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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-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 acéordapce with the
editdrial 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 documént'may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion 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'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Commtittee ISO/TC 94 Personal safety — Personpl protective
equipment, Subcommittee SC 6 Eye and face protection, in collaboration with the Europear] Committee
for Standardization (CEN) Technical Committee CEN/TC 85, Eye-protective equipment, in| accordance
with|the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

Any feedback or questions on this document should be directed to the user’s national standpards body. A
complete listing of these bodies.€an be found at www.iso.org/members.html.
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Introduction

This document is intended to provide guidance on how to select, use and maintain eye and face
protectors. A workplace eye and face safety programme should be introduced and a hierarchy of control
followed where workers are exposed to a recognised risk of injury to the eyes and/or face. Examples of
areas and processes where eye and/or face hazards may exist are shown in Tables 2, 4 and 5.

The aim of an eye and face safety programme is to protect the eyes and face of the worker through
the process of elimination or control of hazards and, where necessary, the wearing of appropriate
protection.

While respag
senior mang
or their ref
lacking this

A critical ex
processes, fi

Selection off

nsibility for the successful implementation of an eye and face safety programme rests
gement, every effort is required to secure the participation and involvement of emplc
resentatives in all phases of the programme. Experience has shown that priogran
involvement have less chance of success.

hmination of working conditions, particularly lighting, layout and planning of building
brms a necessary part of an eye and face safety programme.

with
yees
hmes

5 and

a suitable programme may be assigned to safety personnel within the organisatign or

advice may pe sought from outside sources. Elements that have been foundin successful eye and face
safety progfammes include the following:

a) An assepsment of hazards.

b) Determjnation of workplace hazard areas.

c) Eliminaftion or confinement of hazards (where possible).

d) Vision screening.

e) Referral for optometric, ophthalmological exantination or both, where necessary.

f) The uniyersal wearing of suitable eye amnd,face protectors for those persons at risk.

g) Educatipnal campaigns on eye safety:

Eye and fade protectors are items(of personal protective equipment (PPE) intended to prevenft the
harmful eff¢cts that physical (e.g.)flying particles, dust, splashing and molten materials), optical (e.g.
solar and arftificial radiation attdhigh intensity radiation generated during operations such as we|ding
and furnacg¢ work), chemjeal)(e.g. pressurised materials, harmful gases, vapours and aerosols] and
biological hazards may have'to the eye and face.

For eye and face protectors to be effective they should be used at all times when the user is|in a
potentially hazardoeus environment. When selecting eye and face protectors, attention should be given
to factors inffluéncing comfort and user preference.

Those involve ace protectors to the general pu tings

should adhere to the principles and guidance in this standard to ensure that users of personal protective
equipment are fully informed about making the safest choice for a particular task and environment
as well as how to use the protective equipment in the safest manner. This should also apply to those
businesses that hire out power equipment. Safety guidance based on this document should be provided
to prospective customers to ensure that they select and use the correct protective equipment to reduce
the risk of eye and face injury.
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Eye and face protection — Guidance on selection, use and
maintenance

1 Scope

This document gives guidance to specifiers and users on the control of eye and face hazards including
physjcat,Tectarticat, themntical, optical Tadiation amdbiotogicat—amd—om the—setectign, use and
maintenance of eye and face protectors.

This|document applies to
— o¢ccupational use,

— ftlasks that are performed similarly to those in an occupation but not-in the workplacg, e.g. "do-it-
yourself", and

— 3gchools, educational and research establishments.

This|document does not apply to eye and face protection for

— ionizing radiation,

— low frequency radio waves,

Iicrowaves,

— gports or vehicular usage, and

— gunglasses for general (not occupational) use - see [SO 12312-1.

NOTH The ISO 18527 (all parts) setsrequirements for eye protectors for some sports.
Briefladvice on protection whemsing lasers is included but for detailed advice, see [IEC/TR 60825-14.

This|document is neither awhole nor partial substitute for risk assessment, which is an eg§sential part
of anly eye and face proteetion programme.

Although this document has been written to help specifiers and users, any recommendations in this
dOCI;I;nent are to‘beinterpreted as guidance only and not intended to replace any national regulatory
requjrements-Risk assessment is the sole responsibility of the employer and not the PPE manufacturer
or it§ authorised representative.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 4007, Personal protective equipment — Eye and face protection — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4007 and the following apply?).

1)  The terms and definitions for risk and hazard have been included here for the reader's convenience.

2)  The abbreviation PPE means personal protective equipment.

© IS0 2021 - All rights reserved 1
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ISO 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 ISO/IEC Guide 51:2014, Clause 4, states: The term “safe” is often understood by the general public as
the state of being protected from all hazards. However, this is a misunderstanding: “safe” is rather the state of
being protected from recognized hazards that are likely to cause harm. Some level of risk is inherent in products
or systems. The use of the terms “safety” and “safe” as descriptive adjectives is 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

31
hazard
potential so

[SOURCE: I
3.2
risk

combinatioj

Note 1 to ent
the occurren

[SOURCE: IS

4 Gener

4.1 Struc

See Figure 1.

lirce of harm

1|

0/1EC Guide 51:2014, 3.2]

of the probability of occurrence of harm and the severity ofthat harm

0/1EC Guide 51:2014, 3.9]

ture of the human eye

—Tor example, the phrase protective spectacles. snould be used In preference to -saiety spectgcles”.

ry: Note 1 to entry: The probability of occurrence includes thig exposure to a hazardous situfition,
Ce of a hazardous event and the possibility to avoid or limit the harm.
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vitreous chamber (filled with vitreous humour)

crystallinéJens

optic gerve

macular region of retina
pigment epithelium and choroid
sclera

Figure 1 — Outlineof the human eye (cross section)

Key

1 gyelid 8
2 s 9
3 [[upil 10
4  gnterior Chamber (filled with aqueous humour) 11
5 dornea 12
6  giliary muscle 3
7  1letina

a) 1

b) 1
1

c

d) 1
e

q

Light emitted, transmitted or reflected by an object in the field of vision travels toward the eyes.

Light passes through the CORNEA (transparent “front window” of the eye), which prjovides two-

hirds of the focusing power of the eye.

[he PUPIL (the opening at the centre of the pigmented IRIS) changes size to vary th
light that reaches-the’retina.

['he CRYSTAELLINE LENS provides the remaining focusing power of the eye.

[he RETINA (rear inner lining of the eye that contains light-sensitive and image pro

e amount of

Fessing cells

ind nerve fibres) converts light into neural signals. The MACULAR region is located negr the centre

f the retina and is dense with photoreceptors; its function is to process central vision i

n fine detail.

f) The OPTIC NERVE 1s the collection of nerve fibres that carry these signals to the brain.

4.2

Hazards and risks to the eye and face

4.2.1 Surrounding structures of the eye

The structures surrounding the eye, including the eyelids, skin, muscles and the orbital bones are
susceptible to permanent damage. Objects of sufficient energy can cause bone fracture, contusions,
lacerations and penetration of these tissues. Damage to the muscles and bones around the eye can
result in a temporary or permanent disruption to binocular vision.

© ISO
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4.2.2 Peri-orbital skin

The skin of the eyelids is thinner than the skin in the rest of the body and is therefore more susceptible
to physical damage such as bruising and lacerations, while the geometry of the lower lid makes it more
vulnerable to UV radiation damage, including some skin cancers.

4.2.3 Tears

The lacrimal gland, which is situated in the orbit above and temporal to the eye, secretes the watery
content of tears. Tiny glands in the conjunctiva secrete mucous. Meibomium glands in the upper
(mainly) and lower lids secret an oily substance. These components combine into a structured layer

of tears. Ted
ducts") that
directly by ¢

mucosa or digestive system if washed through the tear ducts. Microorganisms may also énter the
by this route.

4.2.4 Cor

The cornea
of the corne
that can irr
to several d
permanent
larger amou
conducted

facilitate infection which can result in clouding and permanent vision loss.

The main c

regular structure for its transparency so that any physical damage results in scar tissue thatis irre

and, therefq
epithelium {
or permane

Alkalis and
which could
causing irre
substances,
can cause ir

The innerm
regenerate §
below a thrd

Exposure tg

rs drain down to the nose through the naso-lacrimal ducts (often called simply the
start as openings in the edges of the eyelids near the nose. The glands can be dam
hemicals. Chemicals can also be absorbed into the body through the conjunctiva;-the

h

hea and conjunctiva

s about 0,6 mm thick at its centre and is composed of several layers. The outermost
a, the epithelium, is highly sensitive to foreign bodies, including fine particles and

ays. The epithelium regenerates very rapidly, so minéy lesions heal quickly leavin
damage. Minor ingress of foreign matter can be readily dispersed by the tears whg
nts will require dispersal with a copious stream of water or other more intensive rem
vithin a specialized medical environment. Even$minor damage to the epithelium

mponent of the cornea, about 90 % of its‘thickness, is the stroma. This relies on a
re, not transparent. Hence, more seyere damage to the cornea that goes deeper tha

ht loss of vision.

strong acids will cause serious, often permanent, damage to the conjunctiva and co
lead to blindness. Alkalis’ are particularly damaging to the surface of the eye, r

pollens, and biologicalagents. Even minor splashes or a fine aerosol spray of such substj
ritation.

pst layer of the-Cornea is a single layer of cells that form the endothelium. These cells d
fter damagg, the remaining cells enlarge to spread out over the surface. If this number]
shold,theé’cornea becomes oedematous and is unable to maintain its transparency.

sufficiently intense sources of infrared radiation from artificial sources can resultin b

'tear
aged
nasal
body

layer
dust,

itate and damage it. The resulting discomfort and sorenes$.can last from a few minutes

g no
breas
bdies
may

very
pular
h the

uch as lacerations, penetration, etc,will give opaque scar tissue which can result in clouded

rnea,

apidly
versible damage. Conjunctivitis can also be caused by allergic reactions to many che:Elical

nces

0 not
falls

urns

to the corne

(IP-R and F)’ retina and thelens (TR-A) Pancllrn to cnffi{‘ipnﬂy high levels of UV radi

tion

result in an acute painful inflammation of the epithelium of the cornea and conjunctiva. This acute
effect is typically associated with exposure to electric arc welding and is commonly known as arc-eye
or welder’s flash. Long term exposure to UV can also result in chronic conditions such as pinguecula
(a scar on the exposed conjunctival tissue nasally and temporally), pterygium (an abnormal mass of
thickened conjunctiva and blood vessel growth into the cornea, most frequently on the nasal side),
exposure keratitis (inflammation) and endothelial polymegethism (irregular cell sizes and shapes).

4.2.5 Irisandlens

Flying objects of sufficient mass and velocity can penetrate the cornea to injure the iris and the lens.
Blunt trauma, e.g. walking into objects or falling onto furniture, impact from a large object such as
a football or basketball, can result in damage to the iris, and can also cause cataract or subluxation
(displacement) of the lens. Physical damage to the lens and its associated muscles can result in
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permanent loss of focus and increased susceptibility to certain diseases e.g. glaucoma. Damage to the

iris c

an result in problems with light sensitivity (photophobia).

4.2.6 Retina

As well as being damaged by penetrating objects, the retina is also susceptible to blunt trauma to
the exterior of the eye. This can result in retinal detachment and visual field loss. Acute damage, i.e.
damage caused essentially immediately after an event rather than cumulatively, may be caused by high
intensity optical radiation, e.g. lasers or viewing the sun. Visible light, especially blue-light, can cause
photochemical damage within the light-sensitive cells of the retina. This painless loss of vision occurs
several hours after the injurious exposure and may take several months to recover; permanent vision

loss i
ther

4.2.7%
Blun

Thou
cani

Expdg
neur
poor
abso
splag

4.2.9

The
light
from
the 1
the 1
etc. |
occu
neur

4.3
The j

and blink reflex provide a mechanical barrier. The blink reflex, particularly in response to 4

of lig
resp

etina so that less UV radiation or visible light is needed to cause damage.

