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ZUSAMMENFASSUNG

Durch die weltweite Zunahme der Industrialisierung und
Anwendung zahlreicher Geräte und Verfahren, welche nicht-
ionisierende elektromagnetische Strahlung erzeugen, kann
man heute bereits von einer signifikanten künstlichen
elektromagnetischen Umweltverschmutzung sprechen. In
zahlreichen Ländern und internationalen Organisationen
wie der WHO oder der Internationalen Strahlenschutzorga-
nisation IRPA werden die möglichen Gefahren für beruflich
exponierte Personen und für die Allgemeinbevölkerung unter-
sucht und gesetzliche Maßnahmen zur Begrenzung der Strahlen-
belastung durch nichtionisierende Strahlung erarbeitet.

In Österreich wurde durch das Bundesministerium für Gesund-
heit und Umweltschutz eine umfangreiche Projektstudie in
Auftrag gegeben, welche die wichtigsten Quellen dieser
Strahlung und ihre biologische Wirkung untersuchen soll.
Weiters werden Meßmethoden erarbeitet und die Grundlagen
für gesetzliche Maßnahmen geschaffen. Diese Studie ist ein
Gemeinschaftsprojekt zwischen den Instituten für Strahlen-
schutz, Physik und Biologie des Österr. Forschungszentrums
Seibersdorf, dem Institut für Nachrichtentechnik der TU Wien,
dem Institut für Biomedizinische Technik der TU Graz und
dem Joliot-Curie-Institut Budapest.

Die Arten der elektromagnetischen Strahlung, welche in der
vorliegenden Projektstudie untersucht werden, beinhalten
statische und niederfrequente elektromagnetische Felder mit
besonderer Berücksichtigung der Netzfrequenz von 50 Hz.
Weiters werden Hochfrequenz- und Mikrowellenstrahlung bear-
beitet, wobei insbesondere Radio- und TV-Sender, Tele-
kommunikationseinrichtungen, Radar sowie industrielle Hoch-
frequenzschweißanlagen in Betracht kommen. Überdies werden
auch Laser untersucht, deren Anwendung in den letzten Jahren
stark zugenommen hat.

Die vorliegende Ar. %•?-.,• beschreibt die Situation in Österreich
im Hinblick auf die wichtigsten Strahlenschutzprobleme beim
Umgang mit nichtionisierender elektromagnetischer Strahlung.
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ABSTRACT

Since about one year an interdisciplinary study group has been
established to investigate possible radiation protection problems
caused by nonionizing electromagnetic radiation in this country.
The aim of this project is to identify major fields of concern,
to establish appropriate techniques of measurement and control
and eventually develop a sound basis for future legislation.
The paper gives a summary on the present results of this study.

INTRODUCTION

Worldwide increasing industrialization and rapidly expanding

application of numerous equipment and techniques producing

nonionizing electromagnetic radiation (NIR) has lead already

to a significant man-made electromagnetic pollution of the

environment. In several countries and international organizations

such as WHO and IRPA concern has been raised on potential hazards

of NIR to workers and the general public. Consequently national

standards and legislative measures limiting maximum permissible

emission and exposure have been or are being issued presently.

In Austria the Federal Ministery of Health & Environmental

Protection initiated an extensive programme to identify the

major sources of electromagnetic NIR in this country, to

study their biological effects and appropriate measurement and

control techniques. The types of electromagnetic radiation

covered in this study include static and low frequency electro-

magnetic fields, radiofrequency and microwaves as well as

lasers.

Within the limited space of this paper only some typical

examples of such radiation sources and suitable techniques

of measurement can be discussed.
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TECHNICAL LOW FREQUENCY RADIATION

This part of the electromagnetic spectrum extends over the

range from 0 - 1 0 kHz, corresponding to a wavelength from

30 km upwards, with the major point of interest at 50 Hz.

In this frequency range the human body is an electrical conductor

and a short-circuit for the electric field leading to field

distorsion, influenced charges and displacement currents.

Prevailing electrical fields i.e. of high electric and low

magnetic field strength are caused by equipment operating

on high voltage and comparatively low currents such as electric

power lines. In Austria the maximum voltage is presently 380 kV

however, some countries like USA, Canada and USSR already

apply 750 kV and voltages up to 1500 kV can be forseen in

future.

The electric field strength on the ground below a 380 kV

power line is about 5 - 6 kV/m, within switching and transformer

stations up to 14 kV/m. If a man steps below a 380 kV power

line with the cables 20 m above ground the field strength at

his head is 70 kV/m causing a displacement current of 100 uA.

