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II.

ﬂﬁggﬁROUND

On January 9, 1990, the National Institute for Occupational Safety and
Health (NIOSH) received a request from the Director, Environmental
Health and Safety (EHS), San Francisco General Hospital and Medical
Center {SFGHMC) seeking assistance in documenting occupational
ultraviolet (UV) radiation levels emitted by germicidal lamps. The
request also asked for information that could be used for developing
guidelines for the safe use and installation of such lamps. UV
radiation measurements were m2de on all germicidal lamps at SFGHMC by
NIOSH personnel on April 3-6, 1990.

The SFGHMC uses germicidal lamps to disinfect the air in their
tuberculosis (TB) and aerosolized pentamidine climics. Since SFGHMC
provides care for large numbers of patients who may be at increased risk
for TB, they have installed ceiling and wall-mounted UV lamps in an
attempt to further reduce transmission of TB in clinics that these
patients visit.

The germicidal lamp used in these facilities is a low-pressure mercury
vapor lamp which is primarily a line, rather than broad band source, and
emits UV and visible radiation at specific wavelengths. Over 95 percent
of the radiant energy is emitted at a wavelength of 253.7 nanometers
(nm). These lamps have been used for many years to aid in the control
of T8 by "disinfecting” the .air. This evaluation addressed only
occupational exposure to UV radiation emitted by germicidal lamps. The
issue of efficacy in using these lamps to "disinfect® the air was not
investigated. Further discussions about the effectiveness of such lamps
to "disinfect" can be found in references 1-5.

EVALUATION CRITERIA

There is a potential hazard resulting from exposure to the UV radiation
emitted from these lamp types. The critical organs of exposure for the
254 nm radiation from these lamps are the eye and skin. At this
wavelength, the radiation is absorbed by the outer surfaces of the eye,
and overexposure can result in inflammation of the cornea
(photokeratitis) and/or conjunctiva (conjunctivitis).
Keratoconjunctivitis is a reversible injury, lasting 24-48 hours, but it
is a debilitating condition while it runs its course. There is a latent
period of a few hours, depending on the dose, so it is sometimes not
recognized as an occupational injury by the worker. Skin exposure to UV
radiation can result in the familiar sunburn effect. This is also a
;:versible_injury and the time course depends on the severity of the

rn.
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III.

In 1972, NIOSH formulated criteria for a recommended standard for
occupational exposure to UV radiation [6]. Pertinent sections of this
standard are enclosed as Appendix I. This recommended standard is
designed to protect the worker against the aforementioned eye and skin
injury. The recommended standard is wavelength-dependent in the
spectral region of interest and is based on an action spectrum
established in human and animal studies. Recently the American
Conference of Governmental Industrial Hygienists (ACGIH)}, whose
Threshold Limit Value (TLV) is the same as the NIOSH recommended
standard, has recommended a revision for certain wavelengths [7]. A
copy of that draft revision is enclosed as Appendix II [8].

EVALUATION DESIGN AND METHODS

The measurement system consisted of a calibrated International Light
(IL) radiometer, Model 700, connected to a SED240 detector incorporating
a special diffuser/filter combination that permitted the system to read
UV levels directly in units of biologic effective watts per square
cent:neter.. The system was owned by the California Department of Health
Services.

The measurement system used in this evaluation was compared with two
NIOSH systems (both were IL model 730 with same detector/diffuser/
filter combination) and found to yield the same value of irradiance
using a germicidal lamp as the source. A1l instruments used in this
evaluation had been calibrated within 6 months of use by the
manufacturer.

UV radiation measurements were made at the edge of the germicidal lamp
fixture (approximately 4 inches from the lamp), at a location near the
installed lamp at a distance of one foot from the ceiling (to estimate
the reflected level), and at the closest table top location where it was
thought an occupational exposure could occur to health care workers.
The 1amp fixture measurement was taken to simulate a potential
maintenance worker exposure for cleaning or lamp replacement duties.
The measurements at one foot from the ceiling were chosen to simulate
possible top of the head exposure levels due to ceiling reflections.
I:;ltablektOp results provided an estimate of exposure involving desk or
le work.

In; the process of evaluating the UV radiation from germicidal lamps at
SFGHMC, the NIOSH investigators made observations on how the lamp was
instalied and used, presence of protective equipment and warning signs,
and other safety related issues. The Director, EHS, informed the NIOSH
investigators that as of the date of these measurements there had been
no staff TB seroconversions.
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IvV.