Optic nerve
[ trauma to the eye can also result in damage to the optic nerve.

gh rare, intra-orbital penetration of objects, between the eye and the-orbital bones, cz
esult in damage to the optic nerve and the brain.

sure to certain chemicals can cause inflammation of the optic nerve, a condition knd
itis. In the longer term, this can lead to degenerative changes’known as optic atrophy. T
vision is often called “toxic amblyopia". This is more.likely, however, to be caused
Fption, e.g. drinking methanol or inhaling lead-contaminated dust, than resulting frq
hes in the eye.

Choroid and retinal pigment epithelium

choroid lies between the retina and sclera; it has the functions of providing an absorb
passing through the retina and proyiding nutrients and oxygen to and removing car
the outer layers of the retina by being a highly vascular tissue. The outermost layer d
etinal pigment epithelium provideés the major function of metabolising the waste pr
hotosensitive tips of the rods and cones; it also acts as an intermediary, transportir
petween the choroid andouter layers of the retina. If there is a retinal detachment
 following a blow to thé eye, the retinal pigment epithelium stays attached to the chor
hl layers separating.

The eye's defénce system

natural defence mechanisms help limit the eyes' exposure to some hazards. The eyelid

ht, wilb\quickly reduce the amount of radiation entering the eye. The constriction of
bnseto the bright light will reduce the amount of radiation entering the eye in the long

bony

s possible. Some chemicals or medicines, e.g. drugs used to treat skin conditions, can phptosensitize

n occur and

whn as optic
he resulting
by systemic
m chemical

ing layer for

bon dioxide
f the retina,
bducts from
g nutrients,
, which can
oid with the

s, eyelashes
bright flash
the pupil in
er term. The

cavity containing the eyeball itself, as well as the brow and forehead, provide further p

rotection as

they protrude beyond the eye, particularly in children. The combination of lipids and oils in the tears, as
well as the conjunctiva, provide a further barrier to injury. Natural mechanisms alone are insufficient,
however, to prevent many injuries.

Table 1 gives an over-view of hazards to the various parts of the eye.
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4.4 Colour perception

The level of colour perception required to carry out work-related tasks will vary. Some tasks will only
require the worker to detect the presence/absence of a coloured object, and so colour recognition is
not important. Nevertheless, a coloured filter could make simple detection difficult because of the
reduction in brightness contrast. Other tasks require the worker to recognize and identify the colour of
objects. Examples could include identification of coloured wires, pipes, signal lights, or gas cylinders. In
other tasks, the worker must be able to discriminate and identify accurately relatively small differences
in colour, such as interpreting pH indicators, diagnostic strips, and the colour of different fuels.

Filters impair colour perception by selective absorption of wavelengths within the visible spectrum

(i.e.,

level
colot
temp]

syst

Dete
on tH
illum

Geng
appr

obje

If co

valug

Q I_'ee
a lim
IIWL'
be su

and

If thq
recoy
the grea is very bright (equivalent to mid-day clear sky or brighter).

Abou
indiv

or o

How
entirf
excej
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The

totoured fitters);, fowering the tight tevetsemntering the eye to vatues equivatent t
5 (i.e., grey welding filters), or both (coloured welding filters). However, the filtexsal
r discrimination in limited and specific circumstances. Cobalt blue filters help,in ide
erature of molten metal by reducing the intensity of the light to below levels‘at'whic
g

Fmining the effects of a filter on colour vision can be challenging because the effects ar
e filter's spectral transmittance characteristics, the spectral emittance of the signal
inating the object of regard, and the spectral reflective properties of the object(s).

rally, filters that meet international guidelines for identifying traffic signal light colou
bpriate to use when signal lights are used, since they aresimilar to traffic signals, or {

¢ts are similar in colour to roadway signage (red, blue,-brown, green).

lour detection and identification of signal lights similar to traffic signal lights is import
s of the relative visual attenuation coefficients, (quotients) for traffic signal detection,
| and @y, should be met. All sunglare eye protectors for driving, marked GLO to GL3,
it on these values as do UV filters marked\“UL”", IR filters marked “IL” and welding fil
so these are indicated when colour detéction of signals is an issue. However, these fil

the viewing distances are longer,

task requires discrimination or identification of small differences in colour, then gre
mmended. The luminous transmittance should be greater than 10 % unless the averag

t 8 % of the male ahd-0,5 % of the female population suffer from colour vision deficie
iduals vary frontbeing so little affected that they may never know and there may be
cupational cofisequences to being unable to distinguish colours along the red-green
ever, very few indeed are truly “colour-blind” as they can distinguish blueness and
ely normially. The issues of occupational consequences for these people are not a ¢
bt thatsthey may be more affected by tinted lenses and filters than people with ng
I, s extra care may need to be exercised.

q

night-time
50 help with
ntifying the
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m’s discrimination ability saturates. Viewing the molten metal through the'cobalt blje filter also
accentuates the shift in its colour as the temperature of the metal changes.

e dependent
ight or light
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itable for other transportation modes-such as the railways because the signal lights are different,
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ognition in

the workplace. Is there a need to detect or recognise colour accurately and quickly? What are the
consequences of error, trivial though to dire? What is the likelihood of error, common through to rare?
One indication would be if the medical standards already exclude some or all of the people with colour
vision deficiencies.

There are then some engineering solutions that might be applied to reduce the risks. As well as colour
coded, the signals, for instance, could be shape coded, they might vary in size, danger or warning signals
could be larger, they could vary in number (two lights means danger or warning), the important light
could flash and/or could be accompanied by an audible warning (bell or siren).

A short practical experiment may help to identify when the colour of the filter might be an issue.

a) Collect pieces of material/equipment (e.g. cables with the same cable colour coding that is used at
the workplace).
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b) Make sure that the person is in a safe area with illumination (type and intensity) consistent with
their workplace.

c) Clean the eye protector and inspect it for damage (replace the eye protector if necessary, according
to the user instructions).

d) Putthe

eye protector on according to user instructions.

e) Quickly sort the samples (e.g. cable pieces) by colour.

f) Assess the person's capacity to undertake the job is consistent with the requirements of the role.

g) Carry d

CIE S 017(271,

Control stra

— the col

CIE S 04221,

— the gen

recomnjended. In more demanding colour work a minimum R, of 90 may be necessary. CIE 13.

eral colour rendering of the light sources, R, is sufficiently highCA minimum R, of

— the illutninance levels meet the relevant requirements, see for instatice, ISO 8995 (all parts).

5 Hazar

5.1 Gene

Table 2 givd

hazards are

s and their consequences

ral hazards

examples only and are not exhaustive:

Table 2 — General classification-of €ye and face hazards, with some examples

Type of hazard Examples of hazard
Mechanical Flying objects, high pressure liquids
Chemical Splashes, fine droplets, particles
Optical radiation Sunlight, welding, UV curing, lasers
Ionizingradiation X-rays (outside the scope; see IEC 61331-3)
Bislogical Microorganisms (viruses, bacteria, fungi), bodily fluids
Heat and flame Furnace work, gas welding, glass blowing

This docum
specific eler]
exposure to

ent bifefly addresses some elements of risk assessment and management relating to

bhagande Doy dotoslad s £ o4y o I 3g mmandad that +ha oo das ~oony g g

ut a risk assessment ol the specilic ractors in implementing the best solution. See also

tegies where good colour detection and recognition appear important include to efisurg that

purs used comply with the appropriate standards. See, for example<GIE 39.2[28] and

B0 is
3[30].

s a general classification of hazards but-$ee Table 4 for additional details. These ligts of

pome

hents of eye and face protection. Measures should be adopted that will avoid or minjmise

riate

TTaZarasS. T OT aCTanCt IiroT 111(1L1U11, TSsFecommenacattattnereaactrconsturts appryo

guidance on the subject from other publications e.g. ISO 31000.

An adequate risk assessment should be conducted to assess the presence and severity of potential
hazards to the eyes or face. The information detailed in this clause addresses some common workplace
hazards and potential health effects that could be sustained as a result of workplace activities.

5.1.1 Mechanical hazards

5.1.1.1 Sources

Mechanical operations pose the most obvious sources of danger where damage to the eye can occur
from flying debris, collision with static objects, ingress of fine particles, abrasion from fibrous materials
or foliage, falls onto blunt objects. Burns from hot liquids and molten solids pose the dual danger of

8
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blunt injury and burns. Physical damage to the eye represents about 70 % of all eye injuries[32]. There
is a range of mechanical hazards that can result in blunt or penetrating trauma to the eye, including
projectiles at speed or liquids under pressure. Workers at high risk of eye and face injuries include metal
workers, miners, workers in medium to heavy manufacturing industries, commercial fishing, forestry
and agriculture.

In quarrying work and the construction industry, there are obvious hazards from flying chips and
dust clouds. Similar hazards exist in mining operations, stone-masonry, sculpting and building repair.
Forestry and landscaping operations present a range of potential hazards from sharp foliage, ‘kick-
back’ from chain saws and flying fragments from broken power tools and machinery. Exploding flasks
in laboratories, dust clouds generated during automobile sanding operations and grit generated by shot

blast]
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operations are other examples or mechanical hazards which are common causes 01 ey

.2 Health effects

Hdamage that can be caused to the eye by mechanical hazards ranges frommild irr
ss of fine dust to total loss of sight due to high velocity/high masstimipacts or 1
inter with molten metal. The cornea of the eye can easily be scratched by fine dul
can result in discomfort or soreness lasting for a few minutes ogseveral days deper
"ity of the abrasion. Minor damage to the cornea may provide a¢route for opportunist
\cteria or acanthamoeba to occur. More severe damage to the éornea will result in clo
brmanent loss of focus. Sharp flying objects of sufficient energy will lacerate the co
Inctiva and may penetrate the cornea or sclera to injure/the iris and the crystalline Ig
hge to the lens and its associated muscles can result i\permanent loss of focus. Ming
bn matter can be readily dispersed by fluid secreted by the tear glands whereas larg
require dispersal with a copious stream of water”’or other more intensive remedie
n a specialized medical environment.

Chemical hazards

.1 Sources

us than mechanical hazards; for example, fine cement dust entering the eye in sma
hot present a serious mechanical hazard but the strong alkaline nature of such materig
'e corneal burns.

is continue topenetrate the tissues of the eye, especially the cornea, causing tissue
after the initial’exposure. Industrial processes that use potentially sight threatening

i insecticides used in crop spraying are generated in aerosol form and can pose

e injury.

tation from
najor direct
st particles.
1ding on the
ic infections
uded vision,
rnea and/or
ns. Physical
r ingress of
rer amounts
5 conducted

ith mechanical hazards, there are many sources of chemical hazards which inclugle very fine

mmediately
Il quantities
Is can cause

destruction
r alkaline or

c chemical§yinclude lime production, fertilizers, battery production and the processing of leather
and food.

a hazard to

agriq

ultural workers. Paint spraying, varnishing and many other lacquering and treatme;

\t processes

involve chemicals generated in aerosol form. Even if the base substance itself is harmless, it could be
carried by a more damaging solvent or propellant.

The hazards associated with liquid chemicals are usually more obvious than from aerosols, fumes or
gases and principally relate to splashes from containers during decanting and mixing, particularly
where uncontrolled mixing leads to boiling by exothermic reaction.

