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CMRS-LEC Interconnection

, ~

• This rulemaking proceeding is a critical part of the Commission's mission.to ~liminate biuriers to
wireless competition to the local loop. As the Commission has noted, "changes itlr_pe~~89
arrangements are necessary if CMRS services "are to begin to compete diiecdy against LEC' wiPeline
services." .

. ,

• 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 !k 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.

• 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 ofwireless 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 Flexibility

• 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.



RF Standard

-
• 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 ofRF 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
containlllO 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 ~n ..lecteci from the arehivalliten.bU'e <AppeDdiw A) was reviewed for bioJocical,
encmMriDc. Mel ataiilticaJ validity (Me 6.3). It wu qreecl that only peer-reriewecl-...
porta of.tadiea at SAR:s; 10 WJkc. which had reoaved favorable -IinMriDC IlDd biok,­
ieal yeUdatioa, Ihould be CODJidend relevut to the .....meat of riM from eq»'W"e to
eJActromapatic iie1el1 in the ruonanc:e ran,L The litaratll.n rniew wu fcUowed .7f
uteuive deJiberatiou of the Risk Aa.UlDeDt WorkiDa Group tbat wu dwpd to ,...::h
......... on an SAIl at which potntially-d.eleteriou heal. eifecta an libly 1;0 oeeuJ' in
hWD.aD beiDp. A majority of the Bilk A1.....t WoriUD. Gtoup -.,rMCI that the Utt,r­
atm'e it still supportive of the " W/kc criterioa. Furthw, th. ANSI 1982 Iafety filCtor of ~o
... radb'" by SobeollUDittee IV, yieWiac all sAil of 0.4 WJka u the workiDir bail br
the !rIPE. The quMtion thu aroM oftbe neecl for two a.. o£MPB <u adoptacl by N:RP, 19.'16
[862» to clistiD.piaD oocupational VI. paeral public apcNAIN8.

To some, it would appear attractive and 10cieal to apply a larpr, or dift'eralt. ;lafety fae-­
tor to anive at the pide for t.he pne...' public. Su.ppol1ive arpmenta claim .u1~uPI)f

ere.ter ••aitivity (infanta. the aced. the ill anel diublH>, potentially createI' eJ::poau.~e

duration. (24-hr/day va. 8.hr/day). adver.. environmental condition. (eltces.ive he.tot
and/or humidity). voluntary vs. involuntary 'EPo.un. ancl psycholoricallumotionl1
racton that can ranp from uWety to iporance. Np-dlerma1 e«utI. IlICh IU; ,ftlULn

lciwn iollS from brain unUM are allO m.ntioned al cential heal :mll. n e
m.m 1Bm1 rv Ii,v! the recommen .zpomre evell should t e ute r. ,r
an. uo. mbmit. ...uppon (or tAil concluaiOl1 the observatiOll that no nliable ICi.Jltiftc da!~
enst indicatiD, that; -

(1) Certaill.~. olthe popul-tioa an 1IlO1'8 at riak thu crtb..
(2) E~ clW'llUoD at ANSI C96.1·1982levela i. alipi&ut~
(3) Damap from upaUA to e1ectroJDapetic fl.lda ia C1UIl1JlUiye, or
(4) :nth!EJP!L(other than shock) or moduJation~c!!CIUlla, of gpoturLlPHJ!....

~ncfa11ynI&ted to hUma" h!i1tb

No verifted reporU uist of iD,jury tD hlUUD beUap or of...... e«eeta on the health c;f
hWllD who have bean ... to alac&ro.apatic ftelda withiD the limits of &".
quncy 8AR apecifled. by previou ANSI at·Ddard&. incJadinc ANSI 015.1-1982, (Bl;.
In the pnnaulpUOD or nviMcl cu.ideliD.., the~tyof the canst Subemmaitt.ea
IV i. adhelWllce to th. scieAtiftc but of data in the cletenDiDation of eqlOlUft levels that
will be ule not only for penonn.l in the workiD, _YiromD_t, blt &lao for the 'Public I to
larp. nt., importallt di.tinciion it noc. the popa.laUOD type, bat th. naQan of th. upOlur.,
environlftent. Whu apoaun i. ill , OOIlcnUed· esrril'OllDleat. th••cientiftcall:,-derifti
UPOlur. limits apply. Whell '%po.un i. in an uncontrolled environm.nt, ho...·ever. a 1

dt2'a sat..,. factor i. appliacl und.r c:at.ain COIlditiona; th... include, but an not limited u"
the followiDl':

(1) Ezpaean in the relOnant trequacy raDP, and
(2) Low.freQa8Dcy spoaun to .leetric fiel_ where e.paure .. peIletraanc or CQl:lplieatea.

by a ....•.... hazards like RI' sbocks or ba.rna induced by metal contacts.

M definecl e,"lier, uncontrolled en'rironmata inclwl. the domicile and DlOI;t piace:
where the iDSrm, th. apcl. anel children are likely to be. It also inclwt. the W(,rk .vi
ronment where employee. an not specifically involvecl in the opantion or use lIf .quip­
1Dent that doe. 01' mq radiate IipUflcant electnmapetic eIleru' anel where there are nt
erpectatiaa& that til, apoeure levela .., aneci thOle shown in Table 2. On the other hand.
coutrolled .monmaU may involve expoIUn of the ceneral public as ..ell u occupa·
tional penolulel, ..~, in pusinr thntUCh area .uch .. aD oMrYation plattonr l near I
tnDsmittiDI'towe1" where anal,... show the apoaun may be above that lhoWil in Table 2
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!Nt i, below thai ill Table 1. Other apomn ccmcIitiou include that althe radio amat~ur wht,
'VO)untartly &lUi bowledpab1,. operatea in a controlled RP environment..

A& fnquena.. below 3 MHz, the MPEa, in term. of JUCDetic ftelda, Ila~ beeB 1"Clued u
m. reuaaably correspond to wholewbody SAIl limits. On the other RUlel, the MPEa. in
terma of E fWcl. COIldIrae to be cal)ped below 3 MHz in order to limit tile poaibiUty of TeaC·

.,tiona (mocka or bama) at the mrface of the body that micht oc:cur in E iielela of hiP
'treneth, npedaJl,. UDder conditiOfti of spatW anel temporal fielel COIlC8llt1'ation.
J In thU standard. there are eJr:tenaiv. moclUicationa of the avenciDc time for d~r'
mininC pumiuibla eqaomre. At the upper frequenci-. tIlu. nil. acne with !;oundly­
baaed a".,...ma tim_ derived from optical eonaid...tiona. At. the lower frequenc::tl, new
rules on inclucecl cm"NIlti haft been introduced to p1"eYeftt RF shock or burn upon i;raspine
contact .-itb an object in aD RF -nYironment. Th•• rules lupple1Mllt the limits O:'l E and
H field 8Xp01Unt.

'ntis ItaDdard i. thus an eftenlion of ANSI C95.1-1982 [BU, and incorporates nlAny re­
C'nem.llts that will ...... to make the MPEa mOTe useful in a createI' variety of exposure
,nuationa. There remain are.., however. which the ltancbmi don not covet'. e..., :he poa­

"ibl. eXl)O'we of the body to transient spark.discharp phenamaGa upon touchinc a larp
conductinc objeet in an RP environment. Putun re.ean:ft may Pl'Ovide the data bas. from
wnich quantitative rule. for prev.nting adverse effects from such di.cna11res can be
derived,· _

C
-Laearda on the .ft'.u of chronic UPOSUft and .peculationa on ilie 6iolOClCSI aipifi.J
canee of nonthermal inteftction. have not yet T.sultecl in any meanincfuJ });lIis (or
alteration of the atandard. It remains to be ... what futwoe research ma,. produce for eon·
sideration at. the tim. olthe nm revision ofthia ltandanl. _--'-8.1 RacolllidoD ofWlaol..Bacly Reeor:'Dce M is true atANSI C9S.1.1M2 (Bl), the MPE in
thi. ltandani it bued on 1"8C01Dmendadons of fi.ld .trenatba or of plan....ve.eq\!:ivalent
power d.ll.iti.. of incident field.. but these limits ue hued OIl ••n utablishecl findings
that the body... a whole. edlibitl tl'equency-d,ependent rata of abIo'rbinC electrom acneDc
enerv [B6, B20, Btt, BU1 Whole-body.averapcl SARa approacll muimal values when
tb. lone au of a body u parallel to die E-ft.ld ftCtor and ia tour tenths of a waveIe neth of
th. incideDt field. Mammal abeorpdoD 0ClCW'I at a freq1MDC)' near 70 MIh (or Stant1ard
Man <heicbt. • 17S em) uacI rualta in aD apPl'Oumate seven.-folcl men... of ab.orption
r.ladve to that in a 2450 NIb fteld (822. B27L III conlicieratiAm of thu d.-dency, recom·
mended MPEa offield Itnnph have been redueed. acrou the ranp offrequepci.s in which
!tum.. bodi.. from iftI'aDu to 1... _taltl uhibii whole-body re80uance. Above 6 GRz. the
ablIorptioa is qusi-optical uel bocly 'NIOIUlIlfle eonsideratiOllI do not apply.

U Iacorpcmuioa0I.~.DoUmet1'y i. the ftmdaJDeftW prac.. ofmeuurinl phys­
ical quaDtitiei of..., or substance. that are imparted to an absorlMa body £B40, 1~41). In
1972, The NatiaDal CoWlCiI on Radiation Protection aDei Meuu.remeDtI (NCBP) convened
Scientiftc COl81Diuee 31 to d.liberate and recommend doaimetric quantities alul units
applicable to III. :&lOID·.,..tic ftalcll [B511. III keepinc with the NCBP 1'8CODllDellclat: Onl, in
1. 982 the ANSI eta Suheom1Dittee IV adopted the U.Ilit-mau, tim..verqecl rata ttl l~lectro­
maanetic en8l17 absorption. as specified in u.nits of watt. per kilocram (Wlki;). The
quantity .~TUMdby th... units i. termed the specific abHrption rate <SAlt).

Formally defillecl, the SAlt it the time rate at which radio-frequ.euC)' electnm:acneUc
eneJ"IY is imparted to all element of mas of a biolocical body. The SAlt. i. applicable to any
tiame 01' 0"'" of intenlt <that ill, can be applied to aDY macroacopic .1.JMIlt of lUll••)" or,
•• utilized in ANSI CII.1·1982 (Bll. is upreuad as a whole-bod,y avenp. Icleally, aaatom·
ical distribution. 01 SARa would be uMd uplicWy to formulate • cWde in 1'8COIftitiuD thai
absorption of electnmacn.uc enal"l)' from evell the m~t unitorm. fi.ld caD n:lwt in
tuchl,. variable llIla&oaical clapolitions of .'1'17. It hu been utablWlecl £Bal. 830L, B35]
t.hrovch thermopaphic analyses of model. of rata and man. and caclaven of rabbits. ttlat
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Preface

Thia report is the MCond of ..... conoemial redio~
electJ"OmApet.ic (RFRM) .....ion that~ m utealion ,.
the NCRP intAlNit iDto tIM wbject ofaon-loaiIiDt r"Mn. The fint
report. NeRP Raport No. 67,R«liD{reqrltlnq.~ FW4t­
Properties, QrMmtitift and UP,~ l,*roction, and M.·
,ureFIWrau, WM publiabed in 1981. The "port proWled a eompreIIen.
live disc:l8ion 01 ftuldameow., ..,.cidy thole tMt ..... to radia­
..ion protection. It provided the buia for fature -.porte. iDcIucIl.., W.
one.

