconceptions, that etill exist today,
were recognized early.

The cutoff date for the literature review of this report is the end of
1882, A few references have 1983 dates. These references were origi-
nally abstracts dated 1982 or earlier, but, because the references
became available in early 1983 as peer-reviewed rennrte thass Lavs
heen inclidsd as preerabie to the abstracts when it has been poasible
to do so. Section 17.6, “Considerations possibly influencing the criteria
in the future,” is included in order to alert the reader about these new

develonmente Raferanocl 1, s suuseclion are, of course, current
references for the period 1983 to 1985.

9. Mechanisms

2.1 Introduction

[ I3 r w
Interpretation of mechanisms of biological effects noxfm RFEM. upe:llly
is clouded by a host of conflict ing.uportsa.nd'opi ibl;wehvm
:vhen incident fields are at inhnaitxgo @at fail mt::n T e
he temperature of the in-vivo or in-vtro pupu‘. atiou. | s
ti‘ elds are at intensities associated with. :‘vluble alevations '“m
:mperature of the preparation, the possibility u:t mchded. o
are due in part to field-specific events canwn;:th biozdcd d
intaractions 1Y .mu.tx:emdemon:u&h both in vitro and in vivo
oesi , ‘
!(':; ::1.)’ Sl:ietopand Schwan, 1961; Preamm. 1979; Wm ul.,. 197.9)'
There is an inherent difficulty in duung\i_llnng : bomomboth e
between thermal and athermal' effects, & difficulty e b o
methodological problem and of fault'y inference. thcn, or y
le ism exhibits & behavioral or ' o
?:::iatxio‘:gynm RFEM field, the plmomm_lopcd ehn::; ‘of
response provides no definitive leverage on which mochlnld \ “ﬂmem
possible classes is operative: thermal, sthermal og‘n;onibl wliﬁu ’dnﬁn e
two in some combination. mthmfold set of p b fins
f::u‘ of faulty inference is exomplified by the w.llddy holde:om the
bicelectromagnetics community that biologic w‘l‘:om;.ot tbmlot :
fields are a priori evidence of sthermal causation. ! )

; itive
response. An outside obumm with ﬁn unﬂ: b:::t mmt:h’
of thermometric or calorimetric devioss mmklme iy dahctO‘ g
averase elevation of body bempem}am& or om ‘ "
impn:tzd by the brief contact—and if notavm . mmnonmw !
';hudun.ui.iius.wimeéwun"t‘uid-wm ciioii, i 40 SLISCE dnspble

- yrom n that of “non-theraal”. On the

“sthermal” is (o be preferred over
m.dm:'m.mmwwwuu NCRP Report No. 67

this effect ia doacribed 88 & h '
ﬁ?gfmmmmmmwymumm heat production when
electromagnetic energy i sbeorbed.
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stimulation, would doubtjess interpret the response as
inspired event. This is not to argue that all “wep:kn-ﬁeld"‘nmon m::.:::
provoked by thermal “hot spots™—although some so-called weak-field
::_le:t;‘: are ?dr:bobly of ﬁlennal-how;_:ot‘ otrigin—only that the strength
of inci ‘ nt field has no a priori bearing on the question of
An idesl methodology in elucidating mechanisms of in ion i

: I me teraction is

one in which independently detectable thermal and field-specific re-

have articulated testable theory, have deve tovel i
hgve perﬁ_mnod innovative experimntnti)::eghat colmll';»:;::d
p!_zfy the ideal approach (see, o.8.. Pickard and Rosenbeum, 1978
Pickard .and @lnoum, 1981; Barsoum and Pickard, 1982a, b). ’ '
The biological specitmens selected by Pickard and colleagues are
llqa_of tho chgrmm family, primitive plants with membranes that
exhibit excitability, action Potentials, and graded responses 10 me-
chanical or o ical stimulation (cf Pickard, 1973; Pickard and
Ba.rloum.. 1979). A single, elongate cell is maintained in a circulating
fluid medium in a holding device so constructed that part of the cell

contacted by electrical recording electrodes. A burst of CW RFEM
energy at frequencies ranging from tens of kilohertz %o tens of gigaherts
has been found to elicit a relatively prolonged electrical response of
ostensibly tbermal .origin, one that persists for some seconds after a

Ironically, the thermal basis of the prolonged res;

, ponse has not bee
unequivocally demonstrated, but the early offset potential is unam:
ably the result of non-linear—rectifying—properties of the characean
membrane, The quantity of absorbed energy required to elicit the
f’fold-sp:ciﬁc: offaet responso is relatively large, a requirement. aim in
the carier aemonstration of pearl-chain formatio Saito and
Schwan ( 1961). Were it not for the contiuuons woiingn:l‘ rzech.m:‘:
gupmtfonn by'(iircuhﬁpg fluids during periods-of irradiation, the
pe‘:i:::“ Wl wo capudiy denavured by marked elevations of tem-

Although .oxcm.plifying an ideal experiment, the work on the char-
acean organism is of unknown generality. The data are extremely

R I Tl T e LRIy TS U

R M A o A g w0 s

O s

22 MECHANISMS OF INTERACTION ; 7

important, however, in revealing unequivoclll;.r that a ﬁd{l—q)eciﬁc
cffect can and does attend exposure of a biological pnpa!mon to an
intense burst of CW RFEM radiation, at least at frequencies below 10
MHz, but these data shed little light on questions that attach o
another class of sthermal interactions, i.e., that obntved after acute
exposure to relatively very-low-intensity, sinusoidally modulated
shortwave and microwave fields (cf, 0.g., Bawin et ol 1975; Blackman
et al, 1980; Adey, 1980). In experiments in which isolated chicken
brains were exposed to CW fields or to fields modulated at 3 to 30 Hs,
an exodus of calcium ions (Ce**) from brain materisls was oburvod,
but only to modulated fields within a narrow band of frequencies
centered near 156 Hz—and only within & narrow range of power
densities. Because the average amount of energy captured by brain
~aterials was held constant acroes frequencies, thermal offects alone
could not be responsible for the release of Ca** These intriguing
experimenta are discussed in detail in Section 11.

As a point of departure in the discussion of mechanisms, it can be
stated that there is ample evidence that athermal interactions in
biological materials are not only possible but have been demonstrated
for fields both strong and weak. it must also he stated that the
biophysical mechanisms of thess athermal events are but poorly under-
stood. Summarized in this section are both data and theory that bear
on thermal mechanisms and on the largely uncharted frontier of
athermal interactions.