I ON AND RESULTS

Maximum irradiance levels were documented since the lamps were not
stable in their radiant output, probably due to aging characteristics.
The levels of direct, reflected, and table top UV radiation measured at
SFGHMC, as shown in Table 1, exceed the recommended §-hour ACGIH TLV of
0.1 effective microwatt per square centimeter (uW/cm”). These findings,
concerning the potential for overexposure from germicidal lamps, are in
agreement with previously published findings [9-10]. No attempt was
made to determine how long a worker was in a given location since they
move quite extensively in performing their duties. UV radiation levels
close to the lamp source exceeded the TLV by at least 4000 times, while
table top exposure levels exceeded the TLV by at least 2 times.
Permissible exposure times in seconds, for exposure to far UV incident
upon the unprotected skin or eye, are shown in Table 2. Using Table 2
and the results shown in Table 1, one can estimate the length of time an
unprotected worker could stay at certain places within the rooms that
contained these lamps without exceeding the NIOSH recommended exposure
level. The maximum permissible exposure time in seconds for exposure to
far UV radiation incident upon the unprotected skin or eye ::5 be
computed by dividing 0.003 joules per square centimeter (J/cm”) by the
maximum recorded effective irradiance (E_,;) level in watts per square
centimeter (H/cuz). When this is done, the highest level measured of
1200 microwatts per square centimeter (Uw/cu?) at four inches
corresponds to an exposure tjme of 2.5 seconds. The maximum ceiling
reflected value of 2.3 Uw/ at one foot from the ceiling corresponds
to an exposure time of about 22 minutes. If one assumes a male health
care worker is 6 feet tall, then a head top exposure from this reflected
UV begm, assuming inverse square law considerations, would be about 0.29
ul/ce“, which exceeds the maximum recommended exposure for an 8-hour
day. Taller workers would,of course be more at risk. The table top
maximum value of 0.7 uH/cuz, shown in Table 2, is equivalent to about 72
minutes. Obviously, the closer the table top is to the lamp fixture the
higher the exposure. These types of calculations can be used to
determine relative placement of people and objects in the room to
minimize exposure. They also suggest the use of control measures such
as goggles, ceiling louvers, and thin plastic UV absorbing materials may
be of benefit to workers.
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The following observations were noted in rooms containing UV Tamps:
Room #1

The first exposure situation was a room used to treat TB patients with
aerosolized pentamidine (AP). .The room was used by 1 to 4 patients
simultaneously for 30 minutes, once a week. These patients sat in
chairs about 8 feet from the lamp. During the treatment one health care
worker, a respiratory therapist, was stationed in the room. AP
treatments were being done 4 hours per day for one day a week, but would
soon be extended to 2 days per week. As far as could be determined,
there was no protective eyewear available in the room.

The room had one 30 watt germicidal lamp mounted on a side wall
approximately 8 feet from an open window and at a height of 87 inches
above the floor. The lamp was activated by a pullcord connected to a
switch. It was not obvious how long the germicidal lamp had been in the
lamp fixture but the bulb surface was quite dirty and the fixture holder
needed to be cleaned. There was no lamp fixture interlock on the door
nor were there any warning signs posted advising occupants as to the
presence of UV radiation. There was, however, a small (2 inch) label
affixed to the side of the lamp fixture housing the UV source.
Unfortunately, this label could only be read at an extremely close
distance to the fixture while standing on a ladder.

The room door was open and was reported by the hospital staff to remain
so all the time. An open window provided the major source of
ventilation when the weather was good. When the weather did not permit
the use of the windows, then UV radiation was used to “disinfect" the
room air. There is presently no exhaust air diffuser in the treatment
room. It was reported that the UV lamp was never on when people were in
the room, yet while the NIOSH investigators were there, the lamp
remained on and patients were being treated.

Room #2

The: second exposure situation was a room used for sputum induction. In

this room a patient was given saline solutions to induce coughing for

approximately 30 minutes total time. The health care worker, a nurse,

set up the procedure for the patient and then left the room. The

patient sat in a chair about 4 feet from a 30 watt germicidal lamp. As

::r:as could be determined, there was no protective eyewear available in
e room.
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There was one 30 watt germicidal lamp mounted in a fixture on a side
wall approximately 5 feet from an open window at a height of 93 inches
above the floor. The lamp was activated by a wall switch located near
the door. Unfortunately, there were three switches located in the same
area which created confusion. The switches controlled the room light,
the germicidal lamp, and the room exhaust fan. The fan was affixed over
an opening in the only window in the room. There was no mechanical
source of supply air in this room. When the fan was on, and the door
closed, there was exhaust ventilation through this setup. However, when
evaluated with smoke tubes, the exhaust ventilation was shown to be
minimal at distances beyond three feet from the fan. It was not
apparent whether or not the fan was turned on for every treated patient.

