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B MICROWAVE BIOEFFECTS CURRENT STATUS AND CONCEP’I‘G

- vPizemyslaw CZERsKt"/ gmd Stamslaw s'ZMIGiELSKI’“‘/ T T {

ABSTRACT The informatlon on microwave bloeffects /MWBE/ is denved from o

~ animal experimentation, model studies and epidemiological research on the . . : ‘
health status of pecsons exposed occupationally to MW. The analysis of MWBE.

requires the consideration of a chain of events:-biophysical mechani:ms - the -

primary interaction, and physiological mechanisms. - immediate local and

- generalized effects, and late effects. Animal experiments may be divided mto

-acute high dose and chronic low dose exposures. High dose effects can be

- physiological consequences. Such considerations are insufficient for the =~ = '

explanation of chronic exposure effects, particularly frequency and/or ' S

modulation dependent effects in the nervous and the hematopoictic systems. - -~

_ Quantum mechanical considerations constitute a promising approach. These =
“statements are substantiated by the description of experimental systems anu.‘ :

obtained results. Human epidemiological.studies are far less informative

because of their scarc1ty and insufficient quantitation of exposure condrttons,

~ the available data are reviewed. Practical implications for establishing v
- permissible exposure levels and safetv rules, as;: well as research needs are ' |

B indlcated : L '

INTRODUCTIO’\I Lack of space does not allow a detailed review of the
voluminous literature available. The intergsted reader is referred to the -
“almost complete bibliography of the sub)ect prepared by Glaser /1/, symposia
proceedings /2-6/ and monographs /7-14/. The aim of this paper is to point
out basic concepts and approaches, as well as to present well established facts AA
~and to 1ndlcate areas needmg further research L C i

- DEFINITION AND ANALYSIS OF MWBE. A functlonmg b1010g1ca1 object /cell
- organ, plant, animal/ is a highly complex self- regulatmg system, endowed witk .
S the ability to adapt to changes in the environment and to compensate for o
" stresses imposed by it. The equilibrium of ‘a living system is maintained within s
- the normal-i.e. the physiological range by many inter -related feed -back
~ .mechanisms. Because of that a disturbance within the system usually triggers a |
. - set of reactions and the end result, detectable Dy biomedical methods, may be n
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" case of bioeffects induced by radiant energy /16/. Therefore the understanding o =

' convenient to introduce a somewhat arbitrary distinction between the prxmary

[

" the level of subcellular structures/.resulting'from the primary interaction’

. adaptation, fatigue. In view of that the effects of single and repeated exposures

" exactly the same conditions. In consequence tolerance levels should be

o :electromggnetlc field theory /17, 18/ leading to the conclusion that at least in
.+ the MW range onlv conversion of the absorbed energy into kinetic energy of
I ’molecules i.e. microwave thermal effects are possible. This led in turn to an

" reliable predictions, particuiarly in the case of CE and RE, therefore only

"'rhény sleps‘ removed from the initial event. This happens particularly in the
of MWBE requires an orderly, step-wise analysis. To facilitate this it is.

" interaction of MW with the living system and the induced bioeffects.

. The mechamsms of radiant energy absorption and direct interference with
blophysu:al ‘biochemical and bicelectrical mechanisms and. phenomena in the
“living system, examined by biophysical methods and conS1dered in terms of
biophysics may lf:e defined as the primary interaction. -
- All changes in function and structure /above the melecular level i.e. startmg at

~ detectable by biomedical methods and considered in terms of biology may be = |

- termed blologxcal effects. Because of the feed-back mechanisms the early

- /immediate/ bioeffects arising at the site of the primary interaction and. B

" because of it may induce further changes i.e, early secondary /md1rect/

_effects. In some instances a considerable time may elapse between the ,

- primary interaction and the appearance of detectable MWBE Il" such a case ‘

‘these may be termed delayed or late effects.

