BRITISH STANDARD BS EN
14255-2:2005

Measurement and
assessment of personal
exposures to
incoherent optical
radiation —

Part 2: Visible and infrared radiation
emitted by artificial sources in the
workplace

The European Standard EN 14255-2:2005 has the status of a
British Standard

I1CS 13.280

AN
| .
--L;

v
[

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW o b
EE————— DitiSh Standards

Full document details: BS EN 14255-2:2005


http://www.avadocuments.com/doc/bs-en-14255-2-2005
http://www.avadocuments.com/doc/bs-en-14255-2-2005

BS EN 14255-2:2005

This British Standard was
published under the authority
of the Standards Policy and
Strategy Committee

on 25 January 2006

© BSI 25 January 2006

ISBN 0 580 47598 0

National foreword

This British Standard is the official English language version of
EN 14255-2:2005.

The UK participation in its preparation was entrusted by Technical Committee
CPL/34, Lamps and related equipment, to Subcommittee CPL/34/10, Light and
lighting, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of British
Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 53 and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.

Amendments issued since publication

Amd. No. Date Comments

____Documents

Document Sharing Hub

Full document details: BS EN 14255-2:2005


http://www.avadocuments.com/doc/bs-en-14255-2-2005
http://www.avadocuments.com/doc/bs-en-14255-2-2005

EUROPEAN STANDARD EN 14255-2
NORME EUROPEENNE
EUROPAISCHE NORM December 2005

ICS 13.280
English Version
Measurement and assessment of personal exposures to
incoherent optical radiation - Part 2: Visible and infrared
radiation emitted by artificial sources in the workplace
Mesure et évaluation de I'exposition des personnes aux Messung und Beurteilung von personenbezogenen
rayonnements optiques incohérents - Partie 2 : Expositionen gegenuber inkoh&renter optischer Strahlung -
Rayonnements visibles et infrarouges émis par des Teil 2: Sichtbare und infrarote Strahlung kiinstlicher
sources artificielles sur les lieux de travail Quellen am Arbeitsplatz

This European Standard was approved by CEN on 4 November 2005.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European
Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
standards may be obtained on application to the Central Secretariat or to any CEN member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by translation
under the responsibility of a CEN member into its own language and notified to the Central Secretariat has the same status as the official
versions.

CEN members are the national standards bodies of Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia,
Slovenia, Spain, Sweden, Switzerland and United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

Management Centre: rue de Stassart, 36 B-1050 Brussels

© 2005 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 14255-2:2005: E
worldwide for CEN national Members.

Documents

Document Sharing Hub

Full document details: BS EN 14255-2:2005


http://dx.doi.org/10.3403/30111095U
http://www.avadocuments.com/doc/bs-en-14255-2-2005
http://www.avadocuments.com/doc/bs-en-14255-2-2005

EN 14255-2:2005 (E)

Contents Page
0T =TT 4
o T LWL 1o o 5
1 85 o7 o o - 7
2 NOIrmMative refErenCes ... e 7
3 Terms and defiNitioNs ... —————————————— 8
31 Quantities, symbols and UNIts ... ————— 8
3.2 Definitions and relationships between quantities ... 9
4 (€1 4 L= =TI o (o o7 =T LT ] 1
5 Preliminary FreVIBW ... nnn e 12
6 WOrK task @nalySis.....cccceiiiiiiiiciserrrieriiissescssnrr e s s s ss s ssssmns s e s s s s s s ssmns e e e s e s s s s s s s nnnn e e e e s een s snnnnnensnnens 12
7 Measurement of the eXPOSUIe ... s s s nnnnnnns 13
7.1 e - 11310V N 13
7.2 Quantities to be determined..........cccovcciiiiniii e ——————————— 14
7.3 Selection of MEthod ... ————————— 14
7.4 Requirements for the measurement methods ............ooooo i 17
7.5 L0 0T o L= .4 =1 0 1= 11T o Yo 19
7.6 EXPression Of F@SUILS..... ..ot s n e mmn e 20
8 Assessment of the EXPOSUIE ... e 20
8.1 [0 1 10T T4 -7 o) 1 10U 20
8.2 StAtEMENE.....co e ——————————— 20
8.3 Additional iNformation..........ccc i ———————————— 20
9 Decision about protective measures.............ooc oo 21
10 Repetition of measurement and asseSSMeNt ... 21
1 0T o o o 21
1.1 £33 Vo o 8 2. o o o 21
0 ¥ | 2= o Yo o 22
Annex A (informative) Flow chart of Procedure. ............oooriiieeomrireccre e e e 23
Annex B (informative) Tables (examples) for work task analysis.........cccccccerriiiiciismrmennnnnnnscssser e 24
Annex C (informative) Commonly used radiation measurement devices..........ccccocmrrrrriiiiicscsrrnernnnncnnnes 26
Annex D (informative) Examples of protective measures ...........coccriiiiirinicisns s 28
Annex E (informative) Examples of methods for the determination of the quantities L,, Ly, Gy, Hp,

