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Introduction

Both Professor Grant and I were pleased to be approached by Major

C.T. Lind on behalf of Mr. J. Mi tchell of USAF School of Medicine,

Brooks Air Force Base, Texas, U.S. with a request that we prepare a

scientific report on work being performed in Europe concerning the

biological effects of radiowaves and microwaves. It-was also asked that

* the latest Information on radtowaye and microwave exposure standards

should be included in the report so we approached Mr. Frank Harlen of

NRPB with a request that he should contribute to the project.

The original plan was that EHG should act as editor and project

tco-ordinator wi'th Frank Harlen and me assisting. For reasons, not
totally unconnected with. the reorganisation taking place within London

Uniyersity at present Professor Grant felt unable to shoulder the major

responsibility for producing this document and r agreed to take over as
"prime mover"'; r would however like to acknowledge the contributions made
by both. E.H. Grant and F. Harlen.

Regarding European research, ,my approach was. to contact as many
laboratories as possible. In all cases as well as requesting details of

the work being performed I asked for names and. addresses of other workers

* wi.thin the. country concerned and then followed up any additional contacts.

We also yisited some laboratories. in order to observe and discuss the

.work at first hand. I have not named those laboratories visited since

this might reflect unfairly on the others in a way that was certainly not

intended; Indeed had time permitted we would like to have visited every

laboratory mentioned.

However in view of the vast si.ze of Europe it is possible that some

* important work may have been omitted. I would like, at this stage, to

apologise to anyone who has been overlooked and to assure them that no

slight upon their work was intended.
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Since both microwave research and indeed safety standards are

e nntlnually developing and evolving I hope that this may not be a
definitive report and that amendments and even a new report may be

requested in the future. In anticipation that I may be involved in

some way in any future work I should be very pleased to receive details

of any new work or to hear from anyone who has been omitted from the

present document. Indeed should this report do no more than provide a

useful list of names and addresses and give a stimulus for further work

then 1 feel that a useful purpose will have been served.

Finally I wilsh to thank all the many people whohave been good

" enough to take timelto write tome and I hope that they will feel that I

haye done justice to their work.

RJS London 1982
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2.1 INTRODUCTION

Despite the considerable scientific and public interest in the

subject of MW and RF exposures - MW in this document meaning RF of

frequency greater than 300 MHz - most nations appear not to provide any

formal governmental guidance on exposure limits. About 5 years ago the

Regional Offices of WHO distributed copies of a questionnaire to all

countries with whom WHO had contacts asking for information about

* national exposure standards applying to non-ionising radiations. This

enquiry was initiated by the European Office and their files indicate

that only 35 countries seem to have responded, with 23 of these stating

that they did not have civilian occupational or public health MW or

RF exposure limits. These included 7 NATO countries whose armed forces

presumably operated within the limits of the Standardisation Agreement for

Control and Recording of Personnel Exposure. It is believed that Warsaw

Pact countries also work to a common standard but no details are available.

Yugoslavia has controlled military exposures since 1969 but has no

U regulations applying to civil workers or members of the public. When

the questionnaire was replied to there were no protection standards in

* Finland but these have been developed subsequently. Similarly, 1 state

in Australia now has a 10mW/cm2 limit spqcifically for 915 and 2450 MHz,

said to have been instituted with MW oven service engineers in mind. India

and Israel both stated that they worked to ANSI C95.1 (1966).

Of the remaining 12 countries it is unclear from the WHO files

available for consultation whether Belgium also worked to ANSI C95.1 or

had legislation based on this - the files have little detailed information.

Unless there has been a change in the last year or so, French legislation

applies only to civilian employees at military establishments. The

exposure limit is 10mW/cm2 for frequencies greater than 10 Mkz. China

appears not to have responded to the original questionnaire but for 2 years

has now been operating experimentally, and in 1 province only, a 300)aWh/cm2

standard for exposure durations of up to 6 hours. The only other countries

known to have made civil regulations or codes of practice on exposure

limits are: Bulgaria, Canada, Czechoslovakia, German Democratic Republic,

'4.-German Federal Republic, Poland,, Sweden, UK, USA and USSR. With Finland
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and China this makes for a total of 12 existing national civil standards

and 2 military standards (NATO and Yugoslavia) which can be compared and

discussed.

The USA and the USSR were the first countries to promulgate standards

for control of occupational exposure to lW radiation, and both countries

. made only minor changes in their limits in the intervening 25 to 30

years. For long exposures these differed originally by a factor of 1000,

reduced to 400 since 1/1/82 when the 8 hour USSR limit was raised from 10

to 25,uWcm2 and 200 to 40 with the revision of the ANSI C.95 standard and

its frequency dependent limits. Other countries, in making their own

standards, adopted or slightly adapted those of the USA or USSR. Some of

these - Canada and Sweden, Czechoslovakia and Poland - have subsequently

revised their limits to be, as appropriate, rather more restrictive than

those of the USA or more relaxed than those of the USSR. The standards of

- Finland, China and Yugoslavia may also be regarded as occupying the middle

ground between the extremes originally displayed by the standards of the

U USA and USSR. In the German Federal Republic where the Navigators'

Institute had operated a lOmW/cm2 exposure limit a DIN standard was

proposed in 1976. This would have reduced the whole day exposure limit

from l0mW/cm2 to lmW/cm2 with lOmW/cm2 still permitted for only 1 hour.
This provision was not included in the 1978 published version of VDE

0871/1978.

The various exposure standards may differ considerably not only

in their 8 hour limits, but also in how they treat shorter exposures,

* the frequency limits and whether they are invariant with frequency. Current

European standards are either frequency invariant in the MW region or

*employ step-functions between frequency regimes, while variations of

exposure duration may be dealt with using either step-functions or ramps

~) to allow exposure to higher field strengths for shorter periods. There

are, in addition, various proposals for revised and new national standards
. * which Incorporate frequency dependence usinq ramp functions, but the

: recent IRPA proposal for an inten tional andard has reverted to the use

4 .. , -of step-functions for frequency dev--.dence while maintaining ramps for

tim dependence.

-d
* .
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Whereas there is reasonable consensus about what exposures should

be accepted as permissible in the ionising and optical regimes of the

electro-magnetic spectrum, the radiofrequency regime presents a complex

and confusing scene. To some extent this has come about in the ways that

experiments using laboratory animals have been interpreted as applying

to man. For MW or RF exposures to produce any biological effect

• ,requires the absorption of energy, and developments over the last few

years have promoted much greater understanding of how much energy is

. .absorbed and where in the body, whether man or laboratory animals. At

- the same time there is a more numerate appreciation of the importance

of body dimensions as compared with the wavelength of the MW or RF

fields, and the importance of polarization of these fields. The

mathematical and physical models are crude as compared with biological

reality, but no more so than our understanding of many of the claimed

biological effects or of their significance. Another factor has been

* " in the philosophical approach underlying the process of generating an

exposure standard. The extremes are occupational exposure levels set

5so low that there should be no demonstrable effects, and acceptance of some

stress which is within the limits of normal compensation for most people

but which may adversely affect a minority. Even when a scientific

consens4. has been established it may be inexpedient, socially or

* politically, for a nation to adopt a substantially more relaxed exposure

standard than hitherto. It is also, for instance, doubtful whether there

would be ready public acceptance of a 20mW/cm2 in the USA or the UK at

frequencies above 2 or 3 GHz (which the authors believe to be safe), no

matter how convincing the scientific reasoning. Furthermore, there is

no need for a more relaxed standard so the savings in monetary terms

would be modest. At the same time there could be substantial opposition

to the imposition of what are regarded as unnecessarily restrictive

limits if these are likely to result in substantial cost or inconvenience.

. Sweden will almost certainly reduce their RF limit to 1mW/cm2 but will

leave the MW limit at 1mW/cm2 which has been operated successfully.

The rationales underlying the various standards have not generally

been explained in any detail by the authorities making them but it is
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becoming increasingly common to provide reasons. With some older standards

the scientists involved have explained some of the limits where no formal

rationale has been advanced. Where available to the authors these will be

summarised in the discussion of standards which follows.