In addition to the discussion on mechanisms in this section, further
discussion on mechanisms will be found in Section 11 on RFEM
interactions with the nervous system. While this additional discuseion
could have been incorporsted in this section, it has been kept in
Section 11 to maintain continuity there.

2.2 Mechanisms of Interaction with Blological Materials

No one debates the potency of thermial effects of RFEM irradiation
at high power densities (2100 mW /em*). Controvessy arises, however,
over interpretations of mechaniems at Jow power densities (<10
mW/cm?) at which athermal biological effects have been demonstra-
tod. Figudo Z.i sumlinkiizes Gala ou delsuiiic depotaivi, wikh have
given rise Lo theories of interactions of RFEM fields with matter.

Schwan (1975, 1977) states that resonant interactions of biopoly-
mers with electric fields are unlikely at frequencies below 100 GHz.
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Fig. 16.6. Dopondance (relative to maximal value) of hyperemia on duration of
trestment. (From Lehmann, 1071.)

increased surface vasodilation, will prevent flow of thermal energy
into the deeper musculature. No increase in the flow of blood to deeper
tissues will result, and there may even be vasoconstriction to compen-
sate for the increased flow of blood near the body’s surface.

Nervous reflexes arising from surface heating of one part of the
body can lead to temperature increases in other parts of the body, ¢.g,
in an opposite extremity, but these ATh are less pronounced than the
primary increases (Fischer and Solomon, 1965). Relaxation of striated
skeletal muscles may occur, and muscle spasms may be resolved by
surface heating because of reflexive nervous reactions from surface-
temperature receptors, Thus, in general, surface heating provides only
mild physiologic and therapeutic reactions, and any effects of the
deeper pathologic conditions are only reflexively mediated.

Effective therapeutic heating of tissues below the skin, e.g., in the
subcutaneous layer of fat, by RFEM fields requires proper selection of
ficquency, appiicator, and input power so that the temperatures of the
deeper tissue can be raised to the optima! leve] of 44 to 45 *°C within
a 5- to 15-min period The duration of the maximal temperature can
ba contrelled ber sucting Wic pan powei ievel, Just before or whea
the temperature reaches the maximal level, vasodilatation will produce
a marked increase in blood flow that will limit the AT in tissues with
good vaacularity, which will be followed by a decrease in temperatures
from the peak value by several degrees Celsius. An exposure period of

20 to 30 min is generally required to produce optimal therapeutic
benefits,

17. Exposure Criteria and
Rationale

17.1 Background

In the early to middie 1950, tentative efforts were made to establish
sxposure criteria for RFEM fields to provide a margin of safety for
industrial populstions. The data base needed to establish expomure
criteria and limits was almost non-existent from a biological point of
view, and only the preliminary, pioneering studies of energy abeorption
and transfer processes by Schwan and students had been reported (¢f.,
o.g., Schwan and Piersol, 1954, 1955; Schwan and Li, 19563, 1968).
Because the evidence at that time supported the position that hazards
would arise only from hesting of tissues by absorption of RFEM
energy, the general approach was to establish an exposure criterion
based on tolerable thermal loading. Participants in the first Tri-
Service Conference on the Biological Hazards of Microwave Radiation
(Pattishell, 1975) formally accepted for the first time a limit on
occupational exposure: a maximal power density of 10 mW /cm*, which
was applicable to military personnel at all “microwave frequencies.”
Several private corporations aleo established working limita on expo-
sure as operating guidelines, but it wes not until 1966 that Committee
C96.1 of the American National Standards Institute (ANSI) estab-
lished a working subcommittes (Subcommittee C95-IV) to develop
exposure criteria. The limit proposed by this subcommittee was the
same as that prepared by the TYi-Service Commities in 1967 (a power
density of 10 mW/cm? at frequencies from 10 MHz to 100 GHs). In
1974. this standard was retainad nnchanged axcant for minar revielon,
by the C95.1 committee. n 1962, ANSI promulgated & new revision
that incorporated recognition of substantial fréquency-dependent var-
iations in rates of energy transfer to the human body from an RFEM
field (ANS) C95.1-1962). The limits of the new standard, which are
summarized in Table 17.1, explicitly account for these variations,

ANSI standards are advisory only. The Occupational Safety and
Health Administration adopted the 1966 ANSI-C95.1 standard as an
exposure guide in the workplace (OSHA, 1971). However, in the
application of the OSHA regulations, two rulings by the OSHA Review
Commission, an independent agency, (1) that standards based on

2 MNP
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TABLE 17.3—-ANSI (95.1-1982 protection guides: radiofrequency electromegnetic

Prequency (/) Equivalent
power Eloctni s (m
rengs | deeaty' ‘ ¢ fiold) By
Mis wW/em® Vimt A
:':jo 100 ax 100 25
, 200//* 4 x 10° (900// %) 0.025(900//*
m 10 4% 10 0036 "
/300 4 x 10" (f/300) 0.
1600-100,000 60 2 x 10* 0.1‘?::(//300)
* From ANSI (1982). -

* messured § L
min] cm or greater (rom any object in the field and averaged for any 0.1 & (¢

! (Electric Field)'/1200v or 12x(magnetic field)?, whichever is greater.

