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PREFACE

This document is one of a series of Safety Codes
prepared by the Radiation Protection Bureau of Health and
Welfare Canada. These Safety Codes set out requirements
for the safe use of radiation emitting devices.

The aim of this Code is to set out safety require-
ments for the installation of use of stationary radiofrequency
devices that operate in the frequency range 10 MHz to
300 GHz. However, this Code does not apply to mobile
transmitters having a root mean square (rms) output power to
the antenna of 50 W or less. For purposes of this Code, a
mobile transmitter is considered to be one intended for use
while in motion or during stops at specified points, and
includes hand-carried or personal portable radio transmitters.
Furthermore, the exposure criteria in this Code are not
intended to apply to the deliberate exposure for treatment
purposes of patients by, or under the direction of, practi-
tioners in the healing arts.

The safety procedures and installation guidelines
detailed in this Code are for the instruction and guidance of
persons employed in Federal Public Service Departments and
Agencies, as well as those coming under the jurisdiction of
the Canada Labour Code. Under the Treasury Board
Standards and Canada Labour Code (Canada Dangerous
Substances Regulations) "Every radiation emitting device to
which any employee is exposed is to be: (a) registered with
the Radiation Protection Division of the Department of
National Health and Welfare and (b) designed, constructed,
installed, maintained and used in accordance with a standard
that is acceptable to the Radiation Protection Division". The
Department of National Defence wil l be expected to conform
to the standards of health, safety and environmental protec-
tion set out in this Safety Code except where such
conformance would prejudice the attainment of the
objectives of the Department.



The words "must" and "should" in this Code have been
chosen with purpose. The word "must" in this Code indicates
a recommendation that is essential to meet the currently
accepted standards of protection; while "should" indicates
and advisory recommendation that is highly desirable.

In a field in which technology is advancing rapidly
and where unexpected and unique problems may occur, the
Code cannot cover all possible situations. Blind adherence to
rules cannot substitute for the exercise of sound judgement,
thus; the specifications and recommendations in this Code
may need to be modified in some circumstances, but only
upon the advice of experts with recognized competence in
radiofrequency and microwave radiation protection. This
Code wil l be reviewed and revised periodically and a
particular requirement may be reconsidered at any time if i t
becomes necessary to cover unforeseen situations. Inter-
pretation or elaboration on any point can be obtained by
contacting the Non-Ionizing Radiation Section of the
Radiation Protection Bureau in Ottawa.

This Code was drafted by Dr. M.A. Stuchly,
Mr. M.H. Repacholi, Dr. W.M. Zuk, Dr. P.J. Waight and
Dr. G.K. Ghosh of the Radiation Protection Bureau, and
Dr. A.M. Muc of the Ontario Department of Labour.

The reviews and comments of the following are
gratefully acknowledged:

Dr. H. Assenhein, National Research Council,
Mr. A.J. Beemer, National Defence,
Mr. R. Begley, Department of Communications,
Mr. W.B. Burwell, National Defence,
Dr. J. Cabanes, Electricity de France,
Dr. A.B. Cairnie, National Defence,
Mr. R.S. Clark, Labour Canada,
Mr. O. Critchley, Health and Safety Executive, England,
Mrs. L.C. Gervais, Bell Canada,
Mr. F. Harlen, National Radiological Protection Board,

England,
Dr. D.A. H i l l , National Defence,
Dr. A.F. Holloway, Manitoba Cancer Treatment and Research

Foundation,
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Dr. D.R. Justesen Chairman of the Committee on Man and
Radiation, IEEE,

Mr. E. Kivisakk, National Institute of Radiation Protection,
Sweden,

Mr. K. Koren, State Institute of Radiation Hygiene, Norway,
Mr. W.E. Liddell, Electrical and Electronic Manufacturers

Association of Canada,
Mr. T.M. Mimee, Electrical and Electronic Manufacturers

Association of Canada,
Mr. K.F. Morris, Trans Canada Telephone System,
Mr. R.F. North, Transport Canada,
Mr. G. Roberts, Department of Communications,
Dr. H.P. Schwan, Chairman, Safety and Standards

Committee, IMPI,
>| Mr. R. Tell , Environmental Protection Agency, U.S.,
f Mr. J.C. Vi l l forth, U.S. Dept. of Health, Education and
| Welfare,
| Mr. R.W. Wilson, Canadian Telecommunications Carriers
| Association.

Comments from the members of the Federal-Provincial
K Working Group on Radiation Surveillance are also
4 acknowledged.
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PRÉAMBULE

Le présent document fait partie d'uns série de Codes
de sécurité préparée par le Bureau de la radioprotection du
ministère de la Santé nationale et du Bien-être social. Ces
Codes de sécurité dictent les règles à observer pour l'utilisa-
tion des dispositifs émettant des rayonnements.

Le but du présent Code est d'établir les règles de
sécurité régissant l'installation et l'utilisation des dispositifs
à radiofréquence fixes qui fonctionnent sur une gamme de
fréquences variant de 10 MHz à 300 GHz. Cependant, ce
Code ne s'applique pas aux émetteurs mobiles ayant une
puissance de sortie efficace (rms) à l'antenne de 50 W ou
moins. Pour les besoins de ce Code, on considère qu'un
émetteur mobile est un émetteur destiné à être utilisé
pendant qu'il est en mouvement ou au cours d'arrêts à des
endroits précis, et comprend les émetteurs radio-transportés
à la main ou les émetteurs radio portatifs. De plus, les
critères d'exposition dans le présent Code ne s'appliquent pas
à l'exposition provoquée délibérément pour le traitement
médical d'un malade.

