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PREFACE

This Standard was prepared by Standards Australia/Standards New Zealand Committee
CH-026, Safety in Laboratories, to supersede AS 2243.5—1993, Safety in laboratories
Part 5: Non-ionizing radiations.

The setting of exposure criteria is not conducted by Standards Australia or Standards New
Zealand. Such criteria are set by regulations or organizational policy. They may be found in
the occupational health and safety or related regulations that are applicable for the
workplace under assessment. Where limits are reproduced in this Standard, they are
provided as an example for guidance only and the source is indicated. Readers are requested
to ascertain the appropriate regulatory body for their circumstances and check with it for
the current requirements or recommendations to be applied.

This revision includes the following modifications:

(a) Clarification that field work outside the laboratory and exposures of persons for
medical purposes are excluded.

(b) Differentiation between direct and indirect hazards for ultraviolet, visible and laser
radiations.

(c) Revised text on the various types of radiation and updated references to Standards
and other documents where various types of radiation are addressed in more detail.

(d) Clarification of the source of any limits quoted in this Standard and their status.

This Standard is the fifth in the AS/NZS 2243 series aimed at promoting safety in
laboratories. Other Parts of the series are as follows:

Part 1: General

Part 2: Chemical aspects

Part 3: Microbiological aspects and containment facilities
Part 4: Ionizing radiations

Part 6: Mechanical aspects

Part 7:  Electrical aspects

Part 8: Fume cupboards

Part 9: Recirculating fume cabinets

Part 10: Storage of chemicals

The term ‘informative’ has been used in this Standard to define the application of the
appendices. An ‘informative’ appendix is only for information and guidance.
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FOREWORD

Except for acoustic and ultrasonic radiation, the non-ionizing radiations that can be
detrimental to human health are electromagnetic (see Appendix A). This Standard outlines
precautions needed when working with radiations in the ultraviolet (UV), visible, infrared
(IR), radiofrequency (RF) and extremely low frequency field (ELF) portions of the
electromagnetic spectrum as well as with acoustic and ultrasonic radiation.
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STANDARDS AUSTRALIA/STANDARDS NEW ZEALAND

Australian/New Zealand Standard
Safety in laboratories

Part 5: Non-ionizing radiations—Electromagnetic, sound and ultrasound

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE
This Standard—

(a) provides information on non-ionizing radiations encountered in laboratories and the
associated hazards; and

(b) specifies requirements and gives recommendations in order to prevent injury by these
radiations or by other hazards associated with their use.

This Standard does not contain an exhaustive treatment of usage and safety requirements
for non-ionizing radiations and reference should be made to other appropriate documents.

NOTES:

1 This Standard does not cover field work performed outside the laboratory or exposure of
persons to non-ionizing radiations for medical purposes.

2 This Standard does not cover requirements for medical examinations for laboratory personnel
who may be exposed to non-ionizing radiations. Such medical examinations may be
designated in codes of practice, other Standards or the requirements of the regulatory
authorities.

3 The wavelength band designations given in this Standard are approximate and reflect the
conventions used within the referenced literature.

Appendix A provides a schematic arrangement of the non-ionizing electromagnetic spectrum.
Appendix B provides advisory material dealing with optical fibre systems.

Appendix C provides a listing of documents giving other information on non-ionizing
radiations.

1.2 OBJECTIVE

The objective of this Standard is to promote safe working practices when using non-
ionizing radiations in order to prevent unnecessary exposure of persons working in
laboratories containing non-ionizing radiation sources.

1.3 REFERENCED DOCUMENTS

The following documents are referred to in this Standard:
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AS

1852 International Electrotechnical Vocabulary

1852.845 Chapter 845: Lighting

1885 Measurement of occupational health and safety performance

1885.1 Part 1: Describing and reporting occupational injuries and disease

(known as the National Standard for workplace injury and
disease recording)