For comparison an electric field strength of 13 kV/m (AC)

can already be felt due to vibrations of the hairs, the minimum

noticeable current is about 1 mA. The magnetic field strength

around a power line is relatively low partly due to compensation

of the AC fields. With 380 kV and a load of 2 kA the magnetic

flux density on ground is about 20 uT corresponding to a field

strength of 15 A/m. This is about one half of the geomagnetic

field which is, however, static.

It is generally agreed by experts in different countries that

the electromagnetic field of power lines does not create a

particular•hazard to the population. Problems due to influenced

charges in conducting materials close to power lines such

as metal roofs or pasture fences have been frequently reported,

however. Furthermore danger of explosion due to electric

sparking has to be considered, for instance, if a car is filled

up with gasoline in close distance to a power line, since

a field strength of 2 kV/m can be sufficient for ignition.
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Other important sources of low frequency electromagnetic fields

are some appliances used in household, electric welding

equipment and in particular industrial induction furnaces.

A summary of electric and magnetic field strength due to

electric power lines, appliances, welding equipment and

induction furnaces is given in Fig. 1 according to SILNY " .

It is interesting to note that the source of strong electric

fields is generally in a larger distance from man as compared

to magnetic fields since high voltage is used in the first

case. Household appliances, in particular heating blankets

can lead to significant electric fields up to 500 V/m and

a magnetic flux density up to 2,5 mT immediately on the body

or in close distance.

Industrial induction furnaces are quite frequently used in

Austria for melting of iron, steel and non-ferrous metals.

Some 150 units are presently in operation with currents

up to 80 kA in the frequency range of 50 Hz to 10 kHz. There

is very little known about the magnetic fields in the

environment of such installation. According to the manufacturers

the electromagnetic shielding is usually dimensioned only to

avoid excessive inductive heating of the surroundings of

the furnaces. For such installations NIR radiation hazard to

workers can not be excluded and further investigation will be

necessary.

RADIOFREQUENCY AND MICROWAVE RADIATION

The adjacent part of the spectrum ranges from 10 kHz up to

300 GHz, corresponding to a wave length from 30 km to 1 mm.

It is general practice to divide this large range into

the radiofrequency (RF) part, from 10 kHz - 300 MHz and

the microwave (MW) part from 300 MHz - 300 GHz.

Fig. 2 is a summary of the major radiation sources in this

range with their frequency and application.

It can be seen that the most important source of RF/MW fields

is telecommunication including broadcasting, TV and Radar.

The main frequency bands are shown in the left part of Fig. 2.

The right part indicates the other important sources in

industry and medicin and the allocated IMS frequencies (arrows).
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Fig. 3 gives a summary of radiated power of major RF/MW

sources. For broadcasting and TV "equivalent radiated power

(ERP)", for pulsed radar "peak power" is shown. The extremely

high power of some sources, particularily military radar should

be noted.

BROADCASTING AND TELEVISION

Austria is covered with a network of some 1600 radio and TV

stations as can be seen in Fig. 4.

The largest TV stations operate two transmitters of 1 MW ERP

each. In the AM range the ERP goes up to 600 kW, for FM up to

100 kW power is used. A new short wave transmitter with 500 kW

started its programme recently. Measurements by BERNHARDT

at the German short wave station "Deutsche Welle" operating

12 transmitters of 500 kW each showed a maximum electric field

strength of 150 V/m inside the station and 50 V/m at the

fence .

The radiation exposure of the general public by broadcasting

and TV has been thoroughly studied in several countries in

the last few years. Fig. 5 gives the results of a recent large

investigation covering the 15 largest cities in USA . It can

be seen that 90 % of the population is exposed to a power

density below 50 nW/cm2 and 99 % below 1 uW/cm2 , which is

equivalent to the maximum permissible limit presently valid

in the USSR.

It is generally agreed that NIR caused by radio and TV does

not create any hazard to the general public, however, in some

cases significant occupational exposure to workers in a radio-

station cannot be excluded.

Hazards due to optical exposure to TV programmes are not dis-

cussed in this context.
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MICROWAVE OVENS

About 30.000 Austrian households are presently using a micro-

wave oven, worldwide a total number of 6 millions of such

appliances is estimated. Usually MW ovens operate at 2450 MHz

with a radiated power of 0,3 - 1,2 kW. The ovens are normally

closed systems and negligible radiation leaks out as numerous

investigations have shown. The maximum permissible limit

determined by several standards (e.g. DIN 57720: 5 mW/cm2 in

5 cm) is usually not reached by far, at least for new equipment.

In view of the very long operational life time of MW ovens,

however, estimated at up to 30 years, deterioration of electrical

shielding with age due to dirt and mechanical damage may create

radiation hazards in some cases .

INDUSTRIAL SEALING AND DRYING EQUIPMENT

The principle of dielectric heating is applied in a large

variety of plastic -«oaling/welding and industrial drying equip-

ment. It usually operates in the RF frequency band of 27 MHz

with a transmitter power up to 10 kW in most cases. In Austria

some 150 plastic sealing machines are presently in use, operated

mostly by women within the near field of the transmitter.