Les mesures de sécurité et les directives d'installa-
tion décrites dans le présent Code s'adressent aux personnes
employées au service des ministères et organismes fédéraux
ainsi qu'aux personnes dont le travail est régi par le Code
canadien du travai l . Selon les normes du Conseil du Trésor et
selon le Code canadien du travail (Règlement du Canada sur
les substances dangereuses), "l'employeur doit s'assurer que
tout dispositif émettant des radiations auquel un ou plusieurs
de ses employés sont exposés au cours de leur travail (a) est
inscrit auprès de la Division de la radioprotection du
ministère de la Santé nationale et du Bien-être social, et (b)
est conçu, construit, installé, entretenu et utilisé selon une
norme approuvée par ia Division de la radioprotection". Le
ministère de la Défense nationale devra se conformer aux
normes de santé, de sécurité et de protection de l'environne-
ment indiquées dans le présent Code de sécurité, sauf dans
les cas où ces normes compromettent la réalisation des
objectifs du Ministère.
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Dans le present Code, les mots "doit" et "devrait" ont
une signification bien precise. Le mot "doit" indique que la
prescription est ne"cessaire pour satisfaire aux normes de
protection actuellement accepte'es, tandis que le mot
"devrait" indique que la prescription est fortement souhaita-
ble.

Dans un domaine 0C1 la technologie progresse
rapidement et 0C1 des d i f f i cu l t y inattendues et uniques
peuvent survenir, le Code ne peut tenir compte de toutes les
situations. Le respect aveugle des regies ne peut remplacer
l'exercice d'un jugement judicieux; c'est pourquoi les
prescriptions et les recommandations de ce Code peuvent
ne"cessiter des modifications dans certaines circonstances;
cependant, avant d'apporter ces modifications, i l faut obtenir
l'avis de spe"cialistes reconnus en matiere de protection
contre les rayonnements de haute frequence et microondes.

Le present Code sera revise" pe"riodiquement et toutes
las exigences particulieres sont sujettes a revision en tout
temps s'il faut eVentuellement tenir compte des situations
impre'vues. Pour obtenir plus de renseignements sur
n'importe quel point souleve" dans le present Code, i l suffit de
s'adresser a la Section des rayonnements non ionisants du
Bureau de la radioprotection a Ottawa.

Le present Code a 6te" re"dige* par le docteur
M.A. Stuchly, M. M.H. Repacholi, le docteur W.M. Zuk, le
docteur P.J. Waight et le docteur G.K. Ghosh du Bureau de la
radioprotection, et par le docteur A.M. Muc du ministere du
Travail de l'Ontario.

Nous remercions les personnes suivantes de i«3ur
collaboration:

Docteur H. Assenheim, Conseil national de recherches,
M. A.J . Beemer, Defense nationale,
M. R. Begley, ministere des Communications,
M. W.B. Burwell, Defense.nationale,
Docteur J. Cabanes, Electricity de France,
Docteur A.B. Cairnie, Defense nationale,
M. R.S. Clark, ministere du Travail du Canada,
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M. O. Critchley, Administrateur, Sante et Security,
Angleterre,

M m e L.C. Gervais, Bell Canada,
M. F. Harlen, National Radiological Protection Board,

Angleterre,
Docteur D.A. Hilly Defense riationale,
Docteur A.F. Holloway, Manitoba Cancer Treatment and

Research Foundation,
Docteur D.R. Justesen, President du Committee on Man and

Radiation, IEEE,
M. E. Kivisakk, Institut national de radioprotection, Suede,
M. K. Koren, State Institute of Radiation Hygiene, Norvege,
M. W.E. Liddell, Association des manufacturers d'equipement

eiectrique et e"lectronique du Canada,
M. T.M. Mimee, Association des manufacturers d'equipement

eiectrique et eiectronique du Canada,
M. K.F. Morris, Trans Canada Telephone System,
M. R.F. North, ministere des Transports,
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M. R. Tell, Environmental Protection Agency, Etats-Unis,
M. J.C. Villforth, U.S. Dept. of Health, Education and
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M. R.W. Wilson, Association canadienne des entreprises de

telecommunications,

II faut aussi souligner la participation des membres du Groupe
de travail federal-provincial de la surveillance des
rayonnements.
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1. INTRODUCTION

Rapid progress in the electronics industry after the
Second World War has resulted in widespread use of radio
frequency and microwave devices in various areas of human
endeavour, such as communications, radio and television
broadcasting, radar, industrial processing, medical practice
and consumer products. With few exceptions (e.g., micro-
wave ovens), most of these devices are capable of propagating
electromagnetic radiation over large areas of the environ-
ment. Reflection and scattering of the waves and simulta-
neous irradiation by more than one source frequently result in
a complex condition known as "multi-path" radiation.

Studies of possible hazards to human health from
exposure to radio frequency and microwave radiation show
that there is a need for controls. Exposure to high levels of
radio frequrency and microwave radiation over prolonged
periods can cause adverse health effects. The type and
extent of injury depend not only on the intensity (strength) of
the field and the exposure duration but also on various other
factors such as the frequency of the radiation, type of
modulation, polarization, and distance from the source (1-3).

1.1 Principal aims of the Code

The principal aims of this Code are:

(i) to specify maximum levels and durations of
exposure to radio frequency (RF) and micro-
wave radiation of frequencies between 10 MHz
and 300 GHz;

(ii) to provide basic guidelines on methods of
measurement, measurement instrumentation
and hazard evaluation of the exposure fields;

(iii) to recommend procedures for ensuring that
exposure of personnel working in the vicinity of
RF and microwave devices and of the general
public is as low and readily achievable and, in all
cases, not greater than the levels specified in
this Code; and



(iv) to recommend working conditions that will
lead to higher standards of safety for all
personnel engaged in the manufacture,
operation and maintenance of RF and
microwave devices.

2. MAXIMUM EXPOSURE LEVELS

In the following sections the recommended maximum
exposure levels for both rrucrowave radiation workers and the
general public are specified. However, there may be
instances when the measured power densities or field
strengths appear to exceed the specified maximum exposure
levels. In these cases, to determine whether the maximum
levels have really been exceeded, ful l consideration must be
given to such factors as:

(i) occupancy of exposed areas;
(ii) actual duration of exposure (including ON/OFF

times of the RF/MW generators, direction of
the beam, duty factors, sweep times, etc.);

(iii) whether the exposure is to the whole body or to
parts of i t ;

(iv) uniformity of the exposing f ield.