U
;2.2 'NORTH AMERICAN' AND 'WESTERN' EUROPEAN lOmW/cm2 EXPOSURE STANDARDS

* iThese are avowedly thermally based standards which have their origin

in Schwan's advice to the US Navy in 1953. If lOmW/cm2 is incident over

the projected cross-sectional area of man of 0.7 m2 , and is absorbed

without reflections or scatter, the resulting thermal load is 70W. This

is less than the resting metabolic rate of about 10OW and very much less

than the metabolic rate when even moderate physical effort is involved,
*- eg. 300W when walking at 5km/h. Any thermal stress from whole body

exposure to lOmW/cm2 will be well within the limits of normal physiological

compensation. Exposures of l0mW/cm 2 are also much lower than those required

to cause acute injury to the eyes or testes of experimental animals and

it was argued that the safety factor for demonstrable injury of these

organs in man would be about 10. The insights and understanding achieved

i- subsequently, especially during the last decade, confirm Schwan's advice

for the microwave region which was his remit. US industry, as represented

"-by the General Electric Corporation and the Bell Telephone Laboratories

would have preferred a larger safety factor of between 10 and 100 so that

exposures to I to lOmW/cm2 were to be considered safe only for incidental,

' ioccasional or casual exposure. The Bell approach(l) was described in

Health Physics in 1961, the year after the UK adopted the lOmW/cm2 limit

" -for the frequency range 30MHz to 30GHz. This occurred in 1960 with the

publication by HM Stationery Office of the booklet: 'Safety precautions

relating to intense radio-frequency radiation'. The lOmW/cm2 limit

! 'prevailed also with the US military and other NATO forces. It was adopted

as a civil standard by ANSI and ACGIH in the USA, by the Federal Republic

of Germany, by Sweden until 1976 and by Canada until 1979. A lOmW/cm2

exposure limit for the frequency range 300MHz/cm2 to 300GHz is the main

.. - .-.....
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feature of a draft Directive issued by the Commission of the European

Community. If this CEG proposal is ratified it would be mandatory for
S member states to make equivalent or possibly safer regulations within

a set period of time.

2
The various 10mW/cm standards have differed not only in the

frequency range over which they operate but also in the formulae by
which higher exposures are permissible for short exposure durations. The
US military, and NATO forces generally, allowed progressively higher
exposures for durations of 1 hour or less through to about 2 minutes
according to a formula most simply expressed in SI units:

T =10 /S2

where T is expressed in hours and the power density is in watts per square
-metre. The limitation to 2 minutes minimum has been explained as being
imposed because of the difficulty of controlling and assessing very short

expostr-es. This is a valid consideration when personnel go into a
* spatially varying radiation field, but is less appropriate if the intermittent

nature of the exposure comes about as a consequence of periodic pre-
determined changes in the output of the equipment or of beam direction. There

does rnot appear to have been any formal justification for the choice of the

* break-point of 1 hour or the square law relationship between time and
exposure limit. It has, however, been conjectured that the latter may be
from analogy with toxicological studies where effect can be proportional
to the square of the dose. The Polish standard incorporates a square law

dependence of permissible exposure and exposure duration but this extends

over the whole working day. There has also been a proposed Italian standard,

K now abandoned as being too complex to be workable in practice, which

included square law dependence over the whole working day.

The NATO forces in their latest revision - STANAG 2345 (1979) -

have abandoned square law dependence in favour of the simpler approach of
ANSI C95.1 (1966) which allows lOmWh/cm2 in any period of 0.1 h. This
formula of allowing averaging over O.lh was adopted in the UK in 1971, has
been retained by Sweden and Canada in their revised standards, and is



L 
'  ' ' -  ' "  

. , - . .. . _ . . .. ,. . , . .4 : . . .L.. .. .. , ... . -o . : .. ... ... . . .. . . . . .o _

-2.6-

included in the IRPA proposals for an international standard. However,

Sweden, Canada, IRPA and, at one time, ACGIH have incorporated an arbitrary

I P 25mW/cm2 ceiling limit. It is difficult to understand why this should have

been judged desirable. No justification has been formally given for the

O.lh period but members of the ANSI committee which agreed this relaxation

originally have variously ascribed it to consideration of the eyes and of

i . the testes. Theoretical studies by the NRPB in the UK have validated this

equilibrium time for the human eye.

.: In the UK the Royal Navy and RAF are working to a 1000 V/m limit for
(near field) exposures between 1MHz and 30MHz and 2000 V/m for exposures

r below I MHz - the UK standard gives no numerate advice on exposures below

I, 30MHz. The civil organisations of British Telecom and the BBC have also

elected to work to 1000 V/m below 30Miz for occasional exposures. STANAG
2345 allows lOmW/cm2 (20 V/m E field and 0.5 A/m H field) in the frequency

range lOMHz to 300GHz, 66mW/cm2 (500 V/m and 1.3 A/m) for IMHz to lOMHz,

and 165mW/cm2  (1000 V/m and 2.6 A/m) for lOkHz to 1MHz. The step-functions

cannot be justified biologically but they can be administratively and

. operationally more convenient than ramp functions. Similarly there is a

little justification for equating and regarding the E and H fields as being

ofequivalent biological importance for frequencies below 30MHz. A new

feature in this standard is the limitation of pulses to 105 V/m, equivalent

to 2.5xlO3W/cm2. The only other standard known to incorporate a restriction

on pulse power is that of Czechoslovakia with 103W/cm2.

.2.3 SOVIET AND EASTERN STANDARDS

In general, the USSR subscribes to the principle that all protection

standards should be set at levels such that there is no change in the state

of health or well-being as a result of such exposure. This is often much

more restrictive than the 'TLV' approach favoured in the USA and many other

F: countries, which allow the possibility of small reversible changes within

the range of normal compensation of 'normal' individuals. The most recent

admendments to the Soviet GOST standard 12.1.006-70 came into effect on

L
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1.1.1982. These affect only the MW part of the standard:

1) The ceiling value of lOW/m2 (lmWcm2) for normal conditions is

.: 1. reduced to 1W/m2 (lOOpW/cm 2) if the temperature is higher than

* 2) 280C.

2) The maximum energy density for whole day exposure to stationary

radiation is increased from 0.8Wh/m2 (lOpW/cm2 for 8h) to

2Wh/m2 (25pW/cm2 for 8h).

* - 3) The maximum energy density for non-stationary radiation is

S'.increased to 20Wh/m2

Item 1) is intriguing and unexpected. The obvious interpretation is that

the Soviet standards committee believe that 1mW/cm2 is thermally stressing

even in the MW region; we are unaware of any scientific basis for this.

Military units do not have to comply with the GOST standards. The previous

ANSI standard does include the suggestion that the 10mW/cm2 limit should

be lowered if there is thermal stress from the environment, but this is an

avowedly thermal standard. The paper by Tell and Harlen(2 ) indicates that

environmental conditions would have to be very severe before the

5additional thermal load from exposure to even 1OmW/cm2 could be a signifi-

cant factor in promoting thermal stress. The SAM Dosimetry Handbooks

, show a maximum power absorption in the MW region of only 3W for a 70kg

man for a 1mW/cm2 exposure and 30W for a. l0mW/cm2 exposure as compared

• lwith the resting metabolic rate of OOW or more.

. The relaxations of items 2) and 3) were expected and tend to produce

a more even total exposure for the 3 time durations of the Soviet GOST

standard. The maximum permissible MW occupational exposure levels pre-

. viously allowed were lmW/cm2 for up to 20 minutes provided that lOpW/cm2

is not exceeded at any other time during the day - 400pWh/cm2 , lOtuW/cm2

5 for 2 hours - 260pWh/cm2, and lOuW/cnrfor 8 hours - 80pWh/cm2. The revision

allows 200pWh/cm2 over an 8 hour period. The MW limits have been explained

by Soviet scientists as arising from consideration of both animal experiments

and clinical symptoms developed by workers. Gordon (3) has stated that

* 1- 'exposure of workers to levels between a few 10's of pW/cm2 and a few 100's
of pW/cm2 usually leads to functional disturbances in the nervous system

with a predominantly asthenic condition'. She is also quoted by Barenski
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and Czerski( 4) as saying that standards should be set a safety factor

of 10 below the threshold exposure causing any clinical symptoms.

Discussing animal experiments, she gives the criterion of harmfulness as

-: functional disturbances requiring compensation whicI could assume a

* pathological character but specifically excluding reactions within

normal physiological limits. The symptoms of the 'asthenic condition'

*include weakness, depression, impairment of memory and an inability to
make decisions etc. These symptoms are non-specific to MW or even RF

radiation, generally. They have been reported, for instance, in the USA

in residents of Three Mile Island. Gordon does not discuss what control

population she used. Petrov and Subbota(5) state that the threshold for

* functional disturbances in animals for 1 hour exposures at 3GHz is 1mW/au2.
Taking this to be equivalent to l00W/cm2 for 10 hours (a working day) and

applying a safety factor of 10 to allow for individual variations in sus-

ceptibility results in lOpW/cm2.

For frequencies below 300MHz the permissible Soviet occupational

exposure limits are expressed in terms of the electric and/or magnetic

- field strengths and the author is not aware of any relaxation for exposure

-- durations shorter than the whole working day. Between 50 and 300MHz the

*-: :limit is 5 V/m, between 30 and 50MHz the limits are 10 V/m and 0.3 A/m.

- From 3MHz to 30MHz the limit is 20 V/m, and is 50 V/m from 60kHz to 3MHz.

From 60kHz to 1.5MHz 5 A/m is allowed. The new MW occupational limit of

,.-. 25pW/cm2 for all day exposure to RF above 3004Hz is equivalent to about

10 V/m and 0.025 A/m for radiated power. The lOOmW/cm2 limit of the

proposed ANSI and ACGIH standards for exposures at frequencies below 3MHz

. ialso expressed as 630 V/m and 1.6 A/m. The Soviet standard below 1.5 MHz

is, therefore, much more restrictive in respect of the electric field and

-"is more relaxed about the magnetic field in this frequency regime than the

ANSI (1982) or the ACGIH proposed standards. The author has no knowledge

of any explanations having been advanced for the Soviet limits. Electric

fields will generally deposit more energy in man than the equivalent

' * magnetic fields but not to the extent implied in the Soviet limits.

