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A Recommended Standard for Occupational Exposure to... ..

Ultraviolet Radiation

A criteria document for protection against
ulteaviolet radiation has been prepared in accor-
dance with sections 6 (b) (7) and 20 () (3) of the
Occupational Safety and Health Act was
transmitted to the Occupational Safery and
Health Adminiscration, U.8. Deparement of
Labor, December 20, 1972, for review and con-
sideration in the Standard serring process.

The srandard is based on criteria developed
from the results of numerous investigations of
the effects of ultravioler energy on the exposed
eye and skin. In the development of the proposed
standard the eye was selected as the organ for
protection because the eye is much mote sensitive
than the skin to ultraviolet radiarion. A signifi-
cant safety factor for the skin is thereby provided.
The proposed standard represents a complete cri-
teria document, but recognizes present
difficulties in the measurement of broadband
ultravicler energy. Evaluation for compliance is
based on three different approaches depending
upon the wavelength of the ultreviolet energy;
these are:

1. Utilization of available instrumentation
whenever applicable with recognition of
instrument shorrcomings.

2. Utilization of dara on energy ourput from
a specific source such as lamps.

3. Urilizacion of work pracrices when suira-
ble instrumentarion or energy ourput data
are nor available.

Exposure to ultravioler radiation occuss in
welding, metal cutting, plasma torch operation,
glass manufacture, furnace and foundry opera-
tions and in bacteriologic conrrol. Qutdoor

workers who are exposed to sunlight may also
receive significant ultravioler radiarion, aad the
problem of non-occupational exposure to
sunlight is recogaized. An estimated 320,000 in-
dustrial workers are porentially exposed to ar-
tificial sources of ultzavioler energy, and approx-
imately 4.8 million outdoor workers are poten-
tially exposed to sunlighe.

The recommendations for an occupational ex-
posure szandard for ultraviolet radiaticn cake into
consideration available informarion on health
effects and limited data on technical feasibitity of
achieving various levels of exposure.

The criteria document was teviewed by four
knowledgeable consulrants, two professional
societies, and governmenz agencies with inzerest
and responsibility in occupational safery and
health. No response was obtained from the
solicitation in the Federa! Register.

It was the feeling of the reviewsrs thar the
ultraviolet radiation standard as proposed in this
document, which has been adapred from the
American Conference of Governmental In-
dustrial Hygienists, is appropriate and thar no
additional information thar would affect the
standard is availeble zt chis rime.

The substantial changes incorporared into the
criteria document as 2 result of che reviewers’
comments involved tecognition of the limirad
use of present measuring devices and che need for

‘use of work practices and protecrive clothing and
goggles.

The following is the first chapter of the cri-
teria document. It contains the NTOSH tecom-
mendations for controlling worker exposare to
Ultzaviolet Radiation.
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1. RECOMMENDATIONS FOR AN ULTRAVIOLET RADIATION STANDARD

The National Institute for Occupational Safety
and Health (NTOSH) recommends that occupe-
tional exposure to ultraviolet energy in the
workplace be controlled by compliance with the
following sections. Ultravioler radiation
(ulrravioler energy) is defined as thar portion of
the electromagnetic spectrum described by
wavelengths from 200 te 400 nm. (For additional
definitions and conversion factors, see Appendix
Ii.) Adherence to the recommended standards
will, it is believed, prevent occupational injury
from ultravioler radiation, that is, will prevent
adverse acute and chronic cutaneous and ocular
changes precipitated or aggravared by occupa-
tional exposure to ultravicler radiation.

Sufficient eechnology exists to prevent adverse
effects on workers, but technology to measure
ultraviolet energy for compliance with the
recommended standard s not now adequate, 50
work pracrices are recommended for control of
exposure in cases whete sufficient measurement
or emission data ate not available.

These criteria and the recommended standard
will be reviewed and revised when relevant infor-
mation Warrants,

Section | — Exposure Standards

_ (a) For the ultraviolet spectral region of 315 to
400 am, total itradiance incident on unprotecred
skin or eyes, based on either measurement dara or
on output data, shall not exceed 1.0 mW/icm? for
periods greater than 1000 seconds, and for ex-
posure times of 1000 seconds or less the total ra-
diant energy shall not exceed 1000 mW¥sec/cm?
(1.0 J/em?).

" (b) For the ultraviolet spectral region of 200 tg
315 nm, total irradiance incident on unprotecred
skin or eyes, based on either measuremenr data or
on output dara, shall not exceed levels described
below. Measurement techniques are discussed in
Appendix L.

(1) If the uleravioler energy is from a2 nar-
row-band or monochramaric source, permissible
dose levels for a daily 8-hour period can be read
directly from Figure I-1, or, for selected
wavelengths, from Table I-1.

(2) If the ultraviolet energy is from a broad-
"band soutce, the effective erradiance (I rela-
tive to a 270-nm monochromaric source shall be
calculared from che formula below. From I g the
permissible exposure time in seconds for
unprotected skin or eyes shall be computed by

Preceding Page Blank

dividing 0.003 J/cm?, the permissible dose of 270-
nm radiation, by Lgin W/em?