E,, E, H and the assessment of associated hazards .........ccccccovviiiiieiiiiiiieeecc e 29
Table 1 — Quantities, symbols and UNItS..........ccccevviiiiiiini 8
Table 2 — Suitable methods for the measurement of the quantities L,, G, Hy, Ep,, E and H in

dependence of the measurement aim and the exposure conditions (see Annex E).................... 16
Table B.1 — Basic iNfOrmation...........ccciiiiiiiiniir i 24
Table B.2 — Detailed information concerning activities at a single location ..........c..cccconiiriiniiienninen, 25
Table E.1 — Survey of suitable measurement methods............ccciiiiiiiiniin e 30
Table E.2 — Advantages and disadvantages of method A ... 31
Table E.3 — Advantages and disadvantages of method B ............ccccooiiiiiminnniciicince e 32

Documents

2 Document Sharing Hub

Full document details: BS EN 14255-2:2005


http://www.avadocuments.com/doc/bs-en-14255-2-2005
http://www.avadocuments.com/doc/bs-en-14255-2-2005

EN 14255-2:2005 (E)

Table E.4 — Advantages and disadvantages of method C ...........c.coo i 33
Table E.5 — Advantages and disadvantages of method D ..........ccccocmminininncn e 34
Table E.6 — Advantages and disadvantages of method E ...............ccoommiiiiiicccciecrree e 35
Table E.7 — Advantages and disadvantages of method F...........cccoommmniinncn e, 36
Table E.8 — Advantages and disadvantages of method G...........ccocooiinininrcci e 37
Table E.9 — Advantages and disadvantages of method H ... e 38
Table E.10 — Advantages and disadvantages of method I.............ccooemrririni e, 40
Table E.11 — Advantages and disadvantages of method J..........cccoeccciimmiiiin e 41
Table E.12 — Advantages and disadvantages of method K ............cccccmririnriinncse e, 42
Table E.13 — Advantages and disadvantages of method L.............cccciiiiiiinnisnniccsie e 42
Table E.14 — Advantages and disadvantages of method M...............cccoomiimiin e 43
Table E.15 — Advantages and disadvantages of method N ............cccciiiniiincn s 44
Table E.16 — Advantages and disadvantages of method O.............cccccimmmiiniin s 45
Table E.17 — Advantages and disadvantages of method P..............cccciiriii e 46
Table E.18 — Advantages and disadvantages of method Q............ccociiiriiimiiirnsi e 46
Table E.19 — Advantages and disadvantages of method R..............cciiiiin s 47
Table E.20 — Advantages and disadvantages of method S.............cccccririiiinci 48
Table E.21 — Advantages and disadvantages of method T.........ccccoecciiimini s 48
Table E.22 — Advantages and disadvantages of method U .............ccriiiiinccccc s 49
Table E.23 — Advantages and disadvantages of method V.............cccciiiiiinncinnccsr e 50
Table E.24 — Advantages and disadvantages of method W................ccooiiriininccccnnn e 51
Table E.25 — Advantages and disadvantages of method X..........cccccoomminiiminns s 51
Table E.26 — Advantages and disadvantages of method Y.........ccoccoiiiiiiiiinciinnn e 52
71 o 1T |- e 1 3/ 53
Documents

Document Shgring Hub

Full document details: BS EN 14255-2:2005


http://www.avadocuments.com/doc/bs-en-14255-2-2005
http://www.avadocuments.com/doc/bs-en-14255-2-2005

EN 14255-2:2005 (E)

Foreword

This European Standard (EN 14255-2:2005) has been prepared by Technical Committee CEN/TC 169 “Light
and lighting”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by June 2006, and conflicting national standards shall be withdrawn at
the latest by June 2006.

EN 14255 Measurement and assessment of personal exposures to incoherent optical radiation is published in
four parts:

Part 1: Ultraviolet radiation emitted by artificial sources in the workplace.