Czechoslovakia originally used Soviet limits but established its

: iown independent standard in 1965 - Regulation HE-344, the first of the

-- -- -- --
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* Eastern European countries to do so. For occupational exposures of up

to 8 hours 25VW/cm2 CW and lOpW/cm2 pulsed were accepted as 'safe', the

*permitted exposure of the general population being a factor of 10 lower.

The peak power density may not exceed 103W/cm2 which is surprisingly close

to the NATO limit. For exposures shorter than the whole working day there

is a reciprocity between exposure and exposure duration, as with the much

" shorter Western O.lh averaging. Apparently, averaging may be carried out

over a period as long as 1 working week - this information being obtained

in a personal communication from K. Marha who was prominent in this field

-min Czechoslovakia and is now resident in Canada. However, the Czechoslovak

limits are so close to those of the USSR and low that for a Olh exposure

averaged over a 5 day week only 10mWcm2 would be allowed. These limits

apply over the frequency range 300MHz to 300GHz. A modification to

tRegulation HE-344 was published in 1965 which allows exposure to 10 V/m
over the frequency range 30MHz to 300MHz and 50 V/m over the range 30kHz

to 30MHz. These are for 8 hour exposures with reciprocity for shorter

durations, presumably as time and the square of electric field strength.
1

There appear to be no civil exposure standards in Yugoslavia but

in a personal communication Prof.Dr. Zoran Djordevic, of the Yugoslavian

Institute of Aviation Medicine, sumnuarised the airforce regulations which

date from 1969:

1) Zone of very intensive MWR: which covers the area of power

density greater than lOmW/cm2. Personnel without protective

suits are not allowed to enter this zone.

2) Zone of intensive MWR: which covers the area of power density

from I to lOmW/cm 2. Personnel are forbidden to stay longer than

15 minutes within a 24 hour period.

3) Zone of moderate MWR: which covers the area of power density

from 0.1 to 1mW/cm2 . Personnel are forbidden to stay longer

than 3 hours within a 24 hour period.

4) Zone of weak MWR: which covers the area of power density lower

than O.1mW/cm2 . Personnel are allowed to stay in this area for

an unlimited period of time.

This is, therefore, with Poland the most relaxed of the known Eastern

I- ;
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European standards but the authors areunfamiliar with other Eastern

European military standards. Prof. Djordevic is somewhat caustic about

the'nepidemic" of microwave damages of humans' 'in some countries where

standards on protection against MW radiation are more strict than in

Yugoslavia'. Prof. Djordevic has published a monograph 'Microwave

Radiation and Protection' VIZ Beograd 1978 which he says gives the detailed

2' presentation and comments on the Yugoslavian regulations.

. Poland, as with Czechoslovakia originally adhered to the MW Soviet

standards but introduced new regulations in 1972. As with Yugoslavia these

use the concept of 4 zones for occupational exposure to MW radiation.

1) Safe zone: the mean power density cannot exceed lOpW/cm2: human

exposure is unrestricted.

2) Intermediate zone: power densities between lOVW/cm2 and 200yW/cm2:

occupational exposure is allowed throughout the working day.

3) Hazardous zone: power density P in mW/cm2 between 200W/cm
2

lOmW/cm2: Occupational exposure in any period of 24h is

Idetermined by the formula

T (hours) = 3.2/P 2

4) Dangerous zone: power densities exceeding lOmW/cm2: human exposure

is forbidden.

Higher levels up to lOmW/cm2 were permitted for non-stationary beams. The

square law relationship between power density and exposure duration is

similar to that adopted by the US armed forces and NATO for durations of

• . less than I hour. According to Barenski and Czerski( 4 ) - epidemiological

studies of workers provided the basis of the new standard. They explain

that although limits and regulations were introduced into Poland in 1961

r? that 'as in other countries only gradual enforcement was possible'.

Subjective complaints were as described by Soviet authors(5). New regulations

introduced in 1977 extended the concept of zones to lower frequencies. For

the frequency range 10 to 300MHz: 7 V/m was regarded as safe, 7 to 20 V/m

was permissible in the intermediate zone and 20 to 300 V/m in the hazardous

zone. For 0.1 to IOMHz: the permissible field strengths in the safe zone

were 20 V/m and 2 A/m, with 20 to 70 V/m and 2 to 10 A/m in the intermediate

L.'
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zone, and 70 to 1000 V/m and 10 to 250 A/m in the hazardous zone. For

all day occupational exposures the electric field strengths are reasonably

Na in line with but somewhat more relaxed than those of other Eastern

European nations (Table 1). The magnetic field strengths are, however,

i  :very high and could be expected to cause unacceptable high SARs.

Exposure to such high fields without concomitant exposure to fairly high

electric fields seems hardly possible as an occupational risk.

In 1973 the German Democratic Republic introduced relaxations on the

- Soviet limits but reverted to those of the USSR in 1975. The Bulgarian

standards appear to be no more than translations of Soviet documents.

Finally, the People's Republic of China has been operating a trial

standard in just one state since August 1978. This allows 300pWh/cm2

during a 6 hour day ie. an average of 50pW/cm2. This limit was reached

after consideration of.epidemiological studies involving 1,342 micro-

wave workers and of animal experiments. Workers exposed to more than

200)W/cm2 showed some slight clinical signs. Workers exposed to less

than 50 uW/cm2 showed no signs or symptoms other than neuroasthenic
u "symptoms( 6 ).

- 2.4 SWEDEN, CANADA AND FINLAND

Sweden and Canada originally adopted the ANSI C95.1 1OmW/cm2

limit but in 1976 and 1979, respectively, made restrictive changes.

Sweden changed to 5mW/cm2 for the frequency range 10 to 301Hz, and to

.1mW/cm2 for 3001Hz to 300GHz. The averaging time of O.lh is retained

and there is an instrumental (s) ceiling of 25mW/cm2. No scientific

justification has been published. It is understood that the committee

were primarily concerned about possible teratological effects but the

papers cited are of exposure of rats to 27MHz fields. They were perhaps

unfortunate in making the change when they did, before there was wide

4 ." appreciation that man as a lossy antenna is most efficient at absorbing

RF power in the frequency range 30 to 300MHz. It is likely that the

standard will be revised to a flat 1mW/cm2 limit over the frequency range
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30MHz to 300MHz.

I ~ In 1977 it seemed possible that Canada would adopt a simple

1mW/cm2 over the frequency range 1OMHz to 300GHz on the grounds that
the l~mW/cm2 standard paid too little consideration to Eastern studies.

The official recommendations which followed in 1979 were explained to

01 ithe author as representing a compromise but, by that time, at least the

first SAM Dosimetry Handbook would have been available to the Canadian

authorities. The Federal recommendations are for lmW/cm2 from 10Hz

to IGHz, and 5mW/cm 2 from 1GHz to 300GHz. These are for occupational

exposure, public exposure is limited to ImW/cm2 . As with the Swedish

,. standard, time averaging over O.lh is permissible to a ceiling limit of

25mW/cm 2.

Finland has been operating a O.1mW/cm2 limit for the frequency

range IOOMHz to OOGHz for about a year, with exposures of up to

1mW/cm2 for 10 minutes in any hour. K. Jokela of the Finnish Institute

U of Radiation Protection believes that these limits are unnecessarily

restrictive and expects Finland to make more relaxed limits within a

year or so.

2.5 PROPOSED STANDARDS

The best known of the proposed standards, that of ACGIH (1981)

is essentially US but this and ANSI C95 are likely to prove influential

. with the 0.4. W/kg absorption criterion being widely copied except

perhaps among countries already operating a more restrictive standard.

hHowever, near and below resonance the exposure limits of the two
standards tacitly assume that the fields extend to several times

the dimensions of man. This is very unlikely in the situations where

field strengths comparable with the limits are commonly encountered.

[As mentioned previously in the discussion of the NATO standard and

the Soviet standard, the electric field worst case orientation will

deposit more power than the 'equivalent' magnetic fields. The ANSI

L
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S,-" justification for limiting both field strengths below 3MHz to those

- associated with a plane-wave-equivalent power density of 100mW/cm2 is

that 'this limit is intended to prevent reactions at the body's

surface that can occur in E fields of high density'. No numerical

examples or literature references are cited. The proposed IRPA/INIRC

Guidelines appear to be an extension and simplification of the

• Canadian Regulations and would allow 5mW/cm2 from 1GHz to 300GHz,

1mW/cm2 from 1OMHz to IGHz, lOmW/cm2 from 1MHz to 1OMHz, and 25mW/cm2

from lOOkHz to 1MHz. These limits are also expressed in terms of the

equivalent plane-wave electric and magnetic field strengths, and 6min

(O.lh) averaging is permitted. The rationale relies heavily on that

of ANSI and the 0.4W/kg criterion but for frequencies below 1OMHz the

S... members of IRPA/INIRC only azduce that an added safety margin was

incorporated 'because one cannot necessarily assume that a biological

effect is directly related to the amount of energy absorbed'. The

* .** use of step-functions is justified as being desirable from a com-

pliance viewpoint. Thus IRPA/INIRC are applying additional safety

Ufactors to the safety factors and conservative approach of ANSI and
ACGIH.