Lege= 2 LSyax

where [ g=cffective irradiznce
telative to a
monochtomaric
source at 270 nm.

), =spectral irradiance in
W/lem?/nm.

8, =relative spectral effec-
tiveness (unitless); see
Table I-1 for values of
Sy at different
wavelengths.

A, =band width in nm.

Table I-2 lists permissible exposure times corres-
ponding to selected values of I gin ¢ W/em?,

If radiation inrensity from a point source is
known ar some distance from the worker, for ex-
ample, from measurement at another point or
from outpur data atr a known discance from the
ultraviolet source, atrenuarion of radiarion from
that point to the worker can be calculared from
the principle that radiation decreases with the
square of the distance it must travel. For example,
an object 3 feet away from a radiation source
receives 1/9 the energy of an object 1 foot away.
This assumption is comservative in some in-
stances, since nltravioler radiation, especially ar
very low wavelengchs, may be absorbed by some
components of the atmosphere. Where informa-
tion on atmospheric zbsorprion of ultravioler
tadiation is known, further correcrion may be ap-
plied. The calculation of intensity of radiation at
any given point by use of the inverse square for-
mula explained above does not take into con-
sideration reflected energy.

The recammended standard is nor proposed
for application as a standard ro lasers. [t should be
recognized that significant non-occuparional ex-
posute to ultraviolet radiation can occur from ex-
posure to sualight, particularly during the sum-
mer months,
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Figure i-1.
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Recommended Ultraviolet Radiation Exposure Standard

This figure was adapted from a figure developed and published by
the American Conference of Governmental Industrial Hygienists
in “Threshold Limic Values for Chemical Substances and Physical
Agents in the Workroom Environment with Intended Changes for
1972".



Table I-1

Total Permissible 8-Hour Doses and
Relative Spectral Effectiveness of Some
Selected Monochromatic Wavelengths

Wavelength Permissible 8-hour Relative spectral
(nm) dozz (m]/em?2) effectiveness (S;)
200 100.0 0.03
2i0 40.0 G.073
220 250 0.12
220 250 0.12
230 160 0.19
240 10.0 0.20
2350 7.0 0.43
254 6.0 0.50
260 4.6 0.65
270 3.0 1.00
280 34 0.88
26D 47 0.64
300 10.0 G.30
303 50.0 0.06
310 2000 0.015
315 16C0.0 0.003

This table was adapted from 2 rable developed and published by the Amarican
Conferance of Governmental Industrial Hygienists in “Threshold Lirnir Values for
Chermical Subsrances and Physical Agents in the Workroom Environment with In-
tended Changes for 1972".

Table I-2

Maximum Permissible Exposure Times
for Selecred Values of I ¢

Duration of Effective irradiance,

exposure per day . Iesr (W /em?)
= 0 < S 0.1
8 e 0.2
2 RIS e e e 0.4
) N 0.8
L 28 <« PRI By 4
) - <L+ P T 33
L0 JE 7 - N 40
IR ¢ -« J 10.0
DR 7 1 A 50.0
B BB . i 100.0

This table was adapted from z table developed and published by the
American Conference of Governmental Industrial Hygienists in
“Threshold Limit Values for Chermnical Substances and Physical Agents
in the Workroom Environment with Intended Changes for 1972.”



Section 2 — Medical Recommendations

(a) The worker’s past medical history should be
obtained to determine if the worker suffers from
any condition that is exacerbated or aggravared
by exposure to sunlight.

(b) A worker who gives a history of such a con-
dition should not be permitted to work in an area
exposed to ultraviolet radiacion.

(c) The worker should be advised that any
blemish that appears on skin exposed to long
term ultraviolet radiation should be examined by
a physician.

Section 3 — Apprisal of Employees of Hazards
From Exposure to Ultraviolet
Energy.

{a) Each employee who may be exposed to high
intensity artificial sources of ultraviolet energy
shall be apprised of all hazards, relevant
symptoms and precautions concerning exposure.
This apprisal of hazards shall include:

(1) Information as to the proper eye prorec-
tion and protective clothing to be used.

(2) Inscruction on how to recognize the
symptoms of eye and skin damage due to
ultraviolet radiation.

(3) Information as to special caution that
shall be exercised in situations where employees
are exposed to roxic agents and/or other stressful
physical agents which may be present in addition
to and simultaneously with ultravioler radiation.

(b) Highly susceprible (i.e. light skinned, easily
sunburned) employees who regularly work out of
doors and are exposed to sunlight should be ap-
prised of possible long term effects of sun ex-
posure and of the desirability of prevenring these
effects by use of protective clothing or sun-
screens.

Section 4 — Labeling

All sources, work areas, and housings specified
in Table I-3 shall carry the following warning:

CAUTION

HIGH INTENSITY ULTRAVIOLET
ENERGY

PROTECT EYES AND SKIN

Section 5 — Work Practices

Worker exposure to ultraviolet energy from
200 to 400 nm shall be controlled by adherence to
the scandard ser forth in Section 1 or the preven-
tive procedures described in this Section, as ap-
plicable. Compliance with the standard, based on
measurement data or emission dara, or adherence
to the work pracrice procedures will protect
against injury from ultravioler energy.