Soon.r \he work on IWport No. .., ... bepo, tile NeRP lonDed
ScientifIC Committee &3 to pnp8I8 a report Oft tilt bioIocieaJ .fIectI
of RFBM radiation. Thla ICientiftc cOlDlllittee .u alto ......ed to
consider the development or recOlDJDllld8&ioallor '1PQIUI'8 criWia it
the committM felt that aaeh MCO.1MDCIItionI coaJd be juatirllCl on
the bMil of the Idequacy 01 the bioIocbI iDtormat.iOft. TIae 8deDtUk:
literature on the bioIoPeal .... er RrBM radiMIon it voIu.iDoa.JI
but o(varym,lCientific .-Hty, and it bM tall.. COD8idenIJle tilDe to
U88U it. On the hili. of a deWJed edluatioB, which II reIIIeClecIln
tbil report, the committee concluded that 'IPCJ'UN eritMia could be
developed in BPic. of the limitatioll. erthe biolOlicaJ iIlIormation aDd
these too are lncludld in thia cIoc\-.nt.

It needs to be reeOpu.ed \bat our~... of the biololbJ
effects 01 RPEM ndiation " ItiII e.olftar. bMecl 011 COIaUnum,
relMlCb on thU important IUbjeet. A. a 1'IlIGlt, it ia to be upectIed
that the espoaure criteria lit eMIt fa .. nport will be ....uattd
periodicall, in the Mure, and ......, ....... new iftIormation
~~wCi ....;:..,. T'ui. ... WUUU8. a-iie. ioI- iho8e iDvoived
in ....atioopro~andone tDwhich~NCRP.~ f.9~nd.

This report. wu prepand by Seient.ific ColUlittee 1)3 OIl BiololieaJ
14'."'~~ ~!'~ F'T~~~~ ('~.t-~rl~ fer }!:di~f:.~~J~nC:i" ~ectrvm-.a,~~t1:
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1. Introduction

The radio·frequency .Iectro......t.k (RJl'BM) IPtdnun (Table 1.1)
it formBlly defined U WI'VeI that fIIlIe ill trequency hal >0 to 3 )(
10" Hz (Sarna. 1988; rru. 198]). Thia NpOrt addreIIIt the bioIocicaI
effecbl or e..-we to RFKM rJ8ldt that ,.... ill trequency 110m ax
lot to lOU Hz and in in-uaruo wawleDcth from.~, 1000 to
0.003 meten. Included in tbiJ ran,. are all abortwave and IDOet
microwave frequeDCia Wavea 10'" than 1000 m haw ....rinc.nd
abrorption propertJeI wilh nNlP8Ct to the huaaan body that differ
greatly lrom thoee 01 .avee that approUDate &be body'. ""al
dimel\l~a; aueh wa... BhouId aad will receive itulependeDt. .....,.
by other ultmbliel of e....- Rf'BM ..... that lie DIal' the upper
limit of the microwave IpectNm (3 )( 1011 Hz), and neldl of ewa
hither frequency in \he eub-mlllimet.er spectrum (3 x 10" Q) 3 )( 10"
Hz), i.e., fields at w."tlencths that nDI' from 3 IDID to 800 "" have
Neeived NJatiVely little l\udy iD the bioIocicallaboratory and ... DOt
addressed in thia report. Howwer, •...-.,. to far·iDtNJed Ndiationl,
which overilip the RPEM tpeCtrum aad an defined ....",1taItU
(rom 300 to 2() lim (fnquenc:ieI from 10" to 1.6 X 10d Ha), 11M ....
ltudied .mnlively in the laboratory UICl ill cowred by te
ezpoeure criteria, at Ieut ill the indu.trialleCtGr.

The lack of quantitative data OD the biolocical elfectl of RP'BM
fields hu reeuJted in widelpreld coneem tim IUCb npoIW8 poRe the
risk of injury to hearth reprdlIII of latelllity. Altbouab tben are
leveral thouaandl of ftIPOrta-ICieDtiAc P boob, artidle, ad
newtpaper aecounta-of widely ymyinc tiIic qudty that pMllnt
data or opinion OIl the bioloPcal to RFBM m&tioae, GO
oon88I\1\11_ emerpd repnIDr anclDdlanilmi ofbljury
.t Dii~~;fi~ ~=:rtic:: ::t= {.!:!.~)~ !. ,~ ~~tt~ ~p .i~m

(W!klt). The wide variation in JUl'EM-ndiation txpoeun cri...
around the world Nnecti th» ebMnee o(eo....... AD objective
1I" __I~;' nf t"- ~i~tjrW\ li*"ratllr8 and recommeoc:t.&ioaa for eapQlUle
limits by 8 qualified and unbiMed IlVUP of expertl illON'y .aMdecL

To addre•• uu. need, the National Council OD Radiation ProteetiGD

and Meuurementl (NCRP) decided in una to estend ita leope of
activities to the publicltion of NpOrta that provide maluationa of the
biological effects of non·ionillng radiations and to the publication of
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the interpretation ofthe literature and tbe specification of approprilte
esposure limita.

Unlike ionilinl radiation, RJ'EM .....tion mutt be apecirJed in
UnDS of carrier frequeney. moduJatioa. eJeetric-field and mapetic·
fJeld stren,tbl (or power deMity wben 8pPIicabJe), 8Dd lODe of irra­
diation (near or far f.ld). AIIo eomplicatinc the t.uk of reeom.....iq
elJ)OlUN cuidet is the filet that uaNtUicted UPOIUftl of the body to a
plane-wave or _ muJt.ipatb field It • P\l8ll intallity can have ta
far different lrom thole ofpartial~body elpOeUN at the ume iD lity.
Unlike ionmlll radiation, the apetially a"raced field IlIenItht .~
pendi.al on the volume olll*8 over which~ fitkla are .,••cI.
may vary for a liven body &om pnctieaJly .ro tQ levela tar e*,..,Ii..,
any propoeed limit on eqJC)IUN. TIaia wide variation of rMld Ita...
neceuitatel the uae of 11ld.ion c.... iD the lpeciled npotUnt
criteria, II diacUMed an Section 17.

Tbia report. which beciM with a diIcuMioD of funduDental ttueIiet
at t.be molecuJar level in Section 2. preeeatl a review of tile IUbjeet
matter covezed iD NCRP Report No. 87 on mechanitma of iDtendioD
of RFEM fieldB with tiMue. The diJeuuion continuee to pro"'wly
lalger lCalee of interlction, beginni.nc with IDlICI'OIDOIecu IDd cel·
lular .lI'ecta in Section 3. eblOlDMOlDAl and mutqenic eft'eett in
Section 4. and eueiDocenic effecte in Section 5. The leope of the
,ubject matter " then n:panded to include 8)'1te1Dic: effect. auch ..
thole on reproduction, powt.b. and devetopJDellt in Section 6, be..~

t4p0ielia and immuDOloo in Sectioo 7. eacIoctinoIocY and autoaomic
nervous function in Section 8. ClIIdiovucular etfeeta in Section 9 and
cerebrovaacWar efJecta i. Seetion 10. The iDa ill SediaD 10
places etrong emp" 011 the blood·brain barrier. which b.a reoei¥ecl
coDliderebte IIttention in recent yean.

Another contrcweraial ... baed on maIl1 eonIliet.iq reporta-the
interaction of~ rltJdt with the ceotnl D8I'YCUI tylt.em
and epecial MftIII-ia cIIcueIecI in Seetion 11. Some ~ tile IMre
intereatinc and coatlo..rmaJ ... that bMe ..iYed wldeIprMd
attention, such II frequeDey andia~ .........,It ........IId.

Section 11 CODdudee with • ditcwti8ll of DtUrOlocicaJ effectI, which
:..d~~ "".~J'';' J.uro.w...-u1....,.Mew. Sum. vi i.be IlION .a.
lilive biolocic* end poiDtI, thole~~ with MMmr, ~ d.it·
CU88ed in Section 12; the. end pointe contrut ....tay with the
"~A~""~~ ;,,~,,·f.~.•,~ m~'t'ci~tt! ~n~o~nt of e~~~~e~c~ ~:

euated in Section lS. In Section 12, a t.bermoeIlItica11y mecIiIIed
interaction. which hae NCeived wideIpretd attention over the pelt
decade, is discuued u an auditory neural effect, and it it • pbenome·

I:

ILF

VF
VLF
11..,.
HF
VHP

UID'

8HP

88Hr

~rie

DeciIHI.rie

Myr!amttric
Kilometric
~

Deeem.tric
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•Flo. 8ama (988), .... on iJltematioa.......y lmolvint 1*tidPent. in u..
11IW1t1tio..... T ~ UiUoon <ITtJ, 1981),

~&.ad 1 it • witlt DO offidaI llCI;ectivai de.criptioll lIIld IYIIlboL
8ua-ted entriel aN lor thit baJICI.

•8 ...412 bu no 08iei.. Mjeetiva! dllcription. A....... ~try illhown for tlUa_II.

2 i t JNTRoDUC110N

.--- ..._ TAIlI.B1.1-~ band. 01 tIN RFBM tpftt",m.......
Bad ' ....lIey...... ....riIion ~nI"'llp_~_lie, ("'WI

recommendatione aimed It IimitiDI eapolU.... Beau. then ... \1ft)'

little .tandudiIatioD 01quantiUes and unitl nlatm, to thiJ field, lIDd
beeaUle there wu ~nbIeconlueion between ionildq _ nOD­
ionirmc ndiaUon, the NeRP relt~ •• pnnquiaite to the ..rt
OIl biolocical .ar.ce. IUd e.KpOlUn criteria, a publication .a needed
on ptOpeI'tjee. quanti... units. biophyaieaJ interactio., and .......
menta relatiq to BrIM .fie... TId. fbat report, NeRP lWpon 1M.
67, publiahed in March 1981 (NCRP. 1981), providet a~ OD
the ph,.... ........ 8Dd mecheniem. or inteNction or RFBM
fields with maUer, a bllCkcrouad ..nti.. for the interpretation aDd
!!.~e::f.::od1"i vf:':"'I'.-.ui NPOrt. 'hM compJezity of the iDtencti08
of theM nelda with bio~O!i..~J ")'!lema It'.:tkes it difficult w inierpm
the ·tRiP· vOlume of UtAlrature on thl aubjec:t, becaUII a .ubttantW
fraet.iOf1 nf '.h,. ~~l"If('~ ~pcrtc.d :j,~ tue> Iiwu~i.ul't~ iat:b the euenUal
CIlIlDtitatioD dileuJled in NCRP R.port No! 87. The bioIopeal effectI
of ezpoaure to RJ8M fJelda depend on many faeron that compJieate
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non that deeervea special attention. This intel'ftting phenomenon
would never have been clearly understood without the development of
a quantitative argument, hued on the material preaented in NeRP
Report No. 67.

ProbebIy of «reateat importance in term& of the e«eda of RFEM
rldiations on human populatioDl are the epidemiolOlieaJ atudiee 6­
cuued in Section 1•. Tbermorepalation is dilCUlled in 8eetion 15 and
it en especially important subject becauH inadiation of an orpniam
can relUlt in hyperthermia, which ia ntpOntible for many reporWd
elfecta. Hyperthermia, as lIUCh, is aIao eltremely important beclUlfl it
ia the belie lor the Me of abortWlve or microwave radiation u an
adjunct fA> the treatment ofcancer, u reviewed in detail in Seetion 18.