It should also be noted that, in certain instances,
higher exposure levels are permitted for short durations, and
that the maximum power densities or field strengths are
averaged, generally over a one-hour period. A graph and
tables are provided in Appendices I and II for easy identifica-
tion of maximum exposure levels and exposure durations.

When exposure to the maximum level occurs in a
time period of less than one hour, there should be no further
exposure to RF/Microwave radiation in excess of
0.05 mW/cm2 during the balance of that hour. For example,
a microwave worker exposed to 25 mW/cm2 for 2.4 minutes,
must not be exposed to RF/Microwave radiation in excess of
0.05 mW/cm2 for the remaining 57.6 minutes of the hour.



2.1 Maximum Exposure Levels for Microwave Radiation
Workers at Frequencies

10 MHz - 1 GHz

In the far field, any one parameter (electric field
strength, magnetic field strength, or power density) defines
the two remaining (see Appendix IV). In the near field, both
the electric and magnetic field strengths must be measured.
However, until suitable measurement instrumentation is
commercially available, this clause is temporarily relaxed -so
that only one of the parameters must be measured (see
Appendix III). This applies to alJ clauses specifying maximum
exposure levels in terms of tne electric field strength,
magnetic field strength and power density.

2.1.1 For whole-or partial-body exposure (with exception
of the extremities) to either continuous or modulated
electromagnetic radiation from one or more sources, the
following levels must not be exceeded, when averaged over a
one-hour period:

- rms electric field strength 60 V/m
- rms magnetic field strength 0.16 A/m
- power density i mW/cm2

2.1.2 For whole-or partial-body exposure (with exception
of the extremities) to either continuous or modulated
electromagnetic radiation from one or more sources, the
following levels must not be exceeded, when averaged over a
one-minute period:

- rms electric field strength 300 V/m
- rms magnetic field strength 0.8 A/m
- power density 25mW/cm2

2.1.3 For periods of exposure shorter than one hour,
exposure to levels higher than those specified in 2.1.1 is
permitted, however, such exposure must not exceed the
levels specified in 2.1.2. The maximum time t(minutes) that
a person can be exposed to the field must not exceed:

t = 60/W,



where W the power density of the exposing field in mW/cm2

(having a maximum value of 25 mW/cm2) or an equivalent
plane-wave power density as calculated by:

W = E2/3770
or W = H 2 x 37.7,

where E is the rms electric field strength in volts per meter
(V/m) and H is the rms magnetic field strength in
amperes per meter (A/m).

2.2 Maximum Exposure Level for Microwave Radiation
Workers at Frequencies

1 GHz - 300 GHz

2.2.1 For whole-or partial-body exposure (with exception
of the extremities) to either continuous or modulated
microwave radiation from one or more sources, the following
levels must not be exceeded, when averaged over a one-hour
period:

- rms electric field strength 140 V/m
- rms magnetic field strength 0.36 A/m
- power density 5 mW/cm2

2.2.2 For whole-or partial-body exposure (with exception of
the extremities) to either continuous or modulated micro-
wave radiation from one or more sources, the following levels
must not be exceeded when averaged over a one-minute
period:

- rms electric field strength 300 V/m
- rms magnetic field strength 0.8 A/m
- power density 25 mW/cm2

2.2.3 For periods of exposure shorter than one hour,
exposure to levels higher than those specified in 2.2.1 are
permitted, however, such exposure must not exceed the
levels specified in 2.2.2. The maximum time that a person
can be exposed to the field must not exceed:

t = 60/W, for W between 10 and 25 mW/cm2

and t = 300/W, for W less than or equal to
10 mW/cm2 ,



where t is the exposure time in minutes and W is the power
density of the field in mW/cm2.

2.3 Total Maximum Exposure Level for Microwave
Radiation Workers

In locations subjected to radiation from sources with
frequencies in both ranges, i.e., 10 MHz - 1 GHz and 1 GHz -
300 GHz, the maximum total exposure levels must not

exceed the limits specified in 2.1, if the exposure to radiation
in the frequency range 10 MHz - 1 GHz is equal or greater
than 0.5 mW/cm2 (or the corresponding V/m or A/m), and
must not exceed the l imits specified in 2.2 if the exposure to
radiation in the frequency range 19 MHz - 1 GHz is les? than
0.5 mW/cm2 .

2.4 Maximum Exposure Levels to the Extremities and
Under Special Circumstances - Microwave Radiation
Workers

2.4.1 For exposure ^of extremities to continuous or to
modulated radiation at frequencies in the range 10 MHz to
300 GHz, the following levels must not be exceeded, when
averaged over a one-hour period:

- rms electric f ield strength 200 V/m
- rms magnetic field strength 0.5 A/m
- power density 10 mW/cm2

2.4.2 For periods of exposure shorter than one hour,
exposure of the extremities to levels higher than those
specified in 2.4.1 are permitted, however, such exposure must
not exceed the l imits specified in 2.1.2 and 2.2.2. The
maximum time t(minutes) that a person can be exposed to the
field must not exceed:

t = 600/W,

where W is the power density in mW/cm2 .

2.4.3 In special cases, under strictly controlled conditions,
permission may be given for whole-body exposure to levels
greater than those specified in 2.1, 2.2 and 2.3, but not



exceeding the following levels, when averaged over a one-
hour period:

- rms electric field strength 200 V/m
- rms magnetic field strength 0.5 A/m
- power density 10 mW/cm2 .

Such permission must be given in writing by the authority
having jurisdiction.

2.4.4 For any exposure, either whole-or partial-body,
permission must not be given for irradiation at levels
exceeding those specified in 2.1.2 and 2.2.2.