The hospital staff did not know how long the germicidal lamp had been in
the lamp fixture, but it was obvious that it had been installed quite a
Tong time since the bulb surface had darkened and the fixture holder
needed to be cleaned. In addition, there was no lamp fixture interlock
on the door and no warning sign posted advising as to the presence of UV
radiation, nor was there any label affixed to the side of the lamp
fixture housing the UY source.

Room #3

The third exposure situation was also a room used for sputum induction.
This room was located on the same floor as Room #2 but also doubled as a
men’s bathroom. The patient sat on the commode that was located about 4
feet from a wall-mounted 30 watt germicidal lamp that was used during
the treatment period. As with the prior situation, the nurse began the
procedure and then left the room. As far as we could tell there was no
Zprotective eyewear available.

The Jamp fixture was mounted on a wall at a height of 86 inches above
the floor. The lamp was activated by a wall switch located next to the
door. The germicidal lamp and room Tight were activated by the same
switch. No one knew how long the germicidal lamp had been in the lamp
fixture but the bulb surface was quite dirty and the fixture holder
needed to be cleaned. There was no lamp fixture interlock on the door
nor were there any warning signs posted advising as to the presence of
UV radiation.

There was an exhaust fan in the ceiling which was operational. When the
bathroom door was closed, the room was under negative pressure with
respect to the hallway. For reasons not fully understood, the wall area
above the commode was covered with aluminum foil. The presence of the
foil on the wall permitted increased reflectance of UV radiation.
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Room #4

This area was used as an interview room for refugees. It was reported
to the NIOSH investigators that about 50% of the refugees entering
SFGHMC were TB positive. At least three or four immigration workers
were stationed in the room at the same time. The refugees sat in chairs
about 6 feet from the lamp. While no actual wedical treatments were
delivered to these people, the UV lamp was on during the interview
process.

The interview room had one 30 watt germicidal lamp mounted in a fixture
suspended from and aimed at the ceiling located 93 inches from the
floor. This indirect Yamp was always on, as there was no way to turn it
off. No one knew how long the germicidal lamp had been in the lamp
fixture, and there were no warning signs posted advising as to the
presence of UV radiation.

As far as could be determined, there was no protective eyewear used in
the room. The room door was open and remained so all the time. There
were two exhaust diffusers in the ceiling that appeared to be operating
but no air was being supplied to the room from the mechanical
ventilation system. With the door opened, the room was under positive
pressure with respect to the hall.

SUMMARY

Several items of interest were quite apparent from the room observations
made at SFGHMC. First, there was no protective eyewear available in the
rooms and none had been purchased by the safety department for use by
workers exposed to UV radiation. Second, all rooms used a 30 watt
germicidal lamp. A lower wattage bulb in these small rooms could have
reduced the occupational UV exposure level. Third, bulb changers need
to be aware of the need for protective clothing and gloves from both the
UY radiation levels as well as possible glass breakage. As mentioned
earlier, the levels of UV near the surface of the bulb will exceed the
permissible exposure limit in as little as 2-3 seconds. Fourth,
reflectance levels of UV radiation can be quite high and varied as shown
in Table 1. While high reflectance may be desired for increasing the WV
dose to air contaminants, it is not desirable from a unprotected worker
skin and eye viewpoint. As shown in Table 3 different materials reflect
UV at different levels (11). Fifth, worker exposure to germicidal lamp
UV Tevels is dependent on many factors; however, some of the most
important ones are position of the bulb in the room, age of the bulb,
obstruction of the UV radiation by objects near the bulb, and height of
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VI.

the workers. Sixth, while no ozone measurements were made in this
evaluation, it should be noted that some germicidal lamps do generate a
small amount of 185 nm radiation, a wavelength that is responsible for
producing ozone. Provisions may need to be made to ventilate this
generated ozone. Seventh, information is not presently available
regarding optimum ventilation conditions which allow good air mixing
between the irradiated upper room air and the breathing zone of
occupants in the lower room air zone, while at the same time providing a
sufficient dose of UV radiation for effective killing of infectious
droplet nuclei. While there are no consensus guidelines on ventilation
systems designed for areas where germicidal lamps are used, the
provision of good room air distribution and mixing is recommended to
prevent stagnant air conditions or short-circuiting of supply air within
the room. Additionally, the use of local exhaust ventilation (booths,
hoods) wmay be appropriate in some situations to contain contaminants
generated during certain procedures such as aerosolized drug treatments
and sputum induction procedures.

It should also be noted that since the UV radiation produced by these
lamps can represent an. occupational exposure situation while
disinfecting the air at the same time, care must be taken in the
selection of the instrumentation used to quantify the energy of the
source. This means that whatever instrumentation is used must have the
correct spectral range to match the unique source output. In addition,
awareness of the solarization and aging properties of lenses, tube
envelopes, and detector components must be given. Often high
concentrations of water vapor in the atmosphere may cause absorption of
the UV energy.