BeeaUJe the major purpoee of thil report ia to interpret tb. literature
••• terms of health and aafety of human bemp lit an RFEM environ­
ment, the human expolure criteria end rationale provided in Section
17 contain aipificant conlUlioDl. It W8I neceeury to mao difticult
decislonl in arrivinc at. thete COIleIUlioDl. BeeaUN the bioIopeal uta
hue i8 drawn from !'epo", varying in quality from poor to "ceDent,
one moat be a.1ft! that the data forming the basil of tbia chapter alao
vary in quality. ThUl, value judpnente hid to be made conoemiDl the
data beee diIcua8ed in the preeedi.n, chapters. AIIo, practical problemt
that relate m,hly localized e:rposureJ of the body to low-power radio
devicea ..entia! to the quality of life and to public: larety bid to be
dealt with by recommending ma:r.imal 8ne1JY-abaorption llvela in
addition to espoeurelevell.

The history of therapeutic applieationl of RPEM fielda, wbicb Ii
reviewed in Section 18. il important becatae it coven a period when
Iarp numbers of human beinp were npoaed to biahly inten. RFBM
fieJda. The history it allo illuminatinc, in relation to today'. contra·
venio. in that it pointa out how milconceptiolLl, that .tin..ist today,
were recopiJled early.

The cutotr datAl for the litAnture review of this report il the end of
1982. A few refeNnces have 1983 dates. 'nteee references were on,i­
naUy abetnctl dated 1982 or ..rlier. but, beea.. the ..,fenDCeI
became available in early 1983 u peer-reviewed~!. th=e !'...·v
Iwwt • 'oJ" . - .. ..L__L~ ,_.-1>- h . L __ L~ 'We.. __!! m::.w..&u .. pmeraDIe k> _ ....r..... w en It .... ..-. poaa
to do 10. Section 17.6, "CoMideraQGna PQOlIIibly influencin,tMCritMi.
in the fUture,· is included in order to alert the reader about thftP. ,,~..
develO!''''f'!,t.. ~!'!~~~~~ .. ~v i.U;. l6UOHeL10n are, of COUI'M, current
reference. for the period 1!t83 to 1985.

I
,

2. Mechanisms

2.1 l.t.rodueUoll

InterpN~tionof mechanilml of bioIcJIical .ffectI or RPEM (..lda
ia clouded by • boet of cooflictinC reporia 8Dd opinion', ..,eciaJly
when incident fiela aN at in.....ti.. that fail dilcemibl.v to elevate
the temperature 01 \he in-vivo or Ua-wtJ'O pnparatioll. Even when
r.elda are at intenlitieS BDociated with teliabl6 elevations of t,bf'

temperature of the preparation, the poIIibility that obIerY8d effects
are due in ,.rt to field-specifIC events eannot be neluded. Direct
interaction. by elect.ric and macneUc fteldI with biololical material­
not only are pOMibie but are demonstnble. both in vilro and in. uivo
(c/. e.g., Saito and Scbwan,I961~ PreamaD. 1970; Walcott et 01.. 19'19),

There ia an inherent difficUlty in diltiDlUi1hinl and &criatinllin,
between thermal BDd atbef'IDII1 effeeta. • difficulty bome both 01 •
metbodolocical ptoblem and of faulty i....reDCe. WbeD. tor -ample, •
complex orpnialD .Uibite a bebrIionl or~ ....,on- to
irradiation by an RFEM field, the pheaomeaololic*~ of the
resp<t1Ul8 providee no cWiDitiw lew on which or three
pout'ble c..... iI operative: daenUl, ..-1 ( -III*iftc). or the
two in lOme combination. TWa thftefold .. of pouibllitiel cWiD­
the methodolociw-eomt would .., ~-probIeIIl.Tbe
_ue of faulty iaference ia eDIIIPli&ld '" tJIe widely Mid.. ill tbe
bioelectromacnetica COIIUDUDlty "*' bioIoIkai ..... to .....
fielda IU8 a pr;ori evidence of atbenna1 C&1Utioa. Tbt hot tip of •
amall aoldering iron that ..... ece eoaw:t with .. epitlermia
of an~ teehnician in a dramatic behavioral
reaponee. An outaide obIerver 'id with even the mOlt __Uft
01 thefD10metlic or calorimetriC _ion would be unable to det;ect the
avera:e ele-.'!t.ion of body t,emperoture or the quAl\tity of ollClfIY
imparted by the brief conuet-and if not. aware of the~t of

•iU)"~.wU~,,,iei"'I~W". ,~.~.~ .u.e, ~~
tA) .....0('••11......IMD RI'BM....., .. 1aIpcMd "'.--
or .,..... tenD -.u..mal-. &0'" p' NIl OM .r Oa &.be
baIl.~ ,.....clebiUea ."iJI NCRPReIIt No. 8'7

(NCRP. 1881) LbiIl e«ect iI deIeribecl" .«eat ........... - •
cbanp in. medium or .,at.MD tltat" -* d.irecUy uaue:iaMcI with hotIt~"n
eIKtrollJ.llllWUe enau illIbtorbed-
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2.2 Mechol...0' III&erMdoa wttIa Biolocleallla.......

No one debatea the pot;eaey 01 dIenUl~ of RPBM irndiatlon
at hip power de_tiee (i!:100 mW/em·,. (.;oDlroftn,.,.., bowIillW.
O\'C~ intcrprct4tione of ~:D.1J.at low power. dMt.sitlet {-'SIO
roWIcm' at which .thel'lUllJiolocical etrecte ban beea c1elDOllAtra­
t..-J. rtgut," i..i bUliu:uadult~ (til ill.tlw..~tk Ui...,..I..wU, w~L. hM".;;
liven riae 1.0 tbeori.. 0' interaetbJI of JUl'BM (aelda with matter.

Schwan (1975. 1977) ttatel that nIIOIWlt iDtenctioIw of WopoIy.
men with electric faelda a.re unlikely at frequenciet below 100 aHl.

t.2 MECHANISM8 0' INTDAC110N / 7

important, however, in nveeliDc unequivoeally that a fiekl-tpeeif1C
effect can and doet attend ezpotUre or • biololical preparation to Ul

inten.te burst. of CW RPBM rachtion••t leut lit fJequeneiet below 10
MHz, but tbeee data ,bed little licbt on quettioDI tW attada to
another cYu of Ilthermal int.enctiou, i.e.•'that. obeerved altAIr acute
exposure to relatively wry-low-iDtelllity, IiDUIOidIIly mocIuIMed
shortwave aDd microwave (._ (ef., ...., Bewia d aL 19'1&; HIIa-­
et aL, 1980t Adey, 1980). In esperiaelltl ia which iIolIUcl eblc••
brain. wen eapoMd to OW fteJdI or to AeIdIIDOCIuII*d at 3 • 80 Ha,
an nodua of caleium ione (Cat +) from braiD ..~riaII "ned.
but only to modulated fieJcIa w1tbiD • narrow bod 0' .......
centered near 16 HII-ucl only within • DlII10W ruae of power
densities. Becauee the ...r. amount of ......, CIIPtUnd by brain
nllt~ri.ll was held coutant KJ'OI8 trequende., thermal .... able

could not be nIPOlllible for the ...... 01 Cal+ TIt.. intrituinl
elperimenta are diIcuued in dMail iD 8ectblll.

AI a point. of departure in the diteuaion of mecbeni8mI. It can be
sLated that then itt ample evidence tJuat .the.... ia-...ctlODa in
biological material, .... not only poMible but haw been "ollltnteci
for fields both lVoq and weD. It, muat alao be It8Ied that the
biophyaical mechaniama oftheet .thermal eYeIlti are but poorly under·
stood. Summarised in tbie aection a.re both elate and theory that bear
on thermal mechaniBms and on the larply uncbartecl trontier of
athermal inter8ctiona.

In addition to the diIcwaioa on mechanilmt iD LhilIICtioIl. tunber
diseuuion on meehuiaml will be found in Sectioa 11 OR RPBM
interactioRl with the Il8l'YOUI tyIte... While dU. additioaU .....
could have been iDCOlPO'Med in this 1ICtion, it baa Men kept ill
Section 11 to maintain continuity then.
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6 I 2, MBCHANISMS

atimulltion, would doubtl. interpret the retponle .. In 8therman,
mlpired event. Thi. i. not to argue that aU "weak-rJelcl" rnpo.... an
provoked by tbermaillbot 1pOtI"-although lOme lo-called weU-rteld
etTecta are probably 0( thermaJ·hot-spot oriein-only that the .tren,tb
of the inci.nt field hu no a prwri bearin, on the queetion 0(
mechlniema.

An ideal metbodoJocy in elucidatin, mechanilmt 01 intMaction iI
one in which independently detectable thermal and rJeld-apeciflt ,...
apODlla ale e1ieiMd 110m &he .ame bioJo,jcaJ .yltem by the field.
Althou,h tIli.i., baa not been tully ree.liud. Pickard IDCI co.....
have artieuJated .... theory, have developed novel techniquea, aDd
have performed innovative eaperimentation that eoIlectively ••••.
pJify the ideal apProach (Me, e.,., Pickard and Ro.enblum. 1978;
Pickud md Banoum. 1981; BU'IOUID and Picbrd, 1882a, b).

The biolo,ical apecimen. -Ieeted by Picard aDd col..... aN

aJpe of &be eharacean family. primitive plante trith ID8mbran.. that
e:rhibit eseitabillty, Mtion potentiala, and If8ded rteponIM to ....
ehllniea1 or electrical atimulation (cf. Picbld, 1913; Pickard and
8anoum, J978). Alinde. elonpte t'e1l i. maintained in a clrculatiar
fluid IIledium in a holcIin, device 10 conltnlCted that part of the cill
can be espoeed to ... RF8M field while a diJtaJ part. not ezpoted, i.e
contaeted by electrical recordin, eleetrodes. A bunt of CW RFBM
eneavIt frequencieal'llllin, from ten. ofkilobertl to tenaoflipherta
baa been found to elicit. a relatively PI'OIonaed electrical reapoDle 01
OItenlibly theJ'1D41 oriIin, ODe that ...... for IOIDe MCOIlda after a
bunt of radiation .. 8bIorhed. AD earlier ""POOle, an oft'Iet of the
membrane', reatiDl pot.enti8J tIlllt occurs within 8 few milli.eeeonda, it
a rl8lcHpecific pof.entMI that is .ncited by the bunt of~ lbellY,
but only It carrier fnquenciu below 10 MHz (Pickard and BU'I01Imt
1981).

Ironically, the thermal bui. 01 the prolonpd reepoDle hat DOt bleD
Unequi\'OaJly demo..tnted, but the euly oIfaet poC.entiaJ it UIIup•
• bIy tile ....t of DOn-liDeu-reef.ifyin,-propertin or the chuaeeut
membrae. The quantity of ablorbed energy required to elicit tIae
raeld-apecific.~ Nspoft18 ia relatively Iaqe, • nlCJUirement ,,1M i~
61.., tlIII'iier ciemonattation of pearl·chain lonaationa by Saito ud
Schwan U9f31,. We!e it not for tM contiuuou, l.vuiing 01"thecbarecurt
PfeP8l8Q. by cimWltin. Guidi durinc periodi,or irradiation, the
r.....='81':tk.r.- ".;,.j;J;;I k ~CiL~'c.U)' Jttli8\;U~ oy marked elevations of tlm­
peniuM.