There is a current draft Directive from the Commission of the

European Communities which is essentially thermal in its approach and

would allow lOmW/cm2 with O.lh averaging over the MW region 300MHz to

300GHz. It is not unlikely that the IRPA proposal may supplement this.

If a CEC Directive is confirmed then member nations of the European

,I .Community (EC) have to make equivalent regulations, though national

.regulations may be more restrictive if this does not restrain trade

between member nations. Members of the EC known to be considering new

r" MW and/or RF exposure standards include the German Federal Republic and

Italy. Denmark is a member of the EC and also the Nordic 'Community',

'. delegates from which met in Stockholm on 25th and 26th May 1982 to

discuss non-ionising radiations generally, and whether common standards

L could be adopted. There were already proposals for new standards in
Finland, Norway and Sweden. In Sweden, for instance, they are thinking

in terms of 1mW/cm2 from 30MHz to 300GHz, 5mW/cm2 from 3MHz to 30MHz
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and 25mW/cm2 from lOOkHz to 3MHz. Exposure limits for frequencies below

m 3004Hz are expressed as magnetic and electric field strengths equiva-

lent to the plane wave power densities. Six mtnute averaging is

allowed and there is a 7W exclusion clause. In discussion with one of

the authors of this paper Dr. Paulsson of the Swedish Institute of

Radiation Protection agreed that the lmW/cm2 limit above 300MHz was

being maintained because, with their present standard, this limit was

being achieved. The population of Sweden is about twice that of any of

their Nordic neighbours and the effort they are applying to NIR,

i i particularly RF, is considerably higher than the population ratios.

-:'The tentative proposals from Norway and Finland are not very different

and it is reasonable to expect that Swedish opinion will be the most

* .important factor if there is a Nordic consensus standard. This will be

more restrictive than the proposed IRPA/INIRC guidelines. It is a

.. reasonable expectation'that their armed forces would need to be overtly
excluded with a similar provision in other EC countries if the present

IRPA/INIRC proposal becomes the basis of an EC Directive. It is expected

U that a porposed standard for the UK will be available for comment in

early 1983 and present indications are that the limits will be similar

to those of ANSI (1982) and the ACGIH (1981) proposal. A Federal German

Republic DIN standard is not expected for at least a year, but no details

- of what is likely are known to the author. However, two years ago the

curves of fig. 4 were made available to members of the IEC (International

Electrotechnical Commission) working group. It seems probable that the
permissible power density for the frequency range 30 to 300MHz was 25 W/m2

not the 20 W/m2 entered on the Y axis. It is also possible that the break-

point at 3000MHz was also not intended and constitutes a drafting error

for 30OMHz. With these 'corrections' it becomes possible to discern aK possible logic underlying the proposed exposure limits.

Two other proposed standards, for Italy
(7) and Australia(8)

were also published in 1979 and received much wider circulation. The

[presentation of the Italian proposal of fig. 5 is unusual and is identical

to the presentation of the Polish standard by two Polish authors(4). The

proposed Italian standard is also unusual in relating permissible
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exposure duration with the square of the incident power density: the
p Polish standard represents the only other proposed, present or previous

standard incorporating this square law relationship for the whole
working day known to the authors of this document. The English abstract
of ref(7) includes in its purpose a rationale for its proposed limits,
but the authors of this review document have not seen any English

* translation of the published rationale. We have also been told that
the proposal has been withdrawn as being too complex to assess
exposures in the working environment. The Australian proposal (8) is
presented in its essentials in fig. 6.
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Table 1. ElectriC field strength (V/m) for 8h exposure

Frequency range USSR Czechoslovakia Poland

300GHz - 30MHz 10 10 27

* t300(4Hz - 50MHz 5

. 300(Hz- 30MHz 10

3300(4Hz - 1MHz 20

S-50MHz- 30MHz 10

IOHz - lOOkHz 70

-- 30MHz- 60kHz 50

30MHz- 30kHz 50

.4

, . 4.

- . 4

* -

4'l
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Table 2. Present NATO Standard (Stanag 2345)

Frequency Power density E H

(MHz) (W/m2) (V/m) (A/m)
U

0.01 - 1 2650 1000 2.6

1 - 10 660 500 1.3

10 - 300,000 100 200 0.5

I

* V..

p"1
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Table 3. Exposure data for Sweden (1976)

Frequency Power density

(MHz) (W/m2)

10 - 300 50

300 - 300,000 10

Note there is an averaging time of O.lh with a ceiling

limit of 250 W/m2 and a 1 s instrumental averaging time

is assumed.

r-.

I 2
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Table 4. USSR 1970 Microwave exposure data (300MHz-300GHz)

Power Density Remarks

100 mW/m2  Exposure up to 8h

I000 mW/m2 (1W/m 2) Exposure up to 2h

10 W/m2  Exposure 15 to 20 min but

100 mW/m2 must not be

exceeded at any other

time during the day

-m

a
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Table 5. USSR 1978 Radio frequency exposure data

(0.06-30OMHz)

Frequency E H

- (MHz) (V/m) (A/m)

0.06 - 1.5 50 5

1.5 - 3 50

3 30 20

30 - 50 10 0.3

50 -300 5

-. °

o .! --.
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Table 6. Czechoslovakia-radiofrequency and microwave exposure data

(1968)

KFrequency Exposure limit Exposure duration

30 3kfz-30MHz 50 V/m 8Bhours

30 MHz -300MHz 10 V/rn 8 hours

30M~ -300GHz 0.25 W/m2 CW8hor

0.1 W/m2  - Pulsed

L



-2.22-

Table 1. Exposure data for the German Democratic Republic (1973)

Power density Remarks

1 Exposure for 8b day

5 Exposure for 3h

10 Exposure for 20m

Note
- The above are for CW and must be reduced by a factor of 2 for

* --pulsed radiation.
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Table 8. Exposure data (1972) for Poland (3004Hz-300GHz)

Zone Power density Remarks

(W/m2)U

Safe 0.1 Human exposure unrestricted

Intermediate 0.1 - 2 Allowed for the working day

- Hazardous 2 - 100 Exposure is allowed in any 24h

according to the formula t=32

Dangerous greater than Human exposure forbidden

100

.ii

.U
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Table 9. Poland - Exposure data (1977) for O.lMHz-30OMHz

Frequency Zone E H

(MHz) (V/m) (A/m)

Safe 20 2

Intermediate 70 10
i 0.1 -10

0.1-10 Hazardous 1000 25

* Dangerous >1000 >250

Safe 7

OR Intermediate 20

10 - 300
Hazardous 300

Dangerous 300

L
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* . 10 4

103- USSR- H

NATO 1979
* .... u 102ANSI 1982
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USSR MW1iF2
i-2 10 2 10 104

Frequency, MHz

w Figure 3 'Equivalent' plane wave power densities
for 8h exposure
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Figure 5 A proposed Italian standard - 1979
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- :GENT

=}:2 Laboratortumy oor Elektranagnetisme en Acustica

Rijksuniverstteit Gent

9000 Gent

Professor J. Van Bladel

Thi:s laboratory has made important contributions in the research
area concerned with the interaction of acoustic waves and electrumagnetic

waves with various media. Very recently attention has been turned to

the particular problems posed by biological media and in the course of

this research tissue-equivalent materials have been developed by

simulating the known dielectric properties of biological material.

".4
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FONTENAY-AUX-ROSES

Institut de. Protection et de Slrete Nucleatre

- :Departement de Protection

92260 Fontenay-aux-Roses

- .Dr. H. Francois

Dr. Francois is concerned with using thermolumiscent techniques

: *!!! for monitoring microwave radiation. His laboratory alrcady has

considerable experience in the use of these methods for measuring

doses of ionising radiation.

Lithium or calcium sulphate i.s Irradiated first with high doses

of ionising radiation and this is followed by exposure to-microwaves.

The decrease in thermolumiscence is measured and attEmpts are being

-. made to correlate this with the microwave power density.

At present the project is incomplete but it is hoped to publish

the results during 1983.
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LILLE

Centre Hyperfrequences et Semiconducteurs

Universite des Sciences et Techniques de Lille

59655 cedex Villeneuve d'Asq

Professor Y. Leroy

The work of this laboratory is concerned with the development

of non-invasive methods for measuring temperature in tissue. Two main

" - approaches have been considered: contact radiometer probes, operating

between 1 - 10 GHz which touch the skin and remote sensing deviceusing
r focused antennae which work in the millimeter range. More recently the

technique of correlation microwave thermography has been developed.