Finally, it should be recognized that numerous epidemiological studies
(6) have indicated chronic exposure to UV radiation (at wavelengths less
than 290 nm) is associated with the induction of skin cancer. In view
of health care workers exposed to high levels of UV radiation (at 254
ne) from germicidal lamps, it is recommended that indiscriminate use of
these lamps be stopped. Exposure to health care workers from these
sources should be reduced to the lowest feasible level using appropriate
engineering controls and work practices.

RECOMMENDATONS

As stated earlier, this evaluation addresses only occupational exposure
concerns from germicidal lamps at SFGHMC and does not deal with the
effectiveness or use of such lamps. If the lamps are used, then, the
following specific recommendations are offered to reduce potentially
significant occupational exposure to UV radiation:
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1.

There should be a uniform policy as to when germicidal lamps are to

- be replaced. This could be determined from either a time/use log
- or a system based on cunulative time.

" A training course should be provided to lamp replacers to insure

awareness of the potential health hazards.

. Under no conditions should germicidal lamps be used as replacement

- Tamps for conventional fluorescent lamps. If this were to happen,
~ there could be widespread public and/or occupational problems [12].

. There should be a policy on how to label these UV lamps, including

. the use of warning signs on doors.

. The possible use of door interlocks as a control measure to

- minimize health care worker exposure should be considered. In

- particular, if the UV lamps were connected to a door switch, then
- they could only become activated when the door was closed. If the
- door was opened, the lights would go off. If such a system was

- also put on a timer, then minimum exposure to personnel would

- occur.

. The importance of ventilation as a combined control measure should

 not be underestimated. This includes the provision of good air

. distribution and mixing. The rooms evaluated during this survey

- were not optimal from a ventilation design standpoint, as doors and
- windows were used as supplemental ventilation, and supply or

- exhaust afr diffusers were not always present.

. A1l highly UV ref1ectin§ material ( i.e. aluminum foil) used in the

- various rooms with these lamps should be removed or replaced with
. non-UV reflecting materials

If personnel are to work in rooms having activated germicidal

- lamps, then wearing of UV protective eyewear and equipment is
. necessary.

Equipment used to measure germicidal UV radiation should be

. maintained and calibrated on a regular schedule.

10.

Ozone measurements may be necessary to perform when multiple lamps

~ are used within a restricted area.
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TABLE 1

Maximum Readings Obtained in
Medical Center Rooms

SFGHMC

San Francisco, CA
HETA 90-122
April 3-6, 1990

Location Room No. of Distance from UV irradiance (uM/cm®)
Size Lamps* Floor Ceiling 4° from ceiling table
(ft°) (inches) Tamp reflected top
Room 1 150 1 87 19 1200 2.3 0.5
Room 2 76 1 93 25 500 0.9 0.2
Room 3 40 1 86 30 400 1.0 0.7
Room 4 120 1 93 22 z 0.7 0.3

NS X+ *

A1l lamps in fixtures were rated 30 watts

Values expressed in effective biological units

Reflected ceiling level acquired at one foot from ceiling
Table top levels measured where health care workers would sit.
Could not measure -



TABLE II

Permissible exposure time to
far UV Radiation

SFGHMC
San Francisco, CA
HETA 90-122
April 3-6, 1990

Duration of Exposure Effective Irradiance
Per Day (ul/cm“)
8 hrs 0.1
4 hrs 0.2
2 hrs 0.4
1 hr 0.8
30 min 1.7
15 min 3.3
10 min 5
5 min 10
1 min 50
30 sec 100
10 sec 300
1 sec 3,000
0.5 sec 6,000

0.1 sec 30,000




TABLE III

Reflectance of 253.7 nm Radiation
from Selected Surfaces at Normal Incidence

SFGHMC
San Francisco, CA
HETA 90-122
April 3-6, 1990

Material _ : ' Percent

Reflectance(%)

Aluminum foil 73
Chromium 45
Nickel ' 38
Stainless Steel 20-30
Silver : ' 22
White wall plaster 40-60
White paper - 25
White cotton 30
Glass . 4
Water paints 10-30
Titanium oxide 6

Data for this reference taken from
References 3 and 6.



: Appendix i. .
RECOMMENDATIONS FOR AN ULTRAVIOLET RADIATION STANDARD

The Nacional Insmute for Occupational Safery
and Heaith (NIOSH) recommends that occupa-
tional _ to ultravioler energy in the

wockpiace be controlled by compliance wich the -

following sections. Ultravicletr radiation
(ultraviolet energy) is defined as thar portion of
the electromagnetic spectrum described by
wavelengths from 200 to 400 am. (For additional
definitions and conversion facrors, see Appendix

IL) Adherence to the recommended standards -

will, it is belicved, prevent occupational injury
from uleravioler radisztion, that is, will prevent

changes precipitaced or aggravared by occupa-

tionsl expasure to ultrzvioler radistion.
Sufficient technology exasts to prevent adverse
effeces on workers, but technology to measure
uleraviclet energy for compliance wich the
recommended standard is not now adequate. so

work pracrices are recommended for control of -

exposure in cases where surficient measurement
or emission data are noc available. _

These criteria and the recommended standard
will be reviewed and revised when relevane infor-
marion warrants.

