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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 94, Personal safety — Protective clothing
and equipment, Subcommittee SC 6, Eye and face protection.

This third edition cancels and replaces the second edition (ISO 4007:2012), which has been technically
revised. This third edition builds on the second edition, which was partly based on EN 165.

The main changes compared to the previous edition are as follows.

— The word “ocular” has been changed to “lens” to describe the transparent material through which
the wearer looked.

— Some terms have been moved and renumbered to more suitable positions, e.g. some of the terms
that were in the “properties of materials” subclause are now in the “transmittance” subclause.

— 52 new terms have been added, over 100 terms or definitions have been modified and sources have
been updated. Greater information about the source of definitions is given where these have been
copied from other standards.

— The following terms have been deleted: giant-pulsed laser, haze, He-Ne laser, optical class, protective
ocular, radiation power, untinted ocular, very-high-pressure (intensity) mercury vapour lamp.

— A term relating to the transmittance between 380 nm and 400 nm has been added. Although the
definition for UV-A continues to take the wavelength limits of 315 nm to 380 nm, many of the terms
and definitions relating to UV-A allow the upper limit to be either 380 nm or 400 nm, depending
upon the application.

— Termsrelating to “mesh protectors” and “additional lenses” have been added for use in the appropriate
standards.

— hyphens have been removed from many terms relative to the second edition, e.g. in “eye-protector”

and “dark-state”, but have been kept in “as-worn”, “blue-light” and “gradient-tinted”, and in those
cases where they would generally be used in English.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 4007:2018(E)

Personal protective equipment — Eye and face protection
— Vocabulary

1 Scope

This document defines and explains the principal terms used in the field of personal eye and face
protection.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

NOTE See also the CIE International lighting vocabulary: Available at: http://eilv.cie.co.at/.

3.1 Risks and hazards

3.1.1
safety, noun
freedom from risk (3.1.4) that is not tolerable

Note 1 to entry: The term “safe” is often understood by the general public as the state of being protected from
all hazards (3.1.3). However, this is a misunderstanding: “safe” is rather the state of being protected from
recognized hazards that are likely to cause harm (3.1.2). Some level of risk is inherent in products or systems.
The use of the terms “safety” and “safe” as descriptive adjectives should be avoided when they convey no useful
extra information. In addition, they are likely to be misinterpreted as an assurance of freedom from risk. The
recommended approach is to replace, wherever possible, the terms “safety” and “safe” with an indication of
the objective. For example, use “protective helmet” instead of “safety helmet”. See also ISO/IEC Guide 51:2014,
Clause 4.

[SOURCE: ISO/IEC Guide 51:2014, 3.14, modified — the term has been identified as a noun, and “which”
in the definition has been changed to “that”.]

3.1.2
harm
injury or damage to the health of people, or damage to property or the environment

[SOURCE: ISO/IEC Guide 51:2014, 3.1]

3.1.3
hazard
potential source of harm (3.1.2)

[SOURCE: ISO/IEC Guide 51:2014, 3.2]
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3.14
risk
combination of the probability of occurrence of harm (3.1.2) and the severity of that harm

Note 1 to entry: The probability of occurrence includes the exposure to a hazardous situation, the occurrence of a
hazardous event and the possibility to avoid or limit the harm.

[SOURCE: ISO/IEC Guide 51:2014, 3.9]

3.1.5

intended use

use in accordance with information provided with a product or system, or, in the absence of such
information, by generally understood patterns of usage

[SOURCE: ISO/IEC Guide 51:2014, 3.6]

3.1.6

reasonably foreseeable misuse

use of a product or system in a way not intended by the supplier, but which can result from readily
predictable human behaviour

Note 1 to entry: Readily predictable human behaviour includes the behaviour of all types of users, e.g. the elderly,
children and persons with disabilities. For more information, see ISO 10377[5].

Note 2 to entry: In the context of consumer safety (3.1.1), the term “reasonably foreseeable use” is increasingly
used as a synonym for both intended use (3.1.5) and reasonably foreseeable misuse.

[SOURCE: ISO/IEC Guide 51:2014, 3.7]

3.1.7

blue-light hazard

potential for a photochemically induced retinal injury resulting from optical radiation (3.2.1) exposure
in the wavelength range 300 nm to 700 nm

3.1.8

infrared lens hazard

potential for a thermal injury to the crystalline lens (and cornea) of the eye resulting from exposure to
optical radiation (3.2.1) in the wavelength range 780 nm to 3 000 nm

3.1.9

retinal thermal hazard

potential for a thermal retinal injury resulting from exposure to optical radiation (3.2.1) in the
wavelength range 380 nm to 1 400 nm

3.1.10

ultraviolet hazard

potential for acute and chronic adverse effects to the skin and eye resulting from exposure to optical
radiation (3.2.1) in the wavelength range 250 nm to 400 nm

3.2 Optical radiation

3.21

optical radiation

electromagnetic radiation at wavelengths between the region of transition to X-rays (A # 1 nm) and the
region of transition to radio waves (A 1 mm)

Note 1 to entry: Optical radiation is usually subdivided into the following spectral ranges, with a possible overlap
at the longer wavelength limit of the UV spectrum:

— ultraviolet radiation (3.2.3);

—  visible radiation (3.2.2); Documents
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— infrared radiation (3.2.4).
[SOURCE: CIE S 07:2011, 17-848, modified — Note 1 to entry has been added.]