Smoke and fumes generated by combustion are another potential cause of eye irritation and other
more serious damage. A considerable number of vapours and gases can have a harmful effect on the
eye. These include common industrial substances such as acetone, chlorine, formaldehyde, hydrogen
sulphide, sulphur dioxide and toluene. Fume hazards are visible and warn of their presence whereas
many harmful vapours and gases are invisible. Apart from leakages from containers and pipework,
hazards also exist from vaporization of liquid chemicals during decanting, mixing and disposal. Readily
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available domestic and commercial cleaning products, such as bleach and caustic soda, used in a range
of applications are also known to be very harmful to the eye.

5.1.2.2 Health effects

Acids and alkalis can cause serious eye burns, even blindness. Even minute splashes or fine aerosol
spray of such substances can cause irritation or conjunctivitis. Exposure to certain other chemicals can
cause inflammation of the optic nerve, a condition known as optic neuritis. Conjunctivitis can also be
caused by allergic reactions to many chemical substances, pollens, and biological agents.

5.1.3 Radiation hazards

5.1.3.1 Electromagnetic spectrum

Table 3 shoys a diagrammatic representation of the electromagnetic spectrum, whiclnis“divided into
radiation bgnds. Each band overlaps the next and cannot be separated as categorically. as the diagram
suggests. The effects of the radiation depend on the wavelength(s), intensity and duration of the incjdent
radiation. Lyser beams are not separately identified on the diagram as these are atyarious wavelengths
within the pptical radiation spectrum and are high-energy beams of verysnmarrow bandwidth.|This
clause covefs eye and face protection against only non-ionising optical Fadiation [ultraviolet (UV),
visible and infrared (IR)].

Table 3 — The electromagnetic spectrum

a) Electromagnetic spectrum (metres)

<1012 10%2to [10-8to0 4,0-107|3,8-107 to 7,8-107 | 7,8:107 to- 103 | 1073 to 101 101 to 106
108
Gamma X Rays uv Visible Infrared Microwaves | Radio wales
rays
b) Optical radiation (nanometres)
uv Visible Infrared
100 to 280 || 280to 315 | 315 to 400% ~380to | 780to 1400 |1400to3000 3000 to 10 00¢
~780
UV-C UV-B UV-A Visible IR-A IR-B IR-C
NOTE Therelis an overlap of thejranges for UV-A and Visible. In some standards, 380 nm is taken for the long wavel¢ngth
limit of UV-A, fe.g. ISO 123124,

5.1.3.2 Squrces

Optical radjatient hazards encountered in industry and commerce are numerous, the most compmon
being discomfortamd—disabitity gltare fromr stronmg—sumtightor—artificia-tight—Outside—ttre—visible
spectrum, optical radiation hazards include IR radiation and UV radiation. Laser beams, whether
visible or in the IR or UV can also be hazardous. Welding operations, both gas and electric, are a potent
source of UV and IR radiation as well as visible glare. Processes that generate heat, such as steel-making
furnaces, glass blowing and welding all generate potentially harmful IR radiation.

At the other end of the visible spectrum, short wavelength UV emissions are associated with such
sources as germicidal lamps, welding operations and mercury or xenon discharge lamps. Lasers are
being increasingly used in a wide range of applications such as metal processing, optical alignment
and medical surgery. Risks can arise from accidental exposure to direct radiation or to stray radiation
(diffused or reflected) during repair or servicing. Class 3 hand-held laser pointers are potentially
hazardous. Class 2 laser pointers may be hazardous if viewed for an extended period of time.
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Much concern has been expressed in recent years on the potential radiation hazards of visual display
unit (VDU) screens. The levels of UV, visible and infrared radiation emitted from VDU screens has
been shown to be a small fraction of occupational safety limits. The luminance and blue-light content of
VDU, smart phone and tablet screens are substantially below those found in the outdoor environment.
Visual and ocular symptoms when using VDUs should be addressed by considering the visual and
general ergonomic and environmental factors, including lighting factors.

Intense light sources (ILS) are used on humans and animals for cosmetic and medical dermatological
applications. The equipment uses optical radiation in the spectral range 250 nm to 3 000 nm.
ISO/TR 22463 gives guidance on patient eye protection during ILS and laser procedures, while for
equipment that does not use laser radiation procedures, ISO 12609-2 gives guidance on the choice of
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.3 Health effects

sure to low-levels of IR radiation may cause discomfort to the eye, lids, and facial skin
e harmful effects. Prolonged or repetitive high-level exposure to IR-A,fays can have
t on the crystalline lens (glassblowers’ cataract, for example). Expasure to sufficie
Ces (infrared laser, etc.) can result in burns in the cornea (photo-keratitis with IR-B ang
a and the lens (IR-A).

e visible region, illumination with handheld lasers is a dangéy; both for retinal damage
levels of discomfort and disability glare.

protectors.

but does not
a long-term
ntly intense
| C) or in the

and causing

sure to sufficient levels of UV radiation results in an.acute effect and painful inflamnpation of the

a and conjunctiva (photokeratitis and photoconjunctivitis). This effect is typically
exposure to electric arc welding and is commonly known as “arc-eye” or “welder’s flas
level but subacute exposures of the eyes to UWiradiation may result in photo-degrada
generative changes to the eyelids, conjunctiva, cornea and crystalline lens (e.g. pteryg

F associated
h”. Repeated
tion leading
um, corneal

haze| cataract). UV exposures are also associated with melanomas of the eyeball and §urrounding
tissules. Chronic high-level exposure to blue-light may play a role in the development of peovascular
macylar degeneration.

5.1.4 Biological hazards

5.1.4.1 Sources

Bioldgical hazards (alse-known as bio-hazards) refer to agents of disease, i.e. pathoggns that are

and protein.
by-products.

harmful to human helatth. These organisms include some parasites, viruses, bacteria, fungi
Thesle materials ase.@ften found in blood and other body fluids as well as animal and plant |

The primary «oyites of transmission include

a) ¢ontact(direct and indirect),
b) bxhaled drnp]m—c, and
c) other airborne droplets.

These may be in the form of droplets, splashes or particles that may be carried directly through the
air entering the body through broken skin or exposed membranes, such as the eye’s conjunctiva.
Contaminated material may also be carried indirectly by touching the eye with contaminated fingers or
other objects (for example in microbiology labs). Important factors in assessing the risk and determining
the correct use of protective equipment include the source, mode of transmission, pressure, type of
contact, contact duration and type of task.

Finally, biological hazards in the medical, veterinary and dental environments from splashes of blood
and body fluids and tissue containing pathogens require similar protective measures to those for
chemical hazards.
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Some typical occupations/workplaces/ circumstances where people’s eyes may come into contact with
biological hazards capable of transmitting disease include

— medical staff, laboratory technicians,
— healthcare services,

— employees in environmental hygiene services such as liquid waste, rubbish collection and
disposal, and

— agriculture, fishery, veterinary services, and manufacturing industries that use plant or animal-
based raw materials such as the food industry, paper products, textile, leather, furs and related
products.

5.1.4.2 Health effects
The health gffects of biological contamination of the eye include infection, irritation or'alergy.

Some comnjon infections that involve the eye include keratitis and conjunctivitis (€.g. acanthampeba,
pseudomonas, staphylococcus, adenovirus, herpes simplex and other viruses)(Systemic infectiond may
involve the pye (e.g. hepatitis viruses B and C, human immunodeficiency wirus, herpes, other vifuses
and rhinovirus).

Eye protectprs such as protective spectacles/shields/visors against/bielogical hazards are likely fo be
used together with respirators or other protective clothing; the issue of compatibility of appropriate
eye protectgrs is therefore important and should be taken into aceount.

5.1.5 Conpection heat

5.1.5.1 Squrces

Heat resultq from furnace work e.g. metal casting,foundry work and glass manufacture. Naked flame is
used in glasp blowing and gas gouging.

5.1.5.2 Health effects

The health gffects of heat and flame.oh the eye could include "dry eye", discomfort and cataract.

5.2 Application specifichazards

The previous clause préovides advice on general workplace hazards and consequent health effects.
Although it|is impossible to account for every possible application, considerations relating to ceftain
specific applicationsiare given in this clause.

5.2.1 Laserhazards

5.2.1.1 Sources

Laser systems are widely encountered in industry, medicine, science and technology. The key to safe
laser practice is to pay attention to the class of the laser in use (see IEC 60825-1). Laser Classes and
the required warning labelling are described in IEC 60825-1. Class 1 laser systems are inherently safe
and no eye protection is needed. Class 1M, 1C laser products include visible lasers. Class 2 and 2M laser
products are visible lasers. They are required to have warning labels. This is sufficient protection
unless there is a need for more than momentary viewing in which case a risk analysis should be
carried out. Class 3R and 3B have a more extensive warning and if the beam should be observed or
may enter the eye, eye protection will be needed. Class 4 laser products are harmful to eyes and skin so
that protection is always necessary even to diffuse reflections of the beam. In many applications, the
potentially hazardous laser beams are completely enclosed (embedded laser products) and classified as
“Class 1,” such as in computers, CD-ROM drives, video players and in many manufacturing production
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lines. However, hazardous open beams exist in many surgical applications of the laser, as well as in
research and development laboratories. Accessible open beams that could require eye protection may
also exist in some industrial laser material processing applications (generally “Class 4” laser systems).
The servicing of embedded laser products, when the outer covers are opened or removed, can also give
access to potentially hazardous levels of laser radiation.

There is a wide variety of different laser types, and laser emission (generally at one particular
wavelength that is a characteristic of the type of laser) can occur at wavelengths from the ultraviolet
region (e.g. excimer lasers), throughout the visible to the far-infrared spectral region. Laser beams can
pose a hazard at considerable distances from the laser itself, extending over many metres (even km
when used outdoors) because of the high collimation of the beams; this characteristic represents a
uniqffe occupational hazard In this respect.

5.2.1.2 Health effects

Lase

beans can pose a significant hazard of injury to the skin. Potential hazards vdry significant
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I radiation poses a significant hazard of injury to the eye and the more powerful (C

length, and are of greatest concern in the retinal hazard wavelength region from ap
hm to 1 400 nm (1,4 um), since the focusing properties of the eye-tan increase the cq
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cornea (far-infrared and far-ultraviolet) and to the lens-some UV and IR waveleng
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e the eye within the aversion response time to brightilight (of the order of 0,25 s).

eam is not visible but in the near-infrared (IR-A),'such as a Nd:YAG 1064-nm beam.
can also occur but are generally of secondary interest compared to the eye. A larg
ies have also been reported from continuous=wave lasers (cw lasers) e.g. misuse of h
pointers.

Welding hazards

.1 Sources

ind face hazards during.ard welding and allied processes are mainly of a mechanical
Sparks and spatter from-the welding process, slag from chipping, dirt and particles fr
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rise to high or medium velocity particles that may also be hot. Welding fumes co
cles and gases. Welding arcs are sources of intense UV and IR radiation as well as
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and the use of an eye-and face protector is vital both for visibility and to avoid injury and blindness.

Between welding.operations, the welding shield may be removed from its position in fron
and the welder.gan be exposed to radiation from co-workers’ welding arcs. Not only welde
worNers inthevicinity who may be exposed to radiation from nearby welding or cutting 4
at rigk.

t of the face
rs but other
ctivities are

5.2.2.2

Health eltects

The impact of high velocity particles can cause mechanical damage of the eye or skin. The intense
heat of welding and sparks can cause burns. Particles and gases from the welding fumes can cause eye
irritation.