“should” statements, which the regulations are, are not enforcesbie
l:;cgundnym:dvisory.mdﬂ)thatahurdaddm::‘dbym
visory standard cannot be the subject of a general duty citati
‘memp_tod by OSHA to counteract the effect of‘:he first m’l'in(, ::i&
in the !mbility of OSHA to implement and enforce its non-ionizing
:grhuom. In a 1882 Field Directive, OSHA affirmed, among other
eu:-:;::' th?t t',hen decisions of the OSHA Review Commission are its
In 1976, the United States Air Force published a two-step fi
dependent standard, AFR 161-42, that specified mmmlem
levels of 50 mW/cm? at frequencies between 10 kHz and 10 MHz, and
}g7 l;:)W/cm’ at frequencies between 10 MHz and 300 GHz (USAF,
It is beyond the scope of this report to provide a ete
of propond. and current exposure criteria for countmther m
l.Jm.(:od S!atu. As in other Western nations, these values range from
limits quite close to those recommended in the ANSI-1974 standard
(e:g., 10 mW/cn'n’ in the Pederal Republic of Germany, in the United
ngdom,n?dmthoNot!wﬂan&),tovdmdmihrwthomou
recent Swedish and Canadian standards (~1 mW/cm?). Among the
Eastern Buropean countries, the working levels for occupational ex-
posmmdnlﬂgmﬂyhmthnnthouofmyANSlundud.'l‘hm
ttmda;dn are reviewed in a document published by the World Heslth
Ormanisation (WHO, 1081} Ik Soniiuary, this document classifies
Eastern European standards in two groups. Group | is represented by
the standard of the Union of Soviet Socialist Republics, which specifies
a working-day limit of 10 «W/em? whirk cor bo lacicased (0 1
mW /cm* for periods not exceeding a fow minutes. The WHO Group-
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] standards include those of the German Democratic Republic, Po-
jand, and Czechoslovakia. These countsies have general-population,
continuous-exposure guides ranging from 10 to 100 uW/cm®.

Clearly, varied opinion and philosophy underlies theee widely rang-
ing standards for exposure to RFEM fields. It is also clear that, until

peen given by standard setting bodies in the United States to the role
of the carrier frequency of the radiating source in relation to the
deposition of energy within the body, and, hence, to a more accurate
assessment of biological effectiveness of the radiation.

17.2 Measurement and Units for RFEM Fields

The transfer of energy from the radiation field of an RFEM source
to a biological system, and the ultimate fate of that transferred energy
in terms of biological change in living tissue, is an extremely complex
problem. The details of field-body interactions have been prosented at
length in a publication by NCRP Scientific Committes 38, Report No.
67, which is entitled Radiofrequency Electromagnetic Fields: Properties,
Quantities and Units, Biophysical Interaction and Measurements
(NCRP, 1981). Report No. 67 is a primary sousce on which the present
report is based with respect to determination of exposure guidance.
lndeed.itwualsothebaisuponwbichthoANSlmdudwn
developed.

17.2.1 Power Density and Field Strengths

NCRPRnportNo.G?micmunvuiwsmmofwﬁnc
RFEM fields and emphasizes that there is little possibility of directly
measuringtboaboorpﬁonofmmbybblodcdhodiunﬂhoolluhr
Jevel. It is necessary to measure some characteristic of the incident
field, and from this to impute an energy deposition rate in the tissue
of interest. From the eariier portions of this section, it is evident that
dlpmviomoxpomcﬁhrhhmwndtheﬁddinuniuof
the power density of an equivalent far-fleld plane wave (in, og,
mW/cm® or W/m®). In some cases, messurements of the eloctric-field
strength in V/m and/or of the magnetic-field strength in A/m have
also been used as exposure criteria (see Table 17.1). Becawse neerly
all devices available to measure radistion fields fundamentally measure
whe strength of the electnic or the magnetic field, there is much to be
said for specifying exposure limita in these terms. The relation between
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the power density of a far-field plane wave and the strength of ity
fields is simple:

S = E*/1200x = 12«1, (17.1)

where power density, S, is expressed in mW/cm? electric field
strength, E, is expressed in V/m, and magnetic field strength, H, is
expressed in A/m.

17.2.2 Dosimetry

Although the frequency-dependent rate of RFEM energy absorption
by a biological body was not formally incorporated into exposure
guidelines until the advent of ANSI-1982 standard, this dependency
was discovered in the early 1960s by a Soviet scientist, V. A. Franke
(cf. Franke, 1961; Preaman, 1970), who exposed models of human
beings to fields that simulated longwave, shortwave, and microwave
irradiation in the far field. These experiments were later confirmed
and extended by Gandhi and colleagues (cf., e.¢., Gandhi, 1974, 1976b,
1980b; Gandhi et al., 1977; Durney et al., 1978; Gandhi et al., 1979),
who performed analytical and experimental studies on models of
buman beings in conjunction with experimental studies of amall ani-
mals. The primary factors that control rate of energy absorption were
found to be the wavelength of the incident field in relation to the
dimensions and geometry of the irradiated organism, the orientation
of the organism in relation to the polarity of field vectors, the presence
of reflecting surfaces, and whether conductive contact is made by the
organism with a ground plane, The maximal rate of energy absorption
from a plane wave by the isolated, ungrounded mammal was found to
oocur when its long axis is parallel to the vector of the electric field
and its axial length approximates four tenths of the wavelength of the
incident field. Under these conditions, the organism exhibits reso-
nance, and its electromagnetic capture surface is larger by 2- to 3-fold
than is the area of its geometric cross section. The biological body,
therefore, conforms to predictions of antenna theory (Gandhi, 1874).

In addition, if the resonant target is electricallv grounded-—which
roughiy halves the resonant frequency—or if other reflective surfaces
or objects are in proximity, the raie of energy absorption can inctease
to even higher levels. ~

1% the wake of slie pionesnng invesugations of Franke and Gandhi,
it came as no surprise when a sizeable number of studies of murine
and primate animals revealed that rates of energy absorption are more
reliable predictors of biological effects than are power densities of the
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incident field (see, e.g., Section 12). That measures of absorbed energy
are a prerequisite to valid scaling of strengths of incident ﬁeld? at
different frequencies for predicting biological responses was uoygmzad
early by the clinicians (Mittlemann et al, 1941; see also Section 16),
but it was not until the late 1960s that a dosimetric approach to control
of RFEM radiations, comparable to that used in the fields of clinical
pharmacology and ionizing radiation, was introduced (Justesen and
King, 1970; Justesen et al, 1971; King et al, 1971; Johnson, 1?75;
Justesen, 1975; NCRP, 1981; Guy, 1983). The mass-normalized time
rate of energy sbsorption (dose rate) and its time integral (energy
dose), as respectively epecified in SI units of lW/k; and J/kg, were
adopted by the NCRP, and are described in detail in NCRP Ropoﬂ
No. 67 (NCRP, 1981). The RFEM-energy dose was labeled Spec:llc
Absorption (SA), and the dose rate was labeled Specific Absorption
Rate (SAR). This nomenclature, which is specifically applicable to
dosimetric measures of RFEM fields, was devised by NCRP as a more
suitable terminology than the generic terms of dose and dose rate,
which caery for many individuals connotations of ionizing radistion.