Section | — Exposure Seandards

(a) Foc the ultravioler speceral region of 315 0

400 nm, cocal irradiance incident on uaprotected
skin ot eyes, based on either measurement data or

oa outpur daez, shail noc exceed 1.0 mW/cm? for .

periods greater chan 1000 seconds. and for ex-
posure times of 1000 seconds or less che total ra-
diant energy shall noe exceed 1000 mW-sec/am?
(1.0 J/em?). :

(B) For the ultravioler spectrai region of 200 to
313 am, totai irradiance incident on unprotected

skin o¢ eyes. based oa either measurement dara or

on ourput dara. shail aoc exceed levels described

below. Measarement techniques are discussed in .

AppendixL _
(1) If che uitravioler energy is from a nar-

row-band oc monochromaric source. permissible -

dose levels for a daily 8-hour period can be read
directly from : Figure [-1. or, for selecred
wavelengths, from Table I-1. -

() If the uleraviolet energy is from 1 broad-

band source, the effective erradiance (I rels-
tive to 3 270-nm monochromanc source be
calculared from che formuia below. From [ the

permissible exposure time in seconds for.
unprocected skin oc eyes shail be computed by -

Table 1-2 lists permissible

dividing 0.003 ]J/cm?, the permissibie dose of 270~
om radiarion, by [ gin Wicm?.

1&‘2 ISa4)

where [ g=ecffective irradiance
rtelative to 2
monochromacic
source st 270 am.

Ip =specrral irradiance in
Wicmi/am.

S) =relative specrral effec-
tiveness (uniiess); see
Table I-1 for values of
S, at different

A) w=bend width in am.

exposure times corres-
poading to selecred vaiues of [ in u W/em?.

If radiscion inrensicy from a point source is
known 2t some distance from the worker, for ex-
ample, from mezsurement st another point o
from ourput data at a known discance from the
ultraviolet source, srtenusrion of radiation from
ther point to the worker caa be caiculared from
the principle thar radiation decreases with the
square of the distance it must travel For example,
an object 3 feet away from a radistion source
receives 1/ the energy of an object 1 foot away.
This assumpetion is coaservative in some ifie
stances, since uitraviolet radiation, especislly st

plied. The calcularion of intensiry of radiation a¢
any given point by use of che inverse square foe-
muiz explained above does noc cake into con-
- The recommended seandard is noc proposed
for spplication as a standard to lasers. Ie should be
recognized char significane aon-occupational ex-
posure 0 iolet radiscion can occur from ex-

uleravioler radi scur £
:o::rewmhgln.mhdydmmg sarm.
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Table I-1
Total Permissible 8-Hour Doses and

' Relative Spectral Effectiveness of Some
Selected Monochromatic Waveiengths
Waveiength Permissible 8-hour Relative spectral
- (am) - dose (m]/cm2) effectiveness (S, )
200 1000 0.03
210 400 0.073
220 230 0.12
220 230 0.12
230 16.0 0.19
240 100 0.30
230 70 0.43
234 60 0.30
260 46 0.63
70 0 1.00
280 34 0.88
290 47 0.64
300 100 0.30
303 50.0 0.06
310 2000 0.013
313 1000.0 0.003

This table was adapeed from a table developed and published by the American
Coaference of Governmental Induscrial Hygienists in “Threshold Limit Values for

Chemical Substances and Physical Agencs in the Workroom Environment wich In-
tended Changes for 19727,
Table 1.2
Maximum Permissible Exposure Times
for Selecred Valuesof [ 4
Duration of Effective irradiance,
exposure per day :ﬂ;(nw/mx)
B RIS, ...cuiceceececnvcennscssancccscssessanasssscssssnsres 0.1
BB, e oeeeereceaeannseanasecscacssccssssnsnnsscssanssanasen 0.2
!_-2 BPS. .. oovvnecsssasacansacsanansasnsssstsnasssssasnonanes 04
LRl e eeeveeacnacecnccnssssacacscsnsssassasasnencnasssnans 08
30 MUA . ceuevooancaccccocccssnsasssasassessascssssocscnssnas 1.7
IS MM . ceeeeennneaacccaciace sosnnncossnnsnsaccssssanaansss 3.3
TO MM ... coevvenvesscscsscnancssssasssssssssarsscasssssnnas 40
S MM ...ccvucccrcirancaccsnancaananaassssascsnasersnssans 100
L M . eeeeeevranansancnnscssssasasssssscsnnsavvanssnasane 0.0
30 9. . cetaieectreacatssicsssasatresanssacasrriotnnsans 100.0

-Thigablema&hptedfmmaubledenlopedandpublishedbythe
American Conference of Governmeneal Industriai Hygienises in
“Threshold Limic Values for Chemical Substances and Physical
in the Wockroom Eavirmment wich Intended Chaages foe 1972.