AItbouP esemplifying an ideal ezperiment, the work on the char.
acean orpniam ia of unknown aenerality. The data are estremely
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Ftc. '1.8. Dtpendlnoe (_tiN IAl 1DUim81 vII,.) of bypel'elDia on duntioD of
lJeIt.ment. (FIoBI LeluDanIl, Il'n.)

inclMled surface v.odil.t.ion, will pNYent flow of thermal .....,
into the deeper muaculature. No inc..... in the 0", ofblood to deeper
till... will Nlult, and there ....y even be vuocoDltriction to colDpllll'
late for the increued now of blood near the body'llUrface.

NeI'VOUl ref1e181 uiaing from aurt'ac:e beatine of one part of the
body can leed to t.mperature inc:reaHI in other parts or the body, ....,
in an oppoeif4 eatreDlity, but these ATe are 1.. pronounced tIwI the
primary increuee (Pilcher and Solomon, 1966). RelautioD of ttriatecl
Ikeletal mUICIea may occur. and muacle 8p81m8 may be NI01ved by
IUrIace heatiDl becaUlt of ..De.ive nervOUl retdiona from~
temperature recepton. Th.... in poel'l1, aurface beatin, providel oaIJ
mild phyliolotic and therapeutic rucUona, and aDy .trecta of tM
deeper pIIthoIope conditione &1'8 only refteuve)y mediated.

Effective tbempeutic beMiDI of tillUll below the skin, e..., ill tile
Iubcutaneoullayer 01r~ by RFEM fields requinl proper ..lectioD 01
t&""""ucy, eppiicator, and input power 10 tbat the tempentuntl 01.
deeper t.iMue can htt l'8iH'd to th~ optima! 1r.'e1 of 44 to 45 'C ~itbin

a 6- to 1o-miD period. The duration of the malima1 tamperature CIa

~ ~~r.trdJ~dbj~ ::.djuiit;f~ ili.:. ia~u~ jiVWCU ie\'ei. Jua~ ~iul" ur_.
the temperature rnch. the all.imallevel, v.odiIatation will produce
• marked incre8le in blood flow that will limit the AT in t.iIeueI with
pod vMCUlarity, which win be rotlowed by a decreue in tempera....
(rom the peak value by eeveral cJe,Nea Celsius. An ts:po8UN period 01
20 to 30 min is generally required to produce optimal therapeutic
benefits.
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17.1 Backpouad

In the early to middle 196Oa, Mntative efforts "'N made to eetablilIh
npOlUre criteria for RFRM fieJdI to provide a maqin of ..r.ty for
induatrial populeUon.8. The data needed to nt.blilh eJEPOlUN
criteria and limit. .11 almoet non nt from • biolocie81 point of
view, and only the preliminary, pionetri..,1tudieaofeneraY abeorptlon
and tranlfer pl'OClllel by Schwa ad .tudenta bad been..rted (4,
e.,., Schwan ADd Pienol, 1964, 1965; Scbwan ad Li, 1963, 1868).
Becauee the evidence at that time IUPPOrtecl the position that haaudI
would ariee only from beatinI of tiHueI by abeorption of RFBM
energy. the general approach ... to eetabIiIh an eJlPOBUN cri~rion

baled on tolerable thermal lodnc. Participente in the flnt Tri·
Service Conference on the Biolotical Huarda01 Microwave RadlMion
(PattiaheJl, 1975) formaJly accepted for the lint Ume • limit on
occupat.ional elJMMlW'8: a maximal power density of 10 mWlea', which
was applicable to military penormel at all~ tNqu.ndee."
Several private COrpontiolll 8110 eatablilhed workinllimitl OD npo­
aure && operatine guidelines, but It ...Dot untlll988 that Committee
C9IU of the American Mational Standudl IIlItitute (ANSI) ....
I.bed a working subcommittee (Subcommittee C95.!V) to cIevelop
eaposure criteria. The limit propoeed by daillUbcoDUDittee wu the
lame as that pnspnd by the Tri·s.w.~ in 1967 (a power
density of 10 mWItID' at t1'equeDdII ". 10 MHz lA) 100 OHa). In
1974. thi. standard wu nltat""" ",,~h.~.~~- f~! !!!!n~! !'!'!i!!~n,

by t.he 096.J committee. (n 1982, ANSI promuJpted a new revWon
that; incorpor.~ recopttloIl of IUbItailtial fnqUencY~rideIitvar­
iBtioIl8 in nt8I of eneqy tra".r to the bumm bodY from an RFBM
field (ANSll,'96.1-1982). The U.ita of the ....tandard. wbleb en
8ummariud in Table 17.1, nplicitJy .ooount for thtee vulationa.

ANSI atandenll ue adviaory only. The Occ:upatJonal Safey .­
Health Administration Idopted the 1966 ANSI-C96.1 ltandarcl _ an
espotUN JUide in the workplace (OSHA. lW71). However, I. the
application of t.he OSHA re......tions. two ruUnp by the OSHA Review
Commission, an independent apncy, (I) that standards based on

17. Exposure Criteria and
Rationale
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"IhouId" It8temen.... which the ........tion. are. IN not eatOlCNble
becaUM they are advilory, and (2) Ulat a haurd addNIIId by ..
advi.ory Itandud cannot be the IUbject of 8 .....ral duty citatioD., II

_ttempW by OSHA to countAlrac:t the effect. of the lint naliDc. ndW"
in the inability of OSHA to implement aDd enforce ita DOD-ioDidar
NJUhltio... In a 1982 Field Dir.etiVtl, OSHA aflirmed, &mODI oeMr
matters. that the. deciBiona at the OSHA IWview CommiuioD lIN itt
current policy.

In 1976, the United Stat. Air Force publi.hed a two-etep fNqUlDC7­
dependent IItandaJd, APR 161·42, that Ipecifled pel'lDi.ible ell:pOlUN
levela of 60 mW/em1lt &equenciel between 10 kHz and 10 MBa, IDd
10 mW{CfJf' at hequenciea between 10 MHs and 300 Gib (US"',
1976).

It i.e be)'Oftd the ecope of this report. to provide a complete COY8I'IIII
0( propOIICI and eurreat 'JpOIUr8 criterie for countriel other than the
United States. A- in other Weetem natioOl, tbeIe vaha .....,. from
limita qui.. clole to thole recommended in the ANSl-1974 .taDdud
(e·c·, 10 aaW/cm' in the PedenJ Republic or GefllWlY. in the Ubi..
Km,dom.... in the NetherlandI), to val... IimiIar to the mo"
recent Swedilb UMI Canadian ltaftdarda (-1 mWlem'). Amo., the
Eutem Buropean coaatriea, Ule workm, level, for oceupational a·
posure ........&eady lower than f.boee ofany ANSI stanct.rcL TbeIe
ltandarda 8M .-viewed in a document published by the World HnJtb
~iMti~ (WHIJ. !9!1}. mouwiiMU,. !.ilia documenc.cJ8IIiJieI
Eastem European .tanduda in two 1fOUPa. Group 1 if repre.entec! by
the atandaid ofthe Union ofSoviet 80cialiat Republb.-wbich IpeCifie&
I workilll"" limit of 10 ~IW.h.,.,a. '!"h!{'~ ~~ b t.lC£~~J tv i.
III W{cm'l for periode not exoeecling a few minute•. The WHO Group-
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T~llt 17.l-ANSl~,} ·1982 prolfthon ,.udu: rudiDfrequeltC'j dtcf~,.,
rwlitJlion"

•ProtIl AH8I (18821,
' .......... i em or IJUWr &olD Illy object in the field and _,qed buy 0.1 • (.

min),
• (Eledrie r..Id)'/11OOtr or 12,.(~ fteld)', wblchewr it~r.
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17.1 M....r.... aadU.... 'orBFBM ......

The tranafer 01 ,nerlY lrom the radiation field of an RFEM lOUlCe

to a bi01og)callyatem. and tile ultimate fate of that tranlferred eaeqy
in fermi of biolocical chan.. in liYiDI tiIaue, il an extMaely eolllplel
problem. The details of field-body intenctionl halve been pnMDMd lit
lenctb in a publication by NeRP Scientific ColIJIDittee 39, IUport No.
67, which i.e entitled~racyEIec~FWIdI.· PrvpeI1ia,
Quantities and Unib. Bioph,yaieol lnteroctiora and Jlcuurwmmu
(NCRP, 1981). Report No. 67 is_ primary IOUI'C'8 on which the p.....t
report iA hued with respect to determinat.ion of nposun ..dance.
Indeed, it wu abo the ba.aiI upon which the ANSI ItaDdard wu
developed.

17.2.1 power DeMit)' and hili Stre,.,rlu

NeRP Report. No. 8'1 NYiewI the varioua ..... of ....-urinI
RFBM (aekla and emp...... tblt the.. ia little poIIibility of directly
meuurilll t.be abeorptjon of......., by bioloIical bodiea at. the ceDuJar
level. It ie Deeeuary to ..-.uN 101M cIIanderi8Uc of the iDcideat
field, and from thil te impu" an •..., cIepoeiUon nt.e in the -­
of inte....t. Prom the euIier portio_~ tbiI eection, it is eYident that
all previouae~ criteria baw~ the field in UDita of
the power deftaity of 11\ equiftIIat r.-1IeId plane waw (In, I.,·t
IDWIcm' or W1m'}. In IOIDe alii. .....aeme.. of the eItctric-field
atrengUt in VlID and/or 01 the ~-fteld ItrenItb in AIm have
aLtu been UMd u.zpoeun criteria (III Tible 17.U. Becauae nNrly
aU devicet avaiJ8ble wmeaure radiation fieIdI fcmdameDt.ny meuure
Lhe &t.Nnath ot the electne 01' the -.petie field., UIIn iI much to be
88id for apecifyince~ure limitl in~ tenu. The relation between

17.2 MEASUREMENT AND UNITS FOR RFBM FlBLDS / 27a

II slanda.. include thoee of the GenDan Democratic Republic. Po-­
land, and Crecholkwakil. TheM count.... have ...ra1-popu1ation,
continuoua-espoaure guidea ranging from 10 to 100 lAW/em'.

Clearly, varied opinion and philo8opby uncIerli. tbMe widely r8lll­
inc atandarda (or e~ure to RFEM fielda. It is lIl.o eJear that. lUil
the promulption of the ANSI·1M2 etandud. little conlideration had
been given by 8tandard HUi.. bodiel in the United States to the role
of the curier frequency of the radiatiDI 1O\lIC8 in relation to the
depCl8ition of 'n8I1Y within the body, and, hence. to 8 Plore aecur.te
assessment of bioJorical effect.iveneas of the radiation.

~\; '.... ,...,
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the power delUlity 0( 8 far-field plane wave and the strenlth of ita
fields .. 8i.mple:

S ... E'/1200. "'" 12df, (11.1)

where power density, S. is expreated in mW/cm2
, electric field

8trength, E. is ezpreued in V1m, and magnetic field Itrencth, H, it
npre8led in Aim.