UV radiation from the welding arc can cause “arc-eye” or “welder’s flash” which is a painful inflammation
of the cornea. The symptoms usually occur a few hours after exposure to UV radiation and include
a feeling of sand or grit in the eye, blurred vision, intense pain, tearing, burning and headache. The
arc-eye condition is temporary, but if UV exposure is repeated regularly, the cornea and lens will be
permanently damaged. The damage could result in loss of corneal transparency and development of
cataracts (clouding) in the lens. As well as the welder, UV radiation may affect persons who are close
to the welding situation. Exposure to UV radiation can also cause skin burns similar to sunburn, and
increase the welder’s risk of skin cancer.
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The intense heat from IR radiation can cause thermal burns to the skin and cornea. The amount of
optical radiation reaching the eye depends on the welding process being used (MIG, TIG, plasma, etc),
any shielding gases being used (and the gases and fumes emitted by the arc) and the current being used.

Intense visible light associated with arc welding can cause damage to the macula and retina. However,
discomfort glare will occur at much lower luminance levels than required for an injury and the natural
response is to close the eyes, shield them or turn away from the glare source avoiding such damage.

5.2.3 Electric arc hazards

5.2.3.1 Sources

An electric arc flash is a fault current, e.g. generated by a short-circuit travelling through ionized|air -
the so-calledl plasma. Together with tremendous amounts of convective heat, an arc flash €omes glong
with excessjvely high doses of electromagnetic radiation (i.e. levels of UV, IR and high, energy visible
light typically higher than that emitted while arc welding). The explosively expanding Heat genefates
toxic air, extreme noise (i.e. an explosion known as peak impulse noise) and a rapidly progrepsing
pressure wgve - most probably accompanied by flying debris (e.g. fragments, meglten metal).

An arc flash|incident usually is caused by a system fault or a handling mistake in‘a high current electrical
environment, regardless of whether this is a low, medium or high voltage system.

5.2.3.2 Health effects

Depending ¢n the arc energy, the materials involved and the distance to the arc, the following hazards
typically shpud be considered:

— direct thermal effects caused by convective heat: burns to the skin and the eyes;
— electromnagnetic radiation hazards to the eyes;
— leng/cornea:

— |cataract, photo-kerato-conjunctivitis in the range of intense UV light as emitted by thle arc
(UV-A, UV-B and UV-C);

— [thermal hazards in the(range of IR radiation;
— |retina: photo-chemic¢al hazards in the range of visual light;
— hazards to the skin:
— | pigmentation and burns in the UV range;
— [thermal cell death in the range from visible light to IR radiation.

The aforementioned hazards might cause severe, often irreversible, injuries or might even be lgthal.
No severe injuries are known, however, from those persons who have been protected by sufficiently
selected and correctly worn personal protective equipment.

NOTE Further hazards, e.g. hazards coming from the noise or the toxic gases, are not sufficiently investigated
to be discussed in this document.

5.2.4 Glass blowing hazards

5.2.4.1 Sources
Sodium flare is a common hazard faced by those working with glass. A bright yellow flare (589 nm)

is created when an oxygen-rich flame reacts with sodium in the glass. While the visible component of
the flame’s light causes discomfort and disability glare for the worker, it is not harmful to the eyes. The
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solution is to provide a filter with high luminous transmittance but low spectral transmittance in the
region of 589 nm. Glass blowing is, however, accompanied by potentially hazardous levels of UV and IR.

The type of optical radiation hazard varies with the type of glass being heated in gas flame or furnace.

5.2.4.2 Health effects

Refer to 5.2.2.2 for information on the health effects of UV and IR exposure.

6

6.1
The

Control of eye and face hazards

General

hierarchy of control should always be followed. The use of engineering methods, sych as many
of thjpse listed below, to reduce the risk of injury to the eyes and face shouldjalways be
objegtive rather than relying on PPE. Where it is not possible to eliminate hazards, measur

the primary
ps should be

adoptted to minimise the hazards (see Figure 2). Measures such as those described below may be used

whete hazards and risks have not already been eliminated:

a)
b)

‘)
d)
e)
f)
g)

h)

Where it is notpassible to entirely eliminate eye and face hazards, PPE measures should

that

isolation of the hazardous operation;

guitable screens or guards to shield from flying fragments) particles or radiation, e.
ghade from sunlight;

exhaust hoods or booths to extract dust, gases or fumes;

yvater sprays for damping down dusty areas;

yindbreaks to reduce dust being raised by air turbulence;
¢atchments, splash guards and baffles teconfine dangerous liquids;

Ilcreasing distance or limiting exposure duration to diminish the effect of optical ar
azards;

gcheduling to reduce or minimise exposure e.g. workers to be scheduled to work outd
periods that minimise exposure to high UV levels;

ddministrative medsures such as managing the flow of people moving through envi
ensure appropriate social distancing and minimise exposure to biological hazards.

ill minimize the risks.

g. providing

d biological

oors during

fonments to

be adopted
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Hazard recognized/anticipated

Periodic monitoring

Low exposure,
Hazard/risk measured/expected

quantified/evaluated

High exposure
measured/expected

Hazard/risk

eliminated or substituted YES
e.g. material

changed

Risk managed

NO

o YES
Hazard/risk isolated
NO
Hazard/risk
contained by YES

engineering
means

Hazard/risk
contained by
administrative
means

YES

Personal
protective equipment
program instigated

YES

Figure 2 — Steps to risk control

6.2 Screens

6.2.1 General

Screens can be used to isolate the hazard from the worker where engineering or administrative control
methods are ineffective. Screens are available in different variations ranging from fixed, moveable or
adjustable on individual machines to large fixed or mobile screens to shield the affected working area
or to separate adjacent work stations. It is important to match the design, construction and material
choice of the screens to the conditions of use to achieve adequate protection. In addition, a regular
maintenance and replacement programme should be instigated.
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6.2.2 Recommended materials for screens

Always ensure the screens are constructed from suitable materials appropriate for the intended
application. The chosen screen should offer the same level of protection to unshielded eye and face
outside the enclosure as the protection provided by appropriate eye and face protection device inside
the enclosure.

A list of suitable materials for a particular application may include some of the following:
a) sheetmetal;

b) woven metal;

c) ¢anvas;
d) foughened or laminated glass;
e) ¢lear or opaque plastics.

Materials that have relatively large and highly reflective surfaces e.g. galyanised sheeting should not be
used|for welding screens unless they are treated with light-absorbing substance(s).

6.2.3 Selection of light-transmitting screens and curtains fer arc welding operations

There are screens and curtains that provide a uniform high{level of protection from the¢ ultraviolet
and yisible light hazards arising from welding operations. They are intended to protect pagsers-by and
individuals working near a welding operation and therefore do not need to provide as much protection
as thpt required by the welder. See 7.2.6.1.8 for more details.

The gpecification for transparent welding curtains, strips and screens used for shielding| workplaces
from|their surrounding where arc welding proeeésses are used is defined in ISO 25980. Welding curtains,
strips and screens that fulfil this standard‘are not intended to replace welding filters. o meet the
requjrements of ISO 25980, the luminous'transmittance and reflectance properties should pe stated by
the manufacturer or supplier.

6.2.4 Illumination of the work area

Care|should be taken to ensure that the operator retains a clear view of the task. Opaque screens should
be afranged so as to avoid)the formation of disturbing shadows. Transparent screens should be kept
clear) and relatively free from scratches. Local lighting should be provided where necessary.

NOTH Suitablelighting conditions for different tasks are recommended in ISO 8995 (all parts).

6.3 | Exhaust'systems

Loca| exhaust systems are not specifically designed for the purpose of providing protection for the eyes
and facel Exhaust systems incorporated in machines for grinding and wood working operations might
not trap fast-moving fragments or particles that represent a significant eye and face hazard. Personal
eye and face protection against these hazards is usually necessary.

6.4 Other methods

For outdoor activities, shade is a method of reduction of harmful exposure to sunlight. Exposure to
sunlight might be reduced by administrative means, such as the scheduling of times spent outdoors.

Shade should be created by permanent objects such as trees or by the use of canopies and screens
constructed of fabric with the highest UV effectiveness (UVE) of 95,0+ rating (AS/NZS 4174[35]). This
will reduce rather than eliminate exposure.

© IS0 2021 - All rights reserved 17
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For all forms of non-ionizing radiation, another general method of control is the provision of low gloss
surfaces in the work environment. Matt paints should be used and high gloss white surfaces avoided in
the selection and design of plant and equipment.

Non-ionizing radiation exposure can also be reduced by increasing the separation of the hazard from
the observer by distance. For example, the risk to passers-by from a welder 300 m away is likely to be
minimal and the UV protective characteristic of a Shade Number 11 welding filter can be matched by

moving awa

y from the arc to a distance of at least 200 m.

7 Selection and use of personal protective equipment (PPE)

7.1 Gene

Always follg
of defence V
into account

Thereisav
and face ha
protector is
task. Ensurd

7.2 Type

7.2.1 General

Figures 3 t¢ 5 show the different types of eye and fage*protector. Spectacle eye protection ag

mechanical
Table 11).

ral

w the hierarchy of control in eliminating the hazard at source. The use of PPE is the las
vhich should be carefully selected to ensure adequate protection against hazards, t4
environmental conditions, e.g. high humidity.

hriety of protectors available on the market designed for protection.against a range d

t line
king

f eye

vards. When selecting an appropriate protector, care should be‘taken to ensure th
suitable for the individual, fits well and is comfortable to wear for duration of the com
the wearer is satisfied with the style, type and size of the sé€lected eyewear.

5 of eye and face protectors

hazards is limited to the two lowest levels of impact protection (see Basic use and
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b) Examples of goggles
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c) Example of an eye shield

NOTE Ventilation (direct and indirect) is commonly available.

)

~—

Figure 4 — Examples of face shields
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a) Welding shield with periph- b) Welding shield with sup-

eral a

O

’ )

areness filters plied air

j 0

c¢) Hand held welding shield d) Welding shield mounted on €) Welding shield with flip-up

7.2.2 Seld

7.2.2.1 Gqg

The hazard
appropriate
protection.

Table 5, other than those fop-protection against laser radiation, welding and working with

voltage live
machinery i
in the work
continue to

In the select]

hard hat (helmet) filter

Figure 5 — Examples of welding protectors

ction process

tneral

5 and risks associated with-a' particular task or area should be evaluated and the
type of protector selected..See Table 4 for information on general hazards and approp

electrical wiring:which are covered in 7.2.5. Colour perception when driving or oper
s critical but these tasks may not be the main reason a person is using an eye prot
place. Cargful selection of appropriate eye protectors should be undertaken if they]
be worn for{driving and machinery operation.

ion of’eye and face protectors, the following should be considered:

most
riate

The types of protector récommended as suitable for a specific application are set dut in

high
pating
pctor
may

a) The nat

ure‘and the direction of the hazards relative to the eves and face.

b) For a combination of hazards, more than one eye and face protector may be needed, e.g. welding

goggles

and a suitable face shield.

c¢) Compatibility of the protector with other personal protective equipment products needed for the

specific

application

d) The conditions under which the operator is working. In particular, working in confined spaces may
give rise to reflected hazards, requiring protection from optical radiation incident from the side
and rear.

e) Any issues of solvent resistance of, or damage to, the frame and/or lenses or filters.

f) The visual requirements of the task.
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g)
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The condition of the operator’s eyesight.

The appropriateness of the frame as a protector frame.

4:2021(E)

The design and shape of protective spectacles should be in alignment (as much as possible) with

the shape of the wearer’s face, i.e. the gaps formed between the frame edges and the face should be
minimized by selecting a frame that closely follows the individual’s facial contours.

j)

i

k)

ntended use.
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arly. If incidents are still occurring then a higher performance eye and face protector

vn hazards should be removed or minimized to the extent possible. Eye'and face prote
stitute for engineering controls and sound safety practices. They-should be used in
engineering controls and sound safety practices.

ting protectors that do not provide suitable protection €£an leave the wearer su
mfort or injury relating to exposure to hazards. The-Swearer, surrounding envir
ity should be considered carefully to ensure that the.sé&lected protector can be wor
ds of exposure.