" It should be also stressed that adaptative reactions induced by MW exposure

may lead to measurable MWBE, which still remain within the range of normal

-i.e. physiological range of compensation.. That means that an effect is not

‘necessarily a hazard. On the contrary certain MWBE may improve the

efficiency of certain physiological mechanism and are used for therapeutic o

purposes in medicine. Certain MWBE may be detrimental to the efficiency of = . = .

living systems, and in this case may be termed MW heaith hazards. o
It should be pointed out that frequent activation of adaptative mechanisms .

ay lead to their exhaustion and to the classical sequence of events - stress,

-should be considered separately, even if each exposure takes piace under

established also separately for single, short-term or acute /AE/, single
prolonged or chronic /CE/ and repeated exposures /RE/. It should be noted
“that the current state of the biomedical knowledge does not allow to make

emplrlcally ver1f1ed tolerance levels are acceptaole

TR st b e e 7

THE PRIMARY INTERACTION For many years the pnmary interaction of
MW with living systems was considered almost exclusively in terms of the

ek A

“increasing dlsu:epancy between the empirical biomedical observations and the
theoretical explanations available /see 7, 8, 13/. Interesting concepts
concerning direct. interference with bioelectrical phenomena /11/ or the role
of electromagneucs fields in transmission of biological information /14/ were S eE
_advanced. These hypotheses need, however, further experimental verification.

- Only recently it was realized that quantum mechanical approaches /19, 20, 21/
_offer possibilities of explanation ¢f MW primary interaction with living systems,
molecular and mter -’nolecular level complex subcellular structures such as

S i AR RS S e
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membranes being possible physmal substrates for unexplamed funﬁtlonel

N

MWBE /22/. Much further work remains still tc be done and Illinger's: Stdtem(,nt
/19/that . . . a complete predictive theory for the perturbation of
.bmdynan-xcai syst”ms by microwave and miilimete r wave EM radiation car not -
be szid tuexist . . ." may usefully be recalled at this nlace. It should pe added
also thar MW and radlofrequency radiations can b@ used as a tool in tae expln-

"~ ration of biophysics of iiving systems /23/ and many promising experimental *

mocels for the mvesuganon of up°xplamed MWBE can be devxsed /24/

HERMAZ MWBE. Therual balance characterlstlcs of ammals exposed to.

.. MVW:were investigated early /25, 26/ and the results ex*rapolated to man to be
-used as a criterium for cafe exposure limits in the USA- -/see 2/. The '
-propagation and absorbtion of MW within the biocject was approximated on the
-basis o1 planar, or atthe vest spherical, multilayred models and the blood
circulation was considered as an elficient system for distribution of th.2

geaerated heat uniformly throughout the body /17, 18/. In coasequence thermal
MW -effects in animals were considered "volume heating", a point of view
unacceptable at present. Guy. and his associates /27, 28/ developud elegant
thermographic models and demonstrated clearly that the absorption of MW
energy and the resulting temperature increases leadto nonuniform
decp body heagting. Inphysiological terms this means that
direct, and even more secondary, MWBE depend on the internal distribution
of the absorbed energy dose and local thermal stimulation of different organs. 1
Local thermal stimulation of the brain and/or- of the spinal cord /27, 30/ : o
affects mai.y body functions and may be responsible*for behavioral changes.

As it was shown that at several MW frequencies energy absorptlon may be -

“focussed” around- tho center of the'tzad /28/ and thermal stimulation of the

“midbrain section and of the hypophérsms is a practicai possibility during whoie

. cells i.a. rendering them more susceptible to hypoxia /local direct effects/,

body exposures at about } mW/cm” incident power density of rabbits,. cats,

- monkeys and men. The secretory activity of the hypophysis, an endocrine

gland, regulates the activity of the remaining ones, such as adrenals and che
thyroid. These in turn regulate the metabolic activity of many organs and
tissues. Starting from a local temperature increase in the hypophy51s a
sequent1a1 chain of events is m1t1ated . :

- elevation of temperature to 38 -40°C increases the metabohc activity of the

Ve i -

- compensatory thermoregulatory mechanisms lead to an increase in blood

flow /cooling/, which in turn also affects cellular metabolism i.a. the rate

of exchange of metabolites between rissue cells and cxrculatmg blood /local

~ secondary effects/,

- cell secretions and metabolites hberated into the blood stream mﬂuence the
function of other cells and organs, which in turn may influence still other parts
of the body /generalized secondary effects/. : :

- Time -honored physiological methods exist for the mvestlgatmn step-by-step of

such chains of events initiated by environmental factors or drugs. It is to be

Tegretted that in spite of the many fascinating possibilities /24/ investigations

of MWBE using such methods remain scarce. Biochemical and neuroendocrine
effects particularly need reinvestigation and reassesement /32/. The authors