Preliminary measurements made on our old plastic sealer used

by the personnel monitoring service to enclose TLD badges

showed a magnetic field strength in the near field in 30 cm

distance of the sealing press of 0,9 A/m (corresponding to

a theoretical power density of 30 mW/cm2). The new sealer

recently installed with a similar transmitter power of 1 kW

has a field strength of 0,2 A/m at the same distance but

the maximum value close to the wave guide at a position

accessible.to the hands of the operator is 1,4 A/m (corresponding

to 80 mW/cm2 ) .
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Fig. 6 gives a summary of electric and magnetic field strength
™~ " (4)

measured with typical plastic sealers used in USA . The

values are given at positions where the operator would normally

have his eyes , genitals and hands during work. It should be

noted that extremely high values more than 100 times the

maximum permissible limits of the valid American Standard

(ANSI) have been measured. Similar alarming results are

reported with the use of industrial drying equipment applied

in the paper-,plastics-,wood and film-industry as well as for

food processing.

This application seems to be a major field of concern for

radiation protection and will require further investigations .

MEDICAL RF/MW EQUIPMENT

Dielectric heating of the human body is frequently used for

therapeutic purposes. Mostly "short-wave diathermy" at 27 MHz

with up to 1 kW power is applied, sometimes also MW at 2450 MHz.

Although the extreme power density delivered locally to the

patient of up to 400 W/cm2 (E = 40 kV/m, H = 100 A/m) may be

necessary from the medical standpoint, the field strength in

the neighborhood of the apparatus can be very high.

This may lead to significant exposure of the physician or

nurse operating the equipment. Fig. 7 summarizes the results

of field strength measurements around a short-wave diathermy

unit . The distance in cm from cables and electores is

given where a (theoretical) power density of 50, 5 and 0,5 mW/cm2

is reached. It can be seen that the distance for 50 mW/cm2 can

be well within the normal position of the operator.

Also this application will require further investigations .
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MEASUREMENT TECHNIQUES

Biological effects due to NIR are determined by the amount

of electromagnetic energy imparted to the body. When a body

enters an electromagnetic field reflexion, diffraction,

absorption and resonance effects occur depending on the

dielectric properties of the biological material. The relation

between the undisturbed external electromagnetic field and

the resulting field in the body is quite complex and difficult

to determine, if not impossible. For radiation protection

measurements a physical quantity "specific absorption (SA)"

and its time differential "specific absorption rate (SAR)"

have been recently introduced, which are quite in analogy

to the "absorbed dose" defined for ionizing radiation. SA

is defined as the differential quotient of electromagnetic

energy absorbed in an infinitesimal amount of mass per unit

mass. The corresponding SI unit is J/kg for SA and W/kg for SAR,

the same as for absorbed dose and doserate.

Similar as for ionizing radiation it is usually impractical

to measure the receptor-quantity SAR (in analogy to doserate)

directly and it is necessary to estimate it from the measurement

of a field quantity under receptor-free conditions, i.e. field

strength (in analogy to exposure).

Because of the fact that electric (E) and magnetic (H) field

strength in three mutually perpenticular planes in space

are generally different in amount and phase due to polarization

it is common to measure the square root of the sum of the

squared components in the three coordinates:

E* = (Ev
2 + E 2 + E 2) 1 / 2 (V/m)

e\ y Ct

7 ? ? 1/7
H* = (H z + H,/ + H/) "* (A/m)

X y is
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Under "far-field conditions", i.e. if the point of measurement

is sufficiently far away from the antenna that it acts as a

point source, plane-wave conditions can be assumed and a well

defined relationship between E and H exists:

E/H = 377 Ohm

Far-field conditions can be assumed in a distance from the

antenna larger than approx. one wave length, at least if

the antenna is small as compared to the wave length.

In this case a physical quantity "power density (S)"

can be derived from the measurement of either E or H, which

is defined as the temporary mean value of the vector product

of E and H, the "Poynting vector". The SI unit for power

density is W/m2 , while in most radiation protection standards

power density limits are given in mW/cm2 (= 10 W/m2 ).

Although, most available RF/MW radiation monitoring instruments

are calibrated in units of power density it is more satis-

factory to use electric and magnetic field strength under

near field conditions, where hazards mostly occur.