The SAR is defined as the time (¢) derivative of incremental energy
(dW) abeorbed by an incremental mass (dm) contained in a volume
element (dV) of a given density ( p):

d (d d (dW
SAR = & (-d—mvf) ey (pdV) . (17.2)

The SA is the time integral of the SAR. NCRP Report No. 67 discusses
the SAR in detail and presents a comprehensive review of the physical
theory that underlies it.

17.2.2.1 Whole-Body Dosimetry. The SAR, as utilized in the ANSI-
1982 standard and in the present report is based, unless otherwise
noted, on the whole-body mass of the irradiated organism. The SA
values are similarly based and are implied, if not made explicit, by the
6-min period that is adopted for aversging the limiting SAR for
exposed workers. Thus, the limiting whole-body-averaged SA for any
6-min period of exposure is 144 J/kg for the SAR limit of 0.4 W/kg
(Sections 17.3 and 17.4.1). - o
17888 Diliibiiie Dusimeiry. The SA and SAR are as appiicabie
to the mass of individual body parts as they sre to the total mass of
the organism, and, indesd, because rates of absorption of RFEM energy
com Aiffer radically within ¢he velume of an organism, thers s Lolh
clinical and experimental wtility in determining SAs and SARs in
discrete organs or tissues of interest. Distributive dosimetry was
pioneered by A. W. Guy (Guy, 1971b; Guy et al, 1968, 1974), who used
the thermographic camera in studies of biologically simulating models
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{“phantoms”) and of cedavers of laboratory animals. This work .
vealed that the distribution of SARs is a highly complex function of
many variables: carrier frequency; zone of irradiation; field polarizg.
tion; electrical properties of tissues; and mass, geometry, and momen,.
tary orientation of the biological target.

Because the distributions of absorbed energy across species, fre.

quencies, and exposure environments are so highly variable, the whole-
body-averaged SARs and SAs have been adopted on practical grounds
as the dosimetric measures of choice in regulatory practice and stand.
ard setting. Moreover, because ethical considerations dictate that
whole-body dosimetric values must be estimated or extrapolated for
living human beings, the primary guides in limiting humen exposures
wRFEMﬁeldlmmtbeapeciﬁedinobctﬁcmdmmcﬁcM
strengths (or in power densities in the case of exposure in the far fisld
of a plane wave). As such, the role of SAs and SARs is that of deriving
permissible field strengths or power densities of incident felds of
differing carrier frequency. In those cases in which it has been estad-
lished that there are highly intense, focal concentrations of absorbed
RFEM energy in the body (ie., electromagnetic “hot spots”), this
knowledge should supersede the whole-body value and lead to e
corresponding reduction in the permisaible level of exposure.
17.2.2.3 Caveats on Interpretation of Dosimetric Measures. Neither
the strength of the incident field nor the quantity of energy absorbed
from it by an organism hes any o-priori warrant in the interpretation
of causal mechanisms. There has been an unfortunate proclivity by
some investigators to assume that the SAR and the rate of tissue
heating are physical identities. Although the conssquence of the Sec-
ond Law of Thermodynamics is that the ultimate fate of absorbed
RFEM energy is thermalization of tissues, transient field-specific
effects have also been observed. A response by an organism to RFEM
radiation may have & thermal basis, an athermal basis, or a combined
basis. Determination of which of these three classes of causation s
operative in a given context rests upon appropriate experimentation
and inference, not on presumption.

The SAR is a practical tool by which one can make allowances for
the complex absorbing and scattering properties of organiams s
exemplified by the large frequency-dependent variations in quantities
of energy ahanrhad from = £2ld 5t & cummiani power density. Figure
17.1 (composite from Gandhi, 1979; Guy et al, 1978, 1983, abstract;
Lin ez ai,, 1977; Chou and Guy, 1982) shows frequency-dependent SAR
curves of several prolate anhamide ot o nemor density o 16 w W aa’”
n the far field of a plane wave, These curves also demonstrate the
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Speeific absorprion rate, Wiy

Frequenty, Wl

Pig. 17.1. Averags SAR measured in prolate sphervids of varieus lemgtha, L, for
an oxposure W a powsr denaity at 10 mW/cm® at various frequencies. These models are
used to simulate exposure of various experimental subjects in RFEM fields (after
Gandhi, 1878). The points identifled by the letters o, b, ¢ and d indicate maximal
localined SAR lovels based on messurements ¢s follows: a and b, in models of buman
beings (Guy et ol, 1978, 1983); c, in rate (Lin o ol, 1977); and d, ia mice (Chou and
Guy, 1982.) The average basal metabolic rate (BMR) is shown by the lower dushed
horisontal line.
extreme differences in “worst-case” whole-body-averaged rates of en-
ergy deposition as a function of body dimensions. Given a lengt}x of
7.6 cm for the prolate sphervidal model of a 26-g mouse, the maximal
SAR (~12 W/kg) occurs near 1600 MHz. For the model of standard
man, a 175-cm prolate spheroid, the maximal SAR (~2 W/kg) oocurs
at approximately 70 MHs.

FZ:’ the purpl:u of establishing exposure criteria in the following
sections, the SAR is a fundamental quantity. There is, however, no
intent to define exposure criteria solely in termas of SAR. Considerstion
is aleo given to other factors where appropriate. These factors inclut!o
the possibility of severe deviation from uniformity of energy d»pou
tion, especially at the spectral extremes of frequency, as well as possible
modulation- end carrier-frequency-specific biological responses.

17.3 Develspment of the SAR Exposure Criterion

As discussed earliar in thia sactinn, the sheomption and dsiabuiion
of RFEM energy resuit in an extremely complex phenomenology that
is dependent on a body’s mass and shape, its orientation with respect
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to field vectors, its electrical properties, and the electrical propertieq
of the exposure environment. Because of the multiplicity of interacti
factors, exposure criteria must be established in a manner such they
allowance is made for maximal amplification of biological effects gy a
result of field-object interactions. Furthermore, the criteria should
take into account possible effects arising from unusual circumstances
\n either the external environment of the individual (e.g., ambient
temperature and humidity) or the internal environment of the indi-
vidual (e.g., hyperthermia, debility and disease).

