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Radiation Protection Series

The Radiation Protection Series is published by the Australian Radiation
Protection and Nuclear Safety Agency (ARPANSA) to promote practices which
protect human health and the environment from the possible harmful effects of
radiation. ARPANSA is assisted in this task by its Radiation Health and Safety
Advisory Council, which reviews the publication program for the Series and C}'
endorses documents for publication, and by its Radiation Health Committee, which
oversees the preparation of draft documents and recommends publication. There a

four categories of publication in the Series: . O

N\

Radiation Protection Standards set fundamental requirements for saf, They
are prescriptive in style and may be referenced by regulatory instrumegts in State,
Territory or Commonwealth jurisdictions. They may contain I@ rocedural
requirements regarded as essential for best international pra@ In radiation
protection, and fundamental quantitative requirements, such as q<p ure limits.

Codes of Practice are also prescriptive in style and_gway be referenced by
regulations or conditions of licence. They contain practic cific requirements that
must be satisfied to ensure an acceptable level of y in dealings involving
exposure to radiation. Requirements are expressed i &) ust’ statements.

Recommendations provide guidance on f&d mental principles for radiation
protection. They are written in an explanator@nd non-regulatory style and describe
the basic concepts and objectives of bes§\ ernational practice. Where there are
related Radiation Protection Stand and Codes of Practice, they are based
on the fundamental principles in the mmendations.

Safety Guides provide practic@cific guidance on achieving the requirements set
out in Radiation Protectigr.Standards and Codes of Practice. They are non-
prescriptive in style, but recommend good practices. Guidance is expressed in
‘should’ statements, i Ing that the measures recommended, or equivalent
alternatives, are nor necessary in order to comply with the requirements of the
Radiation Prot Qo Standards and Codes of Practice.

In many case?‘ror practical convenience, prescriptive and guidance documents
which are re.%’:ed to each other may be published together. A Code of Practice and
a correg?@ii g Safety Guide may be published within a single set of covers.

All lications in the Radiation Protection Series are informed by public

c ent during drafting, and Radiation Protection Standards and Codes of

(@ractice, which may serve a regulatory function, are subject to a process of

@»'regulatory review. Further information on these consultation processes may be
Q‘ obtained by contacting ARPANSA.
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Foreword

This Radiation Protection Standard (hereafter referred to as ‘the Standard’) sets
limits for human exposure to radiofrequency (RF) fields in the frequency range 3 kHz
to 300 GHz. The Standard includes:

e mandatory basic restrictions for both occupational and general public c}'

exposure involving all or part of the human body;
e indicative reference levels for measurable quantities derived from the bai(x

restrictions; . O
e approaches for verification of compliance with the Standard; "\
e requirements for management of risk in occupational exposure am@@sures

for protection of the general public.

The rationale for the derivation of the basic restrictions and the s§és\iated reference
levels is provided in Schedule 1. o

The document goes well beyond simply being a technic
group of the Radiation Health Committee that drafted t
amount of work into reviewing the scientific litera . Annexes to the Standard
include a summary of the review of epidemiologigéPsStudies of exposure to RF and
human health and research into bio-effects at | evels of exposure.

andard. The working
cument put an immense

As described in the rationale, the basic rmg'ons have been derived by examining
the RF exposures that cause establishe% Ith effects. There is currently a level of
concern about RF exposure, which i ully alleviated by existing scientific data. It
is true that data regarding biological(ejtects, at levels below the limits specified in the
Standard, are incomplete and ing&%stent. The health implications for these data are
not known and such data goul® not be used for setting the levels of the basic
restrictions in the Standar%

Research is continuin?s\many countries into possible effects on health arising from
RF exposure. In re? ition of this, the Radiation Health Committee will continue to
monitor the res@_ f this research and, where necessary, issue amendments to this

document. ?\

An anne@he Standard discusses a public health precautionary approach to RF
fields. FRis‘is not a simple matter — there are costs involved in adopting precautions
and science does not at all establish even indicative parameters on which a

ard, nevertheless, states the principle of minimising, as appropriate,

\ég?ﬂionary approach might be based. In relation to the general public, the
d

Q‘Q

diofrequency exposure which is unnecessary or incidental to achievement of
service objectives or process requirements, provided this can be readily achieved at
reasonable expense. Any such precautionary measures should follow good
engineering practice and relevant codes of practice. The incorporation of arbitrary
additional safety factors beyond the exposure limits of the Standard is not supported.

Whilst public concern about human exposure to RF fields has focussed on mobile
phones and their base stations, it is important to stress that the Standard applies
across the RF spectrum and to the full range of activities that use RF fields. The



drafting of the Standard needed to bear in mind the sophisticated and complex
applications of RF in telecommunications and broadcasting through to small
businesses using RF welders that may in fact be much less amenable to proper
control.

The Standard has been specifically devised to protect everybody, including children.

The Standard was developed by a working group of the Radiation Health Committee.
The starting point for their deliberations was a draft document initially prepared by
the TE/7 committee of Standards Australia. As with the TE/7 draft, the limi
specified in the Standard are based on the published 1998 Guidelines (the
International Commission on Non-lonizing Radiation Protection (ICNIRP). (b,

It is recognised that the Standard does not operate in isolation fr the legal
framework within Australia. Relevant Australian occupational, heabtts/safety, and
environment laws provide obligation on employers, a designers,
manufacturers and suppliers of plant or equipment, to ensure té{their activities, or
their plant and equipment, do not represent a risk to the heal#d and safety of their
&ect, such laws require

y

and health impact of

employees or third parties who maybe affected by them. |
relevant parties to continually assess and improve th
their activities. %)

On 12 April 2002 the Radiation Health and Safe%ﬁ%isory Council advised me that I
might consider adopting the Standard, following approval of draft Standard by the
Radiation Health Committee on 20 Marckgs&z Accordingly, I adopt this Standard
and commend the Standard to relevant ralian authorities and regulatory bodies
for adoption through their legal proceS@

\\}(\

John Loy
CEO of ARPANSA ?\

7 May 2002 Q
&
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1. Introduction

1.1 CITATION

This Standard may be cited as the Radiation Protection Standard for

Maximum Exposure Levels to Radiofrequency Fields — 3 kHz to 300 GHz X_
(2002). ?S)
1.2 BACKGROUND OQ

Prior to the release of this Standard, Australian Standard AS 2772 (8\'
‘Maximum exposure levels — Radiofrequency Radiation — 300 kHz to 300((\
GHZ' and its successors (Standards Australia 1985, 1990; Standaéq
Australia/Standards New Zealand 1998) has provided the basi r
standards and practices to limit general public and occupational, € ure

to radiofrequency (RF) radiation hazards. Over this time the&gndards
Australia committee responsible for the maintenance of AS_2 (TE/T)
made several attempts to update the standard to take acc of current
scientific findings and compliance verification techniq @ n early 1998
Standards Australia and Standards New Zealand p, hed an interim
Standard, AS/NZS 2772.1(Int): 1998 (Standards A ia/Standards New
Zealand 1998). The interim Standard had an% iry date set for March
1999. By April 1999 the Australian members of the committee had failed to
achieve agreement on a new Australian St@j and the interim standard
lapsed. Standards Australia subseque abandoned the project to
develop a new Standard. <

New Zealand members of TE/7 asr(iéved consensus on the final TE/7 draft
and Standards New Zealan ubsequently published a Standard
(Standards New Zealand hich is based on the ICNIRP Guidelines

(ICNIRP 1998). %

In order to safe community health, both ARPANSA and the
Australian Co ications Authority (ACA) have regulations to limit
human expos radiofrequency fields (these were based on the expired
Interim Standa¥rd). In order to maintain a robust regulatory framework
within A«g lia, ARPANSA and ACA jointly concluded that a new
Standa o limit human exposure to radiofrequency radiation was
requi€2g; that the new Standard would be based upon health criteria; and
t%@RPANSA should develop the Standard.

%2 working group was established under the auspices of ARPANSA'’s

Q~ Radiation Health Committee (RHC) to draft a set of maximum exposure
levels for radiofrequency fields in the frequency range 3 kHz to 300 GHz.
In choosing the members of the working group, ARPANSA consulted
widely with a range of relevant groups to achieve a spread of relevant
interests and expertise. The working group included expertise on
electromagnetic radiation bio-effects, dosimetry and measurement
techniques, medical expertise on epidemiology and occupational health
and safety aspects, and knowledge of technical standards. Community and
union representation was also included.



Further it was recognised that a complementary code of practice would be
needed for the telecommunications industry and that this is to be
developed by the Australian Communications Industry Forum (ACIF).
Additional codes of practice will be developed as required for relevant
areas.

The final draft of TE/7 was used as a starting point in the development of
this Standard. ARPANSA wishes to acknowledge the significant work of
TE/7 committee and the assistance of Standards Australia for making the
final draft of the TE/7 committee available to the working group. OQ

\§

1.3 PURPOSE

This Standard specifies limits of human exposure to radig r cy (RF)
fields in the frequency range 3 kHz to 300 GHz, to preveé‘ erse health
effects. These limits are defined in terms of basic restgicidns for exposure
of all or a part of the human body. Relevant derlvegieference levels are
also provided as a practical means of showing$ nce with the basic

restrictions. In particular, this Standard specifie following:

(a) Basic restrictions for occupational &sure with corresponding
derived reference levels as a funcU{@ requency.

(b) Basic restrictions for genera lic exposure, with corresponding
derived reference levels as tion of frequency.

(c) Equipment and usa \parameters in order to assist in the
determination of cor&nce with this Standard.

The limits specified imhﬂls Standard are intended to be used as a basis for
planning work ures, designing protective facilities, the assessment
of the efficac % rotective measures and practices, and guidance on
health surv, ’%e

$~
1.4 éPE
ny age or health status) may be exposed to RF fields and whenever
ployees may be exposed in the course of their work.

TEis tandard is applicable wherever the general public (including persons

O

This Standard is applicable to continuous wave (CW), pulsed and
modulated electromagnetic fields at single or multiple frequencies within
the range 3 kHz to 300 GHz.

This Standard applies where RF fields are produced or radiated, either
deliberately or incidentally, by the operation of equipment or devices. It is
the responsibility of the manufacturer/supplier, installer,
employer/service provider and user to ensure that all devices and
installations are operated in such a way as to achieve compliance with the
requirements of this Standard.

o
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This Standard does not apply where patients are exposed to RF fields
during medical exposure (see Glossary), but does apply to persons
operating the radiating equipment and others who are in the vicinity
during the procedure.