.2 Hazard based selection

bs 5 and 6 provide guidelines to the types’of processes and hazards potentially ¢
ring eye protection. The level of eye protection suggested should be considered a mi
ptection.

Fators, who should either be removed from the area, be protected by a suitable scr
bnal protective equipment.

should be taken to recognize the possibility of multiple and simultaneous hazard ex
hosen protector should be able to protect against the highest level of each hazard.

reneral requirements for eye and face protectors are specified in ISO 16321-1, with th

Usefsyrequiring specific advice on laser protection can consult ISO 19818-1 and the IEC 6

rements for welding protectors in ISO 16321-2 and for mesh protectors in ISO 16321-3.

Guidance should be given to the user on the verification of the type of eye protector for the

Guidance should be given to the user on the maintenance, use, cleaning and storage of the protector.

buidelines above are general in nature and knowledge of a specific environment afnd the incident/
ent history at the worksite, in particular, may indicate that a higher level of pretectign is needed
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Table 4 — Table of general hazards to the eye and face

NOTE Some hazards need other compatible personal protective equipment, e.g. a respiratory protector, a
hearing protector, a head protector. To ensure that the combination provides the correct protection and comfort
in use, their compatibility should be verified. Apart from earmuffs attached to head and/or face protection
devices where EN 352-3 applies in Europe, the compatibility between these types of PPE can be assessed by any

available data from the manufacturer.

Type of hazard Examples of typical | Possible engineer-| Suitable eye and Marking
processes ing or administra- | face protectors | . .. ,,
T TR T SeeFabtes46and
tive controls (compatibility
11
concerns)
Physical - Mechanical
Flying partigles of |Manual hammering, Fixed or mobile Spectacles -Low
low mass anfl low  |chipping, horticulture, |screens energy impact re- C
velocity gardening, dental and sistance
surgical procedures
Flying partigles of |Machine cutting, wood- |Fixed or mobile Spectacles,
low mass anfl medi- |working, lawn mowers, |screens/ guards. over-spectacles or C
um velocity hedge trimmers, electric | Dust extractors. Goggle -anedium
power tools Water damping. energy/impactre-
sistance
Flying partig¢les of |Machining metal, grind- |Machine guards Goggle or face
low mass anfl high |ing shield - high energy E
velocity impact resistance
Flying objects of Explosive power tools Evaluate options Face shield - High
medium mags and |e.g. nail guns according totask(s) |mass impact resist- HM
high velocity ance
(Hard hat)
Objects of high mass|Falling tools Overhead protective | Face shield - High
barriers mass impact resist-
HM
ance
(Hard hat)
Collision with Forestry, fence erection |Evaluate options Face shield
sharp edged or according to task(s) | high energy impact
blunt objects resistance E
(Hard hat and hear-
ing protector)
Liquids reledsed at |Highpressure water Splash shield and Goggle or face shield
high pressure Cutting, pressure wash- |face shield 6
ers, hazard leakage
Dust, gases and vapours
Nuisance dukt \/\lnndmmrl{ing’ hnffing, Local exhaustven- Cngglp with direct
flying particles tilation system or indirect venti-
lation (Respirator 5
or full facepiece
respirator)?d
Gases, vapours, Spray painting, chemical | Local exhaust venti- |Sealed goggles with
smoke, fumes and |handling, polishing, lation system suitable full face 5
very fine particu- incineration, mining, mask or powered air
late matter welding respirator system
Large particle dust |Road work, mining oper- |Indoors- exhaust Dust proof goggles
ations, demolition work |systems (Respirator, hard
Outdoors- damping hat and hearing 4
. protector)?
down, sealing of
surfaces

22
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Type of hazard

Examples of typical
processes

Possible engineer-
ing or administra-
tive controls

Suitable eye and
face protectors
(compatibility
concerns)

Marking

See Tables 10 and
11

Thermal

Hot sparks

Furnace operations, gas
cutting and welding,
metal forging, grinding

Evaluate options
according to task(s)

Eye protector with
face shield

medium energy
impact resistance

(Hearing and res-

piratory protector)

Molten metal

(see below for the
splagh hazard)

Metal casting, galvanis-
ing baths

Evaluate options
according to task(s)

Face shield with IR
and molten metal/
hot solids protection
(Hearing and rest
piratory protector)

R shadd number xx,
Impact protection
(C,D,orE),9

Highl temperature
expgsure from radi-
ant Heat

Furnace work, open
flames, thermal lance
work, metal smelting

Evaluate options
according to task(s)

Face shield'with IR
and moltenmetal/
hot sélids protection

Electric arc

See Table 5

Splash/spatter and molteninetal

Cherical

Cleaning, handling cor-
rosive solutions

Splash resistance

CH

Biohpzard

Medical, veterinary,
dentistry, surgical

Evaluate options
according+to task(s)

Appropriate eye and
face protectors suit-
able for the hazard

e.g. low energy
impact resistance
or protection from
gases & vapours

enhanced opti-

cal performance
lens(es) depending
upon whether a
single-lensed goggle
covering both eyes
or one with two
lenses is used or
faceshield

C15

Molten metal

hbove for ther-
hazard)

(see
mal

Casting, molten slag

Evaluate options
according to task(s)

Goggles only if risk
assessment indi-
cates that molten
metal hazard is not

asignificant riskto
facial injury, other-
wise face shield.

High mass impact
resistance

(Full body protec-
tion)

HM

Electric arc

See Table 5

Optical radiation

NOTE The letters G, R, U and W may be followed by the letter L indicating that the filter meets the require-
ments for colour detection of signal lights; the letter R may also be followed by a second letter R indicating
enhanced IR reflectance.
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gles

Type of hazard Examples of typical | Possible engineer-| Suitable eye and Marking
processes ing or administra- | face protectors
tive controls (compatibility See % and
concerns) -
Visible light (glare) |Sunglare, furnaces Screens or filters Spectacles or gog- |G # (#=1to 3)

Intense visible light

Intense Light Sources
(ILS)

Screens or filters

Spectacles or gog-
gles

F# or B# (#=1to 6)

Solar UV Ultraviolet Screens or sun- Spectacles or gog-  |G# (#=0to 4)
shades gles
uv Weathering, germicidal | Screens Spectacles, goggles |U# (F=1,2t0 )
lamps, UV curing or face shields
Glass fibre manufactur-
ing
SE4
IR Cutting, brazing, fur- Screens Spectacles, goggles |R# (#=1,2 to 10
naces, or face shields
Glass blowing SF1
Lasers Many. Screens Spectacles or’gog- |See Annex B,
gles ISO 19818-1
Electric arc See Table 5

Certain occupations will appear in more than one section in this tablé;and thus require more than one mark.

a This indicptes that there may be compatibility concerns over using'the different types of PPE together.
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welding shade selection see 7.2.6.1.2.

Type of haz- | Examples of Possible en- Suitable eye and face Marking
ard typical pro- gineering or protectors See Clause 10
cesses administrative R U
(Compatibility concerns)
controls
Welding
Electric arc TIG, MIG, MAG, |Administrative |Face shield or welding hel- |W # (#=8to 15)
welding MMA, air-arc or engineering |met fitted with passive W #/# (#=1,2 to 5/ #=8 to 15)
gouging controls or
automatic welding filter
Cutting Plasmajet cut- |Administrative |Face shield or welding hel- |W # (#=9 to 13)
ting or engineering |met fitted with passive W #/# (#=1200'5) #=9 to 13)
controls or
automatic welding filter
Gas yelding |Gas welding, Administrative |Welding goggles or weld- |W #(# t0 4 to 7)
braze welding |or engineering |ing helmet fitted with . .
. . (Where skin hazargd is
controls welding filter . e .
identified, use of § welding
face protector may be more
appropriate)
Cutting Oxygen cutting |Administrative |Welding goggles o weld- |W # (#to5to7)
or engineering |ing helmet fitted with
controls welding filter
Phydical- Me- |Hammering, Administrative |See Table4: Physical- Me- |See Table 4: Physi¢al- Mechan-
chanfical slagging, grind- |or engineering |chanicalhazards ical hazards
ing etc. controls
Neary electric| Work in areas  |Welding cur- Goggles or welding helmet |W #2.5 to #15 (depending on
arc welding where electric  |tains distance from welding source)
arc welding
occurs
Electric arc
Electrical fault | Live working/ |Educatién/ Specifically tested visor [EC 62819 ARC RATING, ATPV
arc/arc flash |electricians waork safety kits, hoods or combinations |= xx cal/cm 2 and for ELIM
. work at ener-  {properties for | of specifically tested visor |=yy cal/cm?, LT Class z ( z
Conyective . ) ; . : s :
heat gized systems,~ ‘Hlive working, kits or goggles with open  |=0; 1; 2) typical fgr USA or
increasing of hoods or balaclavas USA affiliated couptries or
IRand UV distance to IEC 62819 ARC PROTECTION
radigtion potential arc CLASSa(a=1;2),LT Class z (
sources while z=0; 1; 2) mandatory for EU
Molten metal . !
working at countries
Molten plastic ‘S:r(:lggll“zeeddusc}ilst:; Additional marking as per
?ntelms}? glars the a’rc burning ISO 16321 (all parts) apply
ing fjght time (e.g. by NOTE 1 Both markings can
Flying-par- replacing reg- be shown on a product tested
ticles - Tow ular fuses with accordingly.
mass and high maintenance )
fuse), educin
the potential Ki yha t
short circuit marking requirements.
amperage by
changing the
power supply
during live
working (e.g.
single sided
supply), etc.
NOTE The suggested welding shades in Table 5 are based on common industrial practice. For more detailed guidance on
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7.2.2.3 Human- factors-based selection of eye and face protectors

7.2.2.3.1 Fitand coverage

Eye injuries are known to occur despite the presence of an eye and face protector, as a result of poor fit,
inadequate coverage and/or inappropriate selection. Arrangements should be made when issuing eye
and face protectors to ensure that

a)
b)

the type of eye and face protector is chosen appropriate to the risk, and

the size of the protector selected for the individual provides complete coverage of the defined area

to be pr

c)
The size of

gaps be

1-C12, 1-§, 1
1-series for
large resped

These can bg
is determind

7.2.2.3.2

Adolescents|
to ensure th

7.2.3 Eye

Prescriptior
should neve
a secondary

In the optio
functions [o|
by different

For persons
available.

a) Prescrij
ISO 219

b) Non-coj

tected; amd

fween the frame and face are as small as possible.

rotectors should be categorised by the following frame marking:

-M, 1-L, or 2-S, 2-M, 2-L, as defined in ISO 18526-4. C12 is for a child aged’around 12 y
tively.

used in isolation or combination to describe the size of eyewear.dn'this context, each ma
d by several factors including head width, ethnicity and coverage of the orbital region.

Eye protection for adolescents and children

are over-represented in the eye injury statistics. Particular care should therefore be {
at the size of the eye protector chosen provides appropriate fit and coverage.

and face protection for those requiring-vision correction

spectacles or ready-to-wear near-vision spectacles that do not comply with ISO 1
' be used as an eye protector because they may fracture more easily on impact and be
hazard to the wearer and, secondly, may not have sufficient area of protection.

s provided below, the eye protectors may provide both the vision correction and prote
tions a) and f)] or the protective function and the vision corrective function are proy
devices [options b) te-e)]-

requiring vision-cortrection in addition to eye and face protection, the following option

ption eyeprotectors appropriate for the task and hazard complying with ISO 16321-]
B7. Theseinclude single vision, multifocal and progressive-power lenses.

reCtive eye protectors complying with ISO 16321-1 fitted with a prescription insert

ears,

beneral use, while the 2-series are for Asian wearers, and S, M and L axe small, mediunm and

rking

aken

6321
Come

ction
rided

S are

and

(lens

carrier)

behind the protective lens and with lenses fitted in the insert. The lenses in the i

hsert

should comply with ISO 21987.

contact

NOTE

d)

lenses.