This is based on a coherent detection of noise and is able to improve

the localization of thermal gradients in tissues.5

U
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LYONS

Laboratoire de Thermoregulation C.N.R.S.; L.A, 181

Faculte de Medecine Lyon-Nord-8

- Avenue Rockefeller

69373 Lyon cedex 2

Dr. A. Dittmar

Dr. Dittmar has developed a coaxial surface type applicator

for 2450 MHz microwave hyperthermia. The end of a coaxial line is

enlarged so as to give a 7 cm diameter "door knob shaped" applicator.

The device is liquid cooled which enables the surface temperature of

the patient to be controlled. Temperature is measured with a copper-

constantan thermocouple. The applicator is being used, at present, in

conjunction with Prof. Leroy of the Universite des Sciences et

Technique de Lille, 59655 cedex Villeneuve d'Asq, France, to provide

deep'and localised heating in phantom models.

S



-4.5-

References

Dittmar, A., Delhomme, G., Bourdon, L and ScEmttt,?'I.

Deep and localised hyperthermia with a new microwaye surface applicator.

S-r Proc. Int. Symp. on Biomed. Thermology, Strasbourg (1981)

r-

S°

U' .

.,



p.,: ... .. . ..... .. . .. ..,.. . ... ... ..- _. -......
r~.%

SE- 4.6-

PARIS

Instttut Curie
Section de B tologie
26 Rue d'Ulm
75231 Parts cedex 05

Dr. A.J. Berteaud, Dr. D. Averbeck and Dr. --Dardalhon

Dr. Berteaud and his colleagues are Interested in the action of
millimeter waves at 70 to 75 GHz and power levels of 5 to 100 mW/cm2

on bacterial growth. They have also studied the genetic effects of
microwaves at 9.4, 17 and 70 to 75 GHz at power levels up to 60 mW/cm2

in procaryotic and eucaryotic cell systems. However no significant
effects on cell survival i.e. colony forming ability and on mutation
induction were observed; it was concluded that under the conditions used
microwaves do not induce alterations in DNA which are subject to known
DNA repair processes in procaryotic and eucaryotic cell systems.

In order to find out whether othercellular targets than DNA, for
example, the cytoplasm or membranes are involved, the effects of micro-
waves on the growth of Escherichia coli were studied at 17 GHz, 50 mW/cm 2

*in conjunction with X-rays and UV irradiation. The survival of wild

type and repair deficient mutants of E-coli as well as the induction of
mitotic intergenic recombination in the yeast strain D5 was determined.
The results suggest that at 17 GHz and 50 mW microwaves exert a small but
significant effect on the biological endpoint studied.

The effects of 17 GHz microwaves on the multicellular organism
Drosophila melanogasterwere investigated. The results on the induction
of lethal and mutagenic effects in the Drosophila melanogaster were

* consistent with the hypothesis that microwaves do not induce irreversible
changes In cellular DNA.



Ine~ttgattons of the thermal1 action of 2450 MHz microwaves on the
yeast Saccharomyces cerevisiae have been made and the effects compared

T with those arising from-water bath hyperthermia. However at specific
absorption rates between 20 and 100 W/kg no evidence was obtained for

specific effects induced by the microwaves.

Studies have also been performed at 434 MHz on Saccharaniyces

cerevisiae and it was also concluded that the thermal action of micro-

waves is not significantly different from that of classical heating.

References

Berteaud, A.J., Dardaihon, M., Rebeyrotte, N. and Averbeck, D.
Action d'un rayonnement e'lectromagnetique a longeur d'onde milleme'trique

sur la croissance bacte6-ienne.
fl C.R. Acad. Sc. Paris 281., 843-846 (19751

Averbeck, D., Dardalhon, M4. and Berteaud, A.J.
Microwave action in procaryotic and euraryotic cells and a possible

2 interaction with X-rays.
J. Microwave Power 11, 143-144 (1976)

*Berteaud, A.J. and Dardalhon, M.
*Biological effects of microwaves.

7th European Microwave Conference 581-589, Copenhagen (1977)

Dardalhon, M. and Averbeck, D.
Quelques actions des iuicroondes chez les bacte'ries, les leyures et les
drosophiles.

- Proc. du IXe Congr'es Int. de la S.F.R.P. 279-299 (19781

* Dardalhon, M4., Ayerbeck, D. and Berteaud, A-.
Determination of a thermal equivalent of millimeter microwayes tn liyinq

* cells.
J. Microwave Power 14, 307-312 (19791



-4.8-

Dardaihon, M., Berteaud, A.J. and Averbeck, D.
Microwave effects in Drosophila nielanogaster.

* Radioprotection 14, 145-159 (1979)

More, C., Dardaihon, M4., Berteaud, A.J. and Averbeck, D.
Detection de l'action des microondes sur la cytoplasme cellulaire par
polarisation de fluorescence.
Syinp. Int. U.R.S.I. Ondes Electromagnetiques et Biologie 25-29, Jouy
et Josas, France (1980)

Dardaihon, M., Berteaud, A.J. and Averbeck, D.

Equivalent therniique des microondes au niveau cellulaire.
Synip. Int. U.R.S.I. Ondes Electromnagnetiques et Biologie 225-230,

Jouy et Josas, France (19801

Dardaihon, M4., Averbeck, D. and Berteaud, A.J.
Studies on possible genetic effects of microwaves in procaryotic and
eucaryotic cells.
Radiat. Environm. Biophys. 20, 37-51 (1981)

Dardaihon, M4., Averbeck, D. and Berteaud', A.J.
* Action of 2.45 GHz microwaves on the synthesis of proteins in saccharomyces

cerevisiae.
Proc. Int. Synip. on Biomed. Therniology, Strasbourg (1981) in press

Dardalhon, M., Averbeck, 0., Gaboriaud, G., Michel, D., Jaulery, C. and

Batai ni , J. P.
Studies on the biological efficiency of hyperthermta produced by a micro-
wave applicator (434 M4Hz) for therapeutic means using an eucaryotic
cell system as indicator.

* Proc. Int. Symp. on Biomed. Thermology-, Strasbourg (19811 in press

Gabortaud, G,, JAulerry, C., Bataini., J.P. Michel, D.., Dardalhon, M4. and

Ayerbeck, D.
434 M4Hz microwaye hyperthermia applicators; experimental results in

LI



-4.9-

pbantoj and prelininary clinical results.
Proc. Int. 30mp. on Biomed. Thermology, Strasbourg (1981) in press

7:1



- 4.10-

TOULON

H pitale Ste Anne, EASSM-CERB
83800 Toulon Naval
Toulon

Dr. B. Servantie

Dr. Servantie and his colleagues are interested in the effects of
low level microwave radation on rats and mice. Animals are exposed at

power levels of 5 mW/cm2 or less and the effects on behaviour and also
possible differences in the action of drugs obseryed. Pulsed radiation
at frequencies of 2.45 GHz, 3 GHz and 9 GHz is utilised and the exposure

time varied from a few minutes to several days.

Effects on behaviour as judged by changes in EEG patterns were

observed. Regarding drug action it was noticed that a largequantity

of a given drug had to be injected to produce a given level of paralysis
for irradiated animals than for controls.

Observations have also been made on the possible effects of micro-

waves on humans and cases of damage to health have been reported con-
sequent upon exposure at levels outside the recognised safety standards.
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VILLEURBANNE

:: .N. S.A.

20 Avenue Albert Ei:nstetn

69621 Villeurbanne cedex

Dr. R. Santini

Dr. Santini is interested in the biological effects of both high
frequency microwave fields and also magnetic fields. The purpose of
his work is to study -hu nature of possible hazards and to investigate

methods of preventing such hazards.

At present Dr. Santini is investigating the effects of non-
-oni.sing radiation on tumour development in animals and in particular

melanoma B16 of black mice. He is also interested in the effects of
non-ionising radiation on both bone ossification and bone fracture and

also the effects of such radiation on digestive tract physiology. In
particular a power density of 3 to 4 mWIcm2 of 2.45 GHz radiation was

applied to rats for periods of 4 to 8 hours. Although no effect was

- found after 4 hours it was noticed that after 8 hours there was an
acceleration of the digestive transit and this was still observed

after 24 hours. In all these experiments the rectal temperture of the
irradiated animal did not differ from the control.

°
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COLOGNE

o..

PhysikalischesInstitut der Universitt zu KdIn

Zilpicher Strasse 77

*5 Kbln 41

Prof. G. Nimtz

as .Professor Nimtz is working with the department of biology at the

University of K'oln to study the interaction of microwaves on the drosophila

melanogaster (fruit fly). They are interested in low level intensities

at frequencies between 1 and 40 GHz. The main interests are:
e" a) the influence of irradiation on fertility up to the third generation,

b) chromosome damage.

So far the work has only been in progress for 18 months but it is

hoped that a report will soon be presented.
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MUNICH

Gesellschaft f~p Strahlen- und Umweltforschung

Ingolst6'dter Landstrasse 1

D-8042 Ncuherberg

Dr. W. Grbndler

' UThe work described has been performed in conjunction with Dr.