17.2.2 Dosimetry

Although the frequency-dependent rate of RFEM eneqy IIbeorption
by a bioiocical body was not formally incorporat.d into ......
cuideUnea until the Idvent of ANSI·1982 standard, tIIi' dllpendeacy
wu dilCovered in the early 1960e by • Soviet lCientMt, V. A. Fnnke
(ct. Franke. 1961: Pnaman, 19'70). who espoHd modele of hUIDID
beinp to fields that aimuJated lonpave, shortwave, and DIicrowa..
inadiation in the lar rleld. 11Iese experimenta were later con&1'IMCI
and ••tended by Gandhi and colJeque. (c/., 8.,.. Gandhi, 1974, It76b.
198Ob; Gandhi et aL, 1977; Durney et aI.• 1978; Gandhi d aI., 1979).
who performed analytical and ezperimental Itudies OIl model' of
human beinp in conjunction with eJqJerimental .tudieI 01 amalIlIli·
mala. The primary facton that control rate 01 enellY abeorptioll WIle

found to be the wavelenstb or the incident rJe1d in relation to the
dimenaion8 and ,eometry of the irradiated orpnilm, the orientatioa
of the orpnism in relation to the polarity of field vectors. th. pnlI8DCe

or refieetin.lIW'f.Icee, and wbether conductive contact ia made .., the
orpnism with a ground plane. The maimal ra~ol.nerty ablorplion
rtDm a plane wave by the iaol'ted. unpouncled mammal was touDd tAt
occur when ita IonI alia is paraUel to the vector of the eleetrie raeld
and ita uialleDlth approsimatell four tentha of the waveleDlda ofdie
incident rleld. Under theIe conditions, the orlanillD .mihitl taO­

ntJllft. and ita electromapetic: capture turt'1Ce i, lireer by 2- to 3·fold
than is the 11ft of ita pometric Crosl aection. The bioloPcal hotly,
therefore. conform. to pJedietioDII of utenna theory (Gudhi, 187.).
In addition, if the rtlOnant target i. electricallv ~ndM-.ltim

rougiliy halves the rtIOnant frequency-or if other reflective IIUI'fIceI
(\r object~ are in pr~rimity. t&'l\l i'atM Ul eneIV ab8orption tan 'DCtNIt
to eYen bieber levels. -"

!~. u.~ ftAit..t: 0; "h6 pioutle""' mvesucatloDl of hanke and Gandhi,
it came .. no surpriae when .. aileable number of atudie' 01 .urine
and primate animal, revelled thatn~a ofenerO' abIorption are men
reli.ble predictors of biolocical eft'ectal than are power denliti.. of the

"~
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incident field (,ee. e.g., Section 12). That DUtuuree of .blOrbed eneqy
are a prerequilite to valid aealin, or Itrengtha of incident fielele at
different frequenciea for predicting biological rNpODI88 was recocniled
early by the clinician. (Mittlemann et al., 19-41; tee Oro Section 16).
but it wu not until Ule late 19Ma that a dosimetric approach to control
or RFEM radiatioDII, comparable to that ueed in the r..1de of clinical
phArm800lolY and ionizins radiation, .11 introdueed (Jutelen aDd
Kine. 1970; Juatelen et aL. 1971; Km, et aL. 1.71; Johnton. 1t'l6;
Justesen, 1975; NCRP, 1981; Guy. 1983). The DIMe-normalized time
fate of enel'l)' ablorption (dose rate) and itl time intepat (..flY
dole)•• NlPfJdive.y apeci(Jed in SJ waita of Wfq and J/kI" were
adopted by the NeRP, and are deKribed in detail in NCRP Report
No. 67 (NCRP, 1981). The RFEM-eneqy dole ... labeled Specifk
ANorption (SA), and the doH fate wu I_led Spedfie AbtorpCion
Rate (SAR). Thil nomenclature, whicb ia lI*irlCally applicable to
doeimetric: lDe8Iurea of RFEM rIBlda. W8I devieed by NCRP as a more
suitable tenninolocY than the pneric tel'lDl of do« IDd dow ~,
wbich carry for man, individuaJe oonnotationl of ioniainc radiation.

Tbe SAR is defined. the time (t) derivative of incnmentaJ 'DeIlY
,dW) abeorbed by an incrementa) 18MB (dm) contained in a volume
element (dV) or a pveD deMity (p):

d(d~ d(;lW)SAR - - - - - - . (172)cltdm cit V .

The SA illhe time lnteeral of the SAR. NCRP Report No. 87 diIcUIMI
the BAR in detail and preeent& I compnhenlive review of the ph,.ieal
theory that underli.. it.
17.2.2.1 Whole-Body Dorinwtry. The SAR, at utilireclln the ANSI·
1982 standard and in the p t report iI bMed. \01.... otherwi..
noted. on the whole-body ot the irradiated orpniaa. The SA
valuea .... 8imilarly bMed ud are impliecl. if not made .spIielt. by the
6·min period that is IdopWd for avenclnI the Umitiac BAR lor
expoeed workere. 'J1wa. the Umitinl whole·body·.ftftIId SA tor uy
6-min period of el.poIwe ill 144 J/III tor the SAR limit of 0.4 W /'q
(Sectiona 17.3 and 17.4.1).
,,,, It .. " n· ••" _,. '" . , ft • , .... - e. • ...... UNc.;w"c.i~UUfHI,tcC.ry ne.:ul 11IIO J301ll are _ applicable
to the IDUa of individual body pert.a ~ tbey .... toO t.fHI ~l.mUl of
the orpnillD. and. indeed. bee.... rate. ofablOrption ofRJ'BM eD811Y
I''J'' rliff•••~~;e~l!y wH:hi~ 'b~ ~'~lmnt' of rot o:j;:ni~m. thtI.a i£ t,(;~

clinical ucl ezperiaaental utility in determwDI SA, and SARa ia
discrete orpna or tiauee of in~reIt. Diatributive doIbDttry wu
pioneered by A. W. Guy (Guy, 1971b; Guy et tIL. 1968, 1974). who waeel
the thermorr.ph~camera in studies of biolQlicllly simuJatiq models
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("phantoma") and of caven of le.boflltory anima... Thia 1rOrk ....
veale<! that the diatribution of SARs is • hiPly complex function of
IQ&Qy veriablel: carrier frequency; zone of irradiation; field poIariq.
t;on; electrical p~rtiel of tisauea; aDd mau, pometry, and 1IICIDeJl.
taJy orientation of the biolo,ical tarpt.

Beceuae the cUtributions of ablorbed enerlY acfOltl II*iet. ,..
quene ande~ure environmenta are 80 hilbly vari.... the "bole.
body· raeed SARa and SAs have been adopted on practical crouadI
.. the dosimetric me.UNa ofchoice in reeu1atory pnc1:iee aad -..cI.
aM tettm,. MONover, becaUle ethical conaideratiODl dictate hi
whole-body doIimetric valuee mUit be ettimat.ed or eztrapolaw for
livi.., human bei..... the primary cuidet in lUnitinc human ftPOIUnI
to RlBM fields mUit. be apecified in electric and mepetic field
8tNnctha (or in powr densities in the cue of elq)OllUN in t.he far field
0{ a plan. wave). As weh. the role of SA. and SAR8 is tJaat oftkrivi",
perm_ble r..kf Itrenctha or power densitiel of incident flelcle of
ditrerint carrier frequency. In tbOM caMS in which it baa been fttab­
lished that there aN hi,hly intenee, focal concentratioD8 of ablorbed
RFBM eneqy in the body (i.e.• el.dtomqnetic "bot .potalt), thia
knowledp should .upenede the wbole.body value ad leld to •
col'le8pODding reduction in the pennillihle level of 'KpOsun.
17.1.1.3 Cowata on InlMfrprrtaeion. ofDo,imetrk Meaure•. Neither
the strenlth of the incident field nor the quantity of en8fI.Y abtorbed
from it by an orpnism bas any a-",.u,ri warrant in the interpretatioa
of C8UaaJ meehan_m.. Th.re baa been an unfortunate proelivity by
lome investipton to IUllUme that the SAR and the nte of tiIIue
beating are pbyaical identiti... Although the oouequence of the See­
ond Lew of Thermodynamics _ that the ultimate fate of ablorbld
RFBM enerlY it t.bermalil8tion of ti...., transient tield-lp8Ci&
.«teta have allO been obeerved. A response by an orpniem to RFBM
radiation lMy haw • the...1buia, an athermaJ bul., or • combiDed
basie. Determination of which of these three cia... of cauutioa is
opentiV8 in • Jiwn context NIta upon appropriate experimentation
and inference, DOt. on presumption.

The BAR is • practiall tool by which one caD make allowance. for
the complex Ibeorbi., and IIC8tt.ermg properties of orpnjama •
uemplifiecl by the Iarp hequency-dependent variations in quantit.iel
of enenY .....~ !rem :: ~:~ ii~ .. WIIlti.aDi power GeDlity. Fiaun
17.1 (eOR.po.ite from Gandhi. 1979: Guy ~t aL, 1978, 1983, abltract;
LiD et ai. l!l77; Chou and Guy, 1982) shows {Nquency,dependent SAR
curvel of IIveral1>rolate ""hllm;Ao a. 0 r'''',,:'~~ d..;-.~rt,; vi 40 1»\""itlU~
10 LAe far field of • plane wave. The.. curves a.Iao demonstrate the

'~·Tf:'}
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0.'1 «. I'"'' ", 'II'''' III ""11110 --- . -- -- -,_..,.-
..... 17.1. A...... SA iD ............ or".......... L, ...

.. eqtOllUl'8 to a POWl deoaity &0 mWlem l at ..nou. ftoequucieI.n-..-.. aN

uted to ...........-un or .,.,.,..... IUItjeet.t ill RPBM (....
Gandhi, I"'). Tbe pobIta ldel1tU1ed by &he Ietten .. b, e aDd d ......
loeaa-lSAR ieftk 1111III Oil~ .. 1eIlowI: _ ucI b, ia ., ......
beiDp (~ ft al. UnI, 1_); Co ill .... (Lill " Ill, 1m); ad II, (Chou ....
Guy, llNl2.) The ............ -uIto1ic J'Il" (BMR) iI.own by the lower dubed
ltoNolltal Bot.

enreme differenc.. in ·wont-cae" wbole-body-avenpd rates of en­
ergy deposition u a function of body dimeMioaa. Given a lencth or
7.5 em for the prolate apiutroicW model of a 26-'1001118, the m"i......
SAR (-12 W!kI) occun MIl 1600 MHL For the model oI.taDdud
man, a 175-cm proillte spheroid. the muimal BAR (-2 WIk,) occ:ura
at approUmately 70 MRI.