Appendtix II.

NOTICE OF INTENDED CHANGES
{for 1989-90)

These physical agents, with their corresponding values, comprise
those for which sither a fimit has been proposed lor the first ﬁ:\i'w.
or for which a change in tha *Adopted" listing has been proposed.
~ In both cases, the fimits should be considered trlsl Kmita
that wil remain in the listing for a period ol at least one year. If
:no: ono|g.ron:r' :?” ot;l.dor.l'co t:cihrtml fo 'l1lghl that questions the
values herein, the values w .

sidered for the 1he “Adopted'’ list. s willbe ncoq

ULTRAVIOLET RADIATION

The Committee voted to recommend a revision o the TLV for
ultraviolet radiation (UV) in the UV-A band (315-400 nm) to more
accurately reflect current biological data. This revision relaxes the
Amits for longer wavelengths and reduces the iimits for the short.

g’ gx.a wavelengtha for lengthly exposures. The revision is as

These Threshoki Limit Vaives (TLVs) reler to ultraviolel radi-

ation in the spectral region belween 180 and 400 nm and-
represent condiliona under which it Is beleved that nearly all
workers may be repeatediy exposed without adverse effect. These
values lor exposure of the eye or the skin apply to ultraviolet
radiation irom arcs, gas and vapor discharges, fluorescent and
incandescent sources, and solar radiation, but they do not apply
to ultraviolet lasers (see the TLVs for Lasers). These values do
not apply to ultraviolet radiation exposure of photosenaitive In-
dividuals or of Individuals concomitantly exposed to pholosen-
sitizing agents. These exposures to the eye do not apply to
:'pr::‘l,c:m I!:;l;;aluu shoutd be :hud a8 guidea In the conirol
nuolis sources where the ex
shall not be less than 0.1 sec. osue durations
These values shouid be used as guides in the conltrot of
exposure 1o ultraviolet sources and should not be regarded as
a fine line betwaen sale and dangerous levels.

Recommended Values

The threshold mit values for occupational exposure to
uliraviolst radiation incident upon skin or eye whers E?tdlmco
values are known and exposure time is controlied are as follows:

1. For the neer ultraviolet speciral region (320 to 400 nm), (olal
irradiance incident upon the unprotected skin or :hould
ot e .0 o b e a1 e

os) & i
10° seconds should not excesd 1.: 5'?2..'3?" mes lessthan
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2. The ultraviolet radiant exposure incident upon the unprotect-
od skin or eye should nol exceed the vaiues given in Table
16 or Figure 11 wilhin an B-hour period.

3. To delermine the elfeclive irradiance of a broadband source
weighled against Ihe peak of the spectral effectiveness curve
(270 nm), the lollowing weighting formula should be used:

B aTE S8

- where:

E,, = eflective irradiance relative to a monochromatic source
" a) 270 nm In Wicm? (Jisicm?). o
E, = speciral irradiance in Wicm?/nm
S, = relalive speciral ellectiveness (unilless)

A\ = band widlh in nanometers

4. For most white-light sources and all opsn arcs, the weighting
ol spectral Irradiance batween 200 and 315 nm should suflice
{o determine the ehective irradiance. Only specialized UV
sources designed to emit UV-A radiation wouid normally re-
quire speciral weighting Irom 316 to 400 nm.

5. Permissible exposure lime In seconds for exposure 10 actinic
ultraviolet radiation incident upon the unprotected akin or aye
may be computed by dividing 0.003 J/cm* by E,, in Wicm?,
The exposure time may also be determined using Table 17
which provides exposure times corresponding to effectiva
irradiances In uW/em?,

8. All the preceding TLVs for ultraviolet energy apply to sources
which subtend an angle tess than 80°®. Sources which sub-
tend a greater angle need to be measured only over an angle
ol 80*,

Conditioned (tanned) individuals can lolerate skin exposure
in excess of the TLV without erythemal effects. However, such
conditioning may not prolect persons against skin cancer.