The approach used by ANSI, in establishing exposure criteria that
socount for the frequency dependence of the SAR, has been chosen ag
appropriate to follow, with particular emphasis on examination of the
domain of resonant frequencies of human beings from small infant to
large adult. Special attention is therefore paid to the biological effects
reported in the resonant-frequency region (30 to 300 MHz).

The body of scientific knowledge of biological effects of RFRM
irradiation, although containing several thousands of archival reports,
is fragmented: it is preponderantly based on acute exposures at rela-
tively few frequencies. ldeally, exposure-control guidelines would also
be based on a well-documented literature that reflects effects of chronic
irradiation of a variety of species across a wide spectrum of frequencies.
In spite of the shortcomings of the data, it is necessary to proceed
prudently with the process of exposure control through the setting of
standards, while exercising appropriate caution and fully informing
the worker and the public of the limits of knowledge.

It would be inappropriate to repeat here an in-extenso review of data
on RFEM radiations that have induced harmful effects in experimen-
tal animals, because the preceding sections have dealt with this subject
exhaustively. It is essential, however, to summarize information on
key end points that are useful in establishing exposure criteria. ,

The most important and directly useful data for the establishment
of criteria for limiting exposure to any noxious environment are, of
course, measurements and findings based directly on human beings.
Unfortunately, data of this type, which are epidemiological or clinical
in nature, are relatively few in number. The data that do exist have
been reviewed in Sections 14 and 16.

in the absence of human data, it is necessary to turn to datas on
subhuman species in full realizaiivn that body dimensions and mass
have an enormous controlling influence on the SAR at a given fre-
wusiscy. 1L 35 uiso nevessary 1o reaiize that direct extrapolation of
subhuman data to man is also fraught with problems because of specific
anatomical, physiological, and biochemical differences among species.

In the frequency range of primary interest, i.e., 30 to 300 MHz, and
also at higher (requencies in the microwave bands, a review of the
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data of the previous sections indicates that behavioral disruption
{Section 12) appears to be the most statistically significant end point
that oocurs at the lowest observed SAR.

The carrier frequencies associated with behavioral disruption range
from 400 MHz to 5.8 GHz. These studies were performed on species
ranging from laboratory rats to rhesus monkeys, and involved neas-
field, far-field, multipath, and plane-wave fields, both CW and modu-
lated. In spite of marked differences in field parameters, thresholds of
behavioral impairment were found within a relatively narrow range of
whole-body-averaged SARs ranging from ~3 to ~9 W/kg. In contrast,
the corresponding range of power densities is 8 to 140 mW /em®.

Thresholds of disruption of primate behavior were invariably above
3 to 4 W/kg, the latter of which has been taken in this report, as well
as by ANSI, as the working threshold for untoward effects in human
peinge in ihe ireyuency iange fivm & MHz tc 100 CHz ¥ ie slear that
the laboratory-animal to human-being generalisation over this wide
spectrum should be modified in light of any evidence of increased
susceptibility in specific frequency domains. (Theee specific domains
are noted in Section 11 and are accounted for later in this section.)
Having accepted a threshold of effect in terms of the whole-body-
averaged SAR, one must apply an appropriate margin of safety. This
safety margin has been taken as a factor of 10 for oocupstional
populations, and the fundamental SAR exposure criterion of 0.4
W/kg is established for frequencies from 3 MHz to 100 GHz. The
fundamental criterion arrived at in this report, a whole-body-averaged
SAR of 0.4 W/kg averaged over any 6-min exposure period, does not
differ from that chosen by ANSI. Here, however, this value is proposed
a8 a limit only for occupationally exposed individuals, and new lower
levels of averaged exposure are proposed for members of the general
population.

17.4 l-ﬁlemution of Exposure Criteria

17.4.1 Occupational Exposure Criteria
Because messurements of incident fields in the working environ-

ment will ncesssanily be e in lenuy vl fioid sirengiis or in the
more familiar units of power density, it is necesaary to provide expo-
sure criteria in these unita. Furthermore, restatement of the exposure
guidelines in teyme nf nlane.wave.amijvolant power Anzitics allows u
clear expression of the frequency dependence of the average SAR. For
occupational exposures, this report proposes the adoption of a schedule
of frequency-dependent power densities as shown in Figure 17.2. These
do not differ from the schedule given by the ANSI protection guides
in Table 17.1.
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Fig. 17.3. Criteria for exposure to RFEM fleids. Exposure, expremsed in
(ar-flold power density (mW /cm”) for & whole-bady averaged SAR of 0.4 W/kg, ia showy
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fifth that of the octupstional critarion, is the criterion for the general populstion, Note
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& (requency range in which whole-body SAR has limited significance (see Section 17.4)
The overall frequency rangs for the criteria is 0.3 MHz 1o 100 GHz. Dependiag on the
circiumstances, use of these critesia is cometrained by a number of conditions (Sections
17.4.1 10 17.4.9) and the criteria cannot be applied without refersnce to thees conditions

At frequencies from 30 to 300 MHz, which is taken as the resonant-
frequency domain for human beings from smallest child to tallest man,
under both grounded and ungrounded conditions, the criteria are
related to an equivalent far-fisld power density of 1 mW/cm?, a value
('-)h:;l'i;knits the mazimum whole-body averaged SAR to a level below

o ‘_
To limit the maximal whole-body averaged SAR to 0.4 W /kg beyond
:hllls range of frequencies (Figure 17.2), conversions are necessary, a
ollowns:
1. At frequencies abave 300 MHz, a transitional region is defined
between 300 and 1500 MHzx where the limiting power density for
exposure is taken as the quotient of frequency in MHz divided
by 300 (//300). The resulting quotient expresses the power den-
sity in units of mW/cm?.

- At Seguuncies from 1500 MHz to 100 GHz, the power-density
limit is 5 mW/em?, '
3. At frequencies below 30 MHz and above 3 MHz, a transitional
ragi.mv ie dafined whiie the lmiling power density for exposure
1s taken as the quotient of 900 divided by the square of the
frequency in MHz (900//%). Again, the result of this calculation

is expressed in units of mW/cm?,

[
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4. Below 3 MHz and above 0.3 MHz, the exposure criterion ex-
pressed in terms of power denasity is taken as 100 mW/cm?, for
reasons that are discussed later.

The rationale for the stated recommendations is that the resulting
power density at any given frequency is roughly descriptive of the
inverse of the resonance curve in Figure 17.1. At the two extremes of
frequency, other considerations become important.