2.5 Maximum Exposure Level for the General Public

For whole-or partial-body exposure of any member of
the general public to either continuous or modulated electro-
magnetic radiation of frequencies in the range 10 MHz to
300 GHz, the following levels must not be exceeded, when
averaged over a one-minute period:

- rms electric field strength 60 V/m
- rms magnetic field strength 0.16 A/m
- power density 1 mW/cm2

3. RESPONSIBILITY AND PERSONNEL

3.1 Owner

The owner of the device or installation emitting the
RF/Microwaves is ultimately responsible for radiation safety.
The owner is responsible for ensuring that the equipment
provided for the responsible user and microwave radiation
workers meets all applicable radiation safety standards for
that equipment and the safety requirements specified in this
Code. The owner may delegate this responsibility. How this
responsibility is delegated to staff wi l l depend on the size of
the organization and the amount of radiation emitting equip-
ment owned. One or more persons must be designated by the
owner to carry out the role described below.



3.2 Responsible LK-er

There must be at least one person, or committee,
designated as the responsible user, to undertake responsibility
for:

(i) ensuring that assigned equipment is maintained
and used correctly by competent personnel;

(ii) establishing safe operating procedures for the
equipment;

(iii) setting radiation safety rules and ensuring that
all staff are made aware of them;

(iv) ensuring that all microwave radiation workers
are aware cf the contents of this Code;

(v) knowing the exposure levels in the vicinity of
the equipment under all conditions of use;

(vi) demarcating areas where exposures in excess of
the maximum limits can result, and posting
warning signs drawing attention to permitted
occupancy durations as determined by the
recommendations of Section 8.2;

(vii) investigating exposures which may be in excess
of the maximum levels permitted;

(viii) designating staff as Microwave Radiation
Workers;

(ix) arranging for the medical examination of "over-
exposed workers" as deemed appropriate;

(x) recording levels and duration of exposure for
persons who have been exposed in excess of the
maximum limits; and

(xi) ensuring that appropriate radiation surveys or
monitoring are performed when and as required,
and maintaining records of such monitoring.

3.3 Safety Officer

A safety officer may be delegated some of the
responsibilities of the responsible user. The extent and
nature of these wil l depend on the size of the organization
and the number of devices. In general, the safety officer
provides technical support in the planning of installation and
use of RF and microwave devices.



3.4 Microwave Radiation Worker

The microwave radiation worker is responsible for
the day-to-day operation and/or routine maintenance of the
devices and must:

(a) understand the hazards associated with
operating the specific RF and/or microwave
devices assigne^d to him, in particular, the
importance of:

(i) any interlock systems and dangers
associated with defeating such systems,
and

(ii) adhering to all occupancy restrictions.
(b) know how to recognize malfunctions of the

specific devices assigned to him; and
(c) be aware of the normal safe operating practices

and the procedures to be followed in the event
of malfunction of the devices, or of an
emergency situation arising from excessive
radiation leakage.

4. SITING AND INSTALLATION

4.1 Basic Principles

In order to determine protective measures required
for locations in which RF and/or microwave devices are
routinely used, i t is necessary to determine the occupancy of
the surroundings. When surveying around RF/Microwave
devices,

(a) radiation exposure in uncontrolled areas must
not exceed the maximum levels recommended
in Section 2.5, and

(b) radiation levels must be known in controlled
areas where restricted occupancy is allowed.
These areas must be designated accordingly and
the maximum occupancy time posted.
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4.2 General Recommendations

(a) Warning signs, specified in Section 8.1,
indicating the presence of radiation, must be
posted according to recommendations of
Section 8.2 or 8.3.

(b) The immediate vicinity of unmanned, high-
power sources of Rr /Microwave radiation (e.g.,
some radio or TV transmitting systems) must be
fenced off to prevent unauthorized access to
places where overexposure could occur.

(c) RF and microwave devices should be positioned
as far away as possible from areas normally
occupied by personnel.

(d) The siting of an RF or a microwave device must
take into account the practical possibility of
multiple exposures from radiation fields and
leakage from other devices in the vicinity.

(e) There should be no unnecessary metallic objects
near any radiating RF or microwave device.
The presence of such objects may result in high
intensity fields in some locations.

(f) Shielding or screening should be achieved by use
of absorptive rather than reflective materials.
Attenuation properties of some common
construction materials are given in Appendix
VL

(g) All RF and microwave devices must comply
with applicable standards of design construction
and performance specified in regulations
promulgated under the provisions of the
Radiation Emitting Devices Act of Canada.

4.3 Open Beam Heating Devices

Open beam heating devices have applications in the
fields of scientific investigation and industrial manufac-
turing. When such devices are used the following recommen-
dations apply:

(a) An open beam heating device must be operated
only at a site or in a room which has been
specifically selected or designed to
accommodate it. 9



(b) Radiated energy should not be directed into
occupied areas. Where this is not feasible,
appropriate precautions must be followed to
ensure that exposure of personnel does not
exceed the maximum levels specified in Section
2.

(c) When an open-beam heating device is operating
in a room, at its highest output, radiation levels
outside the room must not exceed the limits
specified in Section 2.

(d) Where the power density produced by an open
beam device exceeds 1000 mW/cmz in locations
accessible to people, the door to the room
where the device is located must be interlocked
in such a way that the device cannot be
switched on when the door is open. If the door
is opened when the device is on, the interlock
must cause the microwave power to be turned
off. It must always be possible to open the door
from inside the room.

(e) For any installation which is in operation for
more than one month, interlock systems and all
barriers demarcating areas of restricted
occupancy must be permanently installed to
prevent accidental access to the zone of denied
occupancy.

4.4 Medical Devices and Electromagnetic Interference

Medical RF or microwave devices should be used in a
room specifically designed, selected or modified to
accommodate the patient and the device. Electromagnetic
interference from such devices may cause malfunctions, with
potentially adverse consequences, in various medical devices,
such as electrocardiographs, olectromyographs, electro-
encephalographs, cardiac pacemakers, ( etc. Examples of
sources of such interference are radio, television, and radar
transmissions. Electromagnetic interference can generally
be eliminated by means of shielding, f i l tering or grounding of
the spurious signals. Pacemaker designs have improved to
the extent that their susceptibility to interference has been
largely eliminated. Other medical devices are, or should be,
designed to minimize the effects of electromagnetic
interference.