- feel that in certain instances electronic engineers, physicists, biophysicists

even, <o not realize fully how many intermediate steps exist bet)yeen th2

.
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_exposure on the first day of a successive week, i;J. after an interval of two
~ days without iiradiation, the temperature increase was higber than on the
ast cay of the preceding week. The thermal reaction during th2 4th week

. demonstrated that ammals adapted to MWRE are less resistant to other : v

B mterplay of adaptation and desadaptrve stress may account for the drversnty

) fairly, well established for many ammal species /7 8, 13, 14/. These data

" 'the internal distribution of the absorbed energy dose and possible physiologic’
- consequences. The effects of RE depend on many factors: spacing in time,

' /stress-fatigue/ pbenomena etc. Delayed secondary effects are difficult to

-~

pmmary interaction and tae observed bmlogxcal ﬂnd effect, and how many
feed -back mechanisms contribute (0 it. ‘ ' '

'Thermal MWRBE allow 10 demons*rate another partr.cular properté of hvmg
- systems Repeated exposures of d@gs to 1285 MHz, 100 mW/cm S days a

week durmg 4 weeks led to diminishing rectal temperature increases on
termination of the exposure each day within successive weeks /33/. Afcer

v}vas,‘ however, msignificant when compared with the reaction during the Ist

‘week, Confirmatory evidence of adapﬁcatmn to MW demonstrable by diminishing - -
_ temperature increases after successive cxposures is abundant /see 7 ahd . . - A

13/. Circularory thermoiegulatory rea. ...ns also change on successive - R
exposures, particularly the reactions of skin blood'vc "sels /34/. A series = N
of experimental mvesngdtnons carried out by Subbota et al./see 13/ - g e

envrronmenta} factors. On the other hand the status of animals adapted to’ . S
other factors /eg. hot envrronmenr/ or recovering from X-ray injury rapidly : S
detenorates afrer 2 single low dose MW ‘exposure, According to Subbota the e : '

and changeabrhty of reactions to MW exposures.
In short lethal levejs of thermal effects during. AE and CE /whole body/ are

may be extrapolated to safe levels for single expoqu*es taking into account

probably also time of the day, duration, adaptation and desadaptation

-
"

predict.  Further research is needed; the present empirical data'may serve -
only as rough guidelines} . - '} :
Microwave hyperthermia fmds more and more b10med1ca1 apphcanons One

.of the more promising research | pr oblems és the use in cancer therapy /35/.
-Local elevation of temperarure to about 43°C renders the’ cells susceptible to
.many factors i.a. X-rays and possibly cytotoxu, drugs /36/. MW" hyperthermia

combined ‘Vath t‘uerapeumc methods already in use may offer new pOSSlblhtleS :
for. c0mbatmg cancer. This problem was discussed in detail at a recent
symposium organized by the National Cancer Institute, the proceedmgs will.
be published shortly as & supplement to Radrology :

EFFECTS ON THE EYE The cataractogemc effects of AE at 100 150 mW/cm2 S
incident power density are well established in'experimental animals. Because * . '
of lack of bisod vessels the cristalline 1éns of the eye is easily overheated,

“the capsular epithelial cells damaged and the proteins of the lens undergo

denaturation /37/. The lens becomes nontransparéent with subsequent .

- development of a subcapsular cataract and loss of vision. MW cataracts are

characterized by a variable iatency period of a few days up 1o two weeks
between the termination of exposure and the appeara‘lce of changes in the
lens /38/. Most authors are mc1med to relate MW cataracts to secondary

. effects of local (emyeraru're increase /see 7, 13/, Time < power tresholds

for the induction of experimental MW cataracts, particularly im-the case of -



RE, are controversial /39/. Difficulties in relating incident to absorbed

- energy in various exposure conditions contribute much to the controversy.
About 50 cases of MW occupational cataracts were ‘described /40/ but the
causal relationship between MW exposure and the subsequent cataract is -
questioned /39/. No less controversial is the problem of lenticular .
opacities among microwave workers and the causal relationship between
MW exposure and incidence of opacities. More recent publications seem to .
indicate that workers obsexving safe exposure limits recommended in the
USA /see 5/ and the more conservative Polish or USSR rules /see 7, 13, 15/
are not subject to eye hazards. Retinal lesions were also descnbed in, mlcrowave
- w:mxl-:ers /41/ the posslble mechamsms are obscure,