3.2.2

visible radiation

light

any optical radiation (3.2.1) capable of causing a visual sensation directly

Note 1 to entry: There are no precise limits for the spectral range of visible radiation since they depend upon
the amount of radiant power (3.4.7) reaching the retina and the responsivity of the observer. The lower limit is
generally taken between 360 nm and 400 nm and the upper limit between 760 nm and 830 nm.

Note 2 to entry: For the purposes of standards on eye protection, the limits of the visible spectrum are usually
taken to be 380 nm to 780 nm. These limits coincide with those in ISO 20473 which specifies the spectral
ranges for optics and photonics standards and avoids the overlap at either end of the visible spectrum in the CIE
definition.

Note 3 to entry: For lasers, the visible wavelength band is defined as 400 nm to 700 nm. This is because eye
protection against low-power visible lasers often relies on the eye’s aversion response, which includes the blink
reflex (3.5.1.17). For this to happen, the laser beam (3.3.14) should appear very bright, hence the need to cut off
the extremes of the visible band where the spectral luminous efficiency (3.4.11) of the eye is quite low.

[SOURCE: CIE S 017:2011, 17-1402, modified — Notes to entry 2 and 3 have been added.]

3.2.3

ultraviolet radiation

UV radiation

UVR

optical radiation (3.2.1) for which the wavelengths are shorter than those for visible radiation (3.2.2)

Note 1 to entry: For standards for protection against solar radiation including, for example, sunglasses for
general use, the upper limit of UV-A is sometimes taken as 380 nm. For standards on requirements for protection
against radiation from artificial sources, the upper limit of UV-A is usually taken as 400 nm, which is consistent
with the CIE definition. The 400 nm upper limit is also used by, amongst others, ICNIRP, ACGIH, the World Health
Organization and in the European Artificial Optical Radiation Directive.

Note 2 to entry: The limit of 380 nm coincides with ISO 20473 which specifies the spectral range of ultraviolet
radiation for standards in optics and photonics and subdivides the UV range into

— UV-A: 315 nm to 380 nm;
— UV-B: 280 nm to 315 nm;
— UV-C: 100 nm to 280 nm.

[SOURCE: CIE S 017:2011, 17-1367, modified — the word “optical” has been added to the definition and
the CIE Notes 1, 2 and 3 have been deleted and replaced by Notes 1 and 2 to entry.]

3.24

infrared radiation

IR radiation

optical radiation (3.2.1) for which the wavelengths are longer than those for visible radiation (3.2.2),
from 780 nm to 1 mm

Note 1 to entry: For infrared radiation, the range between 780 nm and 1 mm is typically subdivided into:
— IR-A 780nmto1400nm,or0,78 pm to 1,4 pm;

— IR-B 1,4 pumto 3,0 um;

— IR-C 3pmtolmm.

Note 2 to entry: A precise border between “visible” and “infrared” cannot be defined because visual sensation at
wavelengths greater than 780 nm is noted for very bright sources at longer wavelengths. [Documents
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[SOURCE: CIE S 017:2011, 17-580, modified — the word “commonly” has been replaced by “typically” in
the first CIE note to entry, and the third CIE note has been deleted.]

3.2.5

monochromatic radiation

monochromatic light

optical radiation (3.2.1) characterized by a single frequency

Note 1 to entry: In practice, radiation of a very small range of frequencies which can be described by stating a
single frequency.

Note 2 to entry: The wavelength in air or in vacuum is also used to characterize a monochromatic radiation. The
medium shall be stated.

Note 3 to entry: The wavelength in standard air is normally used in photometry and radiometry.

[SOURCE: CIE S 017:2011, 17-788, modified — the word “optical” has been added in front of “radiation”
in the definition.]

3.2.6

illuminant

optical radiation (3.2.1) with a relative spectral power distribution defined over the wavelength range
that influences object colour perception

Note 1 to entry: In everyday English, this term is not restricted to this sense but is also used for any kind of light
falling on a body or scene.

[SOURCE: CIE S 017:2011, 17-554, modified — the word “optical” has been added in front of “radiation”
in the definition.]

3.2.7
CIE standard illuminants
illuminants (3.2.6) A and D65, defined by the CIE in terms of relative spectral power distributions

Note 1 to entry: These illuminants (3.2.6) are intended to represent:
— A:Planckian radiation with a temperature of 2 856 K;

— D65: The relative spectral power distribution representing a phase of daylight with a correlated colour
temperature of approximately 6 500 K (called also “nominal correlated colour temperature of the daylight
illuminant”).

Note 2 to entry: llluminants B, C and other D illuminants, previously denoted as standard illuminants, should
now be termed CIE illuminants.

Note 3 to entry: See also ISO 11664-2:2007[8] and CIE 015[22].

Note 4 to entry: Tables defining the CIE standard illuminants A and D65 at 5 nm intervals can be viewed in the
downloads section at http://www.cie.co.at/.

[SOURCE: CIE S 017:2011, 17-168, modified — the references to other standards in CIE Note 1 to entry
have been moved into a new Note 3 to entry, and a new Note 4 to entry has also been added.]