4.5 Microwave Ovens

(a) Microwave ovens must comply with the require-
ments promulgated in regulations under the
Radiation Emitting Devices Act.

(b) Adjustment of applied voltages, replacement of
the microwave power generating component,
dismantling of the components of the oven and
refi t t ing of waveguides should not be under-
taken by persons not specially trained for such
assignments. The services of a qualified
repairman should be sought when &ny mal-
function is suspected.

(c) Special care should be taken to ensure that no
damage occurs to the part of the oven making
contact with the door or door seals.

(d) The power mains should be disconnected before
reaching into any accessible openings.

(e) Before reaching into the rear compartment of
an oven, the high voltage capacitors should be
discharged in a safe manner.

(f) The door interlocks must not be defeated.
(g) A microwave power generating component

should never be tested without an appropriate
load connected to its output. The power
generated must NEVER be allowed to radiate
freely into occupied areas.

4.6 Radar and Communications Systems

(a) Where possible, the antenna beam should be
directed away from occupied areas. If the
beam does irradiate occupied areas, the
maximum exposure l imits given in Section 2
must be observed. If needed, antenna sweep
restrictions should be employed to prevent the
maximum exposure levels from being exceeded
in occupied locations.

(°) For any installation that is to be used for more
than one month, all barriers demarcating areas
of restricted occupancy and all interlock
systems must be permanently installed to
prevent accidental access to the zone of denied
occupancy. n



(c) Mobile and transportable systems having rms
(root means square) power output greater than
50 W and capable of producing exposure levels
exceeding those specified in Section 2 must
have instructions posted and clearly visible,
regarding the distance at which the radiation
levels are below maximum exposure l imits.

4.7 Electroexplosive Devices

Q-ire should be taken to ensure that electroexplosive
devices are not placed in RF/Microwave fields of sufficiently
high level to cause detonation. Wires of electric blasting
caps, under certain circumstances, may pick up sufficient
energy from RF/Microwave fields to cause caps to explode.
The susceptibility for the blasting caps to RF fields depends
on the frequency, polarization and the strength of the field,
and various factors in the design of the detonator - including
to what extent i t is electrically screened from radio
interference. The hazardous field intensity depends on the
field frequency, where the lower the frequency the more
susceptible the detonators are. More information, including
recommended distances from various sources, can be found in
(6).

5. SAFETY PROCEDURES FOR OPERATORS AND
MAINTENANCE PERSONNEL (MICROWAVE
RADIATION WORKERS)

(a) Maintenance personnel and operators of RF and
microwave devices must be aware of the
potential hazards of RF and microwave
radiation.

(b) Particular care should be taken to ensure that
all personnel are clear of the direct beam
before it is switched on for test, maintenance
or repair purposes.

(w Instructions and procedures for repair,
maintenance and operation of a device, as
specified by the manufacturer, must be easily
available to, and followed by, operators and
maintenance personnel.
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(d) Replacement components must be equivalent
to original components. In particular, wave-
guides, gaskets, flanges, etc., must have the
same operating characteristics as the original
components or be approved by the manufac-
turer of the original equipment.

(e) Testing of a device either before or after
completion of any repair work should be carried
out after protective shields, waveguides and
other components have been replaced in their
designated locations.

(f) The correct operation of electronic test equip-
ment and power meters must be checked in
idvance, i.e., prior to using them at the repair
station or test site.

(g) When RF and/or microwave energy is being
generated, care should be taken to minimize
personnel exposure to any direct, reflected or
scattered beams.

(h) Adjustment of voltages, replacement of RF or
microwave energy generating components,
dismantling components or ref i t t ing wave-
guides must not be undertaken by persons
not specially trained for snch assignments. The
services of a qualified repairman should *"e
sought wh.3.0 any malfunction is suspected.

(j) The power mains should be disconnected before
reaching into any openings in the RF or
microwave equipment.

(k) Operators should not defeat any safety
interlock.

(m) An RF or microwave generating component
must not be tested without an appropriate load
connected to its output. The energy generated
must not be allowed to radiate freely into
occupied areas.

6. PROTECTION OF THE GENERAL PUBLIC

(a) Except under special circumsti/ices, members
of the general public must not be allowed
access to areas where exposure levels exceed
those specified in Section 2.5.



(b) To alert members of the general public to areas
of restricted occupancy, warning signs should
be posted at the entrance to any location
containing microwave devices capable of
producing, under normal working conditions,
exposure levels that exceed those specified in
Section 2.5. Such signs should give adequate
warning of the boundary of any region where
levels of radiation exceed those specified in
Section 2.5.

(c) Any device capable of producing leakage that
would result in exposure levels approaching
those specified in Section 2.5 and to which
unrestricted public access is allowed, must be
checked for conformity with existing applicable
regulations after installation; when malfunction
is suspected; and after any modification or
repair that might cause leakage.

7. iADIATION SURVEYS

7.1 Radiation Survey Procedures

The objective of a radiation survey is to determine
whether the device or installation complies with recom-
mended standards of performance and personnel exposure,
and to assess the effect of the location of the device with
respect to controlled and uncontrolled areas in the environ-
ment. In carrying out radiation surveys, the following
recommendations are made:

(a) Radiation surveys must be carried out by
competent persons.

(b) Before routine operation begins, a radiation
survey must be conducted for all new installa-
tions capable of producing microwave radiation
levels exceeding those specified in 2.5.

(c) A radiation survey must be made following any
repairs or changes in working conditions,
protective shielding and barriers that may
effect the exposure levels, to ensure that the
levels do not exceed the values specified in

24 Section 2.



(d) A radiation survey must be conducted when any
malfunction that may affect the radiation
levels is suspected.

(e) A radiation survey should be conducted at two-
year intervals at installations capable of
exposing personnel in excess of the limits set in
Section 2.

