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Preface

The laternational Sympesium on the Biclogic Effects and Health Hazards of Micro-
wave Radiation was held during the four-day period October 1518, 1973, at a con-
Eerence cenfer in Tadwisin. near Warsaw, under tha jaint sponscrshln of the Govern-
mants of Poland and the United States of America and of the World Health Organizs-
T

The Government of the Polish People's Republic, through the Scientific Councl to
the Minister of Health and Social Welfare, desipnated the Institate of Blostructure of
02 Waraw Medical Academy to be the collaborating institution: the Government
of the Unlied States of America was represented by the Department of Health, Edu-
cation, and Welfare. Food and Drug Administration, Boresu of Radiological Health.
and the World Health Orpanization was invelved throngh its Eavironmental Healih
Programme.

Special pssistance in the srramgements for the Symposiom was given by Dr. B D,
Blood, International Health Artaché. United States Mission to the International Organ.
izELions in Geneva,

The Symposium was the culmination of o two-year exploratory and planning effort
10 bring together, for the first time. scientists and scientific program directors from the
rations known to heve resenrch interests in the effects on health of exposurs to micre-
wave mdiation. This was beligved to be important for several reasoms: the expanding
use of microwave power for an increasing variety of industrial, military, medical, com-
mercial and household purposes; the capacity of microwave madiation o produce de-
moastrable biologic effects: and the unrevolved differences in reported biclogic effects
and in the expodure and safety standards derived from them.

The objsctives of the meeting were: to exchange current information abogt the bio-
logic and health effects of microwave radiation and recommend further needed re.
soirch and approaches, to encourage international cooperation in relevant research.
to promote the evahestion of scientific informaiten needed for setting safe exposure
slandards, 1o consider ways of achieving internationa] dosimetric standardization, and
to puBlish and disseminate the Proceedings.

It was thought that the purposes of the Symposium would best be served by n re-
latively small group of participants given ample oppartunity for formal and informal
discussion. Regrettably this exchaded participation by many experts connected with
research programs concerned with the microwsve range of the clectromagnetic spec-
trurm (gefined for the srmpositm as 300-=300.000 M Hz).

Sixty participants from the following countries and from WHO attended: Canada,
Czechoslovakia, Denmark, the Federal Repoblic of Germany, Francs, the German Dea-
mocratic Republic, Japan, Poland, Sweden, the Union of Soviet Socialist Repubiics.,
the United Kingdom and the United States of Americn,

Three specinlists from Argeptime, Crechoslovakis and [srasl who were. [avited fo
atfend the Symposium had to cancel their scheduled participation.

Representatives of several international organizations also attended the Symposium.
The participants weré sclentists and program directoss from varfous instirutions. uni-
versilies, agencies and laboratorfes concerned with the phvsical, biomedical and be-
havioral sclences.

English and Russian were the official lnnguages of the Symposium and 2 simultaneous
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reanslation service was provided, The fmamy multiingual participants aind members of
e sinfl provided translations from French and pther lapgusges

Thirty-nine scientific pipecs wore presented in six sessionsc A, General Effects of
Microwave Radiation, R. Influgnce of Microwave Radintion on the Nervouws Sysism
and Rehaviar. C. Eifects of Microwsve Radiation on the Cellilar and Muotecular Level,
. Meastrements of Microwave Radiation, E. Occupationat Exposire. and  Publie
Hieaith Aspects of Microwave Radiation, and I Frture Ressarch MNeeds. Conclusions
and Recommendations. Abstracts of the papers, prepared in advance by ihz authors,
were iranstated in Poland and distributed to the partictpants in English and Russian ver-
sions hefore the sart of the Sympasinm.

The spirit of the Symposiom was one of goodwill, enthusiasm srd geouine inbiresl
in interchange with scieatists of sther countries, The satting of the meeting and housng
of participants in & suburban conference center greatly coptribubed 1o the saccess of the
Syppidluey. For many participapts il wes ther {irst oppariamily o mieee investigaioTs
Enown Lo them only through the litemiore. On severn] pochsions, imprompty mestings by
gionps of participants wera arranged in the evening or earky morilng (o ddcuss opicd
of fdorest mot on the program. [owes notablc thet plans were nifiated during tha <on-
[erence for somu collaborative work aid exchangs of information and Erruments-
tian by participants of different welepilfic pertuisions,

The controversinl issues that have characterizeid the figld for the past bwo fo tlires
decades relute to: (1) the mechanims of interactlen of micrawsve radistion with Dio:
fogic systeme, (1) the kvels and circumsances of exposure capable of produeiong hio-
togle effcets, and (3§ the nature and sigrificance of hiotogie effects.