3.3 Sources of non-ionizing radiation

3.31

electric arc

self-maintained gas conduction for which most of the charge carriers are electrons supplied by primary-
electron emission

Note 1 to entry: During live working, the electric arc is generated by gas ionization arising from an unintentional
electrical conducting connection or breakdown between live parts or alive part and the earth path of an electrical
installation or an electrical device. During testing, the electric arc is initiated by the blowing of a fusbwire.

ocuments
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[SOURCE: IEC 61482-1-1:2009, 3.1.17]

3.3.2

air-arc cutting

arc gouging

thermal gouging or cutting method for metallic materials that uses an electric arc (3.3.1)

Note 1 to entry: This method uses a carbon electrode that forms a groove by melting or burning, while an air jet
attached to the electrode removes the molten material. This groove can be deepened using the same thermal
method to form a cut.

3.3.3

arc welding

electric welding method that uses an arc that is generated between the rod-shaped metal electrode and
the workpiece

Note 1 to entry: The electrode melting in the hot arc is used as the filler metal for the welded joint.

3.34
short-circuit electric arc
intensive arc that can occur through switching or a short-circuit in electricity distribution installations

3.3.5

gas cutting

flame cutting

thermal method of cutting metallic material using gas and oxygen

Note 1 to entry: This method does not use an electric arc (3.3.1).

3.3.6

plasma arc cutting

thermal cutting method for metallic materials that uses a constricted electric arc (3.3.1) and a high-
velocity jet of gas issuing from a constricting orifice to give a high-temperature plasma flame that melts
and removes the metallic material

3.3.7

blacklight lamp

ultraviolet radiation source

UV-A radiation source, generally a mercury vapour discharge lamp, with the bulb (high-pressure
radiation source) or tube (low-pressure radiation source) made from light-absorbing, but UV-A
transmitting, filter glass (3.6.1)

Note 1 to entry: The filter glass appears almost black in colour.

3.3.8

metal halide lamp

high intensity discharge lamp in which the major portion of the light (3.2.2) is produced from a mixture
of a metallic vapour and the products of the dissociation of metal halides

Note 1 to entry: Metal halide lamps can be clear or phosphor-coated.

[SOURCE: CIE S 017:2011, 17-765, modified — "the term covers" has been replaced by "metal halide
lamps can be".]

3.39

low pressure mercury (vapour) lamp

discharge lamp of the mercury vapour type, with or without a coating of phosphors, in which during
operation, the partial pressure of the vapour does not exceed 100 Pa

Note 1 to entry: In mercury discharge lamps with a fluorescent layer, the layer is excited by the ultraviolet
radiation (3.2.3) of the discharge to generate visible radiation (3.2.2).
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[SOURCE: CIE S 017:2011, 17-701, modified — Note 1 to entry has been added.]

3.3.10

medium pressure mercury (vapour) lamp

non-coherent radiation source containing mercury vapour at pressures ranging from 50 kPa to several
hundred kPal)

Note 1 to entry: This type of lamp emits mostly from 200 nm to 1 000 nm with the most intense lines
approximately at 218 nm, 248 nm, 254 nm, 266 nm, 280 nm, 289 nm, 297 nm, 303 nm, 313 nm, 334 nm, 366 nm,
406 nm, 408 nm, 436 nm, 546 nm and 578 nm.

[SOURCE: IUPAC, modified — the term name has been altered by the deletion of the hyphen in "medium-
pressure” and the the addition of (vapour) to align with the CIE definitions of low pressure mercury
(vapour) lamp and high pressure mercury (vapour) lamp.]

3.3.11

high pressure mercury (vapour) lamp

high intensity discharge lamp in which the major portion of the light (3.2.2) is produced, directly or
indirectly, by radiation from mercury operating at a partial pressure in excess of 100 kPa

Note 1 to entry: High-pressure mercury (vapour) lamps can be clear, phosphor coated (mercury fluorescent) and
blended lamps. In fluorescent mercury discharge lamps, the light is produced partly by the mercury vapour and
partly by a layer of phosphors excited by the ultraviolet radiation (3.2.3) of the discharge.

[SOURCE: CIE S 017:2011, 17-535]

3.3.12

pulse duration

full duration at half maximum

FDHM

time interval between the half peak power points at the leading and trailing edges of a pulse

[SOURCE: ISO 11145:2016, 3.50]

3.3.13

pulse separation

time between the end of one pulse and the onset of the following pulse, measured at the 50 % trailing
and leading edges

[SOURCE: ISO 12609-2:2013, 2.6]

3.3.14
laser beam
optical radiation (3.2.1) from lasers that is generally collimated, directed, monochromatic and coherent

Note 1 to entry: The radiation is correlated in space and time.

3.3.15
laser radiation
coherent electromagnetic radiation with wavelengths up to 1 mm, generated by a laser

[SOURCE: ISO 11145:2016, 3.32]

3.3.16

continuous wave laser

cw laser

laser continuously emitting radiation over periods of time greater than or equal to 0,25 s

[SOURCE: ISO 11145:2016, 3.26]

1) 1atm=101,325 kPa. Documents
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3.3.17

pulsed laser

laser that emits energy in the form of a single pulse or a train of pulses where the duration of a pulse is
less than 0,25 s

[SOURCE: ISO 11145:2016, 3.27, modified — “which” has been changed to “that”.]