Part 2 (this part): Visible and infrared radiation emitted by artificial sources in the workplace.

Part 3: UV-Radiation emitted by the sun (in preparation).

Part 4: Terminology and quantities used in UV-, visible and IR-exposure measurements.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,

Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland
and United Kingdom.
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Introduction

People may be exposed to adversely high levels of visible (VIS) and/or infrared (IR) radiation in the workplace.
The most important natural source for such VIS/IR-radiation is the sun. There are also artificial VIS/IR-
radiation sources, where VIS- and/or IR-radiation is either intentionally emitted to achieve the purpose of the
source’s application or is unintentionally emitted.

Visible optical radiation (VIS-radiation): Common applications for sources intentionally emitting visible
optical radiation are: general lighting, signalling devices, initiation of industrial-, medical- or agricultural-
photochemical processes and phototherapy of patients (e.g. hyperbilirubinemia- and bright light therapy,
physiotherapy and photodynamic therapy). Some examples of sources where visible radiation is
unintentionally emitted are: welding arcs, industrial furnaces and some types of UV-sources. When people are
irradiated by intense VIS-radiation, injuries may occur. VIS-radiation can cause damage to the retina through
thermal or photochemical mechanisms. Photosensitization of the skin to visible light, usually due to the action
of certain drugs, plants, or other substances, may occur shortly after administration of the drug (phototoxic
sensitivity), or may occur only after a latent period which can vary from days to months (photoallergic
sensitivity, or photoallergy). VIS-radiation may also induce or aggravate some diseases like porphyria.

Infrared optical radiation (IR-radiation): Common applications for sources intentionally emitting infrared
optical radiation are: radiative heaters, military nightsight devices, phototherapy of patients (e.g. physiotherapy
and photodynamic therapy), industrial photochemical or photothermal processes. Some examples of sources,
where infrared radiation is unintentionally emitted, are: welding arcs, some types of visible light sources (e.g.
high power tungsten lamps) and industrial furnaces. When people are irradiated by intense IR-radiation,
injuries may occur. The anterior structures of the eyes (cornea) and the skin may be damaged by short term
IR-irradiation of high irradiance. Depending on the wavelength a certain fraction of IR radiation can also cause
damage to the retina through thermal or photochemical mechanisms. But additionally, long term less intense
IR-irradiation may also result in cumulative damage to the eyes and skin, such as cataracts and skin aging.

In order to avoid short term injuries and reduce additional risks from long term overexposure to VIS- and/or IR-
radiation, national regulations and international recommendations require restriction of VIS/IR-exposure levels
in the workplace. To achieve this, it is necessary to determine the level of VIS/IR-exposure and assess its
gravity.

The determination of the level of VIS/IR-exposure can be done by measurement of the VIS/IR-exposure of the
people likely to be exposed. Determination of the severity of a VIS/IR-exposure is normally done by
comparison of the determined exposure level with the required or recommended limit value. When the
exposure level complies with the limit value no further action is necessary. When the limit value is exceeded
protective measures have to be applied in order to decrease the VIS/IR-exposure. As the exposure situation at
the workplace may change, it may be necessary to repeat the determination and assessment of VIS/IR-
exposure at a later time.

VIS/IR radiation exposure measurements are often costly and time consuming. So it is reasonable to avoid
measurements if possible, i. e. if the personal VIS/IR radiation exposure can be estimated and either exceeds
the limit values by far or is far below the limit values. In some cases, the manufacturer may have classified a
device according to European and International Standards such as EN 12198 and CIE S009. Knowledge of
the classification of all potential sources of VIS/IR may allow a sufficiently precise assessment of hazard to be
made without further measurement. Another approach could be to use known spectral data of sources in
combination with calculation software in order to estimate exposure level [5]. VIS/IR-exposure measurements
are only necessary if it cannot be estimated in advance whether the limit values will be exceeded or not. So as
a first step of the assessment procedure it is useful to carry out a preliminary review including an exposure
estimation.

This European Standard does not specify VIS/IR-exposure limit values. VIS/IR-exposure limit values are set in
national regulations or provided by international organizations, such as the International Commission for Non-

ionizing Radiation Protection (ICNIRP) [1]. This European Standard specifies the procedures for measurement
and assessment of VIS/IR-exposures in the workplace. As the results of measurement and assessment of
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VIS/IR-exposure depend on the method of implementation, it is important to carry out measurements and
assessments in a standardised way.
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1 Scope

This European Standard specifies procedures for the measurement and assessment of personal exposures to
visible (VIS) and infrared (IR) radiation emitted by artificial sources, where adverse effects cannot be readily
excluded.