Difterences in approsches and Grdings, principelly between Coamirics in wostern Fur
ope and Morth Americd and thote i eastem Eufope, have 1od (o considerable vaciance
in wicrowave €xposuse criteria and stapdards: For example, the wsoal recommended
maximuen power density level for pccuputional exposune m the LUnied Siles i [0
milliwatte per sguare cantimeter. bated mainly on e rixk of ‘catarnct formation froen
heating effecis, in contrasi to the standard for full-thme work exposure in the Soviel
Union of 10 micgowatts per Sgquare couifmeter, bated on Jow intemsity naf-1hermmil
hicloghs cffects, It wias nol the intentlan nf this conference to consider discrepancics i
arandardy and comphnnce, however, bot rather o open {1 ‘way for scientisty io preszol
pnd discoss stodips and inerpretations that hove heen i underpiniings of diffezent
safety standards znd to propose ways of advncing knorviedps and understanding i
this relatively new field While differences coubld nod be fully explored. and ceprainty
not resolved, progress was made in charifying concurrences, delipeating arsas of dis-
spreement, nnd identifying needed resstpch, commnication and program devilopment.

The sewslon chairmen prepared summaries of their respective sessiond and the Fap-
portours propared SUMMATICS of the discsion. The ==stion summdries provide vpecific
spggestions for further work n cuch ol the subdect areas, The Dinul recomnmiendntioon.
reffect the sense of the Symposium and give amphasis 1o internations] considera-
tons and broad questiond of retearch and developmeni In areas where improved inter-
pational eollaboration is needed fo advancs knowledge and understunding. emphass
was given to the pensral ways in which this may be posomplished, to the value of an
intermntiona] program in the fleld, to the critical need for standzrdization of measu-
rement techrigues and dosimetry, (o the importance of priversal pomepclature and
dedinitions of physical usits, and to the usefuloess of opuraiional definitions of micra-
wave intensiibes for comparable appeoaches to bivlogie guestions, With regird to furiher
yusenrch, the need for multidisciplinary studics of interactions end rivks was sirssied,
especialiy with respecl f0 cumnnlative and deluyed effects: Iow inieosisy eflects and
possiple threshold valusi

e e e
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All of the papers presgnted at the Symposium were submitted by the sithors In ma-
suscript form in advance of the meeting: Mecessary reduction in length of MRS
Wt accomplished with the help of the authors whenever possible, Because prompt i
Sication of the Procesdings was consldered important, lime did not permit review of
proafs by the authors, The Procesdings ase published in English only. and all the papers
writien in Musmdnn were translated imlo English in Polasd.

The Symposiom secretariat served as the editorin] board for the Procesdings.

The contributions of many individuals and erganications to the planning, comndisat
and successful odtcome of the symposium: are pratefully acknowledged. In pariicular.
we nole with appreciation the outsiznding adminfstmtive arrangements for the svmpe-
w1 nihile by M T Olemiceakowsicl and his stnfi: ﬂu:iuppm atid help of the Coordis
mating Commidon o Polish-Amenican - Scientific Collaboration and the American
Embassy In Warsaw; and the nasistance of the adminisirutive and editorial staff of the
ApOnMITiNg Rgeneies;

e e————
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Opening Session

K.OSTROWSK!, B, H. INETERICH, J. C. VILLFORTH

WELCOME TO PARTICIPANTS |
ADDRESS ON BEHALF OF THE SCIENTIFIC COUNCIL TO THE
MINISTER OF HEALTH AND SOCIAL |
WELFARE,
PMOLISH PEOPLE'S REFUBRLIC

K, Onrowske

Iestinie of Biostrocture, Medical Academy,
Warsaw, Palind

It Is my privilege to open the Symposiom on Bislogic Effects and Health Hazards
of Microwave Radiation. This symposium is sponsored by the World Healih Cvpn -
nization, the U8, Department of Health, Education and Wellars, and the Sclentific
Council to the Minister of Health and Social Welfare of the Polish People’s Republic:
It is my great pleawure to greet you afl on behalf of the kst named body. [ weuld
like to acknowledge with thanks the financial assistance of the Amesican CO-BPOTOT,
Without this generous help it would haove been impeossible to organize this macting.