This Standard does not apply to other potential hazards of RF fields such
as the ignition of explosives or flammable gases, or to interference to
electronic equipment which are the province of other Standards.

The limits specified in this Standard represent acceptable levels of RF
absorption in the body. Under routine occupational tasks, compliance with
the limits will eliminate the possibility of RF burns or shock. However, for
certain occupational tasks, that may involve a possibility of accidental
exposure to higher levels, specific additional precautions against RF bur
or shock may be required (see Section 5). 5\

1.5 STRUCTURE \\Q
O

This Standard is structured as follows: O®
Section 1 provides introductory and background mate@h‘or the Standard.

<
Section 2 specifies the basic restrictions and reQ%nce levels for different
parts of the radiofrequency spectrum. %)

Section 3 describes how to handle si ?ﬁ\eous exposure to multiple
frequency fields. Q)

Section 4 also sets out the proc @fes to be followed for verification of
compliance with the basic resthietions and reference levels. Clause 4.4
permits ‘type-testing of &ources or RF site evaluation’ for RF
installations in order demonstrate compliance without actual
measurement of each rce or site. In recognition that certain classes of
low-powered devic e Incapable of producing exposures in excess of the
basic restrictio edule 5 specifies particular parameters for specific
mobile or por transmitting equipment, that will ensure compliance
with the bas.{I'c estrictions of this Standard without the need for further

measure
Secti@g specifies appropriate risk management practice in relation to

considerations for occupational selection and use of personal
tective equipment.

batfoccupational and general public exposure. Section 5 provides some
éo
<

Schedules to the Standard form an integral part of the Standard.
Schedule 1 provides the rationale for the basic restrictions and reference
levels adopted in the Standard. It covers in detail the consideration given
to different aspects of the scientific literature by the working group in the
drafting process, and provides an update in a number of areas on
information included in previous Standards and Guidelines. Schedules 2
and 3 provide look-up tables of reference levels.

o
?\
&
3\
&



Annexes 1, 2 and 5 provide information on technical matters relating to
quantities and units, coupling mechanisms and field measurement of
radiofrequency exposure levels. Annexes 3 and 4 provide updated reviews
of research on epidemiological studies and bio-effects at low levels of
exposure. Annex 6 provides information on public health cautionary
approaches. Annex 7 provides information on medical placement
assessment of persons occupationally exposed to RF fields. Annex 8
provides contact information for relevant radiation protection and

regulatory authorities. Annex 9 provides a list of radiation protection ?'

series publications. OQ

Terms used in the Standard are defined in the Glossary. (5,\'
&

1.6 INTERPRETATION 5\0

In interpreting the provisions of the Standard, th %0 ds ‘must’ and
‘should’ have particular meanings. The presence the word ‘must’
indicates that the requirement to which it refets is mandatory. The

presence of the word ‘should’ indicates a re endation - that is, a
requirement that is to be applied as far as is ticable in the interests of
reducing risk. %)

<

Schedules to the Standard form an intggral part of the Standard.

2

Annexes to the Standard pr%@e information supplementary to the
requirements embodied in tandard. Annexes provide material that
will help in interpretatio the Standard, and background information
relevant to the develop of the Standard.

X



2. Basic restrictions and reference levels
for exposure to RF fields between
3 kHz and 300 GHz

2.1 APPLICATION
O

This Section specifies limits of exposure for both ‘occupational’ and ?“
‘general public’ groups. These groups are distinguished by their potential

level of exposure and are defined by the degree of control and the level of \}O
training they have, as distinct from whether or not an exposure is likely to (b,

occur in the workplace (see Section 5). &

Occupational exposure (see Glossary) is permitted only after thorou

analysis has been performed and the appropriate risk manage and

control regimes are in force (see Section 5). General public expoé‘(e Is less

controlled and in many cases members of the general public.are’unaware
of their exposure to RF fields. Moreover, individual ers of the
general public may be continually exposed and can reasonably be
expected to take precautions to minimise or avgqigi~exposure. These
considerations underlie the application of m tringent exposure
restrictions for the general public than for tIQ cupationally exposed
population.
%

N

2.2 BASIC RESTRICTIONS AND REEERENCE LEVELS

Mandatory limits on exposure t@lds are based on established health
effects and are termed ‘basic restrictions’. Protection against established

adverse health effects re that these basic restrictions are not
exceeded. Depending on ency, the physical quantities used to specify
the basic restriction current density (J), specific absorption rate
(SAR), specific abs (SA) and power flux density (S).

However, the Qa'hdatory basic restrictions are specified as quantities
that are oftey’ impractical to measure. Therefore, reference levels
(unpertummbient electric and magnetic fields, induced limb currents
and coqt urrents), utilising quantities that are more practical to
meas re provided as an alternative means of showing compliance with
the datory basic restrictions. Provided that all basic restrictions are
n@r-and adverse effects can be excluded, the reference levels may be
\t@!ceeded. The reference levels have been conservatively formulated such
@ 'that compliance with the reference levels given in these guidelines will
Q‘ ensure compliance with the basic restrictions. The relationship between
basic restrictions and corresponding reference levels is shown in Table 1.



TABLE 1

RELATIONSHIP BETWEEN
BASIC RESTRICTIONS AND REFERENCE LEVELS

Basic restriction

Corresponding reference levels

Instantaneous spatial peak rms current
density (3 kHz-10 MHz)

Instantaneous rms E and/or H (3 kHz - 10
MHZz) and instantaneous contact currents
(3 kHz - 10 MHZz)

Whole body average SAR (100 kHz - 6 GHz)

Time averaged rms E and/or H (100 kHe\

Spatial peak SAR in limbs (100 kHz —
6 GHz)

6 GHz)
'Qﬁz_

nts for the
) and contact
Hz)

Time averaged rms E and/or H

6 GHz) and/or induced limb
legs and arms (10 MHz-1
point currents (100 kHz

Spatial peak SAR in head & torso
(100 kHz - 6 GHz)

Time averaged rms or H

(100 kHz - 6 GI—F\

flux density (6 GHz—300 GHz)

Spatial peak SA in the head Instantaneous s E and/or H or equivalent
(300 MHz - 6 GHz) power fluxg\ ity (300 MHz - 6 GHz)

Instantaneous spatial peak SAR in head & Instanta@!ﬂs rms E and/or H or equivalent

torso (10 MHz - 6 GHz) power@ density (10 MHz - 6 GHz)

Time averaged and instantaneous power ;Ti veraged and instantaneous rms E

\(n /or H (6 GHz - 300 GHz)

NOTE: The ‘and/or’ implies that the eith

th quantities or individual quantities can be

measured to show complian@lth the basic restrictions, depending on the

circumstances of exposure. K

2.3 BASICRESTRIC bl\ls

The basic restrlct onQor whole-body average SAR, spatial peak SAR,

spatial peak i

peak rms density, time

ntaneous spatial peak SAR, instantaneous spatial

averaged power flux density and

|nstantane($~ wer flux density are specified in Tables 2, 3, 4, 5 and 6.

Differ
vari

S

requency ranges, i.e.

rlterla were used in the development of basic restrictions for

In the frequency range between 3 kHz and 10 MHz, basic restrictions
are provided on instantaneous spatial peak rms current density to
prevent electrostimulation of excitable tissue. Electrostimulatory

effects can be induced over short time periods and consequently
instantaneous rms limits are applied (see Table 5).

(b)

In the frequency range between 100 kHz and 6 GHz,

basic

restrictions on whole body average SAR are provided to prevent
whole-body heat stress. Basic restrictions on spatial peak SAR, in the
head and torso and in the limbs, are intended to prevent excessive
localised temperature rise in tissue. Due to thermal inertia of tissue, a
six minute averaging time is appropriate for time averaged SAR

measurements (see Table 2).



In the frequency range between 100 kHz and 6 GHz range,
restrictions are provided on both current density and SAR where
both quantities are relevant to this frequency range (see Tables 5 and
Table 2).

(©)

(d) For pulse modulated exposures in the frequency range between
300 MHz and 6 GHz, basic restrictions are provided on specific
absorption (SA) per pulse for localised exposures to the head. This
restriction is applied in order to limit or avoid annoying or startling
auditory effects (i.e. microwave hearing effect) caused by a
thermoelastic mechanism associated with rapid heating in the head

(see Table 3).

o
?\
&
3\
@

In the frequency range between 10 MHz and 6 GHz, basic restricti ((\
are provided on instantaneous spatial peak SAR to protect a t

(e)

effects associated with extremely high level pulsed fi see
Table 4). §
() In the frequency range above 6 GHz and up to GHz, basic

time averaged
eating in tissue at
ects associated with

restrictions are provided on both instantaneous
incident power flux density to prevent excessi
or near the body surface and to protect agai
extremely high level pulsed fields (see Table{).

\\'QQ)

S
BASIC REST;@QTIONS FOR

WHOLE BODY AVERAG 2 AND SPATIAL PEAK SAR

TABLE 2

Q~

NI
Exposure Frequency 7 Vﬁole-body Spatial peak Spatial peak
category range ‘gverage SAR | SAR in the head | SAR in limbs
(W/kg) & torso (W/kg) (W/kg)
Occupational 100 6\3Hz 0.4 10 20
General public M—G GHz 0.08 2 4
NOTES: X

1 Fom@)
0

re level should be averaged over any six minute period.

2 é}‘ﬁ‘ole body average SAR is determined by dividing the total power absorbed in
e body by the total mass of the body.

cube.

arison with the limits in Table 2, the measured or calculated SAR

3(0 Spatial peak SAR averaging mass is any 10 g of contiguous tissue in the shape of a

&
%




TABLE 3

BASIC RESTRICTION FOR SPATIAL PEAK SA APPLICABLE
TO PULSED OR AMPLITUDE MODULATED EXPOSURE

Exposure category

Freguency range

Spatial peak SA in the head
within any 50 pus interval

General public

(mJ/KQg)
Occupational 300 MHz—6 GHz 10 {
300 MHz—6 GHz 2

NOTE: Spatial peak specific absorption (SA) is determined by evaluating the tota]* y
delivered to any 10 g of contiguous tissue in the shape of a cube tissue wi

50 ps period.