NOTE 1 Adverse effects will normally not occur in exposures caused by normal lighting or room heating.

This European Standard applies to VIS- and IR- exposures in indoor and outdoor workplaces. It does not
apply to VIS- and IR-exposures in leisure time.

This European Standard does not apply to VIS- and IR- exposures caused by the sun.
NOTE 2  Part 3 of this standard will deal with UV-exposures caused by the sun.

This European Standard does not specify VIS- and IR-exposure limit values. It supports the application of limit
values set by national regulations or international recommendations.

This European Standard applies to VIS- and IR- exposures by artificial incoherent sources, which emit
spectral lines as well as continuous spectra. This European Standard does not apply to coherent radiation
sources.

NOTE 3  Coherent optical radiation sources are covered by standards for lasers, like EN 60825-1] etc.

This European Standard applies to visible (VIS) and infrared (IR) radiation exposures in the wavelength band
380 nm to 3 um. It also applies to radiation exposures that may present a blue-light hazard in the wavelength
band 300 nm to 700 nm.

This European Standard does not apply to other effects of which the action spectra lie solely within the
UV-region 180 nm to 400 nm.

NOTE 4  Part 1 of EN 14255 addresses these effects.
This European Standard does not apply to radiation emissions of products.

NOTE 5 For radiation _emissions of products other standards apply, such as EN 12198 for radiation emissions of
machinery, EN 60335-2-27] for household appliances for skin exposures to ultraviolet and infrared radiation and CIE S009
for the safety of lamps and lamp systems.

This European Standard does not apply to heat stress, i.e. long term heating of the humans body with strain of
the cardiac/circular system caused by climatic environmental conditions including VIS/IR radiation.

2 Normative references

The following referenced documents are indispensable for the application of this European Standard. For
dated references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ENV 13005, Guide to the expression of uncertainty in measurement

N 14255-1, Measurement and assessment of incoherent optical radiation — Part 1: Ultraviolet radiation by
artificial UV-sources in the workplace

CIE 17.4:1987, International electrotechnical vocabulary, Chapter 845: lighting
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3 Terms and definitions

3.1

Quantities, symbols and units

Table 1 — Quantities, symbols and units

Symbol Quantity Unit
A wavelength nm

E(A) spectral irradiance W/(m2nm)
E irradiance W/m?

E, blue-light irradiance W/m?
H,(\) spectral radiant exposure J/(m?nm)
H radiant exposure J/m?
H, blue-light radiant exposure J/im2
L,(A) spectral radiance W/(m2-nm:sr)
L radiance W/(m?2sr)
L, retinal thermal radiance W/(m?2sr)
L, blue-light radiance W/(m?2-sr)
G radiance dose J/(m2sr)
G, blue-light radiance dose J/(m?-sr)
Aty exposure duration S

b(\) blue-light hazard weighting function -

r(\) retinal thermal hazard weighting function -
D actual source diameter m
Dy viewing source diameter m

r viewing distance m

o angular subtense mrad

viewing angle °/ mrad

¥ angle of acceptance mrad

NOTE Values for the spectral weighting function like 5(1) and b(1) can be taken from the set of limit values applied.
E.g. if b(4) is chosen to correspond to the ICNIRP relative spectral effectiveness B(1) [1,3], the blue-light irradiance E, will
correspond to the ICNIRP blue-light hazard weighted irradiance Eg and the blue-light radiant exposure H, will correspond
to the ICNIRP blue-light hazard weighted radiant exposure Hj (see 7.2).
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3.2 Definitions and relationships between quantities

For the purposes of this European Standard, the terms and definitions given in CIE 17.4:1987 and the
following apply.