We are i o very fortunate position to have with us the piencers In the field of
research on microwave hioeffects — Dr. 2V, Gordon from: the USSR snd Dr. H.P.
Echwan from the USA. The organizers of this meeling fried to invite most expericnced
workers in this field from all over the world, hoping that this mesting will lead fo
fruitful discussions and allow conclushons to be drawn for further research and perhaps
for medical practhos,

May [ express my most sncere thanks for their help in organizing this mecting to
Drs Charlotte Silverman and M.L. Shore from the U.S. Department of Health, Edp-
cation and Welfare, B, Waldeskog from WHO Headquarters in Geneva and M.J. Suess
iromm the WHO Hegionnl Offics for Eurcps in Copenhagen, ns well 85 to Dr. B D,
Blood, the LLS. International Health Attaché in Geneva, who was not able to attend
this mesting,

Special thanks are due to Dr. P, Czerskl, one of the leading research workers in the
mirowave hineffects field in this country, Most of you know him from scientific
contacts, but all of you will remember his activities as the selentific secretary of this
Symposium,

As this meeting starts two weeks after the beginnlng of the pew scademlc year fn
Poland. may 1 be allowsd to use for the opening of this symposiom the time —
hovored formula, used for centiries at our universities; "ol felix, faustum fortunsmm-
g akt|™,

L __—.___—_J

wWHO — Blolegic eppecrs F HEALTH HAZARDS of HIChewAvE EADIA oL
.-'t}'-ﬁq,



WHD CONCERN AND ACTIVITIES RELATED TO HEALTH IMFLICATI(ONS
OF MICROWAVE RADIATION

8 M. Dheterieh

Oivision of Environments| Healih. Wirld Fleakth
Orgaplzriion, Deneva

It pives me great pleasure to welcome you to thin Tnternationa] Sympodlum on
[inlogic Effects and Health Hezands of Milcrowive Radiation which [& [ointly spd
sarcd by the Scientific’ Council to: the Minister of Heahl sod Socia]l Wellare of the
Palish People's Republic. the Deparmment of Health, Education, and Wellare, U5A
onad the World Heplili Drganizstion. 1 shoull like (o coovey (0 you the grestings
af De. Mehler. the Director-Cienaral of WHO, und of Dr, Kaprio, the Drirsctar uF
WHCs Regional Office for Earope.

Defore coming to the sposifie subject of this Symposiom, 1 shoidd like o emphasive
ihe Emportunce which WHD is giving o protecting human health from adverse inflo
grices resulting from conditions in the eavironment, Human enviconment has beoom
batedy of copcern o governments mod people all over tha world, and great effors wre
heing made 1o understand more clearly, and if possible gquantify, the relationship between
e eovironment and. man. Large programmes have been imitiated in raany  counines
and Inrge emounis of mansy are being livisted in controling enviroameninl poliution
and in protesting and promoting human health by means of givirpmmental coftrol

Ag WHO has noted In ity Fifth Geperal Programme of Work for the periad 1573—T7,
man has alwave had 1o faco the problems of fs physical eovironment bub — 2t The
bewipning of the century — these problems underwent rapick changes. As the progres
of sclence and technology hes provided man with the posatbilities of more Titional
gaprasches and more effectlve ook to conguer nature, e has atlempied (o creale cer-
tain contrel mechanlsma In order 1o adapt himself 1o ihe changing sitnatlon, In the
comlemnomry world he bas been faced with greater challenges than ~ ever  before.
(i anvironmental harsrds still prevadl fn many parts of the world hampering basie
health progress (n the developing countrics in both thely raral and {athan areas. Hew
=roblems, Lowever, hive emerped thut nesd Increasing ottention by WHO Thz air n