3.3.18

mode-locked laser

mode-coupled laser

laser that utilizes a mechanism or phenomenon within the laser resonator to produce a train of very
short (typically shorter than a nanosecond, e.g. picosecond or femtosecond) pulses

Note 1 to entry: While this can be a deliberate feature of the laser, it can also occur spontaneously as “self-mode-
locking”. The resulting peak powers can be significantly greater than the mean power.

3.3.19

intense pulsed light source

IPL

compact xenon arc lamp, operated in a pulsed mode, usually filtered to emit visible radiation (3.2.2) and
near-infrared radiation (3.2.4)

Note 1 to entry: Although lasers can provide an intense pulsed source of light, when used in the medical or
paramedical field, the term is restricted to xenon arc lamps. These have a broad spectral emission. The radiation
emitted can be filtered to restrict the emission to the UV, visible or near-IR regions of the electromagnetic
radiation spectrum.

3.4 Radiometry and photometry

3.4.1

illuminance

Ey E

<at a point on a surface> quotient of the luminous flux (3.4.4), d®y, incident on an element of the surface
containing the point, by the area, d4, of that element

Note 1 to entry: Equivalent definition: integral, taken over the hemisphere visible from the given point, of the
expression Ly cos@ df2, where Ly is the luminance at the given point in the various directions of the incident
elementary beams of solid angle d(2, and 6 is the angle between any of these beams and the normal to the surface
at the given point.

do
E,=— =_[LV-cost9 -dQ
d4

2n

Note 2 to entry: Illuminance is expressed in lux (Ix = Im-m-2).
Note 3 to entry: See also radiation power, irradiance (3.4.2).

[SOURCE: CIE S 017:2011, 17-550, modified — the second, equivalent, definition has been placed in
Note 1 to entry; Note 2 to entry has been modified by replacing the word “unit” with “illuminance is
expressed in”; Note 3 to entry has been added.]

3.4.2

irradiance

Ee

<at a point on a surface> quotient of the radiant flux (3.4.7), d®,, incident on an element of the surface
containing the point, by the area, d4, of that element

Note 1 to entry: Equivalent definition: integral, taken over the hemisphere visible from the given point, of the
expression Le-cos6-d(), where Le is the radiance at the given point in the various directions of the incident
elementary beams of solid angle d(, and 6 is the angle between any of these beams and the normal to the surface

at the given point. Documents
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do
E,=—2¢ :jLe-c050~dQ
2n

¢ dA
Note 2 to entry: Irradiance is expressed in W-m-2.

Note 3 to entry: See also illuminance and power density.

[SOURCE: CIE S 017:2011, 17-608, modified — the second, equivalent, definition has been made into
Note 1 to entry, Note 2 to entry has been modified by replacing the word “unit” with “irradiance is
expressed in”; Note 3 to entry has been added.]

3.4.3

luminance

Ly; L

<in a given direction, at a given point on a real or imaginary surface> quantity of light (3.2.2) emitted
by or reflected from an element of the surface containing the point

Note 1 to entry: Quantity is defined by the formula:

do,

\%

L, =———
dA-cos6-dQ2
where

d®, isthe luminous flux transmitted by an elementary beam passing through the given point and propa-
gated in the solid angle d(2 containing the given direction;

dA  isthe area of a section of that beam containing the given point;
6 is the angle between the normal to that section and the direction of the beam.
Note 2 to entry: Luminance is expressed in cd/m2 = Im-m~2-sr-1.

Note 3 to entry: Simplified to the standard case, luminance is the quotient of the luminous intensity, /, divided by
the surface area projected perpendicular to the direction of radiation as a projected plane (A* cos6):

L=1/(A-cos6)

[SOURCE: CIE S 017:2011, 17-711, modified — a new verbal definition has been provided and the CIE
definition has been made into Note 1 to entry. CIE Note 1 and CIE Note 2 have been omitted and new
Notes 2 and 3 to entry have been added.]

3.4.4

luminous flux

Dy; D

quantity derived from the radiant flux (3.4.7), ®e, by evaluating the radiation according to its action
upon the CIE standard photometric observer

Note 1 to entry: For photopic vision:
k. [42e(A)
@, =K,, {T V(A)-dA

where

d®¢(4) is the spectral distribution of the radiant flux and V(A4) is the spectral luminous efficiency.
dA

Note 2 to entry: Luminous flux is expressed in lumen (Im).
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Note 3 to entry: The CIE standard photometric observer assumes photopic vision. CIE S 017:2011 (luminous
efficacy of radiation, 17-730) gives the values of Ky, (photopic vision) as 683 Im-W-1 for vy, = 540 x 1012 Hz
(Am ®555 nm).

[SOURCE: CIE S 017:2011, 17-738, modified — in Note 2 to entry the word “unit” has been replaced by
“luminous flux is expressed in”, and Note 3 to entry has been added.]

3.4.5
luminance coefficient

qv; 4

<at a surface element of a medium, in a given direction, under specified conditions of illumination>
quotient of the luminance (3.4.3) of the surface element in the given direction divided by the illuminance
(3.4.1) on the medium

Note 1 to entry: The luminance coefficient is given by the following formula:

_L
T

where

L istheluminance in cd-m-2;
E istheilluminance in Ix.

Note 2 to entry: In the assessment of eye protective equipment, the Iuminance coefficient is expressed in
(cd'm=2) 1x-1 rather than the CIE unit of sr-1, and is given by the symbol 1.