Exposure to ultraviolet energy can be con-
trolled by enclosures, shields, protective clothing,
skin creams, gloves, goggles, or face shields.
Warkers shall be protected from eye or skin ex-
posure to ultraviolet radiation.

Specific protective measures to be used for
various types of ultravioler exposure are nored
below.

(a) Sunlight. Susceptible persons working out-
side in strong sunlight should be protected. Pro-
tective clothing, such as long-sleeved shirts,
trousers or skitt, and face and neck protection
will normally be adequate. Face and neck protec-
tion can be afforded by a broad-brimmed hat, by
a billed har or cap, or by a neck shield (if the neck
is not protected by hair). Hard hats may have
bills or face shields to protect the face, and may
have neck shields. Alrernatively, face and eye

Table I-3
Lamp or
Instru- Work Container

Radiation Source ment Housing Area  (Shipping or Storage)
1. Low Pressure Merc-

ury Yes Yes No Yes
2. Sunlamp Yes No No Yes
3. Black light lamp No No No No
4. Pressure Type Arc No Yes Yes Yes

lamps*
5. Open Arcs* and No Yes Yes Yes

Incandescent Sources
6. Welding Yes — Yes Yes
7. Plasma Torches Yes Yes Yes Yes
8. Other artificial Yes Yes Yes Yes

UV generating sources

*Lamps cannot be labeled because of their high operating temperarures.



protection can be zchieved by bareier creams and
goggles or spectacles.

(b} Low-intensity ultraviclet sources. Exam-
ples of socurces of low-intensity ulcravioler
sources are low-pressure mercury vapor lamps,
sunlamps, and black-lighr lamps.

Glass or plastic (1/8-inch thickness or greazer)
specracles, gogzles or shields provide adeguare
eye proteceion. Skin can be protected by hight-
weight clothing, by absorbing skin creams con-
taining benzopheniones or p-aminobenzoic acid,
or by barrier creams contzining titanium dioxide
or zinc oxide.

(¢} High-intensity ultravioler sources. Ex-

amples of high-instensity ultraviclet sources are

high-pressure mercury vapor lemps, high-pres-
SUre Xenon arcs, Xenon-merculy arcs, carbon arcs,
plasma torches, and welding azcs.

For eye protection, workers shall wear goggles,
face shields ot rmasks. For shade required for this
eye protection, consult Section 7 of American
Nationel Standards Institute Z49.1-1967 (ANSI
Z49.1). However, in some welding operations
such as gas-shielded arc welding, workers with
inadequate visnal acuity may have to wear 2
" shade of less absorbance (greater rransmission) to
facilitare their locaring the elecrrodes and pre-
vent starting the arc before purring their masks or
gozgles in place; eye protection must be used at
all times while the arc is opetating, and, if necess-
ary in order to see the operation, shade 8 may be
. usad in place of a shade of greater absorbance.

Skin must also be protecred. Clothing of den-
sely woven flannelerre, poplin, or syntheric fabric
will give sufficient prorecrion. Facial skin can be
protected by face shields of shades specified in
ANSI Z49.1 or by barrier creams containing
titanium dioxide or zinc oxide.

Because many synthetic clothing fibers can

melt or carch fire and thereby canse severe ther-
mal burns, clothing of synthetic fibess should be
flarne-resistant if operarions involve great hear,
sparks, or flame. .

Weldets” helpers and others working nearby
may also require protection. Shielding such as the
welder’s booth guard against accidenral exposure
of other people. Reflection from lamp housings,
walls, ceilings, and other possible reflecrive sur-
faces should be kepr to a minimum by coating
such surfaces with 2 pigment-based paint of low
ultraviolet reflectance. Whera such shielding and
non-reflecrive surfaces are nor used, welders-
helpers and others neer the welding operarion
should wear protective clothing, skin creams,
gloves, goggles, or face shields,

Additional hazards. There are other hazards
from some ultravioler sources that must also be
prevented. There is 2 shock hazard in some opera-
tions involving arcs, because of the high starring
voltages required; wiring and connecrions must
be adequately insulared, and persons hendling
the equipment must wear gloves and face shields.
There must be adequate ventilation to prevent
build-up of ozone and oxides of nitrogen. There
may also be an explosion hazard from some
uleravioler operations, and the wearing of gloves
and face shields will reduce the consequences of
an explosion.

Arc welding on plates wet with unsarurared
chlorinated hydrocarbons (perchioroethylene
and trichlorcethylene) must be avoided unless
well vented, because of possible production of
phosgene and hydrogen chloride.

Section 6 — Recordkeeping

Because measurement of exposure of workers

to ultraviolet energy is not required, records are
Aot requited.

* US. GP.O.: 1992 - 750004/ €CE08
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