1. Sunkghl and Man Fizpaliick ef &), Eds. Univ. of Tokyo Press, Tokyo, Japan
(1974},

Tabla 17 and Figure 11 remain the same as they appear on pages
113 and 114, respechwely _

1"r



Section 2 — Medical Recommmendacions

{2) The worker's past medical history shouid be
obeained to derermine if the worker suffers from
any condition that is exacerbared or aggravared
by.exposure to sunlight. i

(5) A worker who gives a history of such a con-
dition should noc be permitred tG work in an area
exposed to ulrravioler radiation.

(c) The worker shouid be advised that any
blemish that appears on skin exposed to long
termn!u:viole:ndiationshouldbeenminedby
2 physician.

Section 3 — Apprisal of Employees of Hazards
Erom Exposure to Ultravioler
Energy.

(2} Each employee who may be exposed ro high
incensity sarrificial sources of ultravioler energy
shall be apprised of all hazards, relevane
symproms and precautions concerning exposure.
This apprisal of hazards shall include:

(1) Informarion a3 to che proper eye procec-
tion and protecrive clothing to be used.

(2) Iascrucrion on how to recoguize the
symptoms of eye and skin damage due to
ulerzvioler radiacion.

(3) Informstion as to special caution that
shall be exercised in siruacions where employees
are exposed to toxic agenrs and/or ocher scressful
physical agents which may be present in addicion
to and simultaneously with uitravioler radiation.

®) Highly suscepeible (i.e. lighe skinned, easily
sunburned) employees who rezularly work out of
doors and are exposed co suniignr should be 2p-
prised of possible long term effects of sun ex-
posure and of che desirabiliry of preventing chese
effects by use of procective clothing or sun-
screens.

.will normally be adequace.

Section 4 —— Labeling

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

CAUTION

HIGH INTENSITY ULTRAVIOLET
ENERGY

PROTECT EYES AND SKIN

Secuon 5 — Work Pracrices

Worker exposure m ultravioler energy from
200 to 400 nm shail be conerolled by adherence to
the scandard set forth in Secrion 1 or che preven-
tive procedures described in this Secrioa. as ap-
plicable. Compliance wich the standard, based on
mezsurement Gira of emission dara. or adherence
to the work practice procedures will protect
against injury from ultraviolet encrgy.

to ultravioler energy can be con-
trolled by enciosures, shields. protective clothing,
skin creams. gloves, goggles, or face shieids.
Wortkers shall be protecred from eve or skin ex-
posure to ultravioler tadiation.

Specific protective measures to be used for
various rypes of ultraviolet exposure are noted
below.

(a) Sunlight. Suscepeible persons working out-
side in strong sunlight should be protecred. Pro-
tective cloching, such as long-sieeved shires,
trousers oc skirt, and face and aeck procection
Face and neck procece
tion can be afforded by a broad-brimmed nae, by
a billed hat or cap. or by a neck shield (if the aeck
is not protecred by hair). Hard hars may have
bills oc face shields to procect the face, and may |
have neck shicids. Alternacively, face and eye

Table I-3
‘ Lamp or
‘ Inseru. Work Contziner
Radiation Source ment  Housing  Area  (Shipping or Storage)
1. Low Pressure Merc-
ury . Yes Yes No Yes
2/ Sunlarmop ~ Yes * No No Yes
3. Black lighe lamp No No No No
4. Pressure Type Arc No Yes Yes Yes
lamps®
3. Open Arcs® and No Yes Yes Yes
Incandescent Sources
6. Welding Yes -— Yes Yes
7. Plasma Torches Yes Yes Yes Yes
8. Ocher artificial Yes Yes Yes Yes
UV generating sources

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



goggles or specracies. - :

(b) Low-intensity ultraviolet sources. Exam-
ples of sources of low-intensity uleravioler
sources Ire low mercury vapor lamps,

and black.light lamps.

Glass or plastic (1/8-inch chickness or greater)
spectacies, goggles or shieids provide adequare
qe_pcotecuo_n.Skinmbepcotgc:edby lighe-
weight clothing, by absorbing skin creams con-
umngbcnzophenonuorpmmbenzmcmd.
orbybarrieruumcmim’ngduniumdioﬁdc
or zinc oxide. : : :

(¢) High-intensiry ultraviolet sources. Ex-
high-pressure mercury vapor lamps, high-pres-
sUfe TENOQ 21CS, XLNON-METCUry arcs, carbon arcs,
plasma torches, and weiding arcs.