Note 3 to entry: In the assessment of eye protective equipment, this is a measure of the light scattered by a lens,
the luminance of the light scattered by the lens being expressed as a proportion of the amount of light falling on
the lens. See scattered light (3.8.14), wide angle scatter (3.8.16) and narrow angle scatter (3.8.15).

[SOURCE: CIE S 017:2011, 17-712, modified — “divided by” has been added in the definition, the formula
has been moved to Note 1 to entry and Notes 2 and 3 to entry have been added.]

3.4.6

reduced luminance coefficient

I*

<in the assessment of eye protective equipment> luminance coefficient (3.4.5) corrected for the
transmittance (3.10.1.18) of a filter (3.10.1.1) or lens (3.5.1.3)

Note 1 to entry: The reduced luminance coefficient is obtained by dividing the luminance coefficient, I, by the
luminous transmittance, Ty, of the filter, i.e. by the formula:

I* = /1y

where
I*  isthe reduced luminance coefficient;
l is the luminance coefficient;
Ty is the luminous transmittance.

Note 2 to entry: Reduced luminance coefficient is expressed in (cd-m-2)-1x-1.
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3.4.7

radiant flux

radiant power

De; P

power emitted, transmitted or received in the form of radiation

Note 1 to entry: Radiant flux is expressed in watts (W).

[SOURCE: CIE S 017:2011, 17-1027, modified — the equivalent term radiant flux (17-1025) has been
included, and the word “unit” in Note 1 to entry replaced by “radiant flux is expressed in”.]

3.4.8
radiant energy

Qe

time integral of the radiant flux (3.4.7), @, over a given duration, At

Note 1 to entry: Radiant energy is expressed by the formula:

Qe = J¢e'dt
At

Note 2 to entry: Radiant energy is expressed in ] = W-s.

[SOURCE: CIE S 017:2011, 17-1019, modified — the formula has been included in Note 1 to entry and the
word “unit” in Note 2 to entry has been replaced with “radiant energy is expressed in”.]

3.4.9

radiant exposure

He

<at a point of a surface, for a given duration> quotient of the radiant energy (3.4.8), dQe, incident on an
element of the surface containing the point over the given duration, by the area, d4, of that element

Note 1 to entry: Equivalent definition: time integral of the irradiance (3.4.2), E,, at the given point, over the given
duration, At

:dQe
¢ d4

H

=JEe-dt
At

Note 2 to entry: Radiant exposure is expressed in J-m~2 or W-s-m~2,

[SOURCE: CIE S 017:2011, 17-1021, modified — the second definition has been converted into Note 1 to
entry, the unit into Note 2 to entry with the addition of the words “radiant exposure is expressed in” and
the omission of the CIE note.]

3.4.10
power density

E(xy)
beam power that impinges on the area 84 at the location (x, y) divided by the area 64

Note 1 to entry: Power density is physically equivalent to irradiance (3.4.2). Both are measured in watts per unit
area. Power density is generally used to describe the distribution of radiation within a beam, whereas irradiance
is generally used to describe the distribution of radiation incident upon a surface.

[SOURCE: ISO 11145:2016, 3.46, modified — “which” has been changed to “that”.]
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3.4.11

spectral luminous efficiency

4]

<for photopic vision, for a monochromatic radiation of wavelength, A> ratio of the radiant flux (3.4.7)
at wavelength Ay, to that at wavelength A, such that both produce equally intense luminous sensations
under specified photometric conditions and Ay, is chosen so that the maximum value of this ratio is
equal to 1

Note 1 to entry: Unit: 1 (dimensionless).

Note 2 to entry: The spectral luminous efficiency of the human eye depends on a number of factors, particularly
the state of visual adaptation and the size and position of the source in the visual field. For this reason, it is
possible to define a number of spectral luminous efficiency functions, for specific visual conditions.

Unless otherwise indicated, the values used for the spectral luminous efficiency in photopic vision are the values
agreed internationally in 1924 by the CIE (see Reference [29]), completed by interpolation and extrapolation
(ISO 23539:2005/CIE S 010:2004), and recommended by the International Committee of Weights and Measures
(CIPM) in 1972.

Note 3 to entry: CIE, considering the discrepancies between the average human spectral luminous efficiency
and the V(A) function, adopted in 1990 (see CIE 86:1990) the “CIE 1988 modified 2° spectral luminous efficiency
function for photopic vision”, VM(A), and recommended it for applications in visual sciences.

Note 4 to entry: CIE, considering that the spectral luminous efficiency function of the human eye changes with
visual angle, adopted in 2005 (see CIE 165:2005) the “CIE 10° photopic photometric observer”, V19(4), to be used
if the visual target has an angular subtense larger than 4° or is seen off axis. This standard observer is not used in
the assessment of personal protective equipment.

[SOURCE: CIES017:2011, 17-1222, modified — Note 1 to entry has been added to explain the dimensionless
unit, CIE notes 1 to 3 have been renumbered as Notes 2 to 4, the original CIE notes 4 and 5 and references
to scotopic vision have been deleted, and the last sentence in Note 4 to entry has been added.]

3.4.12
candela
unit of luminous intensity of a source

Note 1 to entry: SI base unit for photometry: the candela, is the luminous intensity, in a given direction, of a
source that emits monochromatic radiation of frequency 540 x 1012 Hz and that has a radiant intensity in that
direction of 1/683 W/sr (16th General Conference of Weights and Measures, 1979).