3665 Simplified definitions of lighting terms and quantities

AS/NZS

1269 Occupational noise management

1269.0 Part 0: Overview

1269.1 Part 1: Measurement and assessment of noise imission and exposure

1269.2 Part 2: Noise control management

1269.3 Part 3: Hearing protector program

1269.4 Part 4: Auditory assessment

1336 Recommended practices for occupational eye protection

1338 Filters for eye protectors

1338.1 Part 1: Filters for protection against radiation generated in welding and

allied operations

1338.2 Part 2: Filters for protection against ultraviolet radiation

1338.3 Part 3:  Filters for protection against infra-red radiation

2107 Acoustics—Recommended design sound levels and reverberation times
for building interiors

2211 Laser safety

2211.1 Part 1: Equipment classification, requirements and user’s guide

2211.2 Part 2: Safety of optical fibre communication systems

2604 Sunscreen products—Evaluation and classification

ISO

12894 Ergonomics of the thermal environment—Medical supervision of

individuals exposed to extreme hot or cold environments

ARPANSA (Australian Radiation Protection and Nuclear Safety Agency)
RPS 3 Maximum exposure levels to radiofrequency fields—3 kHz to 300 GHz
(available on the ARPANSA web site at www.arpansa.gov.au)

NHMRC (National Health and Medical Research Council)
RHS 29 Occupational standard for exposure to ultraviolet radiation (1989)

RHS 30 Interim guidelines on limits of exposure to 50/60 Hz electric and magnetic
fields (1989)

Department of Labour, New Zealand
Approved Code of Practice for the Management of Noise in the Workplace

ACGIH (American Conference of Government Industrial Hygienists)
Documentation of the threshold limit values for physical agents, 7th ed. (available from
the ACGIH web site at www.acgih.org)

ICNIRP (International Commission on Non-lonizing Radiation Protection)
Guidelines on limiting exposure to non-ionizing radiation R. Matthes, J.H. Bernhardt and
A.F. McKinlay (eds), 1999

Guidelines for limiting exposure to time-varying electric, magnetic and electromagnetic
fields (up to 300 GHz) Health Physics (1998), vol. 74, no 4, p. 494-522 (available on the

ICNIRP web site at www.icnirp.org) Documents
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Guidelines on limits of exposure to broad-band incoherent optical radiation (0.38 to
3 um) Health Physics (1997), vol. 73, no 3, p. 539-554 (available on the ICNIRP web
site at www.icnirp.org)

1.4 DEFINITIONS

For the purpose of this Standard, the definitions of AS 1633, AS/NZS 2211.1, RPS 3 and
those below apply.

NOTE: Some of the definitions provided below are the simplified definitions from AS 3665.
1.4.1 Accident

An occurrence which results in personal injury, disease or death, or property damage
through exposure to non-ionizing radiation.

1.4.2 Actinic radiation

Photochemically active radiation.

1.4.3 Illuminance

The luminous flux arriving at a surface divided by the area of the illuminated surface.
Unit: lux (Ix)

1.4.4 Incident

Any occurrence involving exposure to non-ionizing radiation, which has the potential to
cause personal injury, disease or death, or property damage.

1.4.5 Irradiance

At a point on a surface, the quotient of the radiant flux, d®, incident on an element of the

surface containing the point by the areca, dA, of that element.
Symbol: £  Formula: E =d£
dA
Unit: watt per square metre (W.m?)
1.4.6 Luminance

The physical quantity corresponding to the brightness of a surface in a specified direction.
It is the luminous intensity of an area of the surface divided by that area.

Unit: candela per square metre (cd.m™)
1.4.7 Luminous flux

The measure of the quantity of light. For a lamp or luminaire it normally refers to the total
light emitted irrespective of the directions in which it is distributed.

Unit: lumen (Im) Symbol: ®

1.4.8 Luminous intensity

The concentration of luminous flux emitted in a specific direction.
Unit: candela (cd) Symbol: /

1.4.9 Magnetic flux density

A vector field quantity that results in a force that acts on a moving charge or charges.
Unit: tesla (T) Symbol: B

1.4.10 May

Indicates the existence of an option.
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1.4.11 Non-ionizing radiation

Any electromagnetic radiation of wavelength greater than 100 nm in air or vacuum, sound
or ultrasound.

1.4.12 Radiance
The quantity defined by the formula:

I dod
dA -cos@ - dQ

where d® is the radiant flux transmitted by an elementary beam passing through the
given point and propagating in the solid angle dQ containing the given
direction

d4  is the area of a section of that beam containing the given point
0 is the angle between the normal to that section and the direction of the beam

Unit: watt per square metre per steradian (W.m >.sr™')  Symbol: L

NOTE: This definition is a simplified version of AS 1852.845, Clause 845-01-34, sufficient for
the purpose of this Standard. In case of doubt, the AS 1852 definition should be followed.