TABLE 4

it any

<

\
O

S

BASIC RESTRICTION FOR INSTANTANEO[KéﬁPATIAL PEAK

SAR APPLICABLE TO PULSED OR §

LITUDE

MODULATED EXPOSA

()Tnstantaneous spatial

General public

Exposure category | Frequency range_ peak SAR
4 (Q)in the head and torso (W/kg)
Occupational 10 MHz—6 G|$( N 10 000
10 MH{—,Q@Z 2000

NOTE: Instantaneous spatial pea g&h is determined by evaluating the total energy

delivered to any 10 g of cg,

iguous tissue in the shape of a cube tissue within any
that it is generally not practical to measure RF fields

1 ps period. It is recog
over such a short a ng time and that an estimate can be obtained through
knowledge of the @ oral characteristics of each specific source.

X



TABLE 5

BASIC RESTRICTIONS FOR INSTANTANEOUS SPATIAL
PEAK RMS CURRENT DENSITY IN THE HEAD AND TORSO

Exposure category | Frequency range | Current density in the head

and torso (MA/m2rms)

Occupational 3 kHz —10 MHz 10 xf
General public 3 kHz —10 MHz 2xf

NOTES:

1 fis the frequency in kHz.

2 Because of the electrical inhomogeneity of the body, current densities must be
averaged over a circular cross-section of 1 cm2 perpendicular to the curre
direction. s\o

3 For pulsed magnetic field exposures spanning frequencies up to 1Q0 , the

maximum rate of change of magnetic flux density using Far 's law of
induction. For comparison with the limit in Table 5, thg&;@mum current

maximum current density associated with the pulses can be calculai from the

density so obtained should be divided by a factor of V. frequency of
f=1/(2000 x t, ), where t, is the duration of the pulse cyc h that 1/(2000 x
tp) corresponds to the second harmonic of the pulses. atively, for periodic
pulses the rms spectral content (where the rms aver time is 2/(2000 x f)
seconds) of the current densities induced by agnetic pulses may be
determined and aggregated according to Section 3{for comparison with the basic
restrictions. @

N
&\,

N\

TABLE 6
BASIC RESTRICTIO R TIME AVERAGED AND
INSTANTANEOUS I ENT POWER FLUX DENSITY
Exposure Freque @\?' Timef?vetc’jageq Instantar;leous
category ra power flux density power flux
. (W/m=2) density (W/m?2)
Occupational 691’2%0 GHz 50 50 000
General public ‘2—300 GHz 10 10 000

\
VC)
N\
Q

NOTES:

1

N
Q~

Power uxEdensities may be averaged over an area no larger than that described
in 2.7 (c) and (d).

ﬁ maximum spatial peak time averaged power flux density, spatially averaged

% ver 1 cm2, must not exceed 20 times the time averaged values indicated above.

For determination of time averaged values at frequencies below 10 GHz, an
averaging time of six minutes applies and for frequencies above 10 GHz an
averaging time of 68/f 105 minutes (where f is the frequency in GHz) must
be used. This approach compensates for progressively shorter penetration depth
as the frequency increases.

Instantaneous power flux density is calculated over any 1 ps period. It is
recognised that it is generally not practical to measure RF fields over such a short
averaging time and that an estimate can be obtained through knowledge of the
temporal characteristics of each specific source.



2.4 REFERENCE LEVELS

Table 7 specifies the reference levels for time averaged exposure to
ambient electric (E) and magnetic (H) fields. Table 8 specifies the
corresponding reference levels for instantaneous field exposure. These
reference levels are illustrated in Figures 1 and 2 and look-up tables are
provided in Schedules 2 and 3. Schedule 4 provides further information on L
equivalent power flux density. ?S)

The E and H reference levels have been derived from the basic restricti
by mathematical modelling and laboratory investigations. They are, n
for the condition of maximum coupling of the field to the sed

individual for all circumstances, and therefore are gféﬁ& more

conservative than the corresponding basic restrictions. An nt public
information resource for RF dosimetry is available frorrf;& llowing US
Air Force web site: www.brooks.af.mil/AFRL/HED/hed imetry.html

A3

For the purposes of demonstrating compliance wi @e basic restrictions,
the reference levels for the electric and m@%&tic fields should be
considered separately and not additively. T i35 because, for protection
purposes, the currents induced by electri® d magnetic fields are not

additive.
@)

At frequencies below 10 MHz g derived magnetic field strength
instantaneous reference levels a&é&igned to satisfy the basic restrictions
on instantaneous spatial peak*ns current density (J). H is not a good
surrogate for J and as a restlt the corresponding reference levels have
been very conservatively ulated to ensure compliance with the basic
restrictions on instan us spatial peak rms current density. A more
appropriate referenceNgvel for J is dB/dt, the rate of change of magnetic
flux density, th ere is presently a paucity of hazard field meters to
read this metriCZPlowever if dB/dt can be obtained then it is possible to
calculate a stimate of the instantaneous spatial peak current density
in the bc@%/‘liaraday’s law of induction (Bleaney & Bleaney 1991):

& §LE-dI=—ISi—?-dS 1)

6\9)r exposure of a homogeneous tissue sample to a uniform magnetic flux

density (B), the maximum current will flow in a circular path at the outer
radius R of a tissue plane normal to the applied magnetic flux. In such
circumstances, the current density is given by:

dB
—1,R="
J—zoRdt (2)

where o is the conductivity of the tissue medium and J is the
instantaneous (not rms) current density.



The instantaneous electric field strength reference levels below 10 MHz,
are formulated to protect against receiving a contact shock from a large
ungrounded conductive object that has been passively charged by the
exposure field. At frequencies below 100 kHz, the possibility of this hazard
is substantially mitigated if there are no conductive charged objects in the
exposure area, in which case the instantaneous occupational E field
reference level may by increased by a factor of 2.

At frequencies above 10 MHz, the derived electric and magnetic field
reference levels were obtained from the whole-body SAR basic restriction
using computational and experimental data. The energy coupling between

a human body and an incident field reaches a maximum between 20 MHz (b,

and several hundred MHz. In this frequency range, the derived reference@
levels have minimum values. The derived magnetic field strengths w
calculated from the electric field strengths by using the far
relationship between E and H (E/H = 376.7 ohms = 377 ohmg)} the
near-field, the SAR frequency dependence curves are no Io&r valid;
moreover, the contributions of the electric and magnetic field cesponents
have to be considered separately. For a conservative %Wmate, field
exposure levels can be used for near-field assessment si@ e coupling of
energy from the electric or magnetic field contributi nnot exceed the
SAR restrictions. For a more accurate assessment, b&restrictions on the
whole-body average and local SAR should be USQK

v
S
&



TABLE 7

REFERENCE LEVELS FOR TIME AVERAGED EXPOSURE TO

RMS ELECTRIC AND MAGNETIC FIELDS
(UNPERTURBED FIELDS)

Exposure Frequency E-field H-field Equivalent plane
category range strength strength wave power flux
V/mrms) | (A/mrms) density Seq
(W/m2) (\
Occupational 100 kHz — 1 MHz 614 1.63/f — ,“\0
N
IMHz—10MHz | 614/f 163/ 1000 /2 @ note 5)
)
10 MHz—400MHz | 614 0.163 10,({\(see note 5)
400 MHz — 2 GHz 3.07x705 | 0.00814x705 | f4@0)"
&
2 GHz —300 GHz 137 0.364 \QSO
¢S
RN
General public | 100 kHz — 150 kHz 86.8 4.86AV —
150 kHz — 1 MHz 86.8 ‘0. —
1 MHz — 10 MHz 86.8/f05 ’\/f —
10 MHz — 400 MHz 274 \ 0.0729 2 (seenote 6)
(&
400 MHz — 2 GHz 1.370& 0.00364 xf05 | /200
N

1

2GHz—300GHz | 6l 0.163 10
NOTES: \‘{s

N
O

fis the frequency in MHQ

For frequencies bet@oo kHz and 10 GHz, Seq, E2 and H2 must be averaged
over any 6 minute@' d

9.6 x 104 minute period (see note 1).

For fre@i exceeding 10 GHz, Seq, E2 and H2 must be averaged over any

Spaval averaging of the time averaged reference levels of Table 7 should be

Q‘ rmed according to the requirements of clause 2.7.

For occupational exposure, E and H reference levels of Table 7 are given in plane
wave ratio at frequencies greater than or equal to 1 MHz. However, for many
occupational exposure situations, equivalent plane wave power flux density is not
an appropriate metric if ‘far-field’ exposure conditions do not apply. Survey
meters may be calibrated in terms of W/m2, but both E and H will generally
require independent measurement and evaluation if measured in the near-field.

For general public exposure E and H reference levels of Table 7 are given in plane
wave ratio at frequencies greater than or equal to 10 MHz. However, equivalent
plane wave power flux density is not an appropriate metric if ‘far-field’ exposure
conditions do not apply. Survey meters may be calibrated in terms of W/m2, but
both E and H will generally require independent measurement and evaluation if
measured in the near-field.



TABLE 8

REFERENCE LEVELS FOR EXPOSURE TO INSTANTANEOUS
RMS ELECTRIC AND MAGNETIC FIELDS
(UNPERTURBED FIELDS)

Exposure Frequency E-field H-field Equivalent plane
category range strength strength wave power flux
V/mrms) | (A/mrms) density Seq
(W/m2)
Occupational | 3 Khz—65 kHz 614 25.0 —
65 kHz — 100 kHz 614 1.63/f —
100 kHz — 1 MHz 3452 x f075 9.16 / f05 — (’
N
1IMHz — 10 MHz 3452 / 025 9.16 /025 | (109/f)05 5\0
(see note 4) \<\
)
10 MHz—400 MHz | 1941 5.15 10 000 qu})te 4)
hJ
400 MHz — 2 GHz 97 xf05 0.258 x f 05 25 ><f O
2 GHz — 300 GHz 4340 11.5 5@0}
General 3 kHz — 100 kHz 86.8 Q& —
public L
100 kHz — 150 kHz 488 x f0.75 4.& » —
150 kHz — 1 MHz 488 x {075 Gr /o |
P .
1 MHz — 10 MHz 488 x 025 \3.47”0-178 —
10 MHz — 400 MHz 868 ol 2.30 2000 (see note 5)
«§ ']
N4
400 MHz — 2 GHz 43467 0.115x {05 5xf
\\
2 GHz - 300 GHz 1{4& 5.15 10 000
g

NOTES:

1 fis the frequency in @E

F;occupational exposure to frequencies below 100 kHz, and

s from contact with passively or actively energised conductive
Iuded such that Table 9 would not apply (refer Note 3 Table 9),
ic field strength can be increased by a factor of 2.