Note 2 to entry: The candela is thus expressed as lumens per steradian, cd = Im-srl.

[SOURCE: CIE S 017:2011, 17-117, modified — a simpler definition has been made, the CIE definition has
been moved to the Note 1 to entry, and the description of the unit has been placed in Note 2 to entry.]

3.4.13

solid angle

0

<of an area subtended at a point> area intercepted on a unit sphere, centred at the point, by a cone
having the given area as its base and the point as its vertex

Note 1 to entry: If an imaginary sphere is constructed with its centre at the apex of the angle, the value, Q, of the
solid angle is given by the area, A, enclosed by the angle on the surface of the sphere divided by the square of the
sphere’s radius, r.

Note 2 to entry: Solid angles are expressed in steradians (sr).

Note 3 to entry: See Figure 1.
[SOURCE: CIE S 017:2011, 17-1201, modified — the notes to entry have been added.]
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Key

Q  the solid angle, in steradians (2 = A4/r2)
A area of surface on the imaginary sphere
r  radius of the imaginary sphere

Figure 1 — Diagram representing the derivation of the steradian

3.4.14

exposure limit value

ELV

maximum level of exposure of optical radiation to the eye or skin that is not expected to result in
adverse biological effects

Note 1 to entry: These exposure limit values are used to determine hazard distances in respect to foreseeable
photobiological effects.

[SOURCE: IEC/TR 62471-2:2009, 3.4, modified — the second sentence of the definition has been
converted into Note 1 to entry.]

3.4.15

ocular hazard distance

OHD

distance at which the beam irradiance (3.4.2), radiance, or radiant exposure (3.4.9) equals the
appropriate ocular exposure limit value (3.4.14)

3.4.16

skin hazard distance

distance at which the beam irradiance (3.4.2) or radiant exposure (3.4.9) equals the appropriate skin
exposure limit value (3.4.14)
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3.5 General terms

3.5.1 Types and components of eye and face protectors

3.5.11

protector

<for purposes of eye and face protection> generic term that includes all devices regarded as eye
protectors (3.5.1.2) or face protectors (3.5.1.5)

Note 1 to entry: The term protector includes, for example, spectacles, goggles, face shields and eye guards used for
eye or eye and face protection.

3.5.1.2

eye protector

personal protective equipment that is worn or held with the intention of protecting at least the region
of the eye

3.5.1.3

lens

DEPRECATED: ocular

generic term for the light (3.2.2) transmitting part [made of glass (3.6.1) or plastic (3.6.2)] of a protector
(3.5.1.1) that permits vision

Note 1 to entry: The word “ocular” has mostly been used in Europe, “lens” in many other countries. For the
purposes of eye and face protection, the word “lens” includes afocal lenses, corrective lenses, prescription lenses
and is sometimes also used, for example, in sunglasses, for tinted lenses, although these are generally termed
filters.

Note 2 to entry: For the purposes of eye and face protection, the word “lens” includes both lenses covering a single
eye and lenses covering both eyes.

Note 3 to entry: When used as an adjective in eye and face protection standards, the word “ocular” has its normal
dictionary meaning, i.e. relating to the eye.

3.5.1.4

eye guard

eye shield

protector (3.5.1.1) that provides protection to the eye area

3.5.1.5

face protector

face guard

protector (3.5.1.1) that provides protection to the eyes and a substantial area of the face (3.9.2)

3.5.1.6

face screen

face shield

protector (3.5.1.1) that is worn directly or indirectly on the head and covers the eyes and all, or a
substantial part, of the face (3.9.2)

Note 1 to entry: A face screen can be mounted by help of an adjustable or non-adjustable means of fixing onto a
protective or non-protective helmet, or on the head, either directly or by help of an adjustable or non-adjustable
means of fixing onto a support (headband) and/or harness.

Note 2 to entry: See also visor (3.5.1.13).

Note 3 to entry: Coverage can include parts or all of the scalp, the ears, the throat and the neck.

Note 4 to entry: The areas to be protected are defined in the relevant standard, and should not automatically be
assumed to be the same as the areas covered.
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3.5.1.7

goggle
protector (3.5.1.1) that fully encloses the orbital area and fits firmly on the face (3.9.2)

3.5.1.8

hand shield

protector (3.5.1.1) [with or without filtering action (3.10.1.2)] intended to be held in the hand to give
protection to the eyes and all or part of the face (3.9.2)

3.5.19

helmet

headgear made of shock resistant material intended to protect parts of the wearer’s head against a
specified hazard (3.1.3) or hazards

3.5.1.10

protective mask

protector (3.5.1.1) that can be worn either directly on the head (with a support) or mounted on a
protective (or non-protective) helmet (3.5.1.9), and that protects the eyes and all, or a substantial part,
of the face

Note 1 to entry: Protection can also include parts or all of the scalp, the ears, the throat and the neck.

3.5.1.11

spectacles

protector (3.5.1.1) in a spectacle configuration that is supported principally on the nose and ears rather
than on the head

Note 1 to entry: The front, including the bridge resting on the nose and lenses, can be moulded in one piece, or
alternatively have an aperture into which separate lenses have been inserted/mounted.

Note 2 to entry: The sides are sometimes continued behind the head with a headband.
Note 3 to entry: A spectacle eye protector can have lateral protection.