Non-corrective eye protectors complying with ISO 16321-1 with the vision correction provided by

The wearing of contact lenses generally neither provides any protective function nor necessitates
any extra protection. See 7.2.4.1.

Non-corrective eye shields or face shields complying with ISO 16321-1 that are intended to be worn

over spectacles and having sufficient rigidity and/or spacing behind the protective lens to avoid

contact

26

with a prescription spectacle.
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e) Non-corrective spectacles and goggles intended as “over-spectacles” complying with ISO 16321-1
and with sufficient rigidity and/or spacing behind the protective lens to avoid contact with
prescription spectacle behind.

NOTE1 In the case of d) and e) above, it is important to ensure that the corrective device and the eye
protector are compatible when worn together.
Special attention should be given to ensuring that the fit and coverage of the eye protector provided
by the eye protector is maintained and there is no interference to or modification of the visual
correction.

OTE 2 Because of the extra separation provided between eye protector and prescription spectacle, eye
ghields and face shields are preferred.

f)  $ingle-vision ready-to-wear near vision eye protectors complying with ISO 1632il-1 and ISO 16034
that are appropriate for the task and hazard.

Ready-to wear near vision spectacles can be used as either a temporary sslution or a[solution for

extepded use. It is recommended that wearers seek advice from their eyecare professional regarding

longér term use.

NOTH National regulations can limit the type of lenses in ready-to-wearspectacles to single-visign lenses only.

7.2.4 Material choice

7.2.4.1 General

Somyd
if thd
thel
resu

prop
7.2.4

MesH
elect]

They

eye |
cond

Mesh

itions is best dvoided.

 lens and, especially, frame materials are adversely affected by some solvents. They 1
y come into contact with droplets, splashes;or vapours. Damage, such as clouding o
bns, can occur after even brief chemical conitact. Prolonged exposure to such chemical
t in faster degradation of the protectonwith resulting deterioration in its mechanicd
erties.

.2 Mesh protectors

eye and face protectors are-hot appropriate to protect against molten metal splash,
ric arc, liquid, splashes 6rydroplets, coarse dusts, fine dusts or gases.

may be used againSthigh speed particles and are rated for impact in the same way as g
rotectors. Sincethiey do not transmit as much light as an un-tinted lens, use of them|

usef

type eyesand face protectors may be spectacles, goggles, eye shields or face shield
lin

orestry applications where abrasion from foliage could cause deterioration of th

hay degrade
cracking of
s is likely to
1 protection

short circuit

onventional
in low light

S.

They are

b surface of

lear ]nncpc,

— high radiant heat situations where a mesh may provide greater protection to the eyes, and

— situations where fogging is an intractable problem.

Mesh protectors are often selected for these applications because they are resistant to scratching and
more comfortable to wear in physically demanding occupations or hot/humid environments.

7.2.4.3 Frame selection

Metal frames are not compatible with electrical hazards. For the selection of suitable face protection
for electrical hazards, see 7.6.2.3 for further information.
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Certain plastic materials might not be suitable for eye protectors (both frames and lenses) that are

used in envi

NOTE

ronments where chemical solvents are present, see 7.2.4.1.

For further information refer to the latest safety data sheets for the relevant chemicals.

7.2.5 Comfort, vision and fit

7.2.5.1 General

Comfort is an important factor in acceptability of and compliance in wearing an eye and face protector.
Wearers of uncomfortable products will be tempted to remove them, or not even wear them, in the

hazardous 4
may not prd
use but thes

Comfort is 3
piece of per
categorized
therefore ef
sizes and sh
of the wearé

The design

where S
from w
prosped

if prov
recomn

Eye and fac

assess the fit and make adjustments if necessaty. Aspects of comfort and fit should be considered ¥

selecting su
— adjustal
custom
weight

nose-br

Integrated ¢
sidearms, wi

Goggles shq

nvironment. If inadequate attention is given to achieving a good fit then the eye prot
vide the intended level of protection. Single size non-adjustable spectacles are in!don
e cannot be expected to provide satisfactory comfort and fit to all wearers.

very subjective assessment. However, it is a well-known fact that the more_comfortg
bonal protective equipment, the more likely the user is to wear it. Whilstwearers mig
in terms of size, it is a fair statement to say that there are no two wearers the same
sential that a choice of eye protectors is selected so as to accommedate a range of wead
apes. The eye protector should provide optimum fit, taking intocaccount the shape ang
r’s head.

f the eye protector should provide for maximum adjustment. It is essential that

traps or headbands are provided, their positioning, fixing, adjustment, and the matg

tive wearer.

sion is made for the fixing of accessofies, such as earmuffs, helmets, etc., {
endations should be considered both in the design and positioning of the fixing point.

b protectors should be selected withi-the assistance of a suitably trained person wh

table eye protectors and spectacle type protectors including:

ble sidearms and special hinges that allow the front to be tilted with respect to the fac
sable sidearms that can:be shaped over their entire length for optimum comfort and fi
hind balance (centreof gravity) of the eye protector;

jdge design and4frame curvature.

yewearfitted to a safety helmet can increase comfort because it eliminates the ne¢
hich ean cause interference with the seal of earmuffs when worn together.

uld enclose the orbital cavities, are generally heavier than spectacles and are

pctor
imon

ble a
ht be

It is
rers’
| size

rials

hich they are made should take into account thesrange of head shapes and sizes of the

hese

can
when

d for

bften

considered as Tess comfortable. Factors Influencing 11t and comfort of goggles include

7.25.2 Vi

width, position and adjustability of the headband,
face flange profile,
different size options to provide a secure comfortable fit on all individuals, and

deformable face foam seal.

sion and productivity

A significant factor in productivity and performance is vision. Properties of the eye protector that can
influence the wearer’s visual perceptions include field of view, optical quality including refractive power
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and spatial deviation, colour perception, reflections and shade variations such as angular dependence.
The field of view is important because the wearer needs to have an unobstructed view to undertake the
appropriate tasks.

7.2.5.3 Refractive correction

The vision and refractive status of the wearer is an important consideration in the selection and
supply of eye protectors. It is important to determine that the worker has adequate vision, and if not,
has suitable refractive correction to undertake their task in a safe and successful manner. Should a
refractive correction be required, an appropriate lens design for the task is an important consideration.

7.2. Application based selection
7.2.4.1 Welding applications

7.2..1.1 Eye and face protection for welders

Duripg arc welding and cutting operations, protection should be provided-against UV and |R radiation.
At the same time, the visible radiation should be reduced to a comfortable level. Adequate pye and face
protection in these cases can be obtained by the use of a welding face’shield (welding helmet) or welding
hand shield fitted with filters having shade numbers 8 to 15, inclisive.

In gas welding and cutting, and resistance welding and brazing, suitable eye protedtion should
be provided to guard against possible UV and IR radiation and to reduce the visible radiation to a
comflortable level. For such processes, sufficient protection will usually be given by goggles fitted with
weldfing filters of shade number 4 to 7, inclusive.

Where a welder is also likely to be exposed tdZstray radiation from similar processes pearby, it is
essetial that the welder has some protection against radiation and mechanical impact while the helmet
or hgnd shield is not in use by wearing protective spectacles. The protective spectacles will also offer
the Welder protection against impact during the removal of slag after welding.

7.2.4.1.2 Welding filter selection

Many factors are involved in'selecting the shade number of a protective filter which is|suitable for
weldjing or related techniques:

— Tor arc welding, air-arc gouging, and plasma jet cutting, the current is an essential fact¢r in making
n accurate chgice/possible.

— For gas welding and related techniques, such as braze-welding, this document refers to the flow rate
hrough-the burner;

In addition, for arc welding, the type of arc and the type of parent metal should also be|considered.
Othefr ‘parameters have a significant influence, but it is difficult to evaluate their effect. These are, in
particular:

— the position of the operator in relation to the flame or the arc. For example, depending on whether
the operator leans over his work or adopts an arm’s length position, a variation of at least one shade
number might be necessary;

— local lighting;
— the human factor.

For these various reasons, this standard gives only those shade numbers that practical experience has
confirmed to be valid in normal circumstances for the personal protection of operators with normal
sight carrying out work of a specified type.
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The shade number of the filter to be used can be read from Tables 6 to 8, at the intersection of the column
corresponding to the gas flow rate or the current and the line specifying the work to be carried out.

Table 6 to Table 8 are valid for average working conditions, in which the distance from the welder’s
eye to the pool of molten metal is approximately 50 cm and the average ambient illuminance is
approximately 100 Ix.

The final choice of a shade number should be determined by the welder to provide correct visibility and
values in Table 6 are only a starting point. Optical filtration will be adequate if the scene is comfortable
to view.

The followi gtermsare used qrr‘nrding to ISQ 4063:

— the synmbol MMA corresponds to manual metal arc welding;

— the symbol MAG corresponds to metal arc welding with non-inert gas shield;
— the symbol TIG corresponds to tungsten inert gas;

— the symbol MIG corresponds to metal arc welding with inert gas shield;

— air-arc gouging corresponds to the use of a carbon electrode and a compressed air jet used to remove
the molten metal).
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Table 7 — Shade numbers? to be used for gas welding and braze welding

Work

NOTE q is the flow rate of acet- q=<70 70 <q <200 200<q =800 q>800
ylene in litres / hour.

Welding and braze welding 2 4 5 6 7

a  According to the conditions of use, the next higher or lower shade number can be used to control glare
and still provide appropriate protection.

Table 8 — Shade numbers? to be used for oxygen cutting

Work

NOTE g is the oxygen flow 900<g<2000 2000 <q<4000 4000<q<8000
rate, |n litres / hour.

Oxygen cutting 2 5 6 7

a  Acording to the conditions of use, the next greater or lower shade number can be used tocontrol glare
and still provide appropriate protection.

7.2.6.1.3 Automatic welding filters and vision

One purpose¢ of an automatic welding filter is to provide better vision fet'the welder, in that the filter has
greater trarsmittance to start the weld, and then darkens rapidly 6uce the arc has struck. Propgrties
of the weldiphg protector that can influence the wearer’s visual perceptions include field of view, optical
quality inclpding refractive power and spatial deviation, colour perception, reflections and ghade
variations sfich as angular dependence. The field of view is important because the welder needs tolhave
an unobstrycted view to undertake the appropriate tasks,

If a protectpr with an automatic welding filter is frequently used in the down position between the
welding tasks (for preparation and grinding), a.large field of view and high transmittance in the
light state i$ important. This is often the case wthen the eye and face protector is used together|with
respiratory [protection.

NOTE Auito Darkening Filters (ADF), alse known as Automatic Welding Filters (AWF), are commonly uged in
welding appljcations. These use sets of batfery powered liquid crystal filters to limit the transmittance of|light.
Typically, thdy also include passive UV and/IR filters to protect the welder from these hazards. In this casefeven
without the Hatteries, the ADF will protect from UV and IR.

7.2.6.1.4 Ventilation anddemperature

Build-up of CO, inside thé-welding shield can occur in some instances. This can result in fatigu¢ and
might contr]bute to headache.

When workjng atlow temperatures, exhaled air may cause fogging of the welding filter. This ggain
shows the importance of allowing the user to wear the welding shield as a part of the selection prqgcess.

A high reflectance of the outer surface of the protector may help keep the temperature down when
working in hot environments or welding with high current but this may cause discomfort glare to
fellow workers.

