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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The problem of dosimetry in skin photobiology lies in the fact that the ability of ultraviolet (UV)
radiation to elicit erythema in human skin depends strongly on wavelength, encompassing a range
of four orders of magnitude between 250 nm and 400 nm. Thus, a statement that a subject received
an exposure dose of 1 J-cm=2 (104 J-m-2) of UV radiation conveys nothing about the consequences of
that exposure in terms of erythema. If the radiation source was a UV-A fluorescent lamp, no erythemal
response would be seen apart from in people exhibiting severe, abnormal pathological photosensitivity.
The same dose delivered from an unfiltered mercury arc lamp or fluorescent sun-lamp would result

q
long recognized the need to express the exposure as an erythemally weighted quantity(1],

Rdcently, the term "minimal erythema dose (MED)" has been used widely as a measure of grythemal
rafiation. This is unreasonable because the MED is not a standard measure of dnything bfit, on the
coptrary, encompasses the variable nature of individual sensitivity to UV radiation.Variables that affect
the MED include: optical and radiometric characteristics of the source; determinants of the gxposure,
such as dose increment and field size; nature of the skin, such as pigmentatien, previous lightexposure
arld anatomical site; and observational factors, such as definition of the endpoint, time of reafling after
exposure and ambient illumination.

Tq avoid further confusing misuse of the term MED, it is proposedithat this term be reserved|solely for
olservational studies in humans and other animals, and that a'new term, the "standard erythema dose
(SED)", be used as a standardized measure of erythemogeni¢ UV radiation.
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INTERNATIONAL STANDARD ISO/CIE 17166:2019(E)
Erythema reference action spectrum and standard
erythema dose

1 Scope

Thisdocumentspecifies the erythenta Teference action SPectI U, SertA), and the stamdard prythema
ddse (SED).

2| Normative references

The following documents are referred to in the text in such a way that sonie_or all of their content

copnstitutes requirements of this document. For dated references, only thé edition cited applies. For
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Far the purposes of this document, the terms and definitions given in CIE S 017 and the follow
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dated references, the latest edition of the referenced document (including'any amendmentg

E S 017:—,1 ILV: International Lighting Vocabulary

Terms and definitions

D and IEC maintain terminological databases for use in standardization at the following add

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://wwWw.electropedia.org/

L
ythema spectral weighting function
ythema action spectrum

(A
rceptible actinic erythemain human skin

DURCE: CIE S 017:—=,entry 17-26-065]

D

ythemal irradiance
s
fectivedrradiance with the spectral irradiance, E), spectrally weighted with the erythem
ightifig-function, ser(A), (3.1)

Nd

) applies.

ing apply.

resses:

nction representing the spectral dependence of the ability of ultraviolet radiation (3.6) to pr¢duce just

1 spectral

te-1 to entry: This definition is based on the assumption that an action spectrum is adopted for

he actinic

effect considered, and that its maximum value is 1.

Note 2 to entry: It is essential to specify which action spectrum is used, as the unit is the same.

Note 3 to entry: The erythemal irradiance is expressed in watts per square metre (W-m-2).

[SOURCE: CIE S 017:—, entry 17-26-067]

1y

Under preparation. Stage at the time of publication: CIE DIS 017:2016.
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al dose
al radiant exposure

time integral of erythemal irradiance (3.2) defined by the formula:

H,, =”E,1(/1, £)s. (A)dAde

where

Ex(4,
Ser(A)

Note 1 to
effect cons

Note 2 to ¢
Note 3 to ¢
Note 4 to ¢
[SOURCE

3.4
minimal
MED
actinic dd
erythema

Note 1 to
depends o
of the sou
(typical v4
in humansg

Note 2 to 4
Note 3 to ¢
[SOURCE

3.5
standard
SED
standard

t) is the spectral irradiance at wavelength A and time ¢;

is the erythema spectral weighting function (3.1) normalized to 1 at its maximum

entry: This definition is based on the assumption that an action spectrum is adopted for the acti
idered, and that its maximum value is 1.

ntry: It is essential to specify which action spectrum is used, as the unit is the-same.
ntry: See also minimal erythema dose (3.4) and standard erythema dose (3:.5)
ntry: The erythemal dose is expressed in joules per square metre (J-m=~2).

CIE S 017:—, entry 17-26-066]

erythema dose

on a single individual’s previously unexposed'skin

entry: The minimal erythema dose is a subjective measure based on the reddening of the skin
n many variables, e.g. individual sensitivity to ultraviolet radiation (3.6), radiometric characterist

lue: 24 h), etc. Since it varies with each'individual, it should be reserved solely for observational stud
and other animals.

ntry: See also standard erythema dose (3.5).
ntry: The minimal erythema dose is expressed in joules per square metre (J-m-2).

CIE S 017:—, enfry 17-26-068]

erythema‘dose

zed unit of measure of erythemal radiation

Note 1 to ent
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Note 2 to entry: See also minimal erythema dose (3.4).

[SOURCE: CIE S 017:—, entry 17-26-069, modified — Note 3 to entry has been omitted.]
3.6

ultraviolet radiation

UV radiation

optical radiation for which the wavelengths are shorter than those for visible radiation

Note 1 to entry: The range between 100 nm and 400 nm is commonly subdivided into:

— UV-A:

315 nm to 400 nm;
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UV-B: 280 nm to 315 nm;

UV-C: 100 nm to 280 nm.

2019(E)

Note 2 to entry: A precise border between “ultraviolet radiation” and “visible radiation” cannot be defined,

be

cause visual sensation at wavelengths shorter than 400 nm is noted for very bright sources.

T

Note 3 to entry: In some applications, the ultraviolet spectrum has also been divided into “far”, “vacuum” and
“near” ultraviolet; however, the borders necessarily vary with the application (e.g. in meteorology, optical design,
photochemistry, thermal physics).
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can be expressed mathematically as shown in Formulae (1) and (2):
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Concept of erythemal irradiance and dose

1 Erythemal irradiance

e erythemal irradiance, Eer, from a source of UV radiation is obtained by weighting thg
adiance of the radiation at wavelength A (in nm) by the effectiveness of radiation of this w
cause a minimal erythema and summing over all wavelengths present in the source spect

Eer= [E7 (A)-5er (2)dA

Eer= D Ej (A)-ser (1)-A

ere

Ex(A) is the spectral irradiance.at wavelength 4;

AL is the wavelength intepval used in the summation;

ser(A)  isthe erythemaSpectral weighting function (see 4.2) normalized to 1 at its max
fegration has to be carried out in the wavelength range where neither Ej(A) nor ser(A) equd

s a ratio, ser(A) has-unit one. The erythemal irradiance is equivalent to a hypothetical irr3
bnochromatic radiation having a wavelength at which se¢r(A) is equal to unity. The time i
fective irradiance-is the erythemal dose.

e erythemaldose, Her, (in ]'m=2) received after an exposure period of ¢ (in s) is shown in Fot

HepaE ot

spectral
hvelength
fum. This

1)

(2)

mum.

1 zero. As
diance of
ntegral of

mula (3):
(3)
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