(f) Survey instruments must be selected to match
the operating conditions. The measurement
techniques specified in Appendix III should be
followed. Survey instruments must be fully
calibrated at least once every three years.
Their calibration should be checked against
another instrument before carrying out a
radiation survey.

(g) During a radiation survey, a complete record of
the field parameters (electric field strength,
magnetic field strength, power density), at each
work site must be kept to assist in making a
realistic evaluation of the energy flux.

(h) During the inspection of any RF or microwave
device or installation, all safety interlocks,
"ON-OFF" control switches, and required
warning signs, labels and tags should be
examined.

7.2 Records and Recommendations

(a) Records must be kept of all radiation survey
measurements and their evaluation. The
records should include the date that measure-
ments were made, number and types of devices
in the area surveyed, the geometrical
coordinates of the site surveyed, survey results,
and the model and serial number of the
radiation measuring instrument(s) used.

(b) Recommendations on appropriate changes in
shielding, location and operation of the device,
based on the evaluation of the radiation survey
measurements, must be made to the
Responsible User.
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When remedial action based on these recom-
mendations has been taken, another radiation
survey should be made to verify the effective-
ness of the recommendations.

8. WARNING SIGNS

8.1 Design of the Approved Warning Signs

Three warning signs have been approved for use.
These signs were designed to indicate the nature and degree
of hazard associated with a given device or location. The
nature of the radiation hazard is indicated by the symbol, and
degree of hazard is indicated by the shape and colour of the
sign. The warning signs and their meaning are given below.
The size of the sign should be such that it is clearly
distinguishable under the appropriate conditions, being either
illuminated or employing reflective materials as necessary.
The CAUTION sign should be BLACK on a YELLOW
background, the WARNING sign should be BLACK on an
ORANGE background, and the DANGER sign should be RED
on a WHITE background.

The Caution sign is not generally used for area
demarcation but should be placed on devices to indicate that
they emit microwaves or RF radiation. Al l microwave or RF
devices for which regulations have been promulgated under
the Radiation Emitting Devices Act have the Caution sign as
part of their labelling requirements. For example, all
microwave ovens complying with the Microwave Oven
Regulations have Caution sign attached. Both the Warning
and Danger signs are used for identifying hazardous devices
and for area demarcation.

8.2 Area Demarcation

(a) The WARNING sign must be placed at the
entrance of any zone within which a radiation
survey has shown that RF and/or microwave
power densities exceed those specified in
Section 2.5 but are less than those specified in

16



CAUTION MICROWAVE
RADIATION

- Negligible Hazard

- Minor Injury Possible
from Misuse

- Area of Unrestricted
Occupancy

WARNING MICROWAVE
RADIATION

- Moderate Hazard

- Serious Injury Possible
from Misuse

- Area of Limited
Occupancy

DANGER MICROWAVE
RADIATION

- Serious Hazard

- Critical Injury or Death
Possible from Misuse

- Area of Denied
Occupancy

17



2.3. The WARNING sign indicates that
LIMITED OCCUPANCY is allowed within its
boundaries. It must be located wherever it is
necessary to indicate a recommended
occupancy t ime. In such cases, the WARNING
sign must be accompanied by words such as
"Warning Microwave Radiation - Maximum
Occupancy Time (t) Minutes per Hour" and
French equivalent, where t is calculated
according to the limits specified in 2.1.3 or
2.2.3.

(b) The DANGER sign must be placed at the
entrance of any zone where a radiation survey
has been ccnducted and where microwave
power densities in excess of 25 mW/cm2 occur.
The DANGER sign thus indicates a DENIED
OCCUPANCY zone. When used for area
demarcation, the DANGER sign should be
accompanied by words such as "Danger
Microwave Radiation - Do Not Enter."1 and
French equivalent.

(c) Where the normal viewing distance of the signs
is 1 m or less, the signs must have no outer
dimension less than 2 cm. Where the normal
viewing distance is more than 1 m, the signs
and any associated words must be increased
proportionately in size.

8.3 Signs for Labelling Devices

When the signs are used for labelling a device, the
following recommendations apply:

(a) The WARNING sign must be applied to any
device, under development or in use for any
industrial, scientific or medical purposes, if the
device produces exposure levels that exceed
those specified in 2i5. The WARNING sign
should be applied to a device if misuse or
failure could cause radiation injury.

18



(b) The DANGER sign must be applied to any
device under development or in use for any
industrial, scientific or medical purposes, if i t
produces exposure levels in excess of
25 mW/cm2 . Furthermore, even though
exposure levels of 1 mW/cm2 or less are
present, the DANGER sign must be applied if
failure of the device could cause serious
radiation injury or death.
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APPENDIX II

Maximum Exposure Time vs Equivalent Power Density

for Microwave Radiation Workers
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APPENDIX HI

RF AND MICROWAVE EXPOSURE MEASUREMENTS

The area around any RF or microwave source is
generally divided into three regions: the near-field region,
the intermediate field region and the far-field region. More
information on this subject can be found in Appendix IV and
reference (1). In many radiation safety surveys the exposure
levels have to be determined in the near-field region of the
source. Not infrequently, the field comprises RF and/or
microwave radiation from several sources. Several difficul-
ties can be encountered in determining power density of such
fields as outlined in (4) and special care should be devoted to
the selection of a survey instrument. Only instruments that
are designed for operation in the frequency range required
should be used.

A. BASIC CHARACTERISTICS OF SURVEY METERS

A.I Quantity Measured

In surveying fields in the antenna near-field zone or
in close proximity to a device,, both electric field and
magnetic field strengths should'be measured, whenever
possible. In the antenna far-field zone i*- is sufficient to
measure any of the following parameters, electric field
strength, magnetic field strength or power density. Many
meters have indicators that are calibrated in power density
units (e.g., mW/cm2), but the quantity actually measured may
be the square of the strength of the electric or magnetic
field. The information about the measured field parameter is
normally provided in the instruction manual.