EFFECTS ON 'IHE NERVOUS SYS M In expenmental ammals CE RE

- “lead to dxsturbances in- condltmned reflexes and to behavioral changes at

incident power densities of 0 1-1 mW/cm RE of g few hours duration
~continued for several mao; .+ induce metabohc changes and disturbances in
the bioelectric activity. ’imese facts are well documented and reproducible
papers comcerning these effects number several hundreds /see 3, 6, 7, 8, 9,
-13, 14/. The mechanisms responsible are still unclear, part of the nervous
' system MWBE may be the secondary effects of temperature mcrease A
large part, particularly RE effects, can not be explained that easx.ly The

.- functional consequences for the eff1c1ency of the irradiated animal are not _ . <

always clear, the hazard mherent in behav1oral changes is a matter of

. arbitrary evaluation.

Still less clear is the mechanism of changed susceptlblhty after RE to drugs

- acting on the nervous system /42/, particularly convulsant drugs /42, 43/.

- "This phenomenon has- practical 1mphcat10ns in the cases, where medication

of MW workers is needed. On the other hand as the action of many drugs is.
understood in detail, the phenomenon may serve for the clarification of

-MWBE mechanisms in lthe nervous system /24/ It should be also stressed

‘that simultaneous use of alternating electric currents and drugs found an '
apphcatmm in electro-anesthesia and electrosleep. These. phenomena ‘are -
obtainable at frequencies well below the MW range, but indicate strongly a.
frequency dependence of nervous system effects. This dependence was mearly
déemonstrated by experiments of Adey and his’ associates /see 44, 45, 46/, o
. These authors obtained disturbances in bioelectric function of the: bram by ' :

- exposure to 147 MHz radiation, amphtude 'nodulated at9 - 16 Hz,

- acoompanied by calcium efflux from the brain. These effects can not'be *
obtamed if the frequency of amplitude modulatlon is changed to-below 9 Hz
or 0 20 - 35 Hz. Further research is needed, but it seeins highly probable |
that these effects depend from a direct mteractlon of electro-magnetic faelds
with the cellular membrane. This hypothesis, pertammg specifically to -
nervous cell membranes, may be of a more géneral impact. Cells in
tissue culture, in which ionic'transport through the membrane was impaired
by digitonin or the cell membrane structure was damaged by bacterial toxins
/sphingomyelinase or phosphoiipase C/ are more susceptible to MW ‘

. hyperthermia, than to equal hyperthermla obtamed by placing in a hot
chamber /47/. '

‘The central nervous systein seems to be a eonvement model for the study of
frequency and/or modulation dependent ef]fects hformation on these efﬁ,cts ‘

- . : ———
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- is urgently meeded for the determination of safe exposure levels and rules. -
“The possibifity that particularly hazardous frequencies and/or modulations

exist can nex be dismissed lightly. More over any effects in a system of

- such prime rrfmportance in the functio .al efﬁcxency as the NErvous system

should te carelully mvesngated

‘EFFECTS ©N THE HEMATOPOIETIC SYSTEM The 1mportance of the
observations reported in the literature lies in that, that similary as nervous

'system MWRE, effects obtamed in the hematopmenc system are dependent

" on modulatien .
" Continuous @ pulse modulated:-MW exposures at the same wavelength and

mean power density affect differently iron metabolism hemoglobin synthecis
and red cell production /48/. Whole body exposure leads to stimulation of
.iymphocyte glsxeducqon in the number -of mitoses in 1ymph nodes. Continuous
or pelsed MW of the same power density /mean/ and the same wavelength

having different effects /4%9/. Lymphocytes undergo stimulation and what is

called blastoid transformarion both in vitro /50/ and in vivo /51/ following
MW irradiacion. The latter phenomenon may be possibly used in biological
‘MW dosimetzv /51/. RE change the imniulogical reactivity of animals. It

. _ follows that easily demonstrable and easily quantified effects on the .
’ - lymhocyte rmel the lymphocytic system exist. This may be used for
o developmg «:@nvement models for further studies on MWBE at the celluiar
level.