3.21

irradiance

E

is calculated from the spectral irradiance E4(A4) by:

E=[E, (234 (1)
A

3.2.2

blue-light irradiance

E,

integral of the product of the spectral irradiance E (A1) and the blue-light hazard weighting function 5(1):

E, = [ E,(A)b(A)d2 @
j'l

3.23

spectral radiant exposure

HyA

integral of the spectral irradiance E (1) with respect to the exposure duration Az,

H,()= J‘El (A,0)dt (3)

At

exp

3.24

radiant exposure

H

integral of the irradiance E with respect to the exposure duration Ar,:

H = j E(r)dt 4)

At oxp

The radiant exposure H is calculated from the integral of the spectral radiant exposure H(A):
H= j H,(A)di 5)
/1]

3.25

blue-light radiant exposure

H,

integral of the blue-light irradiance E;, with respect to the exposure duration Az,

H,= [Edt (6)

Atexp

The blue-light radiant exposure H, can also be calculated from the spectral radiant exposure H,(1) and the
blue-light hazard weighting function 5(4):
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H, = [ H,(Wb(A)d @)

4

3.2.6

radiance

L

is calculated from the spectral radiance L,(1) by:

j'2
L=[L,(2)di ®)
A
3.2.7
retinal thermal radiance

L,
integral of the product of the spectral radiance L (1) and the retinal thermal hazard weighting function »(1):

A
L, = [L,(Ar()di ©)
A

3.2.8

blue-light radiance

L,

integral of the product of the spectral radiance L (1) and the blue-light hazard weighting function 4(4):

L, = [L,(b(hz (10)

A

3.2.9

radiance dose

G

integral of the radiance L with respect to the exposure duration Ar.y,:

G= dez (11)

At

exp

3.2.10

blue-light radiance dose

Gy

integral of the blue-light radiance L, with respect to the exposure duration Az,

G, = [Ldt (12)
At

3.2.11

actual source diameter

D

— the circle diameter, if the source is circular;

— the arithmetic mean of the longest and shortest dimension, if the source is oblong
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3.212
viewing source diameter
Dy,
given by:
D, = Dcosp (13)
3.213

viewing distance
distance between the centre of the source and the eye respective the detector

3.214
angular subtense
a
given by:
a=D./r (14)

3.2.15
viewing angle

angle between the normal of the source and the line of sight

3.2.16
angle of acceptance

/4
largest angle between all directions in which a radiation detector is sensitive

4 General procedure

In order to measure and assess the VIS- and IR- exposure in the workplace the following steps shall be
carried out:

a) Preliminary review

b) Work task analysis

c) Measurement of the exposure

d) Assessment of the exposure

e) Decision about protective measures

f) Decision about a repetition of the exposure measurement and assessment
g) Preparation of a report

Details of these procedures are specified in Clauses 5 to 11.

NOTE 1 A flow chart showing the procedural steps is given in Annex A (informative).

NOTE 2 In some cases it is not necessary to carry out all of these steps, see Clause 5.
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5 Preliminary review

The preliminary review is required to determine whether or not a detailed hazard assessment based on
measurements is necessary. All available information about the radiation source and the possible personal
VIS/IR-exposure shall be gathered. It shall then be decided if an exposure measurement is necessary or if a
statement can be made without a measurement that the exposure limit values are met or are exceeded.

NOTE If VIS/IR irradiances are known to be either insignificant or extreme, a precise assessment may be
unnecessary. Where all sources have emission characteristics which can be described as trivial, or where occupancy is
minimal, it may be impossible for a person to exceed the chosen exposure limits. Conversely, where emissions are
significant and/or occupancy is high, it may be obvious that the limits will be exceeded and that some form of protective
measures (see Clause 9) will be required. Useful information towards the preliminary review might be found from several
origins:

e A device may have been classified according to standards such as EN 12198 [10], [11], [12] and CIE S009 [3].
Knowledge of the classification of all potential sources of VIS/IR-radiation may allow a sufficiently precise assessment

of hazard to be made without further measurement.

e If sufficient VIS/IR-radiation emission data are available for a device it may be possible to estimate the personal
VIS/IR-exposure.

o If data like spectrum (e.g. derived from the source temperature), geometry and exposure time are available calculation
of the personal exposure may be performed (e.g. by computer software [5]).

If a clear statement can be made that the personal VIS/IR-exposure is insignificant and that the exposure limit
values will be met, no further action is necessary and Clauses 6 to 9 need not be applied.

If a clear statement can be made that the VIS/IR-exposure limit value(s) will be exceeded, Clause 9 shall be
applied. After the application of protective measures the assessment procedure shall be repeated starting with
the preliminary review in Clause 5.

If it cannot clearly be estimated in advance whether the limit value(s) will be met or exceeded the procedures
specified in Clauses 6 to 11 shall be carried out.

If the gathered data show a potential exposure in the UV- range, the corresponding hazard shall be assessed

according to EN 14255-1|.

A short report according to 11.1 shall be prepared. If measurements are carried out the short report may be
presented as part of the full report according to 11.2.