A.2 Frequency Response

If the frequency range covered by one survey
instrument is narrower than the frequency range of the fields
due to the RF and/or microwave sources in the vicinity of the
site surveyed, as many instruments as necessary should be
used to determine the fields in the whole range of
frequencies.
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A.3 Accuracy

Instruments employed in radiation surveys should be
capable of measuring a power density of 1 mW/cm2 with an
accuracy of ± 3dB, or better, or an electric field strength of
60 V/m, or a magnetic field strength of 0.16 A/m with an
accuracy of ± 1.5 dB, or better.

A.4 Directional Response

Since in the majority of radiation surveys the
direction(s) of the electromagnetic fields is not known, a
meter having an isotropic detecting element should be used.

If the only meter available is one having a linear
detecting element, measurements of the total f ield can be
performed by employing three mutually perpendicular
orientations of the detecting element and calculating the
resultant field from the following equations:

or

or

A.5

E =

H =

W =

Source to Survey

/ E i 2 + E 2
2 + E 3

2 ,

MIZ + H 2
2 +H3 2 ,

Wi + W2 + W j .

Meter Configuration

In performing survey measurements in the near-field
of an RF or microwave source, a meter designated for
operation in the near-field must be employed. Special care
should be exercised to avoid perturbing the field by the
instrument (e.g., the meter casing, but not the field probe),
and by other objects or people in the vicinity.

A.6 Modulation Response

When amplitude or frequency modulated and
especially pulsed fields are surveyed, the meter response to
such fields should be evaluated to determine if i t is designed
for the type of fields to be measured.
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A.7 Other Meter Characteristics

In addition to the recommended characteristics as
described in A . I to A.6, the following features should be
considered in selecting a meter for RF and/or microwave
radiation surveys:

- the response time of the meter should not exceed 3
sec;

- the meter non-linearity should not exceed 20 %;
- the temperature sensitivity should not exceed

± 1 dB in the range 5 - 30°C;
- the response should be isotropic, the maximum

deviation should not exceed ± 1 dB;
- the changes in response due to supply voltage

variations should not be greater than 20 %;
- minimal susceptibility to interference by signals

outside the frequency band being measured;
- the zero dri f t should not exceed 10 %/h;
- the permissible overload should be at least a factor

of 10.

A. 8 Calibration

A survey instrument should be calibrated against a
standard instrument every three years and against a
secondary standard at least once a year or after any repair
that may affect its operation.

A.9 Exposure from Scanning Antennas

Exposure in the vicinity of RF and/or microwave
sources having scanning (rotating) antennas may have to be
determined with the antenna stationary, due to the l imita-
tions of the available measuring instruments. The exposure
conditions when the antenna is in motion should then be
evaluated using methods described in Appendix IV, unless an
instrument capable of measuring the exposure field with the
antenna in motion is available.
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APPENDIX IV

THEORETICAL ESTIMATION Or EXPOSURE FIELDS

A. Near-Field and Far-Field Regions

The field produced by an antenna is generally
considered to consist of two regions: near-field zone (Fresnel
region), and far-f ield zone (Fraunhofer region). Frequently,
however, the space is divided into three regions, where the
near-field region is divided into two subregions. The latter
division is most frequently used when the power density in
each subregion can be expressed analytically. The criterion
most frequently used in the division of the space between the
near- and far-fields is that the phase of the fields from all of
the points of the radiating antenna aperture does not differ
more than the equivalent of A/16 (where X is the wavelength
of the radiation). The minimum distance R, from the source,
where the far-f ield zone begins is:

R = 2a2,

where a is the greatest dimension of the antenna.

In the far-f ield zone, the antenna pattern is
independent of the distance from the antenna, while in the
near-field in general, the pattern is a function of the distance
from the antenna. In the far-f ield region, the power density
(W) on the antenna axis can be calculated from the expres-
sion:

41fr2

where: P is the average power radiated by the antenna, r is
the distance from the antenna and G is the antenna directive
gain.

The directive gain of an antenna in a qiven direction
is 4TT times the ratio of the radiation ir.Lensity in that
direction to the total power radiated by the antenna (1).
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The antenna gain is related to the antenna dimensions
by the following equation:

where: A = pA, A is the physical surface area of the
antenna, p is the antenna efficiency and X is the wavelength.

In the near-field the power dens-ty on the antenna
axis depends on the antenna shape, and can only be estimated
approximately. Appropriate formulas for calculations of the
power density can be found in (1) and (5).

An electromagnetic wave can also be characterized
by the electric field intensity (strength) ana magnetic field
intensity (strength). The electric field strength (rms value)
at a distance r, from a source with effective radiatinr power
P (the source output power multiplied by the antenna gain),
on the antenna axis is equal to:

E = /30P~/r

and is expressed in volts per meter (V/m). The relationship
between the electric field intensity and power density is

W = E2 ,

where: Z is the characteristic impedance (for free space;
Z = 377 ft). The magnetic field intensity is related to the power
den, ̂ ty by the following relation:

W = H2Z,

H is expr -ssed in amperes per meter (A/m).

Graphs relating power density and electric and
magnetic field strengths in free space are shown in
Figure IV-1 .
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Figure IV-1 Conversion Charts for a Plane Wave
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B. Average Power of Pulsed Waves

A pulse modulated wave (Pulsed wave) is shown in
Figure IV-2. This type of radiation is characteristic of
radars.

The duty factor (F) can be calculated as

F = T/T ,
Y

where: T is the pulse duration, and T is the time lapse
between the start of consecutive pulses.

The pulse repetition frequency is equal to

F = 1/T ,

The average power, P , for a pulsed wave can be
calculated as a

P =P F,a p '

where P is the peak power.

Electric
Held

time

Power T1

time

Figure IV-2 Pulse modulated wave
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C. Scanning Antennas

The power density for a scanning antenna in motion
can be estimated from the power density measured with the
antenna stationary using the expression:

W = k W .m s s'

where Wm is the power density for the antenna in motion, K
is the antenna rotational reduction factor and W is the
power density measured on the axis of the stationary antenna
at a given distance.