A powered air supply would be helpful to keep the user at a comfortable temperature and minimise
fogging.
7.2.6.1.5 Ergonomics, comfort and adjustment

Ergonomics looks at whether or not the welding eye and face protector is comfortable for the wearer.
If the protector is not comfortable then the user might not wear the protector at all times even when
essential. Users given the opportunity to try on and select the protector from an appropriate selection
for the job are more likely to wear a comfortable protector.
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The perception of comfort is subjective. An individual’s perception will vary by the task and by the
requirements for each specific welding task. The perception of comfort might include the following:
pressure on the head, weight, balance, field of view, visibility, air quality, temperature, user interface,
etc. Before selecting a protector, worker position, environmental constraints, welding methods, high
or low current, other associated tasks (i.e. grinding), etc should be considered. Frequency as well as
duration of use for the specific welding task might also be considered in choosing the proper protector.
The environment, for example, outdoor, indoor, reflecting walls, narrow space, overhead welding,
nearby welders and ambient light also play an important role for the understanding of comfort and the
selection of a protector.

Head-mounted welding protection is often designed to be adjustable, and to accommodate a wide range
of physical characteristics. The protector should be tried on before selecting a product. I e headband
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Id be securely adjusted to ensure that the protector does not slip when a person chan
ion (e.g. bending over, looking down) or during the time that the welding protecto
sure on the head should not cause discomfort for the wearer.

lding eye and face protector that meets all the performance requirements‘of a standg
ect the wearer sufficiently if it is suitably selected for the tasks and used properly. An
pption will vary by the task and its requirements.

rs to consider when choosing welding eye protectors include
vorker position,

bnvironmental including outdoor, indoor, reflecting walls, narrow space, overhead wel
velders and ambient light,

velding methods, high or low current,
ther associated tasks (i.e. grinding),
requency as well as duration of use for<the specific welding task, and

veight, balance and stability of the\protector, especially in situations such as long durat]
tatic welding, or if the welding situation requires uncomfortable body positions.

proper fit. In the case(of-an automatic welding filter, the welder may also need ins
rstand the functionality; adjustments and settings.

.1.6 Eye protection for welders' assistants

welder’s assistant who is required to remain in the vicinity of welding operation|
pcted against the possible harmful effects of UV and IR radiation and, in additioy

prote
Sha

radigtion. The spectacles should be equipped with permanently attached side shields ¥

bcted..agdinst excessive visible radiation. Protective spectacles incorporating a fil{
Number 3,0 will in many cases give sufficient protection to the eyes from stray or

bes the head
r is needed.

rd will only
individual’s

ling, nearby

ion welding,

a suitable protector has-been selected, the welder may need assistance to adjust the protector

tructions to

s should be
;, should be
er of up to
inadvertent
with similar

filtering properties.

Welders’ assistants should not look at an arc or look in the near vicinity of an arc unless provided with
eye protection similar to those of the welder.

7.2.6.1.7 Eye protection for persons not engaged in welding operations

Persons (other than welders and welders’ assistants) whose duties require them to remain for short
periods in the vicinity of arc welding operations or to pass through areas in which such operations
are carried out should be protected against the possible dangerous effects of erythemal ultraviolet
radiation. In general, protective spectacles with side shields complying with ISO 16321-1 give sufficient
protection for such situations.
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7.2.6.1.8 Eye protection against stray radiation

Arc welding and similar operations should be carried out in screened enclosures. Where this is not
possible, the use of mobile screens is recommended to shield other persons from stray radiation.
Galvanized sheeting used for screening or other materials that have relatively large and highly reflective
surfaces should be painted or treated with some form of light-absorbing substance. In assessing the
presence and magnitude of a risk to other workers and passers-by in the vicinity of welding processes,
itis useful to take account of the effects of the exposure time and the distance from the welding process.
Table 9 contains the time limits which should be set for each distance. Where the exposure time limit is
greater than eight hours, then there is no risk recorded. Table 9 can be entered using the shade number
of the welding filter normally used for the actual process. The relationship between exposure time limit

and distancf can be read off. For example, if the welder is using a process for which the recommejnded
filter is a shade 10 and the remaining personnel do not approach closer than 25 m, they are notat 1jisk if
they spend less than a total of 123 minutes in that location during any eight-hour working day.Workers
at this locatjion for an eight-hour day are, therefore, at risk. Casual passers-by will not be at risk| The
exposure tijne/distance function is related to the welding process, the current and theJshielding gas.
In constructing Table 9, some assumptions had to be made and the following valués)were adoptgd to
represent a worst-case scenario for each situation.
NOTE1  Fyrther information can be found in ISO 25980.
NOTE 2  Welding in confined spaces is particularly problematic for stray reflected light, requiring protgction
from optical|radiation incident from the side and rear. Protection can b€ provided by the use of hoods or
spectacles with tinted side shields.
Table 9 4 Guidelines for maximum permissible exposure time with no personal protectipn
Repre-sent- Distance
ative
shade e
Number 2 5 10 25 50 75 100 150 200 250
No risk
8 40min | 4h beyond
7m
No risk
9 84s | 9min | 35min 4h beyond
37m
No risk
10 47 s S5min | 20min | 123 min 8h beyond
50 m
No risk
11 12s 74s 5 min 31 min | 123 min 5h beyond
99 m
No risk
12 86 47 s 3 min 20 min | 78 min 3h 5h beyond
124 m
No risk
13 4s 24s 96 s 10 min | 40 min | 90 min 3h 6h beyond
175 m
No risk
14 2s 15s 58s 6 min 24 min | 54 min | 97 min 4h 6h beyond
225m
15 0,5s 45 16's 1 min 7 min 15 min 27 min 1h 1,5h 3h
16 0,2s 1s 7s 44 s 3 min 6 min 11 min 26 min 47 min 1h
7.2.6.2 Laser eye protection

At the time of writing this document, a standard, ISO 19818-1, giving guidance on selection and use of
laser eye protectors is in preparation.
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Eye protection can be in the form of spectacles (having frames that rest on the ears) or goggles (secured
by a band around the head). Such protectors incorporate optical filters to reduce the transmission of
laser radiation to the eye. Combined eye and face protection may take the form of a mask or respirator,
along with optical filters, to protect the skin and eyes from exposure to laser radiation. Both eye
protection and combined eye and face protection may be employed as a protective measure within a
controlled laser area. Total beam enclosure combined where necessary with the use of remote viewing
(e.g. television) systems should, however, always be considered first as an alternative to reliance on
personal eye and face protection.

Eye and face protectors should only be used if all of the following conditions are satisfied:

a)

exceeds the

b)

is not reasonably practicable to ensure adequate protection entirely by the'use of
ind /or administrative controls;

engineering

he eye and face protector has the necessary performance specificationwith regard to
)
)

the reduction in the maximum reasonably foreseeable laser exposure to safe levels

)

foreseeable
b and

the capability of the eye and face protector to withstand thesmaximum reasonably
laser exposure long enough for corrective action to be taken to terminate exposuré

the ability of the wearer to be able to use the eye_.and face protector without disfomfort and

without unacceptable visual impairment.

The
haza

Whe
earn]

Whe
protg
of th
accid

eye and face protector is used only within a centrolled area that effectively enclog
rd and from which persons not wearing such protection are excluded

h using eye and face protectors, their ceimpatibility with other protectors such as
uffs, helmets, etc should be considered.

re the use of laser eye and face protéction is being considered, the specification and sel
ector should be carried out with'care, taking into account the wavelength and other s
e laser or laser system fortwhich the protection is required, the circumstances
ental exposure could occutand the applicable safe exposure limit (the MPE). Norma

for the eye should be used bat,where the MPE for the skin is more restrictive than that for

MPE
lasern
prefe

NOTH
See A

The

applicable to the skimshould be used instead. Whenever the anticipated worst-case
radiation is greatérithan the MPE for the skin, eye and face protection should alwayj
rence to just eyéprotection.

A laser eye protector designed for one wavelength can provide no protection at other
nnex B for-détails of the markings of laser protectors.

protector should be capable of reducing the laser exposure to below the applicabl

es the laser

respirators,

bction of the
ecifications
nder which
1ly, the MPE
the eye, the
exposure to
s be used in

wavelengths.

b MPE. This

capa in terms of
its o at the laser
wavelength(s). In addition, the protector should be able to withstand the incident laser exposure without
its protective properties being compromised; this applies to protective filters and frames. Mechanisms
by which protection could be compromised include burns, cracks, photobleaching including reversible
photobleaching, delamination of coatings and saturable absorption. This capability is dependent on
the protector’s resistance to laser radiation, sometimes called the Resistance Category (RC). In some
current standards for eyewear, these two parameters are linked, meaning that choice of the correct
0D automatically results in an appropriate level of resistance or RC. However, it is possible that the
two parameters, OD and resistance or RC, may be specified independently based on risk assessment
of foreseeable accidental exposure; in this case the product standard covering the eyewear should be
consulted to ensure that the meaning of a stated resistance or RC is understood.

bility is dependent on the protector’s spectral transmittance (usually expressed

It is not normally advisable to use an eye protector (as opposed to an eye and face protector) as a
protective measure against laser radiation where there is a risk of injury to the skin; that is, where the
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potential exposure exceeds the skin MPE. Under such circumstances, the use of alternative methods
to reduce the risk of accidental exposure, including enclosure of the laser beam or face (and hand)
protection, should be investigated. In certain applications, however, including some medical procedures
and for servicing high-power laser systems, this may not be feasible, and adequate supporting control
measures should be adopted in addition to the use of eye protection, in order to reduce the risk of harm.

When choosing appropriate eye and face protectors, the following should be considered:

a)

b)

f)

g)
h)

Other impoftant factors include;

i)

j)

k)

D)

the reasonably foreseeable worst-case exposure and the beam diameter at locations where
accidental ocular or facial exposure could occur (these parameters enable the ability of the eye and
face protector to withstand the incident laser radiation to be established);

the majimum length of time over which accidental exposure could occur before laser emissjon is
termindted or the individual wearing the protector takes avoiding action to prevent centinuing
exposure;

the actyal exposure;

the applicable value of the ocular and skin MPE, both specified in the same-units as the effefctive
exposure;

the wayelength of operation. Laser eyewear - and, potentially, an eye@nd face protector - utjlises
filter mpterials to provide protection over certain defined wavelength ranges. Ultra-short pulse
lasers miay show a considerable broadening of the central laser-wavelength which should al$o be
covered. Use of the incorrect eyewear will usually mean that insufficient protection is provided;

the optical density D(A) of the eye and face protector at the laser wavelength. The optical depsity
should pe sufficient to reduce the transmitted radiation to below the MPE applicable for the
maximym reasonably foreseeable exposure time.

NOTE Some national standards (applicable in Europe and elsewhere) adopt a different system faor the
specificdtion of laser eye protectors that is not directly equivalent to the optical density requirement.

the typ¢ of laser operation, cw or pulsed, and pulse duration;

resistarce of eye and face protector material, filters and frame, to withstand exposure to [laser
radiatign under a worst-case expesure scenario without compromising the required level of
protection for the duration of accidental exposure.

visible light transmissien/(luminous transmittance), and the ability to see warning lights or ¢ther
indicatqrs through thefilters;

general| design;Scomfort, ventilation, peripheral vision, and provision for spectacle correftion
(either py using goggle-style protectors that fit over normal spectacles, or protective spectacles
that incprporate the wearer's own optical correction);

degradation or modification of the absorbing material of the filter, including radiation-induced
transparency (photobleaching or saturable absorption);

mechanical strength of materials and resistance to shock; environmental stability to exposure to
elevated temperature, high humidity and UV during storage and transportation;

the angular dependence of the protection, i.e. the variation of optical density with angle of incidence.
This can be a relevant factor where protection is provided by multilayer dielectric coatings rather
than by absorption within the filter material;

reflection from filters and frames, especially for eye protectors with dielectric coatings;
saturable absorption of eye protector materials to pulses shorter than 10-5s;

any relevant national requirements or regulations.
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Eye and face protectors should be permanently marked to indicate:

i

the operating wavelength;

n a coded form;

withstand without its protective properties being compromised.