6 Work task analysis

For the determination of visible and infrared radiation exposures in the workplace a detailed work task analysis
shall be carried out. All activities during which persons may be exposed to VIS- and IR- radiation shall be
considered. For each of these activities the exposure situation shall be carefully analysed. This analysis
includes determining:

e the number, position(s) and types (e.g. wavelength, geometry) of radiation sources to be considered;

e radiation which is reflected or scattered on walls, equipment, materials etc.;

o the spectrum of the radiation to which persons are exposed;

e the spectrum can be determined:

a) by measuring the spectrum in the position where persons are exposed,
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b) by calculation of the spectrum for a known temperature and emission coefficient of the source (black
body radiation calculation),

NOTE 1 The spectrum may be altered by scattering, reflection and absorption between the radiation source and the
exposed persons.

c) by information on the emission spectrum of the radiation source provided by the source’s
manufacturer or directly measured close to the source, if the spectrum at the position where persons
are exposed is identical to the spectrum emitted by the radiation source.

NOTE 2  The spectrum may be altered by scattering, reflection and absorption between the radiation source and the
exposed persons.

e the constancy or the variation of the spectrum and/or the radiation flux density with time;
o the distance between the exposed person and the radiation source(s);

e the changes in the location of the exposed person during the work shift (respective during the entire time
of exposure);

o the time(s) spent by persons at different locations in relation to the radiation source(s) and the time(s) of
exposure at these locations;

¢ which potential health effects are to be taken into account (damage to the eyes, skin, short- and long-term
effects, wavelength ranges);

e which limit values are to be considered;
e whether personal protective equipment is used or not and, if so, which type and technical specifications;
e number of working shifts with VIS- and/or IR-exposures per year.

For each of these activities information shall be complete enough to allow the exposure during a shift length to
be determined. It is useful to record all the information about the exposure in tables as shown in Annex B
(informative).

7 Measurement of the exposure

7.1 Planning
The measurement shall be planned taking into account the measurement aim (survey measurement or
measurement for comparison with limit values) and the exposure conditions. It is important to define which

measuring methods will be used and how the measurement will be conducted. The following points shall be
taken into account:

e quantities which are to be determined (see 7.2);
e radiation spectrum:
— UV, VIS, IR,
— continuous or line-spectrum;
e variation of the spectrum with time: constant or varying;

e variation of radiation flux density with time: constant or varying;
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o level of exposure;

e the measuring range of the measurement device shall be adapted to the level of the exposure;

e places of staying and movement of the persons who'’s exposures are to be measured (see Clause 6);
¢ selection of a suitable measurement method (see 7.3);

e check if the necessary requirements for the measurement methods are met (see 7.4);

e personal radiation protection (see 7.5).

7.2 Quantities to be determined

The radiometric quantities to be measured shall be selected with reference to the quantities in which the limit
values are specified. For the spectral region 4 = 300 nm to 3 000 nm exposure limit values are recommended
by international organizations, such as ICNIRP [1], or set by national authorities.

NOTE E.g. ICNIRP recommends to determine the quantities:

e retinal thermal radiance L, for A = (380 to 1 400) nm;

e  blue-light radiance Ly for A = (300 to 700) nm;

e blue-light radiance dose G, for 4 = (300 to 700) nm;

e  blue-light exposure Hy, for 4 = (300 to 700) nm;

e  blue-light irradiance E;, for A = (300 to 700) nm;

e irradiance E for A = (780 to 3 000) nm;

e retinal thermal radiance L, for 4= (780 to 1 400) nm (infrared radiation hazards to retina);

e radiant exposure H for 4 = (380 to 3 000) nm.

For the selection of the applicable limit value it is often necessary to determine also the quantities:

e exposure duration Afeyp;

e the source's angular subtense «.

7.3 Selection of method

A complete method for the measurement of VIS- or IR-exposure consists of the measurement device or
devices used, the implementation and the evaluation of the results. In Annex C commonly used radiation
measurement devices are described. In some methods not only radiation measurement devices but also
clocks or stop watches are used.

When selecting a measurement method account shall be taken of the measurement aim, the exposure
conditions and the radiation characteristics.

NOTE 1 Depending on the quantity to be determined various measurement methods are available. These methods and

their advantages and disadvantages are described in Annex E. In some situations it will be necessary to apply more than
one method.
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NOTE2 In Table 2 methods are presented which are suitable for the measurement of VIS- and IR-exposures
depending on the measurement aim and the exposure conditions.
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