For the specific ¢
where adverse
objects can

the derlv%
The E navH reference levels in Table 8 are instantaneous rms values and for
of compliance determination, measurements are to be rms averaged

ms averaged over any 100 ps period or, below 10 kHz, at least one single cycle

ﬁy 1 us period. However, at frequencies below 100 kHz, measurements may
Q;fé

.
‘90

the carrier frequency.

For occupational exposure, E and H reference levels of Table 8 are given in plane
wave ratio at frequencies greater than or equal to 1 MHz. However, for many
occupational exposure situations, equivalent plane wave power flux density is not
an appropriate metric if ‘far-field’ exposure conditions do not apply. Survey
meters may be calibrated in terms of W/mz2, but both E and H will generally
require independent measurement and evaluation if measured in the near-field.

For general public exposure E and H reference levels of Table 8 are given in plane
wave ratio at frequencies greater than or equal to 10 MHz. However, equivalent
plane wave power flux density is not an appropriate metric if ‘far-field’ exposure
conditions do not apply. Survey meters may be calibrated in terms of W/m?2, but
both E and H will generally require independent measurement and evaluation if
measured in the near-field.
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2.5 REFERENCE LEVELS FOR CONTACT CURRENTS

For frequencies up to 110MHz, reference levels for point contact current

are given in Table 9. Above these levels caution must be exercised to avoid

shock and burn hazards arising from high spatial peak current densities

during point contact with energised or passively charged conductive

objects. For further information, refer American National Standards L
Institute C 95.3 Standard (ANSI 1991). ?S)

TABLE 9
)

REFERENCE LEVELS FOR INSTANTANEOUS RMS

N\

CONTACT CURRENTS FROM POINT CONTACT WITH @Q

CONDUCTIVE OBJECTS
Exposure category Frequency range Maximum cor}tét@-
current (MArms)
Occupational 3 kHz—100 kHz 0.4 x O‘
100 kHz —110 MHz ‘(Q
General public 3 kHz—100 kHz P\Q‘Z x f
\

100 kHz —110 MHz # 20
NOTES: *\

<

1 fis the frequency in kHz. @

2 For frequencies greater than or equal to l&%—lz, instantaneous contact currents
must be rms averaged over any 1 ug eriod. However, at frequencies below

100 kHz, measurements must be r raged over any 100 ps period or, below
10 kHz, over at least one single cy the carrier frequency.

3 The reference levels of Table 9\39 applicable only where there is a possibility of
point contact with passi eYsr actively energised conductive objects such that

significant instantaneg atial peak current densities are likely (e.g. where
current is drawn thr@ finger rather than induced in an arm).

2.6 REFERENGQ_EVELS FOR LIMB CURRENTS

For the frequ&range 10 MHz-110 MHz, reference levels for time
averaged rmg limb currents are provided in Table 10, to ensure compliance
with the estrictions for spatial peak SAR in the limbs (see Table 2).

TABQEEO

(b REFERENCE LEVELS FOR TIME AVERAGED

Q}Q RMS CURRENT INDUCED IN ANY LIMB
Q - Exposure category Frequency range rms Current (mA rms)
Occupational 10 MHz — 110 MHz 100
General public 10 MHz — 110 MHz 45

NOTE: For compliance with the basic restriction on spatial peak SAR in limbs, induced
limb current measurements are to be rms averaged over any 6-minute period.



2.7 SPATIAL AVERAGING OF E AND H FIELDS

The E and H reference levels given in Table 7 and Table 8 are
unnecessarily conservative if applied as spatial peak limits. Consequently,
time averaged E2 and H2 measurements may be spatially averaged
provided that the basic restrictions on spatial peak SAR and instantaneous
spatial peak rms current density are not exceeded (see clause 2.3). The
implementation of an appropriate spatial averaging scheme is not a simple
matter to determine. There are many technical issues that should be
considered including: nature of the source (primary or scattered fields),
proximity to the sources, dimensions of exposed body parts relativ e
wavelength, and the number of sampling points.

Although different methods may be employed, the fo{@ﬁspaﬁal

averaging methods are recommended.
N
O

(a) For frequencies below 100 MHz:

Calculate the spatial average for a standin
single measurements at the head, c
determining compliance of a seated
device (e.g. a RF plastic welding mawiiine), measurements should be
averaged over the head, chest a%‘groin only. The spatially averaged
values so obtained should be_compared to the field limits shown in
Table 7 and Table 8. N the individual field strength spot
measurements are allow %exceed these limits by a factor of V20
(a factor of V20 for f'e@ trength [E or H] or a factor of 20 for S, E2
or H?). 6

son by averaging four
groin and knees. For
ator of a high power RF

\
Where a per n&ends their hands or feet into a higher field area, a
measure &'ﬁould be taken at the hands or feet. This measured
level sh@wot exceed the reference levels shown in Table 7 and
Table y a factor of V20 (as above) or more. Alternatively, limb
cu@ measurements may be compared to the limits of Table 10.

(b)§r~frequencies in the range 100 MHz to 1 GHz

G‘Q* Conduct scanning measurements over the body and locate the spatial

(b%@
<&
)

Q~

peak level. Make three measurements in a vertical line separated by
the distance indicated in Table 11 and centred at the location of the
spatial peak level. Average the three measurements and compare to
the reference levels shown in Table 7 and Table 8.

(c) For frequencies above 1 GHz up to 10 GHz

Conduct scanning measurements over the body and locate the spatial
peak level. Make four measurements at the corners of a vertical
square with side lengths as indicated in Table 11 and centred at the
location of the spatial peak. Average the measurements (including
the value in the centre of the square) and compare to the field limits
shown in Table 7 and Table 8.

o



(d) For frequencies above 10 GHz

Conduct scanning measurements over the body and locate the spatial
peak level. Average the E or H measured levels over a square of
20 cm? centred at this location. Spatial maximum E or H averaged
over 1 cm?2 should not exceed V20 times the reference levels in
Table 7 and Table 8.

TABLE 11
SPATIAL AVERAGING DIMENSION

Frequency range Distance d @
(cm) 5\0‘
100 MHz — 10 GHz 30258 (f—0.1) Q
10 GHz — 300 GHz 45 5\\
NOTE: fis the frequency in GHz. @



3. Simultaneous exposure to multiple
frequency fields

3.1 GENERAL PRINCIPLES

In situations of simultaneous exposure to fields of different frequencies X
and depending upon the nature of exposure and the distribution of RF?S)
absorption within the body, the combined effects of exposure to multip
frequency exposure sources may be additive. It is therefore importanj@&

such exposures are evaluated appropriately for compliance Wiﬂ% is
Standard. Appropriate consideration must be given to all reley, @ asic
restrictions (or reference levels) for whole body heating eff@nd for
each smaller region or part of the body that may be 53\0 Itaneously

affected. \Q

In general, electrostimulatory effects that may resﬁ\from exposure to
frequencies below 10 MHz are not considered to ditive with heating
effects produced by exposure to frequencies ag&i 100 kHz and may be
treated independently. 6

For evaluation of multiple frequency eg@sure to particular parts of the
body, the averaging mass or surface% chosen for analysis must match
the appropriate parameter specifie each basic restriction or reference

level. \\'Q

Although no specific for L@ion is given for the treatment of short RF
pulses, these must be é\%dered if high-energy RF pulses are likely to
occur smultaneouslyg

A simpler but rmggzonservative approach to the following methodology
would be to ige the sum of the multiple exposure levels by the most
stringent | r restriction within the relevant frequency range.
3.2?~€L~ECTROSTIMULATION

@ guard against electrostimulation using current density basic

6 strictions, the following condition must apply at any location in the head
Q and torso, at any instant in time:

10MHz |
i
2, 35t ©)
i:3kHZ Lrl
where
Ji = the instantaneous spatial peak rms current density
induced at frequency i.
Jui = the instantaneous spatial peak rms current density

restriction at frequency i as given in Table 5.



When applying the corresponding reference levels for peak spatial E and
H, and contact currents I, the following conditions must be observed at

the measurement location at any instant in time:

1o§4z E.
i=3kHz EL,i
and
10MHz H.
>y L«
j=3kHz " 'L, ] &
and QG\O
10MHz | 5\\
Z n_<1 @) (6)
n=3kHz "C,n @
a}O
where
Ei = the instantaneous peak rmsQe{ctric field strength at
frequency i
EL1 = the instantaneous rms el&@ field reference level from
Table 8 ,&
Hj = the instantaneous pe@k*rms magnetic field strength at
frequency j 6

Hrj = the instantaneg Qns magnetic field reference level from

Table 8.

In = the insta@us peak rms contact current component at

freque

Ilcn = the iﬁaneous rms reference level of contact current

at@ ency n (see Table 9).

3.3 LocAL BoDY HEATING

The sum‘@ocalised SARs induced at any point in the body from
combir% exposures between 100 kHz and 6 GHz must not exceed the

relevégit

asic restriction for head and torso, or the limbs.

@reference level measurements, the time averaged currents induced in a
Imb, and the instantaneous touch currents at a point of contact must

Q~ satisfy the following conditions:

110 MHz I 2
z K <1
k=10 MHz IL, k

(")



and

110 MHz I 2
Z n <1 (8)
n=100 kHz |c‘n
where
Ik = the time averaged rms limb current component at

frequency k
ILk = the time averaged rms reference level of limb currerb@
frequency k (see Table 10)

In = the six minute time averaged rms contac @rrent
component at frequency n (see note)

Ilcn = the instantaneous rms reference level for @ﬁct current
at frequency n (see Table 9). \(\

NOTE: Since equation 8 is used to assess the heﬁg effect of the contact
currents, a six minute averaging time to the measured rms
levels of equation 8. &E

a}O
3.4 WHOLE Boby HEATING

To guard against whole body heatlQ}ffects from combined frequency
exposures, the summed whole b verage (WBA) SAR and incident
power flux density must satisfy lowing condition:

zéARi 300GHz Si
2.

+ —<1 9
i Hz SAR L i>6 GHz SL ( )

where %?\

Q%P— the time averaged WBA SAR caused by exposure at

frequency i
Q‘SARL

the time averaged WBA SAR limit given in Table 2
?‘ Su the time averaged power flux density limit given in

* Table 6
‘Q Si = thetime averaged power flux density at frequency i.
@ NOTE: The second term in equation (9) may be replaced by equivalent WBA SAR terms
% arising from power flux density exposures above 6 GHz.
Q}Q If applying the corresponding E and H reference levels, then the following
Q~ conditions must apply:

36k (. 2
> (?J =1 (10)

i=100 kHz



and

300GHz [ H. )
> { ‘J <1 (11)

j=100 kHz HL,J

where

Ei = the time averaged rms electric field strength at
frequency i

ELi = the time averaged rms electric field reference level from
Table 7

Hj = the time averaged rms magnetic field strength at (b
frequency j

H.j; = the time averaged rms magnetic field reference level ré\
Table 7

O

3.5 ADDITIONAL REMARKS (‘)\

The conditional relationships 4, 5, 10 and 11 involve ref e levels and
they assume ‘worst case’ conditions among the fields the multiple
sources. As a result, typical exposure situations ma practice, require
less restrictive exposure levels than would otherwi e indicated by such
relationships.