Other eyewear considerations include the following:

the optical density at the operating wavelength, or a scale number that represents this information

where applicable, the maximum irradiance or radiant exposure that the eye or face protector can

here different Kinds of eye and face protector are in Use, it can be helpful to use colo
ther means to link each protector with its particular laser.

or work with visible laser emission, it can sometimes be desirable to be able to sée thg

or alignment purposes or other operational reasons. In this case the eyes' protective f
e specified on the basis of reducing an accidental exposure to the MPEfor a time b4
here protection is afforded by the natural aversion response.

ye and face protectors are designed to protect against accidental-€xposure to laser rad
hould not be used to protect against deliberate exposure or the ifitentional viewing of 3
ye and face protectors should be checked periodically for&igns of wear or damage.
hecking should be recorded and the eye and face protector reéplaced when necessary.
rotectors should also be examined for suitability on each.occasion prior to use.

ye protectors against laser attacks with handheld laser should be easy to put on a
ossible and also possible to carry in near reach wien not used.

ir-coding or

b laser beam
Iters should
se of 0,25 s

iation. They
laser beam.
The date of
Eye and face

s quickly as

At high incident power or energy levels, absorption of the incident radiation in the filter aterial can

resu
that
repld

7.2.4

This
curr

Priofj
IEEE

NOTH
inva
Regu
teste

tin severe stress build-up and sudden failure of the filter. For this reason, an eye and fa|
has been subjected to a single incident.dfaccidental exposure at a high level of exposu
ced.

.3 Electric arc

clause discusses protection against an electric arc resulting from switching high
ent equipment, e.g. live high voltage power lines.

to any product sélection, a comprehensive hazard and risk analysis as given in N
1584[34] hazardley'BGI 5188/DGUVI3¢] should be performed.

1  Due to.different test methods used around the world, eye and face protectors are mark
[ious regions. Those products tested and approved against standards in accordance with the H

ce protector
re should be

voltage and

[FPA 70el37],

bd differently
uropean PPE

ation (ENY 2016/425[38] show arc protection classes and/or ELIM figures (see below), while protectors

1 to NEPA 70e or comparable standards are marked by ATPV ratings (see below).

A ha

e nations of

ard and risk analysis should be performed to the standard system applicable in t

usage, i.e.

standard;

BGI 5188/DGUV for EU countries.

NFPA 70e, IEEE 1584 hazard in the USA or nations referring to NFPA 70e or using comparable

Due to different test approaches, the results of one method are, unfortunately, not transferable
or comparable to the other. Several types of protector available on the market are tested to both
standards’ systems. Therefore, if a specific protector product family is preferred, it is recommended to
check to which standard these products are tested and whether the test methods comply with national
policies [e.g. NFPA 70e for USA (non-utility companies) or PPE Regulation (EU) 2016/425 for European
countries].
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With the results of the hazard and risk analyses in hand, the arc rating or the arc protection class that
the protector provides is determined. Nevertheless, further consideration should be taken:

Is 360° protection needed?

If YES, select

a combination of an open hood with a face shield kit, or
a combination of a balaclava hood with a face shield kit, or

a combination of a balaclava hood with a goggle, or

a closed

If NO, select

NOTEZ In

NOTE3 In|
considered.

Workplaces
higher than
protectors 1
toxic gases.

Any produc
and risk an
level. Only t

In general, g
in this guidj
products.

a face shield kit.

hood / switch hood (bee keeper style),

some jurisdictions, the combination of face shield with protective spectacles is‘ mandatory.

some jurisdictions, helmets are mandatory for workplaces where ‘the risk of an arc fl3

are considered to be very high risk if the hazard and risk ahalysis require protection A
8 cal/cm? or where the arc protection class 2 is not sufficient. At these workplaces,
ated or classified accordingly may fail to protect its user e.g. due to high pressure wa

[ or component should, at least, have successfully passed the tests identified in the h4
hlyses. Combinations of different protectors,;may not necessarily increase the prote
bsts of the combination can provide evidence of compatibility and suitability.

C

ther personal protective equipmentthat are used in combination with products desc
ince document should comply with.the standards or specifications specific for these

sh is

TPVs
even
e or

zard

tion

ribed

ther

Textile components of the protector-should meet the relevant design requirements according to

[EC 61482-2t2018, 4.2, and all the requirements for materials according to [EC 61482-2:2018, 4.3.
When a helmet is part of preteetive equipment, the helmet should meet the requirements of the
applicable nptional or regional’standard.

NOTE4 Fqr example, national/regional standards such as EN 50365[2¢], EN 397[22], ANSI Z89.1[31] and
ANSI Z89.2[33] are applicable.

Eye and fac ods)

should also

meét the requirements of applicable national standards and/or the Technical Specific

of ISO 16974

e protectors requiring a supply of breathing air (e.g. some designs of balaclavas or hﬁF
a

(all parts).

ions

If according to the manufacturer’s instructions, a helmet, a breathing air supply equipment and/or a
hood of a body protective clothing is to be used together with eye, face and/or head protective devices
in order to achieve the intended eye, face and head protective performance, the combination of all these
devices should have been tested as worn during the intended use.

7.2.6.4 Electric arc protective equipment combinations

See Annex A for further information.
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7.2.6.5 Furnace workers

Cobalt blue lenses are widely used in the industry because they markedly improve a worker’s visual
ability to judge the temperature of the melt by specifically filtering the intense yellow wavelengths
found in this application. They improve this skill about twentyfold. They generally do not provide
impact protection or UV protection and should not be relied upon to provide eye protection. If cobalt
blue filters are used, then they should either provide adequate protection against these hazards or be
used in conjunction with goggles or a face shield.

Generally, a shade 3 lens provides a suitable balance of visible light transmittance to prevent unwanted
glare and allows workers to see their work clearly. This will also provide adequate levels of protection

3 dde) 1L L 1Dl -1 .
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Eye protectors that meet all the performance requirements of a standard will only protec
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of ea
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Cons
are d
fit to
thein
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with
as si
posit
fit cq
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secu
that

kers operating near molten metal processes might be exposed to molten metahspld
ble protectors should be selected, taking into consideration the need to protect/both {
hce, depending on the nature of the work being conducted. A relatively lowrshade nun;
ypically be sufficient to protect workers from the IR hazards present.

Checking the fit

Fit, comfort and compliance

ind face protectors should be selected with the assistanCe of a competent person wh
t and make adjustments, if necessary.

eye and surrounding soft tissues are fully covered by the eye protector. The correct
the eyebrow to the cheek bone and laterally-from the nose to the bony area on the te
ch eye. Insufficient coverage and gaps causedby an eye protector that does not stay in

sh hazards.
he eyes and
\ber (3 or 5)

D Can assess

' the wearer
coverage is
mporal side
blace during

me that protection is needed may expgse the wearer to surrounding physical or optical hazards.

ideration should be given to differenttypes of protective eyewear. Close fitting eyewed
hosen due to the environments they are being used in. In these circumstances the eye
provide the least gap possible ot preferably no gap at all within the range of eyewear

r or goggles
wear should
hvailable for

situation. Proper fitting of eyewear should be based on comfort, field of view, security, coverage

Faps.

the user has selected a-comfortable eye protector, the competent person should ass
the proper fit for him-or her. If a spectacle style has been chosen that has adjustable f¢
Hearm/temple length, tilt of the front with respect to the face (pantoscopic angle) a
ion, adjust aceondingly. Sidearm/temple length should be adjusted to ensure the side
rrectly on_the ears; pressure from the side/temple should not cause discomfort.
bscopic angle ensures that the lens is well positioned in relation to the eye. The nose f
Fity areund the nose; ensure that the nose pad does not raise the eyewear away from
t iscceimfortable on the nose. The correct adjustments should also minimize the gaps

ist the user
atures such
hd nose pad
arm/temple
The correct
ad provides
the face and
between the

eye [

rotector and the eye area.

It is recommended that the fit of the protector be assessed as regularly as necessary to ensure adequate
coverage and comfort for the wearer, taking into account changes to the environment, the wearer’s
physical condition or the hazards that they are exposed to in their role and to verify that the protector
has not got out of adjustment.

The viewing area is important as the wearer needs to have an unobstructed view to undertake the
appropriate tasks. The wearer should be able to see in all directions of eye rotation without major
obstruction to their field of view. The eye protector frame should not interfere with the visual ability to
do work tasks.

The sidearm/temple or headband should fit firmly to the head so that the eye protector does not slip
from its initial fitted position when the person changes head position (e.g. bending over, looking down)
or during the time that the eye protection is needed.
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Gaps should be assessed, since physical and optical hazards may reach the eye through these gaps.
There should be minimal gap between all edges of the eye protector and the soft tissues surrounding
the eye. There should be no clear path for a flying projectile to proceed through any gap to the wearer’s
eye. Gap size should be related to the risk assessment. An environment that has been assessed as high
risk for flying particles may need sealed eyewear with a gasket and therefore the gap needs to be less
than 6 mm. If the environment has been deemed to need a general protective spectacle then a gap of
6-8 mm should be considered allowable. Gaps greater than 8 mm should be carefully considered for
suitability in context to the working environment.

It is recommended that the fit of the eye protector is assessed every two years or whenever changes
occur to a wearer’s physical condition (e.g. significant weight change or changes to facial features).
Fitting of eyf protector should be completed for each model that the end user may wear.

NOTE There are some tools available on the market that allow for assessment of fit criteria such @sgaps and
coverage. These can be used as part of a robust fit checking programme.

7.3.2 Enspring compliance with an eye protection programme

To maximise compliance with an eye protection programme, the following.fa¢tors should alJo be
considered:

a) The pernsonal preference of the wearer for a particular protector frante. Comfort and appeaiance
of the protector are usually the main factors in wearer preference. Lightness, ventilation and
unrestricted vision are important considerations.

b) A numbBer of different frame styles/shapes/sizes should bé.offered. This will help to determine
a best-fjt option for the wearer, particularly adequate.pr@tection and coverage. Nasal confours
can varly significantly between people, requiring different bridge shapes for spectacle-typ¢ eye
protectors.

c¢) The on-the-job experiences in using the eye and/or face protector.

This guidance document contains recommendations while product performance standards coptain
minimum r¢quirements. There is no substitute for local knowledge as a baseline for a comprehensive
workplace related eye protection programme.

8 Care and maintenance

8.1 Hygi¢ne and cleaning

Eye and face protectors should be maintained in a usable condition in accordance with the
manufacturpr’s instructions. Reasonable care should be taken during the use and storage of protective
equipment §o thatsit*is not subject to unnecessary abuse. Measures should be undertaken to ensure
adequate education on the proper use, application, inspection, maintenance and cleaning, stolrage,

fitting and ljrhitations of eye and face protectors. These may include:

a) The provision of proper facilities for storage, cleaning, servicing and replacement of eye and face
protectors and filters or lenses.

b) Asystem to ensure thatall personnel are familiar with the arrangements for cleaning, repairing and
replacing damaged or faulty equipment, and for correcting or adjusting uncomfortable protective
equipment.

c) Inestablishments where a large number of protectors are used, the staff of a central inspection and
cleaning station should be instructed to recognize and replace damaged and defective protectors.
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