For the purpoee of eatablilhilll eKpOeUN criteria in the followiDg
sectione, the SAR is a fuDcIIaeatal quantity. TheN ie, bowevw. DO
intent to define.zpoIUJ'e criteria aoIely in tenaa ofBAR. Conaiclentiora
is .110 liven to other (ad.on when appJ'OPl'iat-. 'I"bHe fectom include
the pouibiJity of IlMlre deviation &om uniformity of enero cIIpoIi­
uon, .specially at the apectral enr.ae.01frequency••well.poaibJe
modulation- and carrier-!requency-lptCific hioloPeaI f8IPODIIL

17.3 ~tof tile SAIl.~"Cr.tterlOft

A. diIc..... ""UIl" in tM.. -ct!fm, ~b c~::o1i'tivrA ~!J ~i1,l&"o",

of RFEM enefIY reIUIt in an extremely complex phenomenoloty that
is dependent on a body'...... aDd 1Mpe, its orientation with rwpeet
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278 I n EXPOSURE CRrTERIA AND RATIONALE

to field vectora, ita electrical propertiea, and the electrical PfOPertieI
oC the ezpoeure environment. BecaUle of the multiplitlity of interaetinc
(actors, elposure criteria must be established in a manner 8UCb that
allowance i. made for m81imal amplification of biological eftectI. I

result of field-object interection8. Furthermore, the criteria ahouId
take into .-ccount po88ible .aecta arisine from unuaual circumstance.
in either the enernal environment of the indh'iduaJ (e.c., amhient
temperature and. humidity) or the internal environment of the indio
vidual (8.1.• hyperthermia, debility lAd ctiteaIe).

The approach uaed by ANSI, in tltabliahinC ftJ)OIUN criteria tb8t
t«ount for the frequency dependence 01 the SAR, hal been choMa II

Ippropriete to f01Jow, with particular emphuis on ezamination 01 the
domain of 1ftOIWlt fNqueRciea 01 human beinp from ...... ill" to
Iarp adult. Specialattentjoq i. tb.nfore paid to the bioloPcallftect.a
"'POrted in the l8lIOQ&nt-frequenc:y repon (30 to 300 MHz).

The body of leientific lmowledp of bioJocical eft'ectI of RPBM
irradiation. altho. containinlltMraJ thousands of IJ'Chiva) reporta,
i. fJ'IIIIMnted: it it preponderantly hued on acute eKpOeuNI at _.
uvely lew frequentliea. Idea))y, e~ure-control JUidelinea would.
be buedon. weD-documented literature that re8ecte efl'ectl 01ebroaic
irradiation of. variety ollpecie8 IcrOSI a wide lIp8ctrom 01 freczueDciet.
In spite of &he .borteominp of the data, it II neeenary to PftJCIId
prudently with the PI'OCell of exposure control throuah the aet:tiDa of
atandards, wbile , ..reiling appropriate caution and fWly intonainr
the worker and the public of the limite of knowledp.

It would be inappropriate to NPOt here lU\ in-,zteruo review 01dIIta
on R1'BM rediatiOlJl that have induced harmful effects in~.
taJ animal., beeautl the precedinlleCtiona bave dealt with thia aubjeet
exhaU8tively. (t is IIIMntial. however. to 8UDlmarize information on
key end poina tlult are uaeful in ettabliahioc e1lpOsure criteria. .

The mOlt important and directly ".fuI data for the eIUIbliduDeDt
of criteria for lilllltlnc eKp08ure to any noxiou8 environment ......
COW'Ie• ....-..rementl and findinp baed direcltly on human beiDp.
Unfortunate'y. data of th. type, which are epidemioJo,ical or cliDieal
in nature. aN zelatlvely few in number. The data thet. do eDt bPe
been reviewed in Sections 14 and 16.

In the aIJeence 0( human data, it u. nec:et8a1)' to tum to dIIta 011
subbuman lpecies in full l'&lali&aiiuD that body dimension, ud ....
have an enormous controlling innuenee on the SAR at I IiftII ....
"t...vA."Y. I~ iii WlKl 1""'"'''''1 to nabze tbat direct estnpol.tiOll of
8ubhuman data to man is allO trqht with problem bee..oflII*i6:
anatomical, pbysiolocical, and biochemical diff,nmces amont &pee••

In the frequency range of primary interest., i.e., 30 to 300 MHz, and
also at higher frequencies in the microwave bands, a Nvie1r of the

'i~'
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data of the previoUl sections indicat. that behavioral ctimJption
(Section 12) _ppeara to be the IIlO8t statistically .ipulCaIlt end point
that OOCUrB at the lowest observed SAR.

The carrier frequeneie. lII80Ciated with behavioral ctitldptioD I8Dp
from 400 MHz to 5.8 GHz. Theee It.udie& were performed on lI*i..
randne from laboratory ratA to rhelua monkeys. and involved ateJ'­

field, far-field, mult.ipatb., and plane-.ave fieldl, both CW and modu­
lated. (n &pitt of marked difrerencet in fJe1d puameten. tbMholdl of
behavioral impairment were 10000d within a relatively nanow ,.. of
whole-body-averaged SAR. rUlli.., from -3 to -9 W/k•. 1n eontrut,
the c:orresponml\l ranee ofpowel delWtiM i' 8to 140 mW/crr.

TbNlholdi ol dMNption of primate beMvior weN invariably above
3 to 4 WIke. the latter of whieh .... been tMen in thillepOR, ••0
as by ANSI. 81 the workm, tbreahold for untoward eft'ecta in human
oeings in ~h" {requeuc.;y iUl. frow 3 MHE tc tOO aM:. It !: ~!er that
the laboratory-animal to human·beinl plllenJisatioil CJIlI8r thie wide
spectrum should be modified in Iipt of any evidence of increuecl
ill8ceptibility in lpecirlC frequlney dOlD8iDa. ('Ill.. IpeCific domain.
are noted in Section 11 and 8ft aecouniH for later in til. eeetion.)
Having accep~ a t.hreIhold of effect. in tenu of the whoIe·body­
averqed SAR, one moat apply an appropriate meqin or ldet.y. Thi'
safet.y margin baa been Iabn • a factor of 10 for occupM.ional
populations, and the fnJact......tat BAR IqKltAII'e criterioll of 0."
W!kI ia atabU.bed lor frequeaeiel 110m 3 MJb to 100 GHz. Tbe
fundamental criterion arriwd at in lbil report, a wbole-body••.....,.d
SAR of 0.4 Wfq averwpd CMII' 8JlY 8·aain eq»olUl'e period, doee not
differ from that choMn by AN81. Here, ho.....r. thiI..Jue i. pevpoeed
aa a limit only for occupationally apoeed iftdividuaJs. aDd new IoMr
level' of averapd eapotlUl'8 ... pJGPC)Mld lew members of the pneraJ
population.

17.4 ..pl.....tedoa of ........ CrI_..

17••.1 Occupationcl.llJtpt»ute CriWritJ

BecaUle meuurementl of iaeicIIa\ in the workinC environ·
!!:ent ~i!! ::t:~.;arl:~- tIi~ ia, t. ui iieMi atnftIi;iIa or iD the
more familiar unite of POWft clea8ity, .it ia ry. t.t,i provide ftIH!-
lUre criteria in theM unita. Jl'1aothenno tement of u.e ftPOIU"I
ruidfllinf!llI in t*.-mll t\f P'''''~·~·f('',~,;''e!l:'nt~~'er d;...c:i~~ ~VW'd a
clear exprenion of \he ftequeney dependence of the ave~ BAR. I'or
occupational,sposure.. tbia report propoIIe the acIoptioD of.1Cbedu1e
of frequently·dependent power deuitiea. shown in Piaun 17.2. Tbeee
do not differ from the BCbedUIe pven by the ANSI proteetion lUi­
in Table 17.1.
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The biological data available ror development of criMria were col­
lected from a wide variety of radiation 1OUJ'Ce8. In Iddition to varyinc
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4. Below 3 MHz and above 0.3 MHz, the expoluN criterion es­
preaaed in terms of power densit.y it tabn aa 100 mWlem'. for
reeso.... that are di&cuaed later.

The ratiollale (or the stated reeommendationa it t.hat. the reeuitiDi
power denaity at any given fNqUellcy i. rouIhly dncriptive of the
inverle of the resonance curve in FilUJ'8 17.1. At the t.wo eztremea or
frequency, other consideraUons become iapoltaDt.

At frequenciee belOw 3 Mill, energy depoeition in the body dec......
directly widt the square of IrequeDcy (7ipre 11.1), and the power
<lenaity required to achieve a whole-body ...rapel SAR or 0.4 Wfq
is very 1aqe indeed. At theee freqoenciel, the pbyIical and phyaiolol­
ical effectl of the ambient Mtric field wUJ dominate. 8ecMIM the
effects of hilhly iDUD•• low-frequency electric fill. me aIIOCiaMd
with surfllCe interactione, the awrap SAR at. potentially h8nDf\Il
levels will faU to levels considerably below 0.4 W(kg. Piaure 17.2 Ibow.
a crosl-hatc:bed area for fJequeaciel below 3 MHz where the atreDCth
of the electric fi'ld ia the limiti", CODdition.

The recommeoded limits of eJl)Olwe below 30 Mit&, and per.
III frequencies lOmewhat hilber, apply to fl'e8-tpaee espoaUN condi­
tions, i.e., to conditiona under which a perlOn iI not in con*f, with
.ny object includiDg the pound. In fact, the IiJniti are aIIO baed on
.. penon standinl berefoot on u.e pound, thia penon u.iDI m
unreali8tic ave... COIlductaaee or a bomopniled body. Por otIMr
conditions, such .. atandiq on the pound with ilLlulation (e-l-...
or wooden floor) aDd heinl arouncW by contact of the band with •
rrounded object (e.g., metal rence or pipe) or belnI pounded ­
wucbing All insuiaMd metaUic object. (e.... UUCk or CNIII), theIe Ii...
should be Iowend. Por the tint two CODCtiticml, the .... Umita
must be determined with tIM UII 01 tbne criteric (1) wbole-bodr
averqe SAR (0.4 W/kI). (2) ••wi_1ocal BAR (8 W!kI) (... Section
17.4.6), uad (3) RF burDa at point of COIltllct (200 IDA). Limit. for the
cae of beinalfOUllCled and tAIucbinI aD iDIuIated metallic object can
be determined with the UII ~ the thNe c:rltna but only on a
caIe-hy-cue ....i. beea.. the of on the ... of
the object.. (See Section 17.6 for poIIible f\Jtwe coaaidetationl inftu­
"u~iug i.De criteria.)
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to 30 too 300 '1500 10.000 foa,GOO,.
'-y,.

..... 17.2. Criteria {or~t.oRrBM ftelda. ill .
• ·fleld power deMit)' (mWIc.~ lor. whole·...., SAR of0.4 Wf'q. .....
in the eolid line, Ideo 14 be t.he ooc:uptltionaJ npoeure erUrion. The ....
IUUa tbt of the octupeUoDaI crifMioD, iI Ute criteriolt for tH """'1IOPlIhItion. ...
the u..avwqiDr period allowed b 8IICh erit.eriDn. TIle CI'OII.IaMehecI ........
• hqueney raJlP in which .hole·~ SAR -limitecililnffte8llCll (_ BectioIt 11.41.
The lJm'aU fnquency rup lor \he crt.. it 0.3 MIll 1A> 100 GH•• 0......, ..
clft..-...e-. .. o{ theae ai•• II COJIItrai.... by • MJDber o{ condiUoM (.....
17.4.1 to 17.....)and th. crl......cllJU1Ot. be IIlf)Iled wit.boIIt m.reacetD t.tte.COII4IitioM.

At. frequencies from 30 to 300 MHs., which il taken u the ""DlDl-­
frequency domain (or human beinp fIom smalIett child to taIIeIt .....
under both pounded and UIIIJ'Ounded conditione, the criteria art
rel.ted to an equivalent rar-(18kl power demity of 1 mWlem', a value
that limits the muimum whoJe.body avel'8led SAR to a level below
0.4 W/kg.