1.4.13 Radiant exposure

At a point on a surface, the radiant energy (dQ) incident on an element of a surface divided
by the area of that element (dA), usually expressed in joules per square metre (J.m™>).

Symbol: H Formula: H = Z—g
1.4.14 Radiation
The emission or transfer of energy in the form of waves.
1.4.15 Shall
Indicates that a statement is mandatory.
1.4.16 Should
Indicates a recommendation.
1.4.17 Specular reflection

A reflection from a surface which maintains angular correlation between incident and
reflected beams of radiation, as with reflections from a mirror.

1.5 GENERAL PRINCIPLES OF PROTECTION
1.5.1 Hazard identification, risk assessment and control process
This process should be based on at least—

(a) identification of the hazards associated with the operation of non-ionizing radiation
sources;

(b) assessment of the nature of the risks associated with such identified hazards;

(c) evaluation of the suitability of the type of non-ionizing radiation, the degree of
exposure of persons to the identified risks and the potential of those risks to cause
injuries and illness;

(d) selection of controls to either eliminate or minimize risks; and

(e) assessment of the level of training suitable for the personnel who operate the
radiation generating equipment or may be exposed to its radiation.
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1.5.2 Hierarchy of controls

Control of risk is achieved by selecting, from the hierarchy of controls, one or more
measures that individually, or in combination, achieve the required risk reduction.
Appropriate controls should be applied to the risks, using the hierarchy of controls in the
following priority order:

(a)  Elimination.

(b)  Substitution.

(c) Isolation.

(d) Engineering controls.

(e) Administrative.

(f)  Personal protective equipment.
1.5.3 Controls

No situation should be allowed to continue where the direct exposure on skin, ears or eyes
is expected to be greater than the maximum permissible level. At all times operations
should be conducted in such a way that exposure is as low as is readily achievable in
relation to the benefit likely to result from the task being undertaken.

Other persons should, where possible, be excluded from or otherwise warned of potentially
hazardous areas by signs specified in AS 1216 and AS 1319, and barriers commensurate
with the degree of risk.

There are numerous effective safeguards against the hazards of non-ionizing radiation.
Some of these safeguards are generally applicable to all forms of non-ionizing radiation
whereas others, which are specific, are detailed in the relevant Section.

The general safeguards include—

(a) shielding the sources to protect individuals from direct or indirect exposure to the
radiation;

(b) maximizing the distance between the source and the operator;

NOTE: Appendix D discusses the provision of separation distance.
(c) minimizing the exposure time;

(d) providing individuals with appropriate protective equipment and clothing, including
suitable eyeshields; and

(e) restricting the access of unauthorized persons.

When applying these controls, appropriate protocols should be developed, documented and
implemented to ensure their effectiveness. The effectiveness should be checked by
measurements or calculation. It is important to consider the relevant ranges of parameters,
for example, the variation of irradiance with the type of source, the wavelengths of the
emitted radiation and the type of field encountered.

1.5.4 Training

All persons working in areas where potentially hazardous non-ionizing radiation sources are
used should be instructed in—

(a) the nature of any associated hazard;
(b) minimization of the hazard;

(¢) methods of protecting against damage;
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(e) the necessity of reporting any incident to the relevant safety or health personnel; and
(f)  regulatory requirements relating to the particular form of non-ionizing radiation.
1.5.5 Signage

For the safety of persons entering the laboratory, unambiguous warning signs shall be
displayed at the entrance and or on adjacent to the source of any hazardous non-ionizing
radiation. The type of radiation shall be identified on the warning signs. Signs shall also be
displayed indicating any protective clothing and equipment to be used in the laboratory and
to state any access restrictions and those personnel authorized to enter.

NOTE: AS 1216 and AS 1319 provide guidance on safety signs.

1.6 INCIDENT AND ACCIDENT REPORTING
1.6.1 Reporting

Whenever an incident or an accident occurs resulting in exposure to a potential or actual
hazardous level of non-ionizing radiation, the organization’s relevant safety officer shall
prepare a report of the circumstances.