crban and industeialized areas is being heavily poliuted by automobiles. neroplahcs,
power genarators, heating equipment, and refuse incinerators. The migrochimates pro-
ducssl are being further impaired by thermal ipversion and photochemical chnngse

indoved by wolar energy. Rvcrs ase babng polioted not only by in increaning vaTicky
and ampunt of inorganlc, synthetic, orpanic and radipactive corppounds in- tndusirial
watles, but alwo by chamiculs wwod in upriculture and by domestie detergenis. Leosam
lsave not heen spared either and the poisoning of nqustic ic logether with the cxjpsan
of seafood have created health problems cven in the parts of the glabe far away Irom
ihe site ol pallation,

Adverse environmental influences include also physical and social stresses asssrcistad
i tome countries with mpldly increasing yrbanization and indusirialization, soch us
crowdling, shoms, noase bebmvioral disoriers and pegidents, Man ot work has heen Maced
with oecupaiional hazards tn indusirial planis, as well us i wrall-scals Tural indusirics,
pirticularty in those countries which have not yet Bepn ahle to develop adequate oo
pational health szrveces suitably cauipped. and stafied with heslib pessonnel. Therslore
ehvironmental problems novadays must be anscked on o mitich brooder front,

Within this framework, this Sympasium has bren organized tih bring togethes & Ail-
able knonwtsdpe on the biologien] effects and health hazards of mlerowave radiation. For
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the dnst five years WHO has been conceemed about the heatih implicatinns of the grow-
ing uwe of devices producing non-touiring radintion, and partbcularly merowaye ra
diation. fn view of the potential magnitude =nd significance ol environmental polhalicn
from rocrowaves there sppears o be a need for natiomal and indernational public health
progrummzs concomed with the evalustton and control of human exposure L0 Mucn-
wise radiation — programmes that will eflect the rapid technical development of de-
vices critting such radistion. Thers is o pressing necd for prternatinnally agrosld criteria
aml ianderds of exposure on which to bise any contral programme. Spny guestions
whill remain to be answered before such an agrecment Gan he reached. Thess inchadp
mife research on the cifects of microwave radafion on human healthy and the devel
apment of techrigues and instrumentation for the determigation of the exposure and
dosimstric paramelers to achisve. qumntitalive researcit. The review and evaluation of
exinting knowledge made by this Symposiam will aicl WHO in suggesting priocitses and
fevkewing the long-term Programms o0 mictowave radiation. Also, it is expected that
{dentificution of 1he researchers atd organizations Iovolved 1a the stady of microwave
ridinizon and the promation of contscts between themy duning this Symposium . will
improve the necessary exchange of infermation on research in this Tald

We mre, therefore, locking ot this Swmposium a8 o step forward in this jolm effost
undertakon by the sciontists in various countries and WHO to bring together scientific
achievemients in different pagts of ihe warld and to csrablish on thet basis recommen-
dations to respoctive governments which should ultimately lead 10 the controb of potens
ilal Burards from radialion.

T hope that this Symposium will make n Important contribution in the field of 8-
cnce and will promote further cooperation between the pariicipants and WHO.

1 wish you success in the task ahead of vou.

1. . PUBLIC HEALTH SERVICE CONCERN AND ACTIVITIES
RELATED TO HEALTH IMPLICATIONS OF MICROWAVE RADIATION

L E Villforih

Bureon of Rudiotogical [Tealth, Food and Dinig Adminitmnion, 1.5, Department of Health,
Educoiion, uwad Weilars

The populstion is being exposed 10 2 rapidly increasing number of devices which
emit potentially hazardous radio frequency (RF) and microwave radiation, The avail-
abifity of these devices in consumer, medical und industrial spplicitions is increasing,
The biological effects of low-level microwave caposure are nol wall documentsd or
understood, The state-of-the-apt in manulscturing processes to develop new and improv
ed RF and microwave devices has far exceeded the developmental aspects of radba-
tiom detection instrimenis necessary to messure these frequencies. of radiation and the
hisiagical rescarch efforts to determine the potential somatie or genetic ks from thesw:
divives