To limit. the motmal whole·body averepd SAR to 0.4 WIke beyond
this ranp of frequencies (Fipre 17.2), converaionl are necell8l'y,"
follows:

1. At f'nquenciel ebove 300 MHz, a tl'8Dlitionai n,ion is dt6Ded
between 300 and 1&00 MHI where the limitiq power eleneit)' for
el]JOl\lft it taken .. the quotient of fJequency in MJk dMded
by 300 (1/300). The retultin. quotient tqJre68e1 the power ••_
.ity in unite of mWlern'.

2. A~ fi'i\(utnK:n. irom lbOU MHz to 100 GHz, the power-dlDsity
limit it 6 mWlr.mt •

3. At i'requencies below 30 MHz and IIbove 3 MMz,a tnDIitioMI
""ron ;~ ~"!'1::~d ~;hc.", Lhu ii.wj~iI" power dtnaity for npoIUN
is taken II the quotient of 900 divided by the aqum o( the
frequency in MHz (90011'). Alain, the reeult of tbis calculation
is expre8118d in UDita of mWIcm'.
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frequency. the dut.y cycle of the ceDeratora al80 varied widely ".
cw to puIaed wavet with )arce and amaIl duty cyelee. BecaUle limited
data are available to e.tabliab the relation between the biolocical
effecf8 of CW and pulled 8OUJ'CeS, the decision has been made to
cOnQnue the traditional Wllee of heeJth·pro~ct.ion praetieel ill COD.
trolling eqJ08ure1 to RFEM fields. Tbia practice has been to ......
the power deRlily over 8 period of 0.1 h (6 min), which lerYel to Wait
the DL88B-normaliled quantity of enel'lY imparted to the body to til
SA of 144 J/kt,. TM same t.ime-.verqinr period il reeommtnded in
the ANSI·1982 atandard.

17.4.2 Chnerol-PrJpulation ExptMun Criteria

Previous tfroN to·eetabli8h national and intemational .....
criteria have ..nerally led to the publication of elqJOeUl'f cui«W1aee
that.re deaiped for applicatioa to individuals who .... occupaticJuUy
tJpOlld in a typical caNer pattern, i.e., 40 h per week a.ncIl5O .....
per year. The ANSI-1962 standard recommends the ume limitl or
lvenpd eapoeure for the work place aDd for the pntraltnviroDmenL
Such a uniform ....lOI.ch il not traditional and, in keepinr with
NCRP'. practice o( dlft'erentiatinc between occupational uad .........
populations, another let of criteria is recommended for the pneral
public.

The reuoll.8 for. twofold let of criteria can be stated • f'oUowa.
Firat, individuU espoeed in the work place tbouId be .."lively wI1
informed of the potential hazards aaaociated with their occupatioIl.
Furthermore, theIe worken may have the opportunity to make ,...
8Ona) decisions in nprcI to their ezposu.., baed on the ..lati". riD
u they perceive it. Indi"iduUI IUbjected tD RFEM radiatioD ouWde
the work place are ..nerally UMwaN of their ew:poaure, and ftutMf·
more, if they ........... they rarely have the option to reduct tbeir
level of ezpoeure. Sec:ond, the population at Jup, lOme membeN 01
which could be npoIed cODWluoualy to RPEM raelda, contaias lab·
populatioll. of clebiJitated or othenriae potAIntially wlDerahle iDdmd·
ual. for whom then ia pretendy inadequate knowledp to let finD
IUndardl. For ex.....e. the IIlU1itivity ofqed individuala, of'pntplDt
:V~II Anu i.h~r ameepti, oi young inranta. or of chroDieaDy iI
per80nl ia not knnwn, Third. b4!'CaU!e the 8'""~r:ll population is much
l....r than the oecupational population. there IJe more penoas lit
";.1.;, ".~d, ht'r.:::!, th:: Pi~i Liu~&Uw muuuta of perauna ltJ.IeIP\ibae eli
potential harm can be peater unless eZJ)oaun of the pneral popuIa.
tion ill kept at a lower level

17.4 OOCUPATIONAL EXPOSURE CRITERIA / 283

For t.he reuona given above. it il recommeoded that th.re be an
aver.peI eKPOlUre criterion for the pneral public that ia _ at a level
equal to one-fifth of that ofoccupationally eKJ)OHd individuaJI. There­
iQre, the whole-body aver.,ed BAR tOf the pneral public lor contin­
uous eaposure ahould not exceed 0.08 W/kc. The rationale for the
reduction by a factor of 6 iI bued on the espolUft periods of the two
populations. rounded off to one dicit (~O work houn per WMk/188
hours per week 0= -0.2). Implementation of thi. SAR in terma of
power denlity ia .hown in Piaure 17.2 u a dulled nn•. For I'IIIOM of
prudence. oonaidM'inc the I_k 01 knowledp of bioIotieaJ .ecta at
low frequencies, it iI NCOmmended that, for frequenti.. below 3 MRs,
the population eapoaun limit Ihould continue to..u ahown, follow­
ing the 900/1' reaationlhip. However, the line of tbil ..letioftlhip
intrudes into the frequency domain in which it ia.spected that h......
are 8810ciated with aurlace-.ainl electric fieJell and other facton Dlly
control the Jimita of eJPOlUre .. described in Section 17.4.1.

17•••3 TUne Aue,.,;n, for the lhMral Population

The time but by which to av.... th.limitiqBAR for oeeupaUonal
eqJOllure it 0.1 h (6 minuc.). For eJ;pOlUJ'l of the ...ra1 populltion,
In ave"'nl period of 0.6 h (30 min) iI recommended. The iDCnUtd
strinpncy of the pneral-popuJation limit .nowl this liberalization
with no lipificut IdcIitlonal riak becau.. the population limit, alolll
with the 3D-min tb.....vererinr period, rMtrida the maximal SA to
the population duri.., the 3O-min period to • vUIe of no larpr than
that 8zperienced cIuriIII the 6-mio time-everllinc period of occupa­
tional ewpoauN. Overall. the SA for the popuW.ion ..main. at ODe­
fifth that of &he oc:cupet.iOllal value. At the lime time, the 3O·min
timo-ever.,mc period is responsive to 801M ...... cil'CWllltaDCll for
the public at Iarp. BUmpIee are traoli.t,..... by the individual
past b.ich-powered RFEM 1OUI'C88. ad brief'espo8U" to civil teleeom·
municationa l)'ltems.

,7..... Special CirclUftlr.anca fOr~ /SxpoIUre

It ia recoenized that then IN apeclal circulDlteDcee in which the
eapoeure·limita for the~1 Y'O!,ul..t~ 1M! ,~~~"!,ri'~i~!t!hit

activitiee that .... brief and non-repetitive. For eumple, the preMIIC8

nearby of. number of emerpncy vehicle. enppd iD telecommuni­
cations micht cauae a brief expoeure to rlelds at meqt.ba above the
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pnlnl-population limit. Because only smallP'OOP. of the POPUI.w.
would be elPOlId under tbete conditions, and almost certainJy not GIl

• repeeted bMia, the occupational elllJO.ure levels an permitt~ fn?
I!tq.r·h ·~:lStz.

17.••& LoMl.iulI Ry~!~~r'! C!"i!~:"i:

Elq)O&W'e IUDit. for RnM radiation lor the buman population ..
based to a peat utent on data obtained from IXPOIlINI of &lUll
animU &0 plane wawe. Under auch conditioDl, it i. relatively tuy t4
quantity the JIUlsimal rate of energy abeorption by analytic.. or
experimental meaDI.

Althoucb it i.e no& ·practical to quantify diatributiona of ahIorbed
energy, eze.pt for a few c... where apecial theoretical or Iaboratm.,
tAchniquee can be employed, it baa been delDOnetrateci fnlquendy tUt
the muimallocaJ1seclSAR typically reach. Ievela u hiP .. 10 to •
time. the whole-body IY8r.,ed SAR. It bu aIao been found in ID8IyMa
of SAR diltribut.iona in modele 01 human bein.. expned to pJlDI
wavea that muim8J SAR 1eveIa, .. is the case in ezpollUN of t.be IIbJl
animal, can reaeh 10 to 20 timee the aven.. value. It lOut tIleD he
reeopind tbat., for npoaure criteria hued on whol.-body·avenpct
SAR, such u tho.. Nt out in this aection, the muimal SAR in •...u
reck>na of the body may be u much .. 10 to 20 times bieber (YIIUJ8
17.1).

The only~8J way to cope witb localized and non-unifOna ftIId
el.pOlWel i. to Nly on the data hue used to develop wboIe·bodr
ezpoeure limite. Then the buea for the criteria become cPte ebDply
that the .....rat provWOIII for limitinc .qMXftJre to • pJane..... new
shoukl not be Yiolated: ". occupational whol.-bodY·8venpd m. of
enero abtorption durin, locaIiIed npollW't or ezpoeure tA) DOn-UBi­
form &eIcIt abouId not ezeeed 0.4 WIke. and anatomie8lly Ioca'.
ra••hould not eaeeed tboM tJuat lie ezpected &om a wboJe-bocIJ
eKJJ081I" to a plaoe "aw that ..suite in an aver... SAR 010.4 W{q.

Tbe plane-nv. e'J:POlW'81evell allowedby the limit Cor occupational
e~ can bee~ for a particular RFEM 1OUI'Ct, proWled it
can be abowD that, for any individual that micht be espoeecI to
eminion. from that 8Ouret, the whole-body-averaged SAR doee !UK
exceed 0.4 W/kg and the local averap BAR doe, nOt ezeeed 20 timeI
the averqe, or 8 W/kl u awnaed over a finite mOl (one pam) ~
t.iMue over any period of OJ hour.

By the lame aqument., the criterion tor general-population, loeaI·
ized IqJ08ure should allow no more than one·fifth the level. of SAl
allowed tor occupational elpOlUreti. However, in the cue of individuala

r:~. 17.4 OCCUPATIONAL IXPOSURE CRJTRRlA I 2M

in the aeneral population who UIt radio emitten 01 varioue kindl (e.,.,
h.nd-held trlnec:eiYell, ..mo'" control €levien, ete.), the eKJMl8U"1 of
t!~.-. .. i""h.;....~l.It. m41~' h':' ~::t~r th:n the ....ol~ .-~\iwUii&.~ rv.. i.he
pneraa population. UII of euch dnic:el i. permiUed, u a penoD81
~Won by the individual. pMUYidW that the dmcee Ue deeiPed·UICi
uaed" deailneciBO that the ezpotlON ttl tha 'n"i~.~~~~~ ~:':..--=!

the recommended,oocupational guidelinel and provided that, ill uaina
the devicM, the iDcuvidua1 doet not. eJlPOll other penolll Dow the
population pidelinee.

It .hould be ncocniled t.bat determination of whedIIr • puticular
RFEM IOUI'te wiD meet theM criteria potU technical diffieultlel, aDd
can be done only by 8 qualified perIOD. • Itiboratory, or a scient1lic
body for a pneraJ cl.. of equipment. It is not poaibIe to dllt.enaine
i'onlormit.y to the special mterion by mean. or. power-density~
urement alone.