At frequencies below 3 MHz, energy deposition in the body decreases
directly with the square of frequency (Figure 17.1), and the power
density required to achieve a whole-body averaged SAR of 0.4 W/kg
is very large indeed. At these frequencies, the physical and physiolog-
ical effects of the ambient electric field will dominate. Because the
effects of highly intense, low-frequency electric fields are aseociated
with surface interactions, the aversge SAR at potentially harmful
levels will fall to levels considerably below 0.4 W /kg. Figure 17.2 shows
a cross-hatched area for frequencies below 3 MHz where the strength
of the electric field is the limiting condition.

The recommended limits of exposure below 30 MHz, and perhape
at frequencies somewhat higher, apply to free-space exposure condi-
tions, i.e., to conditions under which a person is not in contact with
any object including the ground. In fact, the limits are also based on
o person standing barefoot on the ground, this person having an
unrealistic average conductance of a homogenised body. For other
conditions, such as standing on the ground with insulation (e.g., shoes
or wooden floor) and being grounded by contact of the hand with e
grounded object (e.g., metal fence or pipe) or being grounded and
touching an insulated metallic object (e.g., truck or crane), these limits
should be lowered. For the first two conditions, the exposure )imits
must be determined with the use of three criteria: (1) whole-body
average SAR (0.4 W/kg), (2) maximal Jocal SAR (8 W/kg) (see Section
17.4.6), and (3) RF burns at point of contact (200 mA). Limits for the
case of being grounded and touching an insulated metallic object can
be determined with the use of the same three criteria but only on a
case-by-case basis because the degree of hasard depends on the size of
the object. (See Section 17.6 for possible future considerations influ-

euviny ine criteria.)
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Averaging for the Occupationally Exposed.

The biological data available for development of criteria were col-
lected from a wide variety of radiation sources. In addition to varying
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{requency, the duty cycle of the generators also varied widely from,
CW to pulsed waves with large and small duty cycles. Because limited
data are available to establish the relation between the biologicy|
effects of CW and pulsed sources, the decision has been made tq
continue the traditional usage of health-protection practices in eoq.
trolling exposures o RFEM fields. This practice has been to average
the power density over a period of 0.1 h (6 min), which serves to imj
the mass-normalized quantity of energy imparted to the body to ey
SA of 144 J/kg. The same time-averaging period is recommended i
the ANSI-1982 standard.

17.4.2 General-Population Exposure Criteria

Previous efforts to establish nationa! and international exposure
criteria have generally led to the publication of exposure guidelines
that are designed for application to individuals who are occupationally
exposed in a typical career pattern, i.e., 40 h per week and 50 weeks
per year. The ANSI-1982 standard recommends the same limits of
averaged exposure for the work place and for the general environment.
Such a uniform approach is not traditional and, in keeping with
NCRP's practice of differentiating between occupational and general
populations, another set of criteria is recommended for the general
public.

The reasons for a twofold set of criteria can be stated as follows.
First, individuals exposed in the work place should be relatively well
informed of the potential hazards associated with their occupation.
Furthermore, these workers may have the opportunity to make per-
sonal decisions in regard to their exposure, based on the relative risk
as they perceive it. Individuals subjected to RFEM radiation outside
the work place are generally unaware of their exposurs, and further-
more, if they are aware, they rarely have the option to reduce their
level of exposure. Second, the population at large, some members of
which could be exposed continuously to RFEM fields, contains sub-
populations of debilitated or otherwise potentially vulnerable individ-
uals for whom there is presently inadequate knowledge to set firm
standards. For example, the sensitivity of aged individuals, of pregnant
fsisates and tneir concepti, of young infants, or of chronically ill
persons is not known. Third, because the gencral populstion is much
larger than the occupational population, there are more persons at
viak and, honcs, the pici livuais awmber of persuns susceptible w
potential harm can be greater unless exposure of the general popula-
tion is kept at a lower level.

R
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For the reasons given above, it is recommended that there be an
averaged exposure criterion for the general public uut is st at a lovel
squal to one-fifth of that of occupationally exposed indm'd\nll. 'l'hop-
jore, the whole-body averaged SAR for the general public for contin-
sous exposure should not exceed 0.08 W/kg. The rationale for the
~eduction by a factor of 5 is based on the exposure periods of the two
populations, rounded off to one digit (40 work hours per week /168
hours per week = ~0.2). Implementation of this SAR in terms of
power density is shown in Figure 17.2 as a dashed line. For reasons of
prudence, considering the lack of knowledge of biologicel effects at
low frequencies, it is recommended thet, for frequencies below 3 MHs,
the population exposure limit should continue to rise as shown, .follo'.v-
ing the 900/f® relationship. However, the line of this relationship
intrudes into the frequency domain in which it ia expected that hazards
are associated with surface-acting electric fields and other factors may
control the Jimits of exposure as described in Section 17.4.1.

17.4.3 Time Averaging for the General Population

The time base by which to average the limiting SAR for occupational
exposure is 0.1 h (6 minutes). For exposure of the general population,
an averaging period of 0.5 h (30 min) is recommended. The increased
stringency of the general-population limit allows this liberalization
with no significant additional risk because the population limit, along
with the 30-min time-averaging period, restricts the maximal SA to
the population during the 30-min period to a value of no larger than
that experienced during the 6-min time-averaging period of occupa-
tional exposure. Overall, the SA for the population remains at one-
fifth that of the occupational value. At the same time, the 30-min
time-averaging period is responsive to some special circumstances for
the public at Jarge. Examples are transient passage by the individual
past high-powered RFEM sources, and brief exposure to civil telecom-
munications systems.

i7.4.4 Speciai Circumstances for Fopulation Kxposure

It is recognized that there are special circumstances in which the
exposure: limits for the renera!l ponulation mav unnesesarily inhihit
activities that are brief and non-repetitive. For example, the presence
nearby of a number of emergency vehicles engaged in telecommuni-
cations might cause a brief exposure to fields at strengths above the

S b
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general-population Jimit, Because only smal! groups of the Population
would be exposed under these conditions, and almost certainly not oq
# repeated baais, the occupational exposure levels are permitted fny

aneh cages,

17.4.8 Localized Rypoeire Criteriz

Expoeure limits for RFEM radiation for the human population ary
based to a great extent on data obtained from exposures of amalf
animals to plane waves. Under such conditions, it is relatively easy to
quentify the maximal rate of energy absorption by analytical of
experimental means.