As o result of these and other concerns, the Radiation Control Lor Health and Safe-
ty Act was passed in 1968, and the primary respansibility for administering this Act
way delegated 1o the Bureau of Radiological Health in the 1.5 Public Healih Service.
The Act reguires the Burcau to conduct research into the heatth effects from glecironic
products radistion (incloding microwaves) and to establish and grforce standards of
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performance for electronic products that will gssure that the public bealth and safety
are protecied,

The comeerns for profection from miccowave madialion have also been manifest In
the functions of two other federal agencies in the USA_ The Envircnmental Proiection
Ageney, established in 1971, s concerned with the effects of the geseral popuiation
eaposesd o epviranmenta] harards, ln.n:lu-d.':'ng mscrowaves from sech sowree: as radar
sites and communication Tysiems. -’;|'[I1-|:H.Lg]'| the EPA doey ol have spacilic authority o
establish regulatory stondards for these sources, it has gemeeal suthority 1o develop
guides and récommendations.

The third federal agency is the Oocupatiopal Safety nnd Health Administration of
the U. 5 Department of Labor, This Adminsiration is charped with the protection of
the workers from occupational insilts, ncluding microwaves, They have under condbder-
ation ogccupatioonl exposure fimits for the working environment, This argonizstion s
not, presently, conducting research i tha blological effects of mdistion,

Althoupgh it 5 the ntent of this Symposiom to keep within the area of biolosgical
effects and health hazards of microwaves, I feel it wouold be of interest to menthen
some of the achvities of the Bureau of Roediological Health related fo microwave
radistion,

Within the broad microwave frequency band the most Immediate peblic health pro-
blem i the Wnited Sates wiay that ssocoted with microwave oveas: therefore, a high
prioelty was given to the assessment of the potential hazard of this microwave emit-
ter which was designed fo be vsed in the domestic and Instibatonal préperation of
food, Initially there were po commencially available msiruments which could be- uiil-
fred o quantitone the enargy in the specific frequencied ussd by miccowave cooking
ovens. Efforts to remedy this deficiency were carmied out in our laboratories s weil
as under contract with other Federal agencies and commercial establishments. Existing
enginegring as well as biological laboratories of the Bureau had o be remodel=] o per-
mit work on this pew problems The Burean began nstromentation developenent {or il
crowave ressarch, concentrating on 2450 MH2 — the frequency maost commonly wsed
in ovens Instrumentation was esseptial for both rediation characterzotion pnd bioks-
pical pesearch activities. An ancchoic chamber was deslgned and constrscted to provide
for pear and far figld 2450 MHz exposures, Instruments were desigoed, fabricated and
tested to monitor fadiation in the chamber. Special field survey instruments were also
constructed. Maost of the biseffects work sorducted by the Buresu has beéen resiricied
to this freguency for which instrumentation is now available

Simultaneously with developmental work oo messurement ond dosimetry capabili-
ties, the Bursay cemmenced o laboratory investigation to assess the performanss para-
meiters of microwave cooking ovens and to determime the engineering varizhilities
which affected rodistion emissions. Product svaluation in the lnboratory was pasalieled
by fizld investigations and manufacturing plant visits,

The Buréan's Blological and eagmeering specialests establnded the need for a stan-
dard, defimed the permissible leakage levels nssociated with [t and made the essential
determination of feasibility, All existing knowledge was evaluated to provide a sound
sclentific basld for the microwave stindard. This basis was successfully defended against
the schentific arpuments which were developed peimarily by the affected indusiry, The
Baireau published the microwave oven performance standasd in the Federal Register
on Oclober 6, 1970, The standard became eifective in October of 1971, The scientific
basiy for the microwave oven parformanes standard has been recosnized as a signifi-
cant achigvement in support of the general product safety activities of the United Slates;
however, the emission Llimit of 1 m'W,/cm? measared &t § cm from the surface of o oew
oven is for o sipgle product (cooking oven) which operate st two specifie frequensies
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(%13 and 2415 MHz) and should not be confused with occupational exposure standards
wsed in the USA and olher countrics.

The Burcau is concentrating on its enforcement activities in support of the micro-
wave oven standard, These activities include continued efforts in the laboratory co-
pliance and endurance testing programs as well a5 continuous review and evaluation of
manufacturers’ certification and testing programs. This latter function will consist of
both administrative evaluation of submitted reports s well as site inspections of testing
£nd quilily control proprams at the point of monuefaciure.