<
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4. Verification of compliance with the
basic restrictions and reference levels

4.1 GENERAL

The mandatory basic restrictions in this Standard are specified through
quantities that are often difficult and, in many cases, impractical to
measure. Therefore, reference levels of exposure, which are simpler to

measure, are provided as an alternative means of showing compliance wiffn

conservatively formulated such that compliance with the referen vels
given in this Standard will ensure compliance with the basic res@ ons. If
measured exposures are higher than reference levels, 4§ does not
necessarily follow that the basic restrictions have been ded, but a
more detailed analysis is necessary to show compli r\ ith the basic
restrictions. ?\

the mandatory basic restrictions. The reference levels haves‘:@n

Unless indicated otherwise in Schedule 5 mpllance with the
requirements in Sections 2 and 3 must be ver& by direct measurements

or by evaluation. @
Measurements or evaluations to pro pliance with this Standard must
be made by an appropriately |ed and experienced person or

authority. Following such m‘& ments or evaluations, and where
exposure levels are not increasedy'the results will remain valid for a period

set by the testing authorit)éQ)

Verification of comp must be based on conditions leading to the
highest RF field emltted under normal operating conditions and
maximum exp uty factor. Further assessment must be made after

any modlflca@ at may increase the level of human exposure.

Measur ?{E or evaluations of occupational exposure must be made in
areas nably accessible to workers to ensure that the relevant basic
rest igtions of Section 2 are not exceeded. Where the field level is variable
myday to day and may exceed the occupational basic restrictions, a
surement or evaluation must be performed under those conditions
hich are expected to represent the most probable maximum exposures.
As necessary, additional protective measures described in Section 5 must
be implemented.

In areas that are reasonably accessible to the general public,
measurements or evaluations of exposure must be undertaken to ensure
compliance with the general public basic restrictions of Section 2.

o



4.2 TYPE TESTING/RF SITE EVALUATION

Type testing of RF sources or RF site evaluation may be used to
demonstrate compliance with Sections 2 and 3, provided that a minimum
of two similar sources or sites have been measured and the relevant levels
shown to be comparable within 3 dB of equivalent power flux density.

Type testing or RF site evaluation must not be used where the RF levels are
unpredictable e.g.

(@) Industrial RF heaters and plastic welders where the RF levels vary
depending on the weld die or the material to be welded.

(b) Antenna structures where the RF field pattern is likely t@\@

significantly influenced by the local ground plane conditions. \Q

4.3 RECORDS 6\

configuration must be kept and be available for inspecioa by competent
authorities (see Annex 8, which provides contact inf tion for relevant
radiation protection and regulatory authoriti K@} representatives of
employees. é

An up-to-date log of measurements or evaIuationL;@r the site

4.4 COMPLIANCE OF MOBILE ORyEORTABLE TRANSMITTING
EQUIPMENT (100 kHz TO 6§j§'z)

Mobile or portable transmitting @ment may be designed to be used
close to the body. This can ress@'n exposure of a small portion of the
user’s body and produces \fields with a highly non-uniform spatial
distribution. In such ci stances it is practicable to determine
compliance from a consggeration of equipment parameters and conditions
of use. Detailed ance provisions are given and discussed in
Schedule 5. The stons of Schedule 5 apply only to mobile or portable
transmitting ent that emits RF fields at frequencies between
100 kHz and 6 Z.

N
>

\
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5. Protection—occupational and general
public exposure

This section prescribes processes so as to ensure that:

(@) no occupationally exposed person, aware user oOr person in a X,
controlled area, is exposed to RF fields that exceed the occupational . )
exposure limits; and ? ~

(b) no member of the general public is exposed to RF fields in exg@)f
the general public limits.

The occupational exposure and general public limits are §\fled in
Section 2. Advice on assessment of RF exposure levels is in Annex 5.
Occupational exposure is only permitted under contro conditions. In
particular, a thorough risk analysis must be performe&nd an appropriate
risk management regimen implemented, prior tog(g osure occurring.

More stringent conditions are applied to th sure of members of the
general public. Individual members of t ublic may be continually
exposed and cannot reasonably be ed to take precautions to

minimise or avoid exposure. Indee %ome circumstances members of
the public may not be aware that th@ osure is occurring.

5.1 MANAGING RISK |n@§UPAT|ONAL EXPOSURE

The following people ensure that the hazards associated with
exposure to RF field managed: employers; owners and operators of
RF generating eqgu nt; people in control of workplaces; designers,
manufacturers @%&uppliers of RF generating equipment; self-employed
persons.

The per@ listed above are to ensure that the hazards associated with
expo RF fields and RF-generating plant are managed by a risk
ent process as listed below in 5.1.2.

1 Workplace Policy

The risk management process must be implemented and should be clearly
documented in a written workplace policy that expresses the commitment

(b'% of all parties. The policy should identify the risks, specify the procedures
\Q that must be implemented to control and manage them, and identify those
< responsible for that implementation.

Q~

5.1.2 Risk Management Process
The risk management process must include:

(a) Identification of the hazards. This step should include identification
of the primary RF source/s and also sources of re-radiation, where



currents are induced on conductive objects, and are potential sources
of shock and burns;

(b) Assessment of the risk. This step includes assessment of exposure
levels, comparison to the relevant limits and consideration of both
the likelihood and severity of the consequence(s) of the hazard;

(c) Choice of the most appropriate control measures to prevent or
minimise the level of risk. The control/s chosen must not cause other
hazards;

(d) Implementation of the chosen control measures. This step must

effectiveness of the control/s and training on the control measu
for workers potentially exposed to RF fields; Q‘\

(e) Monitoring and reviewing the effectiveness of the control&@asures.
The monitoring and review process must assess Whethsr chosen
e

include maintenance requirements to ensure the ongoig((\

controls have been implemented as planned, th he control
measures are effective and that the control §S)ires have not
introduced new hazards or worsened existing haé'&

5.1.3 Control Prioritization Q

Where there is potential for exposure ab(ixgé limits, the hazard should
be managed through application of the appropriate control priorities
as indicated below. The measures higher in the control priorities are
usually more effective than those er, and should be given greater
consideration accordingly. In ords priority, the Control Priorities are:

(@) Elimination of the ?’rd If this is not practical, exposure to the
risk should be prev or minimised by one or a combination of the
following contro ures;

(b) Substituti Qf a less hazardous (and more manageable) process or
less haza@g~ plant; and

(© Enqﬁring controls including redesign of equipment or work

processes and/or isolation of the hazard. Examples include: building

I ielding, fail-safe interlocks, earthing of large metallic objects,

ilt-in leakage detectors and alarms or utilising waveguides below
cut-off;

{3
%,

Q\(d) Introduction of administrative controls such as signage restricting
Q‘ access or defining exposure limit boundaries, safe work systems or
down-powering or outages. Administrative controls may be used in
combination with higher level controls;

(e) Use of appropriate personal protective equipment (PPE). All
users of PPE must be provided with the appropriate PPE and trained
and supervised in its use to ensure that they have a clear
understanding of its correct usage and limitations and they must use



it accordingly. In addition, the PPE must be maintained and replaced
as specified by the manufacturer to ensure it is kept in good condition
so that its effectiveness as a control is not compromised.

Leather work gloves generally provide good protection against
contact current shocks from passively charged and re-radiating
structures, but are not an adequate protective measure against
contact with high-power, live RF conductors.

Personal protective suits (PPS) are available to screen the user fro
high ambient field exposures. These garments are constructed, f,
conductive fabrics and can provide a substantial Farad

shielding effect, but only if the user is fully enclosed in theg

shielding effectiveness of such suits varies with fre cy, and
generally provides little protection below 10 MHz. T uits could
be used to enter areas above the field reference Iev@ only to the
extent that the shielding effectiveness of the suit prOvides adequate
protection against the basic restrictions. In ad n there should be
due consideration of any additional risks cr from using the suit.
For example, the enclosed nature of the may induce a thermal
load that could well exceed allowable eating. Furthermore the
limited visibility afforded by the hc&p the suit may also prove a
significant hazard when cIimbin&ta\ ructures.

5.1.4 Training and Supervis\i&@

RF workers must be trained ﬁ%ﬁfe work practices, and supervised when
appropriate. They must Q’) e trained about the controls in place to
manage the potential R ard. There must be appropriate procedures in
place to ensure that t@ fe systems of work are utilised.

5.1.5 Medic I%Y;ssment

There ?be procedures in place to ensure that persons who are
occup rgd(fa ly exposed above basic restrictions for the public who have
medicad Gevices susceptible to RF interference or metallic implants are not
p t%“risk by their exposure. It is advisable that persons who may be
pationally exposed to RF fields are subject to a placement assessment.

6 xample of an appropriate placement assessment is given in Annex 7.

%Q) 5.1.6 Notification of Competent Authorities

\@ The competent authority must be notified in the event of an exposure
75 exceeding the relevant limits. Annex 8 provides contact information for

Q ” relevant radiation protection and regulatory authorities.

5.1.7 Assessment of Reference Levels

Advice on measurement or calculation of exposures relevant to the
reference levels is given in Annex 5.



5.2 PREGNANCY

In order to reduce the risk of accidental exposure above
occupational limits a pregnant woman should not be exposed to levels of
RF fields above the |Ilimits of general public exposure.
Occupationally exposed women who are pregnant should advise their
employers when they become aware of their pregnancy. After such
notification, they must not be exposed to RF fields exceeding the general
public limits. Pregnancy should lead to implementation of relevant
personnel policies. These include, but are not limited to, reasonable
accommodation/adjustment (see Glossary) or temporary transfer to non-
RF work without loss of employment benefits. Additional guidance
may be found in the Pregnancy Guidelines produced by th
Human Rights & Equal Opportunity Commission (HREOC 200

www.hreoc.gov.au/sex discrimination/index.html (for more detai e

Annex 7). cs)\\

5.3 PROVISION OF INFORMATION TO EMPLOYEES@

Employees must be advised about the following: 60

(@) The precautions and procedures to be i@wed if they become
pregnant, or have/receive metallic im or medical devices
during the time they are engaged in RF \/@k

(b) The known biological effects of RF {jﬁs as summarised by the World
Health Organization (WHO ), preferably with a written
explanation see (d) below.