Under far-field conditions the following conversion table

can be applied:

E

1

(V/m)

10

100

000

S ( mW/cm2 )

0 , 0 2 6

2 , 6 5

265

H(

0

1

1

A/m)

,1

0

S( mW/cm2 )

0 , 3 7

3 7 , 7

3770
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INSTRUMENTATION

For the measurement o-C electric • field strength a dipol

antenna shorter than the wave length in the given frequency

range can be used. In order to achieve isotropic measurement,

independent on the probe direction in the field, three mutually

orthogonal antennas are mounted in a probe and the summation

of the squared electrical field strength in each element is

obtained by connecting the three sensors in series . The detectors

for the DC signal generation are usually thin-film thermo-

couples providing a true square-law output. Broad-band

characteristics can be achieved by adequate distribution of

the thermocouple dipols within the probe at spacings less than

1/4 wave length for the highest frequency, to avoid resonance.

For magnetic field strength the sensor is a "Loop" antenna with

a number of coils optimized for the best compromise between

sensitivity and bandwidth. Isotropic response is again achieved

by three perpendicular "Loops" in the probe.

Fig. 8 is a photograph of a versatile commercial electric and

magnetic field sensor system, the AERITALIA Mod. TE 307.

With a series of totally 8 probes E and H fields can be

measured in the frequency range from 20 H2 to 1 GHz . The

dynamic range of field strength extends from 1 V/m up to 1000 V/m

(full scale) . In order to avoid field disturbance remote readout

is possible via a fiber optic link to a companion field sensor

repeater Mod. TE 308.

For the higher frequency range we use the NARDA Mod. 8616

instrument shown in Fig. 9 as used for the measurement of

leakage radiation from a microwave oven.

With totally four probes the frequency range from 10 MHz up to

26 GHz can be covered with a dynamic range of power density

from 0,2 to 100 mW/cm2(full scale).
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For calibration of the described instrumentation well

defined field conditions are necessary so that field

intensity can be calculated from the electrical parameters.

In the lower frequence range up to 500 MHz so-called

"Transverse Electromagnetic (TEM) cells" can be used.

For higher frequencies calibrations are performed in an

anechoic chambers of sufficiently large dimensions to

avoid reflexion.

Our institute in cooperation with the"Institut für

Nachrichtentechnik"*^ presently starting to construct

such a calibration facility at the Research Center Seibersdorf.

This will include an anechoic chamberof 8 m x 4 m x 4m inside

dimensions. After completion of this installation adequate

calibration standards for electromagnetic radiation monitors

and facilities for research on biological effects of RF/MW

radiation under well defined exposure conditions will be

available in Austria.
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Fig. 6 Electric and Magnetic Field Strength from
. Plastic Sealers (27 MHz)

FELD BEI PLASTIC - SCHWEJSSMASCH1NEN ( 2 7 MHZ )

aua : PROCEEDINGS OF THE IEEE, JAN 1 9 8 0

MESSORT

LEISTUNG

4 kW

4 kW

3 kW
6 kW

1 mW/cm2

AUGE

E(V/m)

900

260

> 9001>
200
250

ä E -

H(A/m)

0,4

1,1

> 1,6«

0,3

63 V/m

GENITALIEN

E{V/m) H(A/m)

>SCO 0,7
340 1,3

275 1,0

170 0,2

HÄNDE AM
SCHALTPULT

E{V/m)

900
820

- 2 *

>900

H-0,16A/m (ANSI)

H(A/m)

1,2

1,5

^2)

0,9

HÄNDE BEI
ELEKTRODE

E{V/m) H(A/m)

> 90O3)>2,83>

MESSUNGEN OHNE BEDIENUNGSPERSON

1) BEDIENUNGSPERSON ÜBER ELEKTRODE GEBEUGT

2) FUSSHEBEL - STEUERUNG

3) HÄNDE 13 cm VON DER ELEKTRODE

EM FELD BEI KW - DIATHERMIEGERÄT

aus : HANSSON MILD & SVENSSON

ABSTAND (cm) VON ELEKTRODE U. KABELN,
WO ANGEGEBENE LEISTUNGSFLUSSDICHTE BZW. FELDSTÄRKE AUFTRITT

GLASS -

(ABEL

GUMMI -

,<ABEL

MONODE

KABEL

DIPLOD

KABEL

Fig.

50 mW/cm2

E
(430 V/m 1,:

ELEKTR. 80

50

ELEKTR. 40

10

15

5

20

5

7 Electric- and

H
2 A/m)

60

35

10

10

25

5

30

5

5mW/cm2

E
(140 V/m 0.

120

90

60

25

25

20

40

10«

Magnetic-Field

H
,4 A/m)

100

60

30

35

35

15

50

10

2
0,5mW/cm

E

(43 V/m

170

150

110

70

35

60

100

30

Strength from

H
0,12 A/m)

130

150

60

90

55

40

100

30

Short-Wa
Diathermy (27 MHz)



Fig, 8 AERITALIA Mod. TE 307 E/H Field Sensor
System



Fig, 9 NARDA Mod. 8616 RF/MW Power Density Meter
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