‘MW ezposure at different times of the day change the circadian rhythm of
bone marrow «ell mitoses /52/. It should be siressed that cells belonging -
to various hesmatopoietic cell lines react differently. This may serve to

--stress-the.importance. of taking into.account the.physiologic propertles of

cells tissues and organs, when mvestigatmg MWBE.

fGENETIC EFFEFTS AND EFFECTS ON DEVELOPMENT Chromosrme

aberrations #mduced by MW exposures in cells in tissue culture /53/ and in

- bone marrow cells in vivo, as well as mitotic aberrations were described by

- 'several authers /see 2, 6, 7/. Genetic effects in Drosopmla /53/ were also

reported. Ckanges in the development of chick embroys and mammalian

foetuses were also obtained by MW exposure /see 2, 3, 7/. Severa’i observations
may be interpreted as secondery effect of MW induced temperature increases. -

Because of the extreme practical importance the problem of possible genetic

- effects and effects on development should be thoroughly mvesugated present

data bemg mfsufhcxant

' HEALTH STATUS OF PERSONS OCCUPATIONALLY CXPOSED TO MW..

Epidemiologiral research on €. cupational MW heaith hazards offers numerous

- difficulties. Perhaps the main of these is the compiexiiy of the working

'Aenv1ronmenx Noise, te.nperature and humidity variations, disturbances in

the normal rhythm of sieep and waking periods, causz1 by working st.ifts,

- stresces caused by the Leed to concentrate end simila: factors the bealth

status of this group of workers. Another obstacle is the lack of reliable
methods of imsividual microwave dosimetry. Incident power densxty measured

_ in air in ahsence of the work.r gives only an approximation of the real

configuration »f the ficla after a moving object i.e. the worker is intrnduced

-
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‘discussed in /5/.

into i, L’x tbe case s)f moving human group and movmg bcams and/or antennas -
: the evaluation of : the real exaosure becomes doubtfui. = ' =
o »;_7-m view of the specific copd;uons of work the selection of adeauate controi
_ OIOUJS is also very difficult. On the other hand analyses of the health status

must aliow for the age factor whc‘l mmeases with duranon of occupamonal '

' exposure, : »
" In view of these difficulties it is nmp0531ble to prespnt a rev1ew of the data

pubhshed in varieus countries. Most of the papers are not comharab‘e A v

detailed review of USSR uata can be found in references /8, 9, 10, 13/, the o
~ safety rules and exposure limits are: presented in detail in refe*ence: N
/10, 11, 32/. Polish data were recently published in un'rlmh /34 So, 56/

additional informazion is comameu in /7/ The vpry scare USA sthdw are

All auaxlabée data grree in one reepect If safe ex‘osure &1m' ts. an d safew

- rules exisging in the USSR and Polang arf> obvew ved, no cetmmemm neaith
effects are expected during occupational expesure of héalthy adults, The

lack of weil dﬂcunﬁ”rec epidemiological studies leaves the guestion open in
respect to the much z¢-1gner aafe exposure ,umhs recommenaea in cﬁe bSAo

.A_‘.. h L. PR

- CONCLUDENG RE! \»ﬁAR(S Durmg an last few ]ears the gap bctweeq empum,a?
. biological observations and the bl()r;‘”} rsical meorovcal expla.n t!cns dimishes -

Steadily. Int erc.lsr*mlmary cooperation of biold ogist cnywzczst blopuysic;sts, :
electronic engineers and medical research workers. is '1€C€SS¢1I'V to close -

‘ this gap cempletely. It shouid be pointed out Lhat such cooperaticn contr).butes
. to the adveucemem =i the Aalds in question.- more insig gt is gained into the o
) "blopﬁ}FS‘C" v
. ,_‘deveIop(—d in mou.'. he
" same time it should be remembered Lnat the eleciromagnesic poliution of the

ifig .systems, new applications of microwave technics
. medicine. and. in future possiliiy.in. agriculiure, At the

atmosphere incresses steadi ily, the natural ﬂacxoroanf‘ of microwave and

- radio-freguency radiation is insignificant in cwnoarwn with the emission of
 man-mace sources. Ac electromagnesic fields have demonstrable biclegical
- - effects, biological svlerance limits should exist. This limit must be determined::

before it is w0 lage, not only in the interest of the neaith o*_t‘ie general human

- populerion, but also because of the need to arOtec* the ng ura; envronmem s

1’“ur*haer research m oh g Jcnuy needec. N S
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