(c) The procedures to be I%ed in the event of any over-exposure,
including a contac nt (medical specialist knowledgeable in
medical effects of g d exposures).

Practition for any illness or medical condition) and inform their
doctor t? hey work with RF fields and give the doctor the
information about RF fields referred to above (b).

(d) That if tk@ me sick they should attend their own General

5.4 &LOWABLE EXPOSURES IN CONTROLLED AREAS

T %IIowable exposure limits in controlled areas (see Glossary) are the
\%me as for occupational exposures.

Q‘ 5.5 RECORDS

The personnel files of workers who are occupationally exposed to RF fields
should be identified and maintained so that retrospective health enquiries
can be made. Such files should be retained for the full duration of, and
after termination of employment as required by law.
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5.6 POST INCIDENT EXPOSURE MANAGEMENT

A plan for medical management of any case of over-exposure should be
developed in advance.

The following plan of action is suggested as appropriate in the event of RF
over-exposure (proven or suspected):

(a)

(b)

(©)

(d)

(e)

()

Ci

First Aid treatment should be obtained from the nearest first aider,
doctor or hospital as required for burns or other injuries.

Employers should arrange for employees suspected or conﬁ@
over-exposed to RF fields to be medically assessed as soon ssible
after the over-exposure, in conjunction with a medi pecialist
knowledgeable in medical effects of exposure to RF fi

In the event that medical assessment of the |s required then
referral to an ophthalmic practitioner an of the appended
examination form is recommended (see An ).

A record of the over-exposure, the Its of medical treatment,
medical examinations, or assessm nd follow up as advised by
professional advisers, should e in the employee’s personnel
file. %

The employer must en the employee is fully advised and
understands the natur the over-exposure incident and the nature
and reasons for the ncident management of it.

The over-exposms}or incident must be investigated to determine the

level and of exposure, and which parts of the body were
possibly 4 e RF field. This information should be recorded as
specifie (d) above. Appropriate corrective action or changes to

pro s need to be instituted as soon as is reasonably practicable,
'Qregard to preventing future over-exposures to any employees
rking in similar situations.

Notification and recording of the over-exposure must be done as
prescribed in relevant Commonwealth or State Occupational Health
and Safety legislation.

Hocking (2001) provides information on the health effects of acute over-
exposure and relevant aspects of clinical diagnosis.

5.7 PROTECTION OF THE GENERAL PUBLIC

Measures for the protection of members of the general public who may be
exposed to RF fields due to their proximity to antennas or other RF
sources must include the following:

(a)

Determination of the boundaries of areas where general public
exposure limits levels may be exceeded.



(b)

(©)

(d)

(e)

Restriction of public access to those areas where the general public
exposure limits may be exceeded.

Appropriate provision of signs or notices complying with AS 1319
(Standards Australia 1994).

Notification to the competent authority, as required, in the event of X,
the exposure exceeding the relevant limits. . O
Minimising, as appropriate, RF exposure which is unnecessary or OQ

incidental to achievement of service objectives or process R
requirements, provided this can be readily achieved at reasonable (b,
expense. Any such precautionary measures should follow good(Q
engineering practice and relevant codes of practice.
incorporation of arbitrary additional safety factors beyon
exposure limits of this Standard is not supported. 5\\

O
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Schedule 1

Rationale

Introduction

This schedule is intended to provide an explanation of the scientific basis for the
derivation of RF exposure limits in this Standard. These limits are intended tov
provide protection against established adverse health effects. Q

This Standard along with other recent exposure Standards specifies funda&@al
limits termed ‘basic restrictions’. The basic restrictions are defined i s of
those quantities that correlate most closely with the established biol
for which protection is required. In many cases, the direct m ement of a
basic restriction is often impractical or beyond the technical ¢
determining compliance. Therefore a set of indicative lev
levels’ have been provided as an alternative means for deter
(see Clauses 2.2, 2.3 & 2.4).

ining compliance

This rationale provides a broad historical overview, e significant advances in
both knowledge of radiofrequency (RF) bi cal effects and also the
development of the basis and rationale that @ to the basic restrictions and
reference levels specified in this Standar, @t is not intended to provide an
exhaustive description of all scientific% ledge in the area. However, this
rationale does provide a broad overdiew of the scientific and philosophical
considerations that lead to the deri of the exposure limits.

0

Historical Evolution o@(andards

It is well known that lo uency electromagnetic fields of sufficient intensity
can produce electro-stittlation of both nerve and muscle tissues (e.g. electric
shock from conta t?&h an energised conductor). Nerve cells are most sensitive
to electrostimu in the frequency range of below 1000 Hz and the hazard of
electric shock quite rapidly as the frequency of the electric field oscillation is

increased. v

In 18 e French bio-physicist D'Arsonval discovered that for frequencies
abo ,000 Hz (0.01 MHz), an electric current of three ampere could be used to
w the skin without triggering the nerves that normally produce painful
cular contractions at lower power line frequencies (Kloth, Morrison &
rguson 1984; Mumford 1961). Medical therapy developed from this effect was
termed ‘longwave diathermy’ and was conducted within the frequency range
0.05 MHz to 10 MHz in the early decades of the 20t century but was later
prohibited due to problems with radio-interference.

In the 1890s, Guglielmo Marconi (Hackmann 1994) invented and developed the
first wireless communications systems. In subsequent decades both the power
and frequency range of RF generating equipment has steadily increased.

In 1928 it was shown that high frequency RF radiation was capable of heating
internal organs of the human body (Christie 1928). Shortwave medical diathermy
equipment was developed and used extensively during the 1930s for deep heat
therapy (Kloth, Morrison & Ferguson 1984). Unlike longwave diathermy,
shortwave diathermy does not require direct electrical contact with the skin.



Prior to the development of radar by World War 11 it was unlikely for anyone to

be injured by radiofrequency equipment unless they were in very close proximity

to a transmitter or conductor of RF energy. Soon after the Second World War

there were some early investigations into possible adverse health effects. In the

early 1950s there was sufficient evidence to conclude that harmful effects were

associated with exposure to levels of microwave radiation above approximately

100 mW/cm? and that the primary mechanism for injury was related to excess

heating resulting from the absorption of the microwave energy in various tissues \,
within the body (Schwan & Piersol 1954, 1955). In 1953 the US Navy adopted a 0
maximum continuous exposure limit of 10 mW/cm?2 for all RF and microwave ?\
frequencies in use. In 1966, the American National Standards Institute published Q

the first edition of the C95.1 Standard (ANSI 1966) specifying a 10 mW/cm?2 ,’\'O
human exposure limit for the frequency range from 10 MHz to 100 GHz. (b‘

Early exposure standards were inadequate because they failed to account fd{é\
important physical aspects of electromagnetic wave interaction with the bo
addition to the magnitude of the applied fields, absorption of RF energy@e ds
on the physical geometry of the body relative to the direction of the apgliet fields
and also upon frequency dependent electrical properties of the abso&g tissue.
In particular, the body, or parts of it, can act like a tuned antenna

RF frequency bands. Such frequency dependent resonance effe sult in higher
rates of energy absorption than can otherwise be estimated simple surface
area projections of the body in relation to the applied :‘% ditionally, highly

e

itAin specific

localised absorption of the RF energy can also occur n specific frequency
bands. A further limitation of the 10 mW/cm2 limi implicit assumption
that ‘far-field’ plane wave exposure was applicableNto all exposure situations.

However, with many exposures near to radiat @qument, such conditions do
not apply. \%

By the late 1960s it was clear that experfi
effects could be observed in small apimals exposed either to continuous wave
(CW) or pulsed RF and at levels sigriticantly below the ANSI time averaged limit
of 10 mW/cm?2. Effects were alsg obServed in small volume tissue samples. Such
effects appeared to be mmﬁminent where the experimental subject was
exposed to significantly hi Ised or modulated fields, where peak intensities

were moderate or high\ But where the time averaged levels could be
comparatively IowerQ 1970s, research focused upon dosimetry aspects and

the extent to whi n-uniform absorption may influence biological systems.
Commencing earlydn-the 1970s, extensive dosimetry studies were carried out by

ally induced microwave and RF bio-

various researc , hotably in the USA by Guy et al. (1975), Johnson and Guy
(1983) and Ga.\dhi (1974).

Prior to@e mid 1970s, the majority of RF bio-effects data were plagued by large
uncer@n ies which both stemmed from, and were compounded by, a poor
upﬁtanding of RF dosimetry. Previous knowledge of RF energy deposition
in the body depended heavily upon limited data containing a multitude of
%erent assumptions (often unrealised or ignored) which vastly over-simplified
@ the way in which RF radiation is absorbed by a human body. It was not until the
development of reasonably powerful computers and other technologies (such as
high sensitivity thermal imaging cameras), that significant advances could be
made in the RF dosimetry area. Even today, adequate dosimetry remains as one
of the most difficult and significant problems to be addressed by researchers
attempting to interpret and extrapolate RF bio-effects data to a human exposure
situation. This is true regardless of whether the initial biological data is obtained
either from in vitro experiments or from whole animal exposure studies.