Forqeprotec:ion.'otkenslnﬂwugoggle.
face shields or masks. For shade required for this
eye protection, consult Secxion 7 of American
Narionsl Standards Instirure Z49.1-1967 (ANSI
Z49.1). However, in some welding operations
such as gas-shielded arc welding, workers wich
inadequate vitual acuicy may have to wear a
shade of less absorbance (greater transmission) to
facilicare cheir locating the electrodes and pre-
vent starring the arc before purring their masks or
mluinplace:qeipmteaionmbeuseda
all times while the arc is operating, and, if necess-

;, order to see the operation, shade 8 may be
used in place of 2 shade of gresrer absorbance.
: i Cloching of den-

mkorcnchﬁreandtherebyammm
mal burns, clothing of synthetic fibers shouid be
flame-resistant if operations involve great heat,
or flame.
" Weiders' helpers and ochers working nextby
may also require protection. Shielding such as che
welder’s booth guard against accidental exposure
of ocher people. Reflecrion from lamp housings, .
walls, ceilings, and other possible reflective sur-’
faces should be kept to 2 minimum by coating
such surfaces with a pigment-based paint of low
ultraviolet reflectance. Where such shielding and

tions involving arcs. because of the high starting
' i wiring and connections must
be adeguacely insulated, and persons handling
the equipment must wear gloves and face shields.
There muse be adequare ventilation to prevent
build-up of czone and oxides of nitrogen. There
may aiso be an explosion hazard from some
uleraviolet jons, and the wearing of gloves

operarions,
.mdﬁughd&mﬂndmﬁemeqnemd’

an explosion.

Arc welding on plares wet wich unsaturazed
chlorinated hydrocarbons (perchioroethylene
and crichioroethylene) must be avoided unless
vdlvemed.bec:m:ofpon@blepmdmtimof

, phosgene and hydrogen chicride.

Section 6 — Recordkeeping

Because measurement of exposure of workers
o ultrzviolet energy is noe required, records are
a0c b



TABLE 16 - TABLE 16 (con't)
Utraviolel Radiation Expusure TLY and Utraviolet Radiation Exposure TLY and
) Spectral Welghting Function Spectral Weighting Funciion

Relative :ela:l:
{nm) l.lllll'}_“ i ___!ﬂ@lrm‘) S, ____(nm) {J/m) {mJ/cm?) 8
180 o 250 0.012 323 5.6x100  $.6x10 0.00054
190 1.6} 160 125 6.0x10¢ 4.0x10° 0.00050
2 » . L .0.019 : 328 6 x| 6.8x 10t 0.00044
0 1,000 10 0030 . .
208 1 10 Tix10 1.3x10 0.0004}
' o ” ¢ 031 ¢ eIxI0' 000037
i li) 40 m 0.07% n BIxI10 %
135 B8x10¢ 88xI10 0.00034
313 320 n 0.093 . .
220 2 : 30 LIx10 1 1x10 0.00028
280 28 0.120 .
345 P 3x100 1 3x10 0.00024
228 ) 20 0.150 \ )
230 160 16 0.1% 380 1.5%10 1.5%10 0,00020
8 130 13 u';«w 385 1OxI08  1.9%10¢ 0.00016
240 100 10 0,300 360 23x100  23x10°  0.00013
248 B3 83 0360 3654 2.1x100 2.7x10¢ 0.00011
250 ) 70 0430 - N 32x100  3.2x10¢  0.000093
2544 o0 60 0 $00 313 39xIr  3.9xi0¢ 0.000077
288 8 $8 0.520 380 47x100  4.7x100 0.000064
260 m 16 0.650 385 57100 $.1x10¢ 0.000053
203 Y] 17 0.810 %0 68X100  6.8x10¢ 0.000044
270 10 10 1.000 39S BIxI00  8.3xI0¢ 0.000036
278 3 10 0.960 400 10X10¢  1.0x10 0.000030
2804 k2 14 0.880 * Waveisngihs chosen are representative; other values should be inlerpolated ot in-
283 k) 19 0.770 termediate wavelengths,
190 47 47 0.640 ¥ Emission Nnes ol 3 mercury dischaige speckium
293 36 5.6 0.540
v 68 69 0.460
o 100 0 0.300
s oA 0.1% NOTICE OF INTENT T ESTABLISH
b b h ) ’
i'if, 1,200 170 0.026 THRESHOLD LIMIT VALUES
2000 k][] 0.015
TR $.000 s 0.006 LIGHT AND NEAR-INFRARED RADIATION
JIs LAOX |04 ‘ y
M6 1.3x :::! : ‘;: :::- 3%;4 These Thrashold Limit Valuss (TLVs) reler o visible and near-
L1} LSXIF  1.Sx(0 00020 intrared radiation in the wavelength rangs of 400 nm o 1400 nm
e I'Ox 1) l'9x o 0‘0016 and represent conditions under which it is belleved thal nearly
39 25xI0¢  2$x 10" 0.0012 all workers may be exposed without adverss effect. These
320 29xir  29%100 0.0010 Mmaﬁumh&o&mddwp and
n 4.5x100 7 Lg% |00 0.00067 mw regarded as a between sale anddengerous