Aithough it is not practical to quantify distributions of absorbed
energy, except for a few cases where apecial theoretical or
techniques can be employed, it has been demonstrated frequently that
the maximal localized SAR typically reaches levels as high as 10 to0 20
times the whole-body averaged SAR. It has also been found in analyses
of SAR distributions in models of human beings exposed to plane
waves that maximal SAR levels, as is the case in exposure of the small
animal, can reach 10 to 20 times the average value. It must then be
recognized that, for exposure criteria based on whole-body-averaged
SAR, such as those set out in this section, the maximal SAR in small
regions of the body may be as much as 10 to 20 times higher (Figure
17.1).

The only practical way to cope with localized and non-uniform fisld
exposures is to rely on the data base used to develop whole-body
exposure limits. Then the bases for the criteria become quite simply
that the general provisions for limiting exposure to a plane-wave fleld
should not be viclated: The occupational whole-body-averaged rate of
energy absorption during localized exposure or exposure to non-uni-
form fields should not exceed 0.4 W/kg, and anatomically localized
rates should not exceed those that are expectod from a whole-body
exposure to a plane wave that results in an average SAR of 0.4 W/kg.

The plane-wave exposure levels allowed by the limit for occupational
exposure can be exceeded for a particular RFEM source, provided it
can be shown that, for any individual that might be exposed to
emissions from that source, the whole-body-averaged SAR does not
exceed 0.4 W/kg and the local average SAR does not exceed 20 times
the average, or 8 W/kg as averaged over a finite mass (one gram) of
tissue over any period of 0.1 hour.

By the same argument, the criterion for general-population, local-
ized exposure should allow no more than one-fifth the levels of SAR
allowed for occupational exposures. However, in the case of individuals
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in the general population who use radio emitters of various kinds (e.g.,
hand-held transceivers, remote control devices, elc.), the exposures of
rhnas individnals may b geeeter than the valucs Sovinmesibo i W
goneral population. Use of such devices is permitted, as a personal
Jdecision by the individual, provided that the devices are designed and
ysed a8 designed so that the exposure of tha indivicunal dnes not axcaed
the recommended occupational guidelines and provided that, in using
the devices, the individual does not expose other persons above the
populstion guidelines.

It should be recognized that determination of whether a particular
RFEM source will meet these criteria poses technical difficulties, and
can be done only by a qualified person, a lsboratory, or a scientific
body for a general class of equipment. It is not possible to determine
~onformity to the special criterion hy means of s power-density meas-
urement alone.

17.4.6 Mixed-Frequency Fields

Simultaneous exposure of a person to several sources of RFEM
radiation (e.g., from commercial AM, FM, TV broadcasts) is the rule,
each source radiating at a different frequency. Because the SAR
indexes the exposure limit (Figure 17.2 expresees equivalent far-field
power densities for a constant SAR), appropriately weighted power
densities are needed to reflect a complex radiation environment. The
combined power density that mests the criteria for mixed-frequency
fields is recommended to be the sum of the power densities at each
frequency:

Sr=8i +8+S+..85, (173)

where St is the combined power density, and S;, Sy, S;, and S, are the

power densities at the frequencies, f; (i  1,2,3,.. . n), of each RFEM
source, with the condition that

v % .8 & &, S
Ah h+h+h+”h
where the Ls are the exposure limits at the respective frequencies.

s1, (17.4)

17.4.7 Modulation

Elsewhere in this report (Section 11), effects of RFEM fields under
low-frequency modulation on in-vitro and in-vivo preparations have
been discussed in detail. It is not known whether these effects pose a
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risk to health, but their reliability and their independent confirmetion
in avian and mammalian species dictate the need for caution. Tham,
iure, a speciai circumstance exposure criterion has been provided ag
follows: If the carrier frequency is modulated at a depth of 50 porcei
or greater at frequencies between 3 and 100 Hz, the exposure criteria
for ths geneial popuintion shaii aiso apply to occupational exposures,

17.4.8 Power-Density Peaks

The time averaging of and the limits on power densities and SAR,
as provided in the criteria in this report preclude circumstances in
which excessive instantaneous peak-power levels can occur. There is,
iherefore, no need Lo specify a limit on peak power, as such,

17.4.9 Medical Use of RFEM Radiations

The proposed exposure criteria are not applicable to medical appli-
cations of RFEM fields insofar es the patient is concerned, but are
applicable to medical and technical staff that use RFEM sources in
diagnostic and therapeutic procedures,

17.5 Moeasuroments of RFEM Fields

Some exposure standards (e.g., ANSI-1982) specify thet measure-
ments of field strengths should be made at distances of 5§ cm or more
from any object to avoid errors incumbent with scattering properties
of absorbing and reflecting objects in the RFEM field, and with
practical limitations of measuring instruments. For example, objects
immersed in an RFEM field at power densities below those specified
in the beginning of Sections 17.4.1 and in Section 17.4.3 can produce
a scattered field of apparent intensity greatly exceeding that of the
primary source. Valid measurements of such scattered fields in proz-
imity to an object are difficult or are not possible because of the finite
size of the field sensor and because of the interaction of the fisld with
the object. In addition, the quantity of RFEM energy that can be
coupled from a scattered field to an exposed human being is small
compared with that from a primary source. it is
scope of this report to specify the measurement methodology needed
to apply the exposure criteria and, until more detailed guidelines are
available, it is recommended that measurements be made at a distance
of 6 cm or more from any object in the field.

¥
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17.6 Considerations Possibly Influencing the Criteria
m we future

This document is based on literature references published up
thrugh the vear of 1089, Thaze 52 R0 6w suidiaggs in Lie lilerature
published after .this date that could result in future changes in the
RFEM criteria, One finding concerns the possibility of RF burns or
excessively high, localized SAR occurring in the hands, wrists, or
ankles of persons coming in contact with grounded metallic objects,
and the other finding concerns a possible link between RFEM expo-
sures and the increased incidence of malignant tumors. Details are
discussed below.