3.5.1.12

side, en UK

temple, en USA

sidearm

extension of, or attachment to, the front of spectacles (3.5.1.11) passing towards or over the ear

Note 1 to entry: See ISO 7998 for equivalent terms in other languages.

3.5.1.13
visor
protector (3.5.1.1) covering either the eye area or both the eye area and all or parts of the face

Note 1 to entry: This term has variable common usage:
— itis sometimes used to mean the same as face screen or face shield,;

— it is sometimes used to mean only the lens and its surround, if any, i.e. the part of a face screen/shield that
provides the protection to the eyes and face. “The lens and its surround, if any”, includes both those protectors
having a single piece of transparent plastic material to form the eye and face protection, and others, e.g. for
welding, that have a true lens (or filter) mounted within an opaque shield to protect the rest of the face;

— itissometimesused to mean the lensand its surround, if any, thatis mounted on a protective or non-protective
helmet; and

— itis sometimes used to mean the lens and its surround, if any, in a full face tight- or loose-fitting respiratory
protective device.

Note 2 to entry: The protective performance and the areas to be protected are defined in the relevant standard;
the areas to be protected should not automatically be assumed to be the same as the areas covered.
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3.5.1.14

clip-on

pair of lenses or filters or a one piece lens (3.5.1.3) or filter (3.10.1.1) designed to clip on over the front of
or behind a pair of spectacles (3.5.1.11)

3.5.1.15

prescription insert

device for carrying prescription lenses (3.8.5) that is intended to be attached on the inside of the
protector (3.5.1.1), between the eyes of the wearer and the protective lens (3.5.1.3)

3.5.1.16

mesh

lattice of protective material providing the field of view (3.5.2.6) and covering the area to be protected
(3.5.1.19)

3.5.1.17

blink reflex

property of the human eyelids to close temporarily in response to, for example, exposure to a sudden
very bright light (3.2.2)

Note 1 to entry: Not all humans have a blink reflex to bright light.

3.5.1.18
photophobia
uncomfortable sensation in or around the eye when subjected to light (3.2.2)

Note 1 to entry: Photophobia can occur with any anterior eye ailment, e.g. conjunctivitis, iritis or keratitis.
Note 2 to entry: The word “photophobia” literally means “fear of light”.

3.5.1.19
area(s) to be protected
zone(s) of the face that is/are intended to be protected against the hazard(s) (3.1.3)

Note 1 to entry: Those zones of the appropriate headform (size, facial characteristics) specified by the appropriate
product's requirements standard.

3.5.1.20

area(s) to be tested

zone(s) of the protector (3.5.1.1) that have to be tested in accordance with the appropriate product
requirements standard

Note 1 to entry: Areas can be subdivided into those requiring optical testing and those requiring non-optical
testing, e.g. a face guard might have an area 120 mm wide by 50 mm deep requiring optical testing and a much
larger zone, including the lens, requiring testing against non-optical hazards.

3.5.1.21

minimum robustness

mechanical strength (3.5.1.23) of a lens (3.5.1.3) to resist fracture and/or deformation by a quasi-static
force on its surface

3.5.1.22

static deformation

bending or deformation of a lens (3.5.1.3) or filter (3.10.1.1) through the action of a quasi-static force on
its surface

Note 1 to entry: This is the deformation produced during the test for minimum robustness (3.5.1.21).
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3.5.1.23

mechanical strength

indicator of the protective ability against mechanical hazards (3.1.3), greater than minimum robustness
(3.5.1.21), of a protector (3.5.1.1) and its lenses (3.5.1.3) to resist fracture, deformation, dislodgement
and/or penetration by impact

Note 1 to entry: Strengths 1, 2 and Basic are tested by a drop ball test, 3, C, D and E by ballistic tests, HM by the
high mass test, see Table 1.

Note 2 to entry: For special cases, such as a squash ball impact test, a different classification symbol is used.

Table 1 — Scheme showing most of the various mechanical strength grades

Drop ball test | | Ballistic test
Sunglass
Category | Diameter Mass Height Category | Diameter Mass Velocity Notes
(minimum) (minimum)
mm g m mm g m/s
Strength ball 16 16 1,27 Strength ball 6 0,86 45
Level 1 level 3
Strength ball 22 43 1,27
Level 2
Occupational
Category | Diameter Mass Height Category | Diameter Mass Velocity Notes
(minimum) (minimum)
mm g m mm g m/s
Basic ball 25,4 66,8 1,27 Impact ball 6 0,86 45
impact level C
level
Impact ball 6 0,86 80
level D
Impact cone 500 1,27 Impact ball 6 0,86 120
level HM level E
(High Mass)
Sports
Category | Diameter Mass Height Category | Diameter Mass Velocity Notes
(minimum) (minimum)
mm g m mm g m/s
Strength 22 43 1,27 Squash ball 40,0 24,0 40 Yellow
level 2 dot
Impact cone 500 1,27 Racquet- ball 57,3 39,2 40
level HM ball and
(High mass) Squash 57
NOTE All quantities in this table are nominal. See the applicable requirement standard for the specified tolerances.
3.5.1.24
drop ball test

test of resistance to impact in which a ball of specified diameter and/or mass is dropped under gravity
from a specified height onto the sample
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3.5.1.25

high mass test

test of resistance to impact in which a cylinder with a conical tip of specified dimensions and mass is
dropped under gravity from a specified height onto the sample

3.5.1.26

ballistic test

test of resistance to impact in which a ball of specified diameter and/or mass is projected at a specified
velocity onto the sample

3.5.2 Geometrical properties of eye and face protection

3.5.21

boxed centre

intersection of the horizontal centreline and the vertical centreline of the rectangular box that
circumscribes the lens (3.5.1.3) shape in its intended orientation

Note 1 to entry: See point C in Figure 2.