F. Keilip-)nof the .:. Planck Institute, Stuttgart. It has been suggested

that low lcvel micro;.; ve radiation may have significant biological

effects at specific frequencies due to the induction of coherent processes.

F' In particular there is theoretical support for this from Frbhlich (1968,

1980) as well as expcrimentai evidence from Eastern European countries

(Devyatkov, 1974). However until recently there has been very little

solid experimental evidence from Western scientists and the present work

is an atteipt to correct this omission. In particular the growth rate

of the yeast saccharomyces cerevisiae has been studied when subjected

to low level microwaves of frequency around 41.8 GHz. The experimental

apparatus consisted of a well built and carefully controlled microwave

MO exposure system. The yeast cells were subjected to power levels ranging

from less than 1 mI/cm2 to a few mW/cm2 . The concentration of the yeast

cells was measured by means of light scattering techniques. Careful studies

were perforii;ed from 41.64 to 41.79 GHz and it was found that at certain

frequencies the growth rate of the cells is unchanged whilst at other

frequencies there could be an increase of up to 12% or a decrease of up

to 29%. [hu resonances observed appeared to have line widths of only

* about 10 MHz.

Recently the experimental system has been further refined and the

experiments repeated between 41640 M~Hz and 41835 11z. These experiments

have confirmed the earlier results and the authors conclude

(a) there are changes in yeast growth rate, caused by low intensity

imicrowave radiation
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(b) the effects depend on frequency and show a strong resonance like

behaviour

-. (c) the effects are not correlated with the power levels used

- (d) the eFfect4 catnnot be explained in terms of simple thermal response.
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STUTTGART,

Max Plan-o-k ir-titt fu eskrperforschung
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ProfessorL. G0,mzel, Drs F. Kremer and F. Keilmann

The oi. thle effect of microwaves. on yeast cells is described in
thle sectio~i dcvoted to Dr. Gruridler.

Recently w!ork has been carried out on the effects of microwaves on
the puffing rate of giant chromosomes in salivary glands of acricotopus
lucidus. It was showin that this rate was reduced by low level microwaves
in the freqjuency range 6.41 x 1010 Hiz - 6.91 x 1010 Hz as the power
deposition i:s.less than 3 A4. It was concluded that this effect is
norn-thernmal in origin.

- Studies were also made of the dielectric behaviour of
haemoglobin in the frequency region 10 GHz - 104 GHz. Three distinct

-relaxation processes on a picosecond tirnescale were identified and
attributed to asymmetric double cell potentials.
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Institut fUr Theoretische Physik
".:- Universitat Stuttgart
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Professor F. Kaiser

Professor Kaiser is interested in the theoretical aspects of the
interactions of radiowaves and microwaves with biological systems. At
present the work is mainly concerned with coherent oscillations and

ttheir external perturbations by electromagnetic fields.

'.-
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BOLOG:

Centro di Fisi,,a Sanitaria

Instituto di E ca "A. Righi"

Univer!-ita de.hi Studi di Bologna

40126 Lologn,.

Dr. C. Siniq ,ji:

Dr. Sir,iia is studying the interaction of radiowaves with

biological rnte*i.,l. The objectives are to measure the electric and

magnetic cor p0:jiK- of any fields in the frequency range of 4 to 40 MHz,
which are cmittc'. iuom equipment used to dry plywood or weld plastic.

There is also interest in using microwave radiometry for the diagnosis

of cancer and to monitor induced hyperthermia.

B
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FLORE-'.J'C

IstitUtu di Ricer c sulle onle elettrmagnetiche (IROE).

del Corsiglio fl..zionale delle Ricerche (.CNR)

Via Panciatichi 64

Fi renze

Profes....- L. Miml

Sh-re is t1,h interest concerning the protection of human health

against F17 and -icve'.;ave exposure. In particular measurement techniques

for elcotrcmign 'ti, fields have been developed and a RF hazard monitor has
been paL:,.

At present .n Italian law has been drafted to consider methods, such

as shielding and gro,,nding, to reduce stray emission and Professor
Millanta is advisit-g on this.

There is much interest on the biological effects of microwaves with
particular reference to enzymatic activity; both microwave and optical

apparatus is used for activity measurements during irradiation. Work is

in progress, using microwave heating, to determine kinetic parameters

and theriiidyn.nic funlctions of chemical reactions. Microwave heating

is also being used to thaw substances of medical interest such as blood,

plasma, haomodiagnostic sera and organs; this work is in collaboration

with the Hacmophilia Centre of the Hospital S. Maria Nuova and the

urological clinic oF the University of Florence.

Work is being done on RF and microwave induced hyperthermia in

collaboration with the 2nd surgical clinic of the U",,versity of Florence.
The main inturc.,t concerns the powcr and tempe rature distributions from
various applicator-., Teiiperaturcs are mcasured usirg oth surface and
invasive probes on plr,, LUmv.'h ichare optically transparent for liquid

crystal di splay. E>:p ;,Ats have also bcen perforted on animals to

I u m aunn u mm umn mmum a nm nm mun nuu n m nn u ummnwn ~ rnn
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consider factors such as power diss.ipation and thermal damage limits.
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GENOVA

?. Sezione di Ingegneria Biofisica ed Elettronica

Instituto di Elettrotecnica

Dell'Universita di Genova

16145 Genova

Professor A. Chiabrera

*2 iProfessor Chiabrera is interested in the interactions between electro-

magnetic fields and cells over the frequency range of 0 to 100 GHz although

at present most effort is being directed towards the lower end of the

U spectrum.

The main projects involve in vitro studies into the effects of

electromagnetic exposure and investigation of chemical changes in the micro-

U environment on various cell lines such as frog erythrocytes and human

lymphocytes, and the electrochemical control of cell reactivation or cell

proliferation. There are also in vivo studies of the effects of electro-

magnetic exposure on bone fractures.

Work is in progress on the modelling of cellular bioelectrochemical

processes and the computer simulation of the possible biological effects

caused by electromagnetic exposure. Various exposure systems have been

designed for laboratory and clinical applications.

The laboratory has pioneered the quantitative assessment of the bio-

1* logical effects of electromagnetic exposure at the cellular or molecular

level by means of automated cytometry. In parLicular the high resolution

analysis of cell images obtained by absorption fluorescence and phase

contrast microscopy. laser flow microfluorometry and cell sorting.

4
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Electromagnetic control of cell functions.
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Be1tri.-e, F., DChiabrera A. et al.

E.l'- ctrcmagnetio control of cell reactivation.

Pruc. Int. Syp. Electromag. Waves and Biol. URSI-CNFRS (.1980)

(;bhirera, A., Grattarola, M., Viviani, R. and Braccini, C.

M .iny F U e perturbation induced by low frequency

Ir.. ,1S on the mmc.brane receptors of stimulated human lymphocytes,

• . -. . on Lhe Biophysics of Cell Surface, Arendsee DDR (1981):
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i;, :.:GENV

lu
Consiglio Nazionale delle Ricerche (CRR)
Laboi %.rio per i circuiti elettrouici

Via AHl'opera Pia 11

1614'. Genova

Professor S. Ridella

Apparatus has been set up which uses the HP854?A network analyser

and liPiil impedance analyser to measure the complex permittivity of
liquids between 50 and 2000 MHz. The experimental cell consists of an

r open-ended coaxial line. The reflection coefficient of its contents are

rmeasured which after suitable calculation enables the cooplex permittivity
of a liquid to be calculated. The technique requires a sample of only

0.5 ml volume and 40 frequency points can be obtained in about 3 mins.

The absolute accuracy of the system is in the order of a few percent with

a repeatability of 1 to ?% in both the real and imaginary parts of the

complex pcrmittivity.

At present the apparatus is being used to measure the human blood

sera of normal and cancer patients in order to look for differences

between themr.

At Genova work is also in progress to study, by means of suitable
numerical models, the effect of EM fields on biological systems such as

nuclei, membranes and whole cells. The frequency range of interest is

DC to 1 GHz; the f1.axwell-Wagner equation being used to consider the

effect of the boundaries of the various dielectric regions. The above

model is linear, however studies have also been made on the non linear

behaviour of cell mcmbranes.

The above calculations, which are done with the aid of a computer,

,°.
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,enable the field i .e a biological system to be estimated as a

U function of frequency. The data obtained suggest the possibility of

frequency "windows" which could be of importance regarding microwave

-. hazards.
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NAPLES

Facol t' di .nei

Ist itu t~o t~ ttro LnIco
3Universi,>il Napoli

Via Clauc'W 2

80125 Nar:,!.

Tk h c cctrciagrtics resc-arch at the above applied electromag-
rie-ic T;:r~~ny sture some years ago with a research programme on the

effects of r,,,, fields on larvae and pupae of Tcnebrio molitor coleopteron,
this work. L':'inq in collatoration with the Institute of Agricultural

*Unto -lology. Since thcn mouch work has been done studying the teratogenic
power of Inlciowavcs by niaans of a systematic study of morphological
anomalies induced by thc electromagnetic exposure of insect pupae. A
cutiulativo elFrect was found at low (non.-thermial) power levels and in
particulaii upper and "lower threshold power levels were found. At present
a study is in progress to investigate pulted verses CW radilation tera-
togenic effects, how,-evcr tentative conclusions suggest that at the same
average pow,2r levels it is C14 rather than pulsed fields which have the
greater biolug'cal effect.