17.6.1 RF Bums and High Localized SAR

Recent research on identifying hazards in the 10-kHs to 3-MHz
frequency range based on measurements of body impedance and in-
duced current in exposed, volunteer human subjects predicts that
potentially hasardous levels of body current and localized SAR may
occur for expoeures within the recommended guidelines of this report
at frequencies of 1 MHz or greater (Guy and Chou, 1982; Gandhi et
al., 1985; Guy and Chou, 1965). The threshold current for RF burns
occurring on the finger due to contact with a conducting surface is 200
mA (Rogers, 1981), and the threshold SAR for vigorous and possibly
damaging local heating based on diathermy treatments is 50 to 120
W/kg (Guy et al, 1984). If the recommended standards based on the
10-kHz to 3-MHz studies are extrapolated to 30 MHz as shown in
Figure 17.3, a maximum exposure level of 0.13 mW/cm? would have
to be imposed to prevent RF bums and to prevent the maximal SAR
from exceeding 8 W/kg for contact of the hand with any grounded
conductor during exposure it an extended field. Because the quasi-
static analysis used for the 10-kHs to 3-MHz range will become invalid
with increasing frequency in the range 3 to 30 MHz and as the whole-
body resonant frequency is approached, prediction of maximum per-
missible levels above 30 MHz wouid require more sophisticated models
for grounded contact exposures than now available.

17.6.2 RFEM Fields and Malignant Tumors

A report (Kunz et al, 1985) that was widely publicized in the news
media as linking RFEM fields with cancer, indicated that 18 out of
100 Sprague-Dawley rats exposed for life under specific-pathogen-free
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Plig. 17.3. Example of the exposure criteria in terms of slectric field strength and
powsr density bused on not exceeding the average-SAR (0.4 W/kg), masimal-SAR (8
W/kg) and RF-bum (200 mA) criteria for whole-body exposure in an extendsd RFEM
fleld of a person insulated from the ground (by the material on which the person i
sanding) but with a hand towching a grounded object (0.5, a wetal fence). The
oxtrapolation on the analysie of the data, obtained in the renge between (0 kHx and 3
MHz, has been made up to 30 MHz, but it is not appropriate bacause present theory b
not adecueate to desctibe the interactions with the (ield as the frequency increaste above
3 MHz and approsches the whole-body resonant frequency. In this example, the RF-
buen condition becames the limiing criterion and, st 30 MHz, it extrapolates to ~23
V/m or ~0.13 mW/cm". (Note that the two SAR curves are not parallel to the RF.burn
curve becaues of the effect of lncreasing conductivity with frequency on the SAR.) (ARer
Guy and Chou, 1902, 1966.)

(SPF) conditions to 2.45-GHs pulsed fieids at SAR levels of 0.2 to 0.4
W/kg suffered from malignant neoplastic lesions. Only 5 ot of 100
rats sham exposed under identical conditions suffered from the same
lesions. The Mantel-Haenszel (M-H) analysis of the relative risk was
4.46 and the Chi-square test was 8.0 (p = 0.005, df = 1). The incidence
of neoplastic lesions in either group is within the range of incidences
reported for this strain of rat; only three tumors were present in rats
younger than 12 months (all in the sham exposed), and the incidence
rapidly increased after 18 months of age. The endocrine system has
the highest incidence of neoplasia in the aging rats, as is to be expected
in this experimental animal.

However, the authors state in the report: “The low incidence of
neoplasia with no increase in any specific organ or tissue required the
data to be collapsed and statistically evaluated with respect only to
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occurrence of the neoplasm, with no attention given to the area of
occurrence. This analysis indicated that neither group has an excess
of henign lesions. There iq statictical svidoras that the jucan udikber
of primary malignancies was higher in the exposed animals than in
the asham exposed, but the biological aignificance of this difference is
reduced by several factors. First, detection of this diffarvencs remmived
the collapeing of sparse data without regard for the specific type of
malignancy or tissue of origin, Also, when the incidence of the specific
primary malignancies in the exposed animals is compared with the
specific tumor incidence reported in the literature, our exposed animals
had an incidence similar to that of untreated control rats of the same
strain, maintained under similar SPF conditions (Anver, Cohen, Lat-
tuada and Foster, 1982). It is important to note that no single type of
primary malignancy was enhanced in the exposed animals. From the
standpoint of carcinogenesis, benign neoplasms have considerable
significance under the assumption that the initiation process is similar
for both benign and malignant tumors. The fact that treatment groups
showed no difference in benign tumor incidence is an important

clement in defining the promotion and induction potential of micro-

wave radiation for carcinogenesis. The collapsing of sparse data with-

out regard for tissue origin is useful in detecting possible statistical

trends, and the finding here of excers primary malignancies in the
exposed animals is provocative; however, when this single finding is
considered in the light of other parameters evaluated, it is questionable
if the statistical difference reflects a true biological activity (Waerd,

1983).”

The information in this subsection emphasizes that additional work

in these important areas is required.
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The NCRP

The National Council on Radizticn Divieciiun and ivieasurements

is & nonprofit corporation chartered by Congress in 1964 to:

1. Collect, analyze, develop, and disseminate in the public interest
information and recommendations about (a) protection against
radiation and (b) radiation measurements, quantities, and units,
particularly those concerned with radiation protection;

2. Provide a means by which organizations concerned with the
scientific and related aspects of radiation protection and of
radiation quantities, units, and messurements may cooperate for
effective utilization of their combined resources, and to stimulate
the work of such organizations;

3. Develop basic concepts about radiation quantities, units, and
measurements, about the application of these concepts, and about
radiation protection;

4. Cooperate with the International Commission on Radiological
Protection, the Intermational Commission on Radiation Units
and Measurements, and other national and international orgs-
nizations, governmental and private, concorned with radiation
quantities, units, and measurements and with radiation protec-
tion.

The Council is the succeesor to the unincorporated association of
scientists known as the National Committee on Radiation Protection
and Measurements and was formed to carry on the work begun by the
Committee.

The Council is made up of the members and the participants who
serve on the eighty-two scientific committees of the Council. The
scientific committees, composed of experts having detailed knowledge
and competence in the particular ares of the committee’s interest,
draft proposed recommendations. Theee are then submitted to the full
membership of the Council for careful review and approval before
being published.

c Tl\:i:'ollowing comprise the current officers and membership of the
ouncil:
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President Wannzn K. SiNncLAIR
Vice President S. JAMES ADELSTHIN
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Assistant Treasurer JaMmes F. Berc
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