The rotational reduction factor for the near-field
region is equal to:

Ks = a / F V
where: a is the dimension of the antenna in the scan
(rotation) plane and R is the circc
scan sector at the given distance (r
ments have been done (Figure IV-3).

(rotation) plane and R is the circumference of the antenna
scan sector at the given distance (r), at which the measure-
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The rotational reduction factor for the far-field region is:

k = 3d3 beam width
scan angle

ANTENNA

Figure IV-3 Rotational reduction factor in the near-field
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APPENDIX V

X-RADIATION

Because high power RF and microwave devices often
require high operating voltages, it is considered appropriate
to include in this safety code a few pertinent details regard-
ing X-ray safety. When the manufacturer's data or other
observations indicate that the generation of X-rays is
possible, the following procedures and exposure l imits are
recommended:

(a) The RF or microwave power generating
component should be inspected to determine if
specified X-ray shields are in their designated
locations.

(b) With the shields located correctly, an X-
radiation survey should be conducted to ensure
that the intensity of X-rays, averaged over an
area of 10 cm2 at 5 cm from the external
surface of the device, does not exceed
0.5 mR/h.

(c) Survey instruments used for the measurement
of X-radiation intensity must not be susceptible
to RF and/or microwave radiation.

(d) Survey procedures, reports and records should
be similar to those applied in Radiation Surveys
as specified in 7.1 and 7.2.
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APPENDIX VI

ATTENUATION PROPERTIES OF
SOME COMMON CONSTRUCTION MATERIALS

The effectiveness of a shield is specified in terms of
the reduction in electromagnetic field strength it produces.
The shielding effectiveness (SE) at a particular location is
defined as the ratio of the field strength without the shield
present to the field strength with the shield in place, and is
usually expressed in decibels.

_ 2_, /-strength of field without the shields
" strength of field with the shield

Three phenomena contribute to the shielding effec-
tiveness, namely the absorption within the shield, reflection
from the interfaces and re-reflection within the shield. The
re-reflection within the shield plays a significant part if the
absorption is small.

The following parameters affect the shielding effec-
tiveness: the wave frequency, the permittivity and per-
meability of the shield material, and its thickness. The
shielding effectiveness for a few common construction
materials is given in the table below (7), more information
can be found in (7, 8).
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Material

i Moist Clay Brick

I Moist Concrete
(5 gal. water per
94 lb. sack
cement)

Moist Concrete
Block
(Featherlite)

Moist Natural
Slab Limestone

Moist Plaster
of Paris

Masonite
Fiberboard

Paper Phenolic

Balsawood

Cedar

Fir Plywood

Cardboard

Shielding

Frequency
(MHz)

10

0.06

0.01

0.03

0.001

0.0003

0.001

0.004

0.01

0.01

0.01

0.03

Effectiveness (

100

i

! 0.58

0.26

0.6

0.01

0.005
•

0.02

0.19

0.32

0.2

0.22

0.83

dB/m)

1000

0.58

0.56

5.8

0.05

0.007

1.66

5.30

11.1

5.0

2.62

6.8
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APPENDIX VH

DEFINITIONS

Antenna - A means for radiating or receiving radio frequency
waves or microwaves.

Cavity - A structure that encloses or confines a microwave
field.

Continuous Wave (CW) - An unmodulated electromagnetic
wave.

Controlled Area - An area in which the exposure of personnel
to microwave radiation is under the supervision of a
Safety Officer.

Denied Occupancy Area - An area within which the microwave
power density exceeds 25 mW/cm.

Duty Factor - The product of the pulse duration and the
pulse repetition frequency of a wave composed
of pulses that recur at regular intervals.

Electromagnetic Radiation - Radiant energy, comprised
of varying electric and magnetic fields, which is
propagated through space at the speed of light.

Extremities - Limbs of the body including arms and thighs.

General Public - All individuals who are not microwave
radiation workers.

Interlock - A device that prevents the activation of a given
mechanism or process unless certain precautionary
measures have been observed.

Leakage Radiation - Any unintended or accidental radiation
transmitted by a device outside its external surface.
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Limited Occupancy Area - An area within which the microwave
power density is greater than that specified in
Sections 2.1.1 and 2.2.1 but less than 25 mW/cm2 .

Microwave Radiation Worker - A person who is employed
to work with RF and/or microwave devices or in
RF and/or microwave fields and in the course of
work may be exposed to levels exceeding those
allowed for the general public (Section 2.5).

Modulated Wave (radiation) - When a continuous series
of waves of electromagnetic energy is modified
by pulsing, or by varying its amplitude, frequency
or phase, the waves are called, respectively,
pulse-, amplitude-, frequency-, or phase-modulated.

Occupancy Time - The time period (in minutes) that a Microwave
Radiation Worker is allowed to spend in a l imited
occupancy area in a one-hour period.

Occupational Exposure - Exposure to radiation of a person
in the course of his regular employment.

Owner - A person, organization or institution having t i t le
to administrative control over a given device emitting
RF and/or microwaves.

Power Density - Rate of flow of electromagnetic energy
per unit surface area, usually expressed in mW/cm2

or W/m2 .

Radiation - Flow of energy through space.

Radiation Survey - An evaluation of the actual or potential
(due to malfunction) radiation levels in any area,
specifically in the vicinity of RF and/or microwave
devices.

Responsible User - A person designated by the owner to
have immediate authority for the use and operation
of a given RF and/or microwave device.
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Safety Officer - A person who is appointed by the owner
to evaluate safety techniques and provide guidance
regarding RF and microwave radiation protection.

Shield - Any material or device that is capable of reducing
the energy transmitted into a given region relative
to the energy incident on i t .

Uncontrolled Area - Any area that is not under the supervision
of a Safety Officer.

X-Radiation - Electromagnetic radiation having a frequency
greater than 3 x 10
than 10 nm.

16 Hz, i.e., wavelength less
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