[SOURCE: ISO 8624:2011, 2.1, modified — the word “the” has been added before “vertical”, “in its intended
orientation” has been added, “which” has been replaced by “that”, and Note 1 to entry has been added.]

Key

a horizontal boxed lens size
b  vertical boxed lens size

C  boxed centre

Figure 2 — Boxed centre

3.5.2.2

geometric centre

intersection of the horizontal centreline and vertical centreline of the rectangular box that
circumscribes the shape of the blank or uncut /lens (3.5.1.3)

3.5.2.3

face form angle

angle between the plane of the eye protector (3.5.1.2) front and the plane of the right lens (3.5.1.3) shape,
or of the plane of the left lens shape

Note 1 to entry: The plane of the eye protector front is the plane containing the vertical centrelines of the right
and left boxed lens shapes, and the plane of the lens shape is the plane tangential to the front surface of a plano
lens at its boxed centre, when mounted in the frame.

Note 2 to entry: The right or left face form angle is regarded as positive if the temporal side of the right or left lens
is closer to the head than the plane of the eye protector front.
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Note 3 to entry: The face form angles are often measured and specified as the average of the right (ar) and left
(aL) angles, but the frame can be adjusted so that they differ for a specific wearer; the angles should then be
specified as agr and ar..

Note 4 to entry: See Figure 3.

[SOURCE: ISO 8624:2011, A.13, modified — the word “spectacle” has been changed to “eye protector”,
Note 1 to entry has been added to explain the plane of the eye protector, and Note 4 to entry has
been added.]

1 2 3 4 1

f y

ay, R

S . . .
................

Key
point of intersection of plane of the eye protector front with vertical centreline of the lens shape
plane of left lens shape
plane of eye protector front
plane of right lens shape
ar right face form angle
ay, left face form angle

Figure 3 — Face form angle (schematic representation of the plane of the eye protector front and
the lens shapes, as seen from above)

3.5.2.4

as-worn pantoscopic angle

angle in the vertical plane between the normal to the front surface of the lens (3.5.1.3) at its boxed
centre (3.5.2.1) and the line of sight (3.9.8) of the eye when in the primary position (3.9.7), usually taken
to be the horizontal

Note 1 to entry: The angle is regarded as positive if the lower part of the lens lies closer to the face.
[SOURCE: ISO 13666:2012, 5.18, modified — the figure and its reference have been omitted.]

3.5.2.5
field of view area
part of a protector (3.5.1.1), other than the frame (3.5.3.2), that permits vision

Note 1 to entry: This commonly applies to mesh protectors.

Note 2 to entry: This is the equivalent of the lens area in a protector with lenses.
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3.5.2.6

field of view

extent of vision through the mounted lens (3.5.1.3) in the as-worn position (3.8.1) measured with
reference to the entrance pupil of the stationary eye when placed on the appropriate headform (3.11.3)

Note 1 to entry: For the purposes of eye and face protection, the field of view through a protector is usually
specified as the subtense at the corneal apex. The entrance pupil is optically the correct reference point for
measurements of the field of view of the stationary eye. For the moving eye, the centre of rotation of the eye is the
correct reference point.

Note 2 to entry: The field can be expressed in angular or linear measure, depending upon the product's
requirements standard.

Note 3 to entry: The term “field of vision” is usually applied to the unaided eye, but is sometimes incorrectly used
for the field of view though an optical appliance.

3.5.2.7

area of critical optical quality

zone [or zones for a one-piece lens (3.5.1.3) intended to protect both eyes] of the lens in which the optical
properties of the lens are tested

Note 1 to entry: The area of critical optical quality can be expressed in angular or linear measure, depending upon
the product's requirements standard.

3.5.2.8
field of peripheral awareness
portion of the field of view (3.5.2.6) that lies outside the area of critical optical quality (3.5.2.7)

Note 1 to entry: The field of peripheral awareness can be expressed in angular or linear measure, depending upon
the product's requirements standard.

3.5.3 Terms relating to the non-Ilens part of protectors

3.5.3.1

comfort band

sweat band

accessory that covers at least the inner surface of the headband (3.5.3.4), (3.5.3.5) where it comes into
contact with the forehead zone to improve wearer comfort

3.5.3.2
frame
part of the protector (3.5.1.1) or spectacles (3.5.1.11) to which the lenses (3.5.1.3) are mounted

Note 1 to entry: Components of the frame (to support the lenses on protectors excluding those of spectacle-type)
can be the holders, supports, connecting elements and extension pieces.

3.5.3.3

harness

assembly that provides a means of maintaining a face shield (3.5.1.6) or eye shield (3.5.1.4) in its intended
position on the head

3.5.3.4

headband

headstrap

<goggles and spectacles> part of the protector (3.5.1.1) that is fitted around the back of the head to hold
the protector in its intended position

3.5.3.5
headband
<harness> part of the harness (3.5.3.3) that surrounds the head
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