Development of Australian Standards

There were no Australian Standards to limit occupational or public RF exposure

until 1985. The 10 mW/cm? level from ANSI was adopted as a de-facto limit in
Australia from about 1955 to 1979, through various guidelines and rules imposed

by authorities (Byczynski 1960; Standards Association of Australia 1972; Telecom
Australia 1975; Lange 1976). In 1978, Tell implied that the 10 mW/cm2 ANSI limit

was unsuitable at certain frequencies because it could lead to excessive X
temperature rise in tissue (Tell 1978). Additionally, it became evident that specific 0
absorption rate (SAR) data could be used to establish exposure limits. Proposed

limits of exposure derived from a thermal model using SAR absorption data
initially published in a 1979 report issued by the Australian Radiation Labg y
(Cornelius & Viglione 1979) and later that year Standards Australia fp&ved a
committee to develop an Australian Standard. In 1981, Telecom Aust@s evised
their exposure guidelines in accord with the newly derived limits (H& Ing 1981).
In the USA, the 10 mW/cm? limit was in force until 1982 w Q NSI 1982)
revised their approach and incorporated a modern under;@?ﬁg of relevant
exposure parameters. This approach included the freq@endy dependence of
energy deposition in the body as determined through Sﬁ‘measurement data.
The first edition of AS 2772 was subsequently isgsied™ in 1985 (Standards
Association of Australia 1985). ‘&K

Harmonisation with International Standards @6

There is no single standard adopted int@%}mlly defining limits of exposure to
radiofrequency radiation. However, the European Union has a recommendation
for the adoption of the 1998 ICNIRR @idelines of the International Commision
on Non-lonizing Radiation Prot%'%n (ICNIRP 1998) and many countries,
including New Zealand (StaneQr s New Zealand 1999), have standards or
recommendations conformi 0 the ICNIRP 1998 Guidelines. The ICNIRP
Guidelines are also r ended by the World Health Organization
(WHO, 2000). 0
ICNIRP is an 'yrﬁational scientific body with affiliations to various
international s %‘ards bodies and organisations. ICNIRP rules establish
scientific i and require that all committee members are independent
experts y not be members of commercial or industrial organisations. All
ICNIR \Qb ications appear in the peer reviewed scientific journal ‘Health
Phy 'Qﬁs signatory to various international agreements (e.g. the General
Agre nt on Tariffs and Trade [GATT], now administered by the World Trade
O.%a:]nization [WTO]) it is established Australian Government policy to
rinonise with international Standards where they exist (World Trade

6 rganization 1994).
%]

(b'% The development of Australian Standards that are different from international

@ standards is only warranted in cases where it can be shown that there will be
\ significant benefit to the Australian community. In particular, apart from specific
Q_Q issues associated with improved technical specification, or where ICNIRP

specifications were incomplete, reasons why this Standard should differ

substantially from ICNIRP exposure guidelines (ICNIRP 1998) were not
identified. In this context, the final draft document prepared by TE/7 committee
of Standards Australia (see Clause 1.1) incorporated limits that were based on the
1998 ICNIRP Guidelines. The TE/7 draft was used as the basis for initial
discussion in the preparation of this Standard.



This Standard is based on the guidelines developed by the ICNIRP committee
(ICNIRP 1998). In establishing this Standard, ARPANSA has followed the
original intent of the ICNIRP Guidelines. However, the ICNIRP Guidelines do not
constitute a technical Standard and in some circumstances their application may
be unclear. Further, it is necessary that various Australian regulatory bodies must
be able to readily interpret and implement this Standard. Consequently, the
ICNIRP specifications have been reworked in order to provide a sturdy and
unambiguous technical framework. However, it was not considered appropriate
to substantially modify ICNIRP specifications unless there was reasonable
scientific justification for doing so.

In establishing this Standard, the origins and evolution of relevant

A d

recommendations and publications of the ICNIRP and the American National (8\'

Standards Institute (ANSI) were carefully reviewed. Additionally, the rationale(Q
for further development of these documents was examined and considerati
given to whether any published evidence challenges the integrity o @e
approaches taken by the current ICNIRP (ICNIRP 1998) (formerly IRP I&C)
approach and the current ANSI/IEEE (IEEE 1999) approach. In gddi®on to
reviews conducted by expert groups or panels, there is a large body@ iterature
published in peer reviewed journals which has been reli on. Recent
epidemiological studies and laboratory research reports haﬁ&éen carefully
examined for evidence that would establish a need to modify asic restrictions
or the associated reference levels. Moreover, relevant &al and temporal
measurement averaging parameters have been revie @ nd where necessary
revised, so as to provide an adequate and unambigu \{pecification of the limits.

\QQ

Relevant technical differences between thé 1998 ICNIRP Guidelines and the
requirements of this Standard are sumn&@sd in Table 12.

3
X

Comparison with 1998 ICNIRP Guidelines




TABLE 12

SUMMARY OF DIFFERENCES BETWEEN ICNIRP 1998
GUIDELINES AND THE REQUIREMENTS OF THIS STANDARD

Item

ICNIRP 1998
Guidelines

This Standard

Frequency range covered in scope

0 Hz to 300 GHz

3 kHz to 300 GHz

Basic restriction for instantaneous spatial
peak SAR in the head and torso

Not specified

Specified in Table 4. An
averaging time of 1 ps
applies.

Averaging time for spatial peak SA in the
head

Not specified

Frequency range of spatial peak SA in the
head

300 MHz to 10 GHz

50 s specified in&}'&'e)3
-

300 MHz {@Hz
P = N

Frequency range of SAR basic restrictions

100 kHz to 10 GHz

v
10@ t0 6 GHz
A\

Frequency range of incident power flux
density basic restrictions

10 GHz to 300 GHz (i

§GT-|Z to 300 GHz

Numerical precision of both time averaged
and instantaneous E & H field reference
levels.

Effects of numel@
rounding are O

r produces
%o inuity between
tabular frequency

nges.

ARPANSA specification
in Tables 7 & 8 is amore
precise numerical
formulation than that
shown in the ICNIRP
tables. The discontinuity
between frequency
ranges is markedly
reduced.

the head and torso

o\

Averaging time for rms current density’i\'

Not specified

Specified in note 3 of
Table 5

Averaging time for instantaneo E&

H reference levels

Not specified

Specified in note 3 of
Table 8

Method for spatial averagihb}reference

Not specified

Specified in Clause 2.7

levels V
multiple

Method for evaluat
frequency exp

Incomplete
specification

Improved specification in
Section 3

NOTE: Fu Khﬂformatlon on specific measurement conditions is provided later in this
ddle under the heading ‘Measurement Averaging Considerations’.

Co son with previous Australian Standard

vant technical differences between the previous AS/NZS 2772.1(Int):1998

6 §ustralian Standard (Standards Australia/Standards New Zealand 1998) and the
Q) requirements of this Standard are summarised in Table 13.

o
@
%

Q.



TABLE 13

SUMMARY OF DIFFERENCES BETWEEN THE PREVIOUS
AUSTRALIAN STANDARD AND THE REQUIREMENTS OF
THIS STANDARD

Item

AS/NZS
2772.1(Int):1998

This Standard

Basic restrictions on WBA
SAR

Occupational 0.4 W/kg
General public 0.08 W/kg

Identical to AS/NZS 2772.1(Int):1998

Basic restriction for
instantaneous spatial peak
rms current density in the
head and torso

(83 kHz-10 MH2)

Not Specified

Specified in Table 5

Basic restriction for
instantaneous spatial peak
SAR in the head and torso

Not specified

Specified in Table 4

0,

Spatial peak SAR

Excludes hands, wrists, feet
& ankles

Occupational 8 W/kg
General public 1.6 W/kg

Head and torso - 10 W/kg

occupational \Q
General public 2 W/kg é

Limbs - 20 W/kg occupitignal
General public 4 W,

Averaging mass for spatial
peak SAR measurements

1 gram, otherwise 10 grams
for hands, wrists, feet &
ankles

10 grams for all
(also applies

of the body

Spatial peak SA in the head

Not specified

Spﬁi:"{@qwm 3

Spatial peak SAR in the
limbs

Restricted to hands, wrists,
feet and ankles

@pl es to any part of alimb

Frequency range of SAR
basic restrictions

3 kHz t0 300 GHz (did ne‘\'
reflect full detail of

00 kHz to 6 GHz (basic restrictions
are defined by different quantities at
other frequencies)

contemporary know )
\"4

. For occupational exposure:
For occupation @osure:
LOXf mA @\100 KHZ) ?i?;:]fkﬂzA (3 kHz-100 kHz) where
Reference levels for rms where fisin .
contact currents 100 mA kHz-30 MHz) 40 mA (100 kHz-110 MHz)
General public exposure levels are
osure levels are

exactly %% the occupational levels
above

Reference levels for rms
induced limb currents

\

s indicated for rms contact
currents above

Occupational exposure:
100 mA (10 MHz-110 MHz)
General public exposure:
45 mA (10 MHz-110 MHz)

Averaging time for??
contact currents\
)

1s

1 ps up to 100 ps or 1 pulse cycle
(refer note 2 of Table 9)

N

Tirr&’raged rms E and H
8@. eference levels

Constant E and H levels
above 400 MHz

Similar E and H levels between 3 kHz
and 400 MHz. Levels increase above
400 MHz. At frequencies above

2 GHz the levels remain constant at 5
times above the 400 MHz level (refer
Table 7 and figures 1 and 2). This is,
consistent with established dosimetry
models and the majority of
international standards.

Instantaneous rms E & H
reference levels

E field limit only. 1940 V/m
for both occupational and
general public exposure

Specifies both E and H levels. Lower
levels for general public exposure.
Conservative formulation matches
known biological effects and RF field
coupling with the body (refer Table 8

and figures 1 and 2).

Table 13 continued over page...



TABLE 13 (continued)

SUMMARY OF DIFFERENCES BETWEEN THE PREVIOUS
AUSTRALIAN STANDARD AND THE REQUIREMENTS OF
THIS STANDARD

AS/NZS .
Item 2772.1(Int):1998 This Standard

Averaging time for
instantaneous reference Not specified
levels

Specified in note 3 of Table 8

Method for spatial averaging Incomplete specification

q
Rigorous methodology (see ()\
AN

v

of reference levels Clause 2.7)

Meth_od for evaluation of Outlined only for E2, H? and o

multiple frequency S Improved specification 1& ion 3
exposures e e

NOTE: Further information relating to changes in time averaged rms ?ance levels is
provided later in this Schedule under the heading * e@e ent Averaging
Considerations’. s\

Scientific studies into the Dbiological effects of
radiofrequency fields O&L

Relevant scientific literature has been especiall ght and examined with a view
to finding evidence that the 1998 ICNIRP exposure guidelines might need
revision on grounds that exposure to Ier ithin the limits could lead to adverse
health effects. Q)

Data for effects of RF exposure on’®1g organisms was evaluated by considering
the evidence of health effects i mans, and the biological effects in humans and
other organisms, as well as s at a cellular level. In establishing the exposure
limits, the need to re e a number of differing expert opinions was
recognised. The validi f scientific reports was evaluated by considering
elements such as; t trength of evidence, reproducibility of effect, existence of
ionship between occurrence of an effect and the magnitude of
response), whether the effect follows an understood

mechanism, the extent of peer review prior to publication. In many cases, all
relevant nts could not be assessed.

In pﬁﬂar, relevant scientific reviews (notably those of ICNIRP 1996; Royal

MP] 2000) and reports on various case studies were assessed. This
séssment focused on the recent literature reports subsequent to the
development of the ICNIRP Guidelines (i.e. post 1997) and included consultation
with researchers who were asked specific questions within their area of expertise.