1'7.4.' MiMd·Freqwney FWIa

Simaltaneoue eJlPC*ll'8 of a penoIl to IeYeraI IOUIWI of RPBM
rldiation (...., from COIIlIDerciai AM, PM, TV broedcata) iI the rule,
eKh eource l1Idi8tiq at a difl'ennt frequency. 8eea.- the 8AR
indezea the ezpoeure 1i1Di' (..... 17.2 •.,....... equivalent far·field
power densities for a COMtant SAR), IPPftJPriateIy .....ted powr
denaitiea lie neecIecl to reflect a complex r..&ation ."ironment. The
combined power cIa.it, that .. the criteria for -ed·~1
fieldl i, NCOIIUDInded to be the IUID of the power deDlitiei at eaeh
frequency:

&r.- 8. + 8. + S. + .... 8., (17.3)

whe..&r it the colDbined power cleDaity, and Sit S" Sa, ad S. an die
power denlitiel at the fnqaeaeiee," (i - 1,2,3,. .. n). 01 eech RPBM
source, with the CODCtition that

• S, 8. S. !It . 8.
,~ ~ - L.. + Lt + La + .... L,. S 1, (17.4)

where tbe Le lie the 8JlP01U18 limitl at the reBPeCf,ive trequencin.

17.4.7 Modulation

Elsewhere in this report (Section 11), effecta of RnM tiel. under
low·fnquency modulation on in-""tro and in·l1iuo pr8pantiona have
been discussed in dewl. It i. hot known whether theae effects paM a
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rig to healt.b, but their reliability and their independent confinDlltioa
in avian and mammalian &peeiea dictate t.he need rOt ~8Utiol\. '"'''!'e
£u"" a apeciai ClfeUllllt8noe 'zpoIure criterion hee been proYided •
rouOWll: If the clnNr frequency ill modulated at a rt.f-pth or 50 J)OZUhc.
or greater at frequencies between 3 and 100 Hz. th. expoeure criteria
f~; tho ic.••i:ial vu"uilltiun eoaii ai&o appiy to occupational expoauret.

17.•.8 PouJer-Denlity P,a.

The t.i.me averacine of aDd the &mite on power denaitie. and SAR,
81 provided in the criteria in thi. report. preclude cilCUlll&tan.eel in
which .xcellsive IftltantaDeoUi peak-pow.r leve1l can occur. There ~
therefore. no need to llpecify a limit on peak power, u .ueh.

17•••9 Med~U. of RFEM Radialiolll

The propoeed flPOllUJe criteria are not applicable to medical eppU­
cationa of RlEM fleldl ill80far •• the patient i, concerned, but aN

applicable to mecfical and technical aWf that UN RFEM 1OUlCle. in
diqn08tiC and therapeutie proceduree.

17.& M........... oIDKMFieI...

Some e:qaoewe atandarda (•.g., ANSI-19M) apecify that JDeIIUJe-

menta or f..1d .tNDctht abould be made at diatanc:ee of Ii em or more
from any object to avoid enora incumbent with lICItter1D1 pmpertiN
of abIorbin. and nflectin, objecta in the RFEM field, and wiUl
practical limitation. 0( meaauriDI inltrumenta. For ftample, objeeU
immened in aD RJ'BM field at power densiti.. below thOle IIp8CiW
in the becinnin, of Section. 17.4.1 and in SectioD 17.4..3 can produee
a scattered neld or apparent inten.ity INltIy nceedinc tis. of tM
primary aource. Valid mellurementl of IUCh scattered rAlIda ill proI.

imity to an objiet. an diftlc:ult or an not poelibl. beeauae of tIM fmit.
Ue of the field HAlOr aDd becaue of the interaction of the field with
the object. In .ddition, the quetity of RFEM eDefIY t....t can be
coupled from a IlC!attend f..ld to 8ft espol8d huaWi heiDI iI ....
compaNd with that (rom a primary source. .(IthOUib It is b8)'0iid t&i (*.
ecope of thia report 00 specify the meuurement methodolOlY needed .
00 apply the espoeure eriteria and, util more detailed guideline....
lIlvailable, it ia recommended that meuurements be made at a dilumet
of 5 em or more Crom any object in the field.
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17.8 COukter...... POMibIy I.Ouacia. Ihe Crt...iaI. tiae ."u...n

Thia document I' baled on literatun ref.rellCtl publiabed up
t.hmu!h th. Y'"~! ~! !982. The:::: Wi: tnOi iiiw f'wdh•• ill Lhe iiiAtnlture
publiahecl after .tbia date that could reault in future chanpl in the
RFBM cri.ria. One findinc concem. the poeeibility of RF bw'DI or
ellCdlively high. localized 8AR oceurrilll in the banda, wriIU, or
auk_ 01 penons comin« in contact with pounded metallic objecte,
and the other findiDl concern. a pos.ible link hetweeJl RPlM e.I.pO­

SOlei and the increued incidence or malipant tumon. Detail. IN

diacuued below.

17.8.1 RF Bu,,", cand Hil" 1.«aUml SAR

Recent neeucb on identifyinl hu... in the 10-kH.00 3-MIb
frequency ranp bued on meuurementa of body impedance and in­
duced current in ellpoMd. volunteer human eubjeeta pNdietl that
potentially huardoue ItMIl. of body current and loean.ct SAl may
occur for ezpoluree within the recommended guideliDel of t.biI NPOI't
at frequencia of 1 MHz or peater (Guy and Chou, 1982; Gandhi et
aL, 198&i Guy and Chou, 1986). The tbnehold current for RF burDI
occurri.., on the finpi' due to coated with • concluctinlsurlaee i.a 200
mA (Rocen, 1981), and the thrnhold BAR for vilOlOU. and poMibIy
dNnaIi"l loeal beat.iDI bMed on diathermy treatment. iI 60 00 120
W/kl (Guy et aL, 1984). If the reeollUDlndecl.tandarda bued OIl the
IO·kHI to 3-MIk atudl.. IN eatrlpolated to 30 MM. II ehowD in
FilUre 17.3. a muimum npoIUftl level of 0.13 IDWlem' WGUIcI haw
to be impceed to prevent ar bumI and to pre¥ent the DI&llimai SAR
from fSCeedinc 8 W!kI for contact of the hand with any IJ'OUIIded
conductor durin, espoaure ill .. eltended r.ld. 8ecauH the quMi­
statie .naly.... UHd (or the lo-kHl to 3-MBI raDP will become iJwalid
with increaainl frequency in the ranae 3 to 30 MHz and 81 the whole­
body reeonant frequency it applOlCbed, predietion 01 mllimum per­
miaible level••bove 30 MHI would require more sophisticated modele
for grounded eontact espoauree thaD now available.

17.8.2 RFEM F'~ld8 and MaliBndnt Tumors

A report (Kunt et ol.., 1985) that "88 widely publicized in the newa
media aa linking RFEM flelda With cancer, indicated that 18 out 01
100 Sprague-Dawley rats ezposed for life under specific-pathogen-free
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'Ic. 17.3. lum" ol.be upoIUft eriteri. 1JI teNt oI.liIctric n.ld .............
PO'" _.tJ bUIll OD DOt eaottdilll &be -"fIII·SAR (0.4 WJq), 1I:I&I8IJ-&U (I
W/Q.l ... R'·hwn (200 CIA) eri" COl' ftow·", elJlOlUl'4l ill ....-... U'IM
n.1d 01 • penon iMUIIW from the pound (bJ .........rial on which Ute PIfIOD II
....ndinI) bat .nth • bud ....hInI •~ object ( awta1 .....). ..,.
e.lrapollltioD 08 , ~ 01 tile .... oIUiMd i. the raDp 10 IINI ... ,
MHI, !1M lIP to 30 Mlh.1Jat It II .. .pprGPriate-- rm-tt •..., Ie
mot to dIaeribt , i.......,.ioDi with tM RtId. die trequeaq__...
:I MB. ud~ ~ ......... fNllUftC1. I. tIda , D·
!un coDditioll ...... tile limIUaI criterloa ..d, ... 30 MNa, it to -II
V/m or -0.13 • WIe.·. (Note that the t.wv SAR etJnItI .. ROt,..u.l to Ute JU'....
CWYe~ofl.ht..of.....c:ondoctivity with~ 011 tJt.8AR.) (At«
Guy UICl C"'ou, 1982. I••)

(SPF) eonditJou to 2.~GHs pulled r..de at SAR Jevell 0( 0.2 to 0.4
W/kllftl1fered from malipantn~ "'ion•• Onl, 5 out. 01100
rail ..... ezpoMd u.ader identical concUtiOml .ulfered from the ...
I.ion•. The MaW·Rae..... (M-H) anaIysia ot the relative "*..
•.46 mel the Cbi·1qUar8 ttIt .11 8.0 (p - 0.006, elf D I). The iaei4eDce
01 neopIude lesio'" in either poop i. within the ran.. of ineideDcM
reported (or t.hiI.ltrain of rat; only three tumon were p....nt ill rail
youneer than 12 IIoOtlthi (all in the .ham eKposed), and the iDc:.ideDce
npicDy increMed after 18 mont.hs of ap. The endocrine .yatem hal
the hi.heet incidence or neopluia in the qinc ratl, Uia to be espeeted
in thil 8zperbnental animal.

However, the autho.. Bt8te in the report: "The low incidence of
neoplasia with no increue in any specific orpn or tiuue required the
data to be coUapeed and ltat.i8tically eV8luated with reapeet only to
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ooeurrenee of the neopJum, with no attention given to the ana of
l)CCurrence. Thi. analyaia indieaUld that neith.r poop baa aD ezce..
of henip lewinnlll. Tb."~ i" qfoqt;~ti"'!I' ,:,,'~i{'!::~~ ~h~t thz U4~' iJ~Lo~·

of primary malignmciee wu JUcher in the uposed eni"" thaD in
th4' sdu"n fJ:!lJXlftd, btlt the biol(JJical aipinellJlC4J of tilie difference il
reduced by ..verat fee1DlI. Fi..t. detection of thl. difTfl""'""l!' ~.!i.~

the coU8p8inr of "nit data without nprd tor the apeeifie type of
malipaney or tiM. oforicin. AIIo. when the inddenee of thlllplCirlC
primary malignancies in the apoMd ani._ it compand with the
8pecirac tumor incicIenH reported in the nt.ratuJe. ourexpoeedaniNle
had an incidence IiIDiIar to that of untleated control rata of the ....
&train, maintained wader eimilar SPF conditioDa (Anwr, Cohen, Lat­
tu" 8Dd Foster. 1982). It iI important to note that no Ii.... t,.,e 01
primary malipancy W8I .nhanced in the ezpoeed animala. PNIll u..
standpoint 01 careiDopn.... benirn MOp....... haw conliderable
significance under the MlWDptioD that the initiation PIOCeII ia 8imiIar
for both benip and malipent t.wDors. The lact tluat tNatIDlllt~
showed no diff....nc. in beaip tumor incidence i. an UDROrtent
ele....nt in definiq the promotioa and indlaction potelltial of uro­
wave radiation lor caJ'Cinocenllie. TIM collapem, of spane data with­
out reprd for tiuue oricin it Ulelul in cIetecWII potIible ItatWlca.l
trenda, end the findinl bel8 or esen. primary ..upu" ill the
expoMd enimall i.t provocative; however. wben thilliincle finclinl ia
OONid.red in the li1bt ofother panmetel'levaluated, it. .....tioMI*
if the statiltkal dilfennee reflecta a true biol.aJ aetivity (Wud,
1983)."

The information in thi.1UbIeetion emphasi.ee that additional work
in theee important ..... i. nquind.
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