The second part of the program is (he complementary bologieal rewearch in the RE
microwave area. The following biological research areas are being pursued:

Epidendobogic stndics. Evidence pointing towards & corcelation between fathers work-
ing at radar installations and the incidence of moogolism o their progeny has been
Examinel

The study is not complete, but preliminary indications are that the origina] correlation
may not be sopported. An epidemiologic study s under comideration to determine if
cataracts or other lens opacities are associnted with the therapeutic spplcation of mi-
crowive deathermy in medical and dentnl practice

Pathologle studies. Investigations arc under way on both the direct and secondary
ocular effects of miccowave exposure. Rabbits and o genstically-determined ‘cataracto-
genle strain of mice ate being used as test animals, The mouse sirain is being utitized
in studies of effects of chronic, low-level exposures,

Rescarch in microwave teratogenesis is under way with positive results at high doses.
Fesearch with the fetus has also revealed some marked and persistent effects on the
bone marrow, Therefore, homatological obsérvations are also being made Studies of
rodent testes are aimed (o provide compariions bébween offects of different tources of
heat, including microwaves, infrared and conducted heat. Suggestive evidence has sk
been obtained o indicate persistent testicular effocts in mice which received chronic
low-level exposare averaging ebout & mW [eml.

Metabolic studies. Rescarch is directed toward the biochemisiry of the central nes-
vous system. and of fetal development. Microwave induced changes being examined
include total protein and myelin content of braln. Some specific molecular EpEChE
changes, such as changes in sbsorplion spectrn of irradiated albumin in both In witro
ind fetal bload systems, require additional study,

Newrophyslologic studies. Baseline observaticas of normal behavior in tasks invalv-
Ing fearning, memvory, olertness and arpusal continue, and dose-response curves relat-
ing absorbed microwave power and performance will be compiled. Data obtained up
10 now suggest that some of the microwave effects have thedr orlgins in neurochemi-
cal processes. Technbques to measure neurochembeal iransmitters are belng developed.

Ceenctic stodies. More informative procedures for survival asays have been identi-
fied so thai the killing efficiency of micrownve frradiation of cells in culture can be
determined. Technigues have been developed 1o examine lethality from the absorption
of energy by waler in comparison with possible effects that may have been masked by
shsorption, In addition studies have heen indtiated o measure the effects af mi-
croweve Eradiation on genctically determined temperature-sensitive enzyme systems.
These enrymes may be weful in further studies of effects of protracied exposurse

Doslmetric studies. Laboratory experience with animal irradiation has lad 1o the
development of a controlled environment semi-automated waveguide Irradiation appi-
ratns for which integral dose rates nnd sbsorbed doses can be determined for esch
exposed binlogical specimen, Carrently being developed is a laboratory for determining
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the distribution of absorbed dose in blological specimens and in analomically realistic
phanioms of snkmals,

The technical probloms encountered by the Bureau in its investigations of microwave
oveils, specifically the lack of nearfield measuresicnt devices for 915 and 2450 MHz,
i% indicative of the general hardware problem associated with all non-ionizing radiation
investigations. The manufacturing industry uiflization of recent technical developments
10 produce clectronic products for consamer, medical, industrial, and educational wppli-
cations. has not been matched ot all tmics by 8 coscem for radintion saferv, The nel
resiilt of this sifustion @ thaf the Bureay, in many cases, is forced fnto s resarch and
development activily In order to produce the neoessary product evalisation informalion
from which dosimetry systems can be developed in order o nssess the presenl or po-
tenteal deletérious biological effects from exposures to theie radiations

Althoogh the Bureau has promulgated & performance standard for microwave avens,
a great deal of research o reguired o ussess the differences of opinfon related 1o low-
Jleve] exposures (o microwaves. 'We have only scratched Uhe surface in deveioping o bio-
logical effects program with Tespect to microwaves, and it should be noted thar even
ihis minbmal effort s only being dirccted at the frequency (2450 MH) which i uliliz
ed for microwave cooking ovens and for whicl instrumentation s available.
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