NOTES:
1 Attention is drawn to AS 1885.1, which provides a report format.

2 Employers may be required by legislation to report certain incidents and accidents to the
relevant regulatory authority.

1.6.2 Composition of the report
Unless otherwise specified in regulations, the report should contain the following:
(a) A summary of the circumstances of the incident specifying—

(i)  the nature of the incident and an estimate of the amount (dose) of radiation
received by all persons involved;

(ii) the date, location and time of the incident;

(iii) details of the training of persons directly involved and their experience with the
equipment;

(iv) the cause of the incident or accident;
(v) asafety officer’s recommendations to prevent a recurrence; and
(vi) the suspected nature of the injury sustained by each person.

(b)  Full narrative statements from all persons (including, if practicable, the operator) who
were engaged in the relevant operation and from the safety officer, who can detail any
relevant information pertinent to the occurrence of the incident.

(¢) Any available medical reports relating to the injured persons, including reports
compiled both before and after the incident or accident.

(d) Full details of the type of the equipment used and, in particular, its condition
immediately before and after the incident or accident.

1.6.3 Disposition of equipment

Where a component malfunction is suspected to have been the cause of an accident, the
equipment should be immediately disconnected from the power supply, where appropriate,
isolated and appropriate testing and reporting performed.

1.6.4 Disposition of reports

The safety officer shall forward copies of the accident/incident report to relevant
management personnel and to the regulatory authority (if appropriate).
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1.7 STATUTORY REQUIREMENTS

In some States and Territories, relevant authorities have introduced legislation concerning
non-ionizing radiations. The requirements of any such legislation shall be observed.

NOTE: A list of authorities who may indicate legislative requirements is shown in Appendix E.
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SECTION 2 ULTRAVIOLET RADIATION"

2.1 GENERAL

The readily useable ultraviolet (UV) radiation range transmitted by air covers wavelengths
from the shortwave visible limit at about 400 nm down to about 200 nm. Below 200 nm,
absorption in air increases as wavelength decreases so that below about 180 nm negligible
radiation is propagated.

When considering the effects of UV radiation, it is convenient to subdivide the 180 nm to
400 nm wavelength range with the following commonly used names and ranges:

Wavelength range Preferred name Other less precise names
nm
180 to 280 uUv-C Short wavelength air UV; far UV
280 to 315 UV-B Middle UV; erythemal UV
315 to 400 UV-A Long UV; near UV

The 100 nm to 200 nm range is sometimes included in the UV-C classification and is called
vacuum ultraviolet.

2.2 SOURCES OF UV RADIATION

Artificial sources of UV radiation include high-pressure gas discharge lamps (generally
mercury or xenon), low pressure gas discharge lamps with UV-transmitting envelopes,
some tungsten-halogen lamps with quartz envelopes, sunlamps, black light lamps,
transilluminators, germicidal lamps, xenon or mercury arcs, carbon arcs, plasma torches,
semiconductor memory erasers and electric welding arcs. Some lasers produce UV
radiation, and are discussed in Section 7.

2.3 HAZARDS
2.3.1 Direct hazards

The action of UV radiation on any particular tissue depends on the wavelength of the
radiation and on a quantity which is the product of the irradiance and the duration of
exposure.

Skin is the tissue most commonly subjected to absorption of UV radiation, which can cause
erythema, tanning or pigment darkening. Erythema (reddening) can appear after as little as
about 12 min exposure to bright midday summer sun, although there is normally a latent
period of 2h to 12 h between exposure and visible reddening. Maximum reddening
develops more than 6 h after exposure. More severe exposures can lead to painful reaction
followed by scaling, peeling or blistering. Repeated skin exposure to UV radiation (even at
levels below painful sunburn) frequently results in accelerated skin ageing and ultimately
skin cancer. Average experimental threshold doses for erythema of the skin are about
120 J.m™ to 150 J.m ™ at a wavelength of 295 nm. As a guide, full sunlight with the sun
nearly overhead, this takes about 12 min to 15 min exposure.

Maximum sensitivity of the acute response in skin occurs at wavelengths below about
300 nm. Compared to the peak erythemal response at 270 nm, at a wavelength of 310 nm
about 60 times as much energy is needed for the same effect, and at 325 nm, 2000 times
that energy is required.
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