Work has also bc en done on exposure systems and dosimetrIc techniques.
Mode-stirred enclosures have been developed and their performance
evaluated. Using such cavities it has been possible to obtain a direct

* rnon-calorime2tr-ic evaluation of the power absorbed by exposed samples.

At jprcscflt other cntomiologic,:I experiments are in progress, the aima
being to 9rain knowl1edre rgarding the use of microwaves for pest control

* : in stored grain and other, foods.

There is also interest concerning electrom .gno tic intera~ction with

017.

.....-...



-6.12 2
biolo ,-a' a t l.. ental level A project has been initiated,

in c..., .tral Patholo.y Institute on the effects of EM

p g fielJ. ,n :u. , particular growth rates and specialised
ce,. .r I- investigated with the cultures are exposed to

., both ' ,,, fields at various frequencies and poweri level '..

,, A Al t( I-:':z,.rch concerns non-linear electromagnetics and
in ui. ,- ir:,,r interaction of an electromagnetic field with

V li, ti t cflluiar level. Recently calculations have been
pcr ,,, . on-linear response of cell i--embranes to applied
E. E fitP!_. c l- ti~ns suggest that the resting potential of a cell
can , L. an ,jlied EM field of strength in the order of 100

r V/i al fr..: . arounid GO !AHz. Some preliminary experiments have
been rvck- ;. -,,jIvctioii ,ith the department of physiology.
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PALESO

S.Istituto di le ttrotecnla ed Electtronica

Universi di aiero
Viale delle Scienze

90128 Palermo

Professor C. la;-.,hmrallo

Professor Tiibur llo is investigating the interaction between non-

ionizing radiiation and biological systems and is particularly interested in

non-thcrimal effccts at ihte cellular level. Two experimental systems exist

between 60 and 90 GHz for measuring tho complex permittivity of cell
.: sediments and Lo perform experiments on cells exposed to microwave

radiation. This project is in collaboration with the Istituto di Igiene,

also of Palermo University, where the necessary biological samples are

prepared and the effects on irradiated cells are studied.

Professor Tamburello and his research group have been appointed by

the Ministero della Sanita and the Italian National Research Council

(CNR) to investigotc the effects of non-ionizing radiation on human

beings and to advise concerning safety standards.

,-
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SRO, E

Instituto di El etti-,mi ca
Universi a , ,ma

Via Eudc18>.,t !8
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For s'.r ,l y. ', ti&e wirk in Professor Bernardi's laboratory has

been coe::, , '" iii.in.tric problems concerning the distribution of the

A ,,-er L.ins i: v-ou modols. In particular they have considered

both neai, ;1 frr field conditions and also the influence of nearby
objets (,L the distribution of absorbed power.

At pr sent as wcll as continuing the above work the laboratory is
* studying thc energy ab-,orption in subjects which have been exposed to

transienL elc.trom-L netic fields, in particular the impulsive type such
as nuclcor pc'..o;r pulses. Work is also being done inthisdirection at the
cellular lcvel to investigate such factors as membrane potential and

ionic currcr cs produced by the interaction.

I
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. •GALWAY

Department of Microbiology

University College of Galway

Galway

Ireland

Professor J.A. Houghton

Professor Houghton is studying the effects of a range of physical

P - and chemical agents, including radio and microwaves on the chromosomes

of man and in particular the effects of these agents on the induction

of chromosome aberration. At present Professor Houghton is working on n

a method for the direct visualization of the chromosomes of human

gametes involving the technique of interspecific in-vitro fertilization.

It is believed that if this technique can be made reliable, then it will

3 allow for thp ais!ssment of the effects of agents such as radiowaves and

microwaves on the induction of chromosome abnormality during human

gametogenesis and the conception of chromosomally abnormal foetuses.

b.5
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GOTEBORG

, -. University of Goteborg

Institute of Neurobiology

Faculty of Medicine

* Fack S-400 33

GO*teborg
m Sweden

Dr. H-A. Hansson

Dr. Hansson is interested in any possible effects of microwaves on

* the nervous system and the retina. It has been found that 3.1 GHz

microwaves at 55 mW/cm2 induce alterations in the retina of rabbits after

.: a 1 hr exposure, this work being done in conjunction with Dr. L-E.

Paulsson. The work has been extended to rabbit brains, the exposure

being 1 hour per day for 3 days. Differences were observed, in for

example the cerebellum, 7 months after exposure. Dr. Hansson suggests

that there are also differences both in nerve cells and glial cells and .:

that there is an alteration in the distribution of various acidic proteins.

In a collaborative project with the Department of Neurology of the

Sahlgren Hospital cerebrospinal fluid has been examined from patients

* which have been occupationally exposed for long time periods to micro-

waves and in a few -ases a significantly altered distribution of acidic

*. proteins have been found. However at this stage it would not be possible

to conclude that a relation has been sho:n to exist between the neuro-

*" psychiatric symptoms of the patients and the occurence of pathological

proteins in their cerebrospinal fluid

a
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: "GOTEBORG

School of Electrical Engineering

Chalmers University of Technology

Gbteborg
Sweden

Dr. Y. Hamnerius

--- Dr. Kamnerius is investigating possible non-thermal genetic hazards
due to microwave irradiation. Bacteria and embryos of Drosophila

melanogaster have been exposed to electromagnetic fields in the RF and

microwave regions. Control experiments were performed in which the

temperature of both the exposed and non-exposed samples was kept

constant during irradiation. The possibility of increased mutation.

frequencies was looked for but none were found in any of the test
systems after exposure to the fields. However a small increase in the

survival was found in the bacteria tests. Although this increase was

- only 6% it was considered to be significant.

Pulsed microwave radiation at a frequency of 3.1 GHz and a power

* -. density of 55 mW/cm2 was applied to the retina of rabbits. The retina

were then examined by electron microscopy and changes were found in the

retinal neurons.

The effect of 3.1 GHz pulsed microwave radiation on rabbit brain
microtubules and axonal transport of proteins in the rabbit vagus- nerve

has also been investigated. However no significant differences from the

controls were found.

6 The permittivity of lamellar lipid water mixtures has been investigated ..
,- . at 2.9 GHz using a resonance technique. The results suggested that the

" - permittivity of the water in these thin layers is the same as the permittivity

* of ordinary water.

... .... . I
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HELSrNK

Institute of Radiation Protection
-,o.:..'P.O. Box 268

00101 Helsinki 10

. •Finland

Dr. K. Jokela

The main interest concerns measuring electromagnetic fields in the

frequency range of 1MHz to 10 GHz, with particular reference to radar

systems and television stations. In particular a field dosimeter has been

developed to measure both the E and H field component of RF and microwave
radiation. In conjunction with. this work calibration facilities for

power density, and electrilc and magnetic field measurements are being

developed.
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STOCKHOLM

-. National Instiltute of Radiation Protection
Karolinska Hospital

[ Fack S-104 01 2
Stockholm

Sweden

Dr. L-E. Paulsson .1

Dr. Paulsson worked previously at the Chalmers University of

Technology and his studies in collaboration with Dr. Hamnerius on rabbits

have already been described fn this report.

In an experiment with rats, microwave irradiation at 3 GHz and

power densities of 50 and 100 mWI/cm2 , and galactose feeding were given

either separately or in combination. It was found that rats which had

been subjected to the combined treatment showed opacities visible under

the slit-lamp biomicroscope. However electron microscopy revealed

changes in lenses from rats subjected to microwave radiation independent

of the galactose content.

Separate studies were performed on the effect of microwaves on

microtubules in vitro. The binding of colchicine in brain extracts,

the polymerization of microtubules and the transport of protein in nerve

* axons during microwave irradiation were studied, however no effects of

*. the radiation could be seen at absorbed power densities up to 400 W/kg.

Work has also been done on model systems. In particular a model of

the human head has been built and the absorption of microwave energy in

the eye measured at 0.9, 2.5 and 9 GHz. The absorbed power density shows

: a decrease with distance from the cornea at 9 GHz. However at 2.5 and

* 0.9 GHz the absorbed power density pattern froms a peak within the eyeball.

S '
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It was also found that the peak yalues are 50 to 100% higher for pro-

tuberant eyes as opposed to the more recessed eyes.

At present Dr. Paulsson's work at the National Institute of Radiation

Protection covers much of electromagnetic spectrum from kHz to the ultra-

p violet and also ultrasound.. Indeed most of the present-work is concerned

with UY. At present there is interest in radiofrequency dosimetry and in

particular studying the absorption and penetration of near field short

v. wave energy in the human body. The work includes the thermographic

analysis of induced temperatures in full scale models and the development of

suitable materials for these models.