Sos‘i of Canada 1999; and the Independent Expert Group on Mobile Phones

O

Experimental Studies

A large body of literature exists on the biological effects of radio frequency
radiation. Much of this research includes experimental studies performed in
vitro, in vivo and on human subjects.

Experimental studies have been extensively reviewed by the IEEE (1992) and
WHO (1993) and more recently by ICNIRP (1998), the Royal Society of Canada
(1999) and the IEGMP (2000). Research reports have employed a wide variety of
exposure conditions with respect to the modulation and intensity of the RF
exposure using various methods of dosimetry.



In vitro research relies on experimental observations of isolated cells or tissue
samples. Effects observed in vitro, however, are often difficult to correlate with
any effects on human health (IEGMP 2000). In vitro research can provide insight
into the mechanisms of interaction of agents on specific biological functions
involving; membrane function, signal transduction pathways, biochemical
reactions, genetics, cellular cycles and proliferation effects, etc.

While in vitro research investigates effects on isolated cells or tissue samples,
laboratory experimentation on animals looks at similar effects in a physiologically
sustained system where individual cells have support of the whole organism. As
with in vitro research, however, in vivo studies do not necessarily represent or
imply any clear associations of the consequences for human health. Animal
studies have looked at areas such as genetic and cancer related effects, the
immune system and the nervous system (WHO 1993). However, there are
significant differences between animals and humans in both physiologic(
processes and in the distribution of absorbed RF energy that occurs %@;

exposure. Therefore, specific effects observed in animals (or in vitro S)
cannot be easily extrapolated to humans. g\\

The most direct investigation of any potential adverse health effegts cOmes from
experimental studies on people. Research on human volun &can disclose
physiological or behavioural anomalies resulting from expo 0 RF radiation.
Reported effects include neurological symptoms, disturb of sleep patterns

and the integrity of the immune system and these az@ ussed in Annexes 3

and 4. Q

Radiofrequency energy is absorbed by a livi Q)organism at the molecular,
cellular, tissue and whole body levels. T%ﬁielectric properties of tissue
determine the net electromagnetic energy aliﬁor ed which is ultimately converted

into heat via various processes. 6

In laboratory experiments exposu nditions can be classified into ‘thermal’
and ‘non-thermal’ levels. A gigniiicant debate has evolved over the years
concerning such a classificati other terms like ‘high’ and ‘low’ level studies.

It is important to note, howevey, that there are no strict boundaries in relation to
the amount of energy a d and that any terminology used depends upon the
mechanism of the abQ effect (Repacholi 1998).

Experimental s @:?have examined a wide variety of end points including
physiological an ermoregulatory responses, effects on behaviour and on the
induction of 4exs opacities and adverse reproductive consequences resulting from
exposur P%I tively high levels of radiofrequency radiation (ICNIRP 1996). The
majorit iological effects reported are consistent with responses to induced
heatirigyresulting in temperature rises greater than 1°C (WHO 1993).

@mber of biological effects have been reported in cell cultures and in animals,

Q‘Q

ten in response to exposure to relatively low-level fields. Such effects are not
well established but may have health implications and are, therefore, the subject
of on-going investigations (European Commission 1996). Research into RF
bio-effects at non-thermal levels is explored further in Annex 4.

The possibility of carcinogenic effects of exposure to RF fields has received
considerable attention in the last 20 years. Studies have examined the possibility
that RF energy may cause DNA damage or influence tumour promotion. The
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balance of evidence suggests that exposure to RF fields is not mutagenic and
therefore unlikely to act as an initiator or promoter of carcinogenesis
(IEGMP 2000).

Epidemiological Studies

Epidemiological methods and the relevant studies are discussed in Annex 3. The
epidemiological evidence does not give clear or consistent results that indicate a
causal role of low intensity radiofrequency exposures in connection with any
human disease. On the other hand, the results cannot establish the absence of a
hazard, other than to indicate that for some situations any undetected he @\/~
effects must be small (Elwood 1999). Cancer is the disease that has been 5@
most extensively, and although there are many individual associations se ere
is little overall consistency in the results. The studies of general popul&f&living
near radio or television transmitters relate to radiofrequency expo likely to
be well below currently accepted standards. The studies of milit rsonnel and
occupational groups may include some exposures beyond al population
standards. g\\

Of the individual studies, the general population stu
1997) is sufficiently strong to reasonably exclude a
excess of human cancers in subjects living close e UHF and VHF television
and radio transmitters, although there is stil ossible question in regard to
adult leukaemia. The Motorola employe udy (Morgan et al. 2000) is
sufficiently powerful to reasonably excl 'Ea substantial excess of leukaemia or
lymphoma in about ten years from raditfrequency exposure in these workers.
This time interval is not long eno Qa exclude an incidence effect, but it does
provide substantial evidence agai short-term promotion effect, such as has
been suggested by some anlmal periments. The large population based study of
mobile phone subscribers enmark (Johansen et al. 2001) also gives
substantial evidence agai ere being any short term increases in cancer with
typical levels of phone y residential subscribers. None of these studies give
good information o idual levels of exposure.

In the UK (Dolk et al.
raphical pattern with an

There are n ee case control studies published on brain cancer in
%}s

relationshipdo onal use of mobile phones, which show no consistent evidence
of any |n risk (Hardell et al. 1999; Inskip et al. 2001; Muscat et al. 2000).
One r small study showed an increased risk of ocular melanoma, which

requir lidation (Stang et al. 2001).

T&%ﬁother epidemiological studies of radiofrequency exposures and human
se outcomes show little consistency. The results for congenital
malformations and spontaneous abortions are inconsistent. The results from the
Swiss studies on self-reported sleep disturbances are difficult to interpret because
of the subjective nature of the outcomes assessed and the potential for recall bias.
Of the human studies of exposures under experimental conditions, one study
showed an increase in blood pressure after an exposure similar to mobile phone
use, and this study needs replication.

Other studies are in progress, including those in the World Health Organization
International EMF project: www.who.int/peh-emf.

Clinical case reports

Medical case reports of health effects arising from exposures to RF fields are
useful because they provide information which cannot be ethically or easily



obtained in laboratory or other settings. Case reports often report apparently
unusual occurrences in a wide variation in exposure circumstances. They are
mainly useful as sources of information for a) generating new hypotheses

concerned with health effects or b) confirming existing views on safety levels an

d

mechanisms. By their nature, case reports incorporate a publication bias: they
can highlight adverse effects but they do not indicate the prevalence of such

effects. By themselves they do not provide a basis for setting health standards.

Cases of neurological effects, particularly dysaesthesiae (abnormal sensations),

have been reported after exposure to a wide range of frequencies typically withi

n

the range from 10 MHz to 2450 MHz. In some cases symptoms are transitory but
lasting in others. After very high exposures there is evidence that nerves are \
grossly injured, but after lower exposures resulting in dysaesthetic symptoms (b

ordinary nerve conduction studies find no abnormality, but current perceptio
threshold studies may. Only a small proportion of similarly exposed perso
develop symptoms. The role of modulations needs clarification. Some of
observations are not consistent with the prevailing hypothesis of health e@e

Some specific case reports are summarised on www.arpansa.gov.au. Os\
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Relevance of studies to the determinationé?exposure

limits

necessarily indicate a health hazard. Within the W

ernational EMF Project,

It is important to recognise that biological effects{ %{@F exposure may not

a working definition of health hazard has been de\@

A biological effect is a physiological re ’g& to exposure, and

A health hazard is a biological ct, outside the normal range of

physiological compensation, that i rimental to health or well-being.

Many reported biological effect ich fall into the latter category are

accompanied by temperature ri f several degrees and these have been used i
setting some of the basic rest@ ns referred to below.

Although there is som ta indicating that biological effects could occur i
various species at ex
of the data could
would lead to

consideration s
aspects o@tromagnetic field interaction, such data does not confirm
requirelg o modify the ICNIRP exposure guidelines.

n

n

e levels marginally below the ICNIRP Guidelines, none
d to establish that exposure within the ICNIRP Guidelines
adverse health effect in humans. Moreover, when due
iven to interspecies differences in physiology and the associated

a

Th insufficient data to establish that adverse health effects would result

ow-level exposures, although it cannot be unequivocally stated that suc

h

cts do not exist (i.e. a null hypothesis can never be proven through processes
\of inductive logic). Furthermore, a significant proportion of the population are
exposed to radiofrequency electromagnetic fields and the continued development
of new and existing technologies has a potential to increase the number of
persons exposed and to further diversify the nature of the fields to which persons

may be exposed.
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Philosophy of standard setting

The purpose of this Standard is to specify limits of exposure to electromagnetic
fields within the radiofrequency range from 3 kHz to 300 GHz such that any
persons exposed below the limits will be fully protected against all established
adverse health effects.

As explained previously, an adverse health effect results in detectable impairment
of the health of the exposed individual or of his or her offspring. A biological
effect on the other hand may or may not result in an adverse health effect. Q

The current scientific evidence clearly indicates that there are RF e asdre
thresholds for the adverse health effects of heating, electro-stimula and
auditory response. The basic restrictions of this Standard are derive@m these
thresholds and include safety margins.

There is some debate as to whether RF causes any effects b Xe threshold of
exposure capable of causing heating and electro- stlmulali%? and in particular
whether any effects occur at or below the exposure levels e limits. If any low-
level RF effects occur, they are unable to be reliably ted by modern scientific
methods, but a degree of uncertainty remains. The@f long term exposure is

limited. It was considered that the ewdence fo sible low-level effects is so
weak and inconsistent, that it does not provi eason to alter the level of the
limits. The limits specified in this Standard esigned to protect against known
health effects and may not prevent Ie or unknown low-level effects,

although the safety margin within the limit may provide some protection against
such low-level effects. \Q

Furthermore, the reference le given in this Standard are based on specific
‘worst case’ assumptions re ng particular exposure conditions that will lead
to exposure at the level e basic restrictions. In the majority of exposure
situations, such ‘Worst§> exposure conditions do not apply, and thus the
application of the rev,gnce levels will provide additional safety margins.

Exposure grogQ%%

defines limits for occupational exposure and limits for general
ure. Occupational exposure generally occurs in a controlled area with

xposure. The general public includes persons from different age groups and

rent states of health. For some other hazards such as chemicals and ionizing
radiation, there are groups within the general public which are more susceptible
to health effects than others. While the scientific evidence does not suggest that
any groups are more susceptible to RF effects than others at levels below the
occupational limits, that possibility cannot be excluded. The choice of a two-tier
system with separate limits for occupational exposure and for general public
expos