Projects have been funded to look for genetic effects due to micro-

wave exposure. At present no significant effects have been found in the

-50 to 100 W/kg exposure range, however a small increase in cell stimulation

has been observed with both 27 and 2450 MHz.
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STOCKHOU4

The Royal Institute of Technology

Department of Microwave Engineering, Sandkullen div.

Sandkullen

i S-186 00

Vallentuna

Stockholm

Sweden

Mr. P. Ljung

Much of the microwave work of Mr. Ljung is in collaboration with Dr.

Paulsson and is supported by the National tnstitute of Radiation Protection.

Some of this work is of a fundamental nature concerned with measuring the

permittivity of dielectric materials using a Hewlett-Packard on-line

computerized system. The experimental cell is built from a precision

7 mm air line and the method is based on that described by Stuchly.

There is also interest in microwave induced hyperthermia for the

treatment of cancer. Various waveguide applicators., both rectangular and

cylindrical have been designed and built to operate at 2450 MHz. Experimental

work has been done and some regression of breast tumours has been observed.
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UMEA

Arbetarskyddsstyrelsen

National Board of Occupational Safety,

Limel Branch

Box 6104

S-900 06

Ume

Sweden

Dr. K. Hansson Mild

Some work has recently been started to investigate the effects of RF

exposure on CHO cells. The cells will be exposed to low level k, 'IHz fields

and the effect of the exposure will be measured on cell parameters such

as cell doubling time and cell volume; also NMR T1 and T2 relaxation times

will be measured.

The effects of pulse discharge on the survival and chromosomal

damage in human lymphocytes are being studied. rt has been found that

when a short electric pulse, in the order of 3 kY/cm and duration 1 ,us

applied to a cell suspension, the cell membrane will be destroyed in some

cells and in others chromosomal aberrations are seen. At present various

parameters are being studied in order to investigate the above effects.
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BANGOR

School of Electronic Engineering Science

University College of North Wales

Dean Street

Bangor

Gwynedd

Wales

Vw
Dr. R. Pethig

Dr. Pethig has various experimental techniques for measuring the

dielectric and electronic properties of solid materials over the

frequency range of 10-6 Hz to 3 x 1010 Hz. Various enzymes and proteins

have been investigated and a collaborative project has been established

with the Xienta Institute for Skin Research (U.S.A.) to study the

* dielectric properties of the skin.

There is interest in the dielectric properties cf water bound to

protein and enzyme molecules. Hydration sorption isotherms are determined

using a sensitive quartz crystal microbalance technique and dielectric

measurements are made from carefully controlled humidity conditions;

these studies are relevant to the consideration of the effect of electro-

magnetic irradiation of living tissue. Differences have been observed

in the dielectric properties of normal and cancerous tissue and these

are believed to be related to differences in the states of bound water.

There is also work in progress to use radio frequency hyperthermia

for the treatment of cancer. Thermographic and computer assisteG studies

are used to investigate the absorbed power density distributions within

the human body resulting from the application of R.F. electrodes of various

designs. This work has assisted in the development of thermo-therapy

equipment, constructed by Industrial Development Bangor (U.C.N.W.)Ltd

and is undergoing clinical trials at present.
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DIDCOT

National Radiological Protection Board ".,
'Chilton

Didcot

Oxfordshire

England

Dr. H. Smith, Dr. R.D. Saunders

t There is a study in progress of the effect of electric fields on

the central nervous system of the rat. Particular interest is shown In

the low frequency low amplitude fields used in the studies of calcium

efflux in the chick brain by Bawin and Adey. rn future work slices of

rat brain will be exposed to low frequency electric fields in an attempt

to replicate the early studies of Bawin and Adey.

Work is also being done on the induction of cataract by microwave

radiation. Interest is primarily centered on the mechanisms of cataract

formation and the possibility of cataract development from repeated sub-

threshold acute exposure or from chronic exposure to occupational levels.

Some of this work has been carried out In conjunction with Queen Elizabeth

College, London.
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Laboratory 1.

C.A.R.U. Building

Royal Infirmary

Edinburgh
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Dr. R.H.C. Bentall

Dr. Bentall is interested in using RF for wound healing. In

particular pulsed RF at 27 M4Hz has been applied to both rat abdominal
wounds and also human calf wounds. In these experiments it has been

found that the wounds treated with RF heal significantly faster than the

controls.

Recently clinical data have been gathered concerning the thera-
peutic effect of a small portable RF unit being used on patients with

varicose ulcers and pressure sores and a positive physiological response

* has been obtained. Also a limited number of clinical bone non-unions

* have been treated with successful results.

- In order to investigate such effects in more depth a new clinical

biophysics unit has been set up at Edinburgh University. The initial

emphasis of the laboratory and clinical studies will be concerned with the

use of small RF units to treat human chronic wounds and in particular

*. decubitus ulcers and varicose ulcers.
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~LONDON

, Departent of Physics
. Queen E1lzabeth Col ege

Campden Hill Road
London I8
England

Professor E.H. Grant and Dr. R.J. Sheppard

One of the major interests of the research team at Queen Elizabeth

College concerns the state of water, in aqueous solutions of biological

molecules and in whole tissue. In particular the electrical properties

of the free and bound water in such substances are particularly

relevant to the absorption of energy In the RF and microwave regions.

-Apparatus exists to measure the complex permittivity, in the frequency
domain, of liquids from 5 kHz to 70 GHz and tissues from 2 to 18 GHz;
both liquids and tissues can be measured between 10 MHz and 10 GHz in the

time domain using time domain spectroscopy (TDS).

Aqueous solutions of low-density lipoproteins CLDL) have been

studied and the effect on the LDL molecule of various enzymes has been

investigated. At present myoglobin and PIP solutions are being measured

over. a wide frequency range in order to obtain Information concerning the

relative proportions of free and bound water present in these systems.

In another project, carried out in collaboration with Smith, Kline and
French Ltd, measurements have been made of the dipole moment of drug

molecules used in the treatment of peptic ulcer. Comprehensive studies

are also being made of rabbit ocular tissues and mouse brain tissue.
The purpose of these studies is to gain insight into the meachnism of

the interaction of microwaves with biological tissue.
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There is also intemst in the application of microwave induced
hyperthermia to the treatment of cancer. Various coaxial applicators,

contained within the needle of a hypodermic syrtnge, have been built and
tested. Temperature measuring instruments which have been devised
include microthermocouples and a novel tnstrument in which a measured
vapour pressure is correlated with temperature. The complex permittivity
of various mouse tissues has been measured and compared with that of
tumour tissues and significant differences have been found between 10 and

100 MHz.
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,LONDON

NRC Cyclotron Unit

Hammersmith Hospital

DuCane Road

London W12

England

Dr. J. Hand

At the NRC Cyclotron Unit research Tnto the interactions of radio-

waves and microwaves with biological material Is being carried out to

develop and assess byperthermia in the treatment of cancer patients.

Various heating methods have been developed; at 2450 MHz and 915 M1Hz

direct contact applicators are employed to beat superficial tumours, for

example recurrent breast carcinoma. Such tumours have also been treated

at 27 MHz by induction heating. Intracavity microwave applicators are

being developed to treat carcinoma of the uterine cervix. The development

of microwave applicators with specific applications is underway in a

collaborative programe with Professor R. James from the Department of

Electrical and Electronic Engineering, The Royal Military College of

Science, Shrivenbam, U.K.

Pre-clinical work has included studies of thermal dosimetry during
.- l6calised hyperthermia in pigs and the response of pig skin to combined

treatments of X-rays and microwave heating.
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Department of Physics

The Royal Marsden Hospital

Fulham Road

London SW3
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Dr. C. Jones, Dr. P. Carnochan

Clinically effective localised hyperthermia apparatus is being

developed for operation at 27 MHz. Various applicators, both capacitive

*and inductive are being developed with the aid of simple phantom models

and computer simulations. Since the main emphtasis of the work is to

develop practical clinically useful methods consideration has been

given to thermal dosimetry problems associated with hyperthermia

treatment, and optimisation of implanted thermocouple probes for

temperature measurement.

Further work is in progress to utillse such probes to quantify the

effects of tissue vasculature, in conjunction with IR thermography and

external heat sources. Magnetic field studies. are also being under-

taken with respect to the exposure of operating personnel to potentially

* hazardous levels of stray fields surrounding hyperthermia equipment.
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SALFORD

The Department of Electrical Engineering

University of Salford .- ,

Salford

Lancs.

England (

Dr. C.W. Smith r

Dr. Smith has a particular interest in ELF fields on both E-coli

and yeasts. Various enzymes have been studied over parts of the E-M

spectrum to investigate dielectric properties and magnetic susceptibility.

There is an interest in the effect of RF on plants and measurements have

been made in conjuction with Dr. F.X. Hart from Sewannee U.S.A. Work

has been done on bovine eyes concerning the formation of cataracts and

human patients have been studied to look for differences between normal

and cancer tissue.
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