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1 Purpose

The purpose of this document is to keep worker exposures to ultraviolet (UV) radiation, with applicable
control measures in effect to mitigate the UV hazards, below the applicable threshold limit value (TLV)
exposure limits.

It describes UV exposure limits, hazard evaluations, and risk group classification. Hazards and controls for
UV sources are determined by their risk group (RG-0 through 3) and a hazard evaluation for their use
application. The risk group is based on source output and on using an appropriate assessment distance and
assessment exposure time for the application. Risk group classification is done before implementing any
control measures, unless a specific control measure is intrinsic to the application.

It applies to equipment/system owners, ESH coordinators, and the non-laser UV source safety program
manager.

2 Requirements

The results of the hazard evaluation and risk group classification are used in the review and approval of
sources (see Non-laser UV Source Safety: Application Process) and in the determination of controls to be
used (see Non-laser UV Source Safety: Control Requirements.)

2.1 UV Exposure Limits and Risk Groups

2.1.1 UV Exposure Limits
2111 Actinic UV (180 < A <400 nm) Hazard for Eye and Skin

Worker exposure to this UV hazard depends on the effective irradiance, E.p, received. Eqpis determined
from a spectral weighting of the source irradiance £(4) using Equation (1),

400 nm
EepyW/em?) = > EGISOIM. (1)

180 nm
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where E(4) is specified at a central wavelength A and has units W/cm?/nm. The spectral weighting function,
S()), is different for the eye and skin and is shown in Figure 1. For a monochromatic source with irradiance
E(W/cm?) and wavelength A, the effective irradiance is given by

Eop(W/em?) = E(W/em?)- S()

The worker’s daily UV radiant exposure, Hop, is determined from Ey and the exposure time #.,, and must
be below the threshold limit value, TLV = 3 mJ/cm?:
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Figure 1 Spectral Weighting Function, S(A), for Eye and Skin. S(}) is identical for eye and skin for wavelengths
in the range 300—400 nm.

21.1.2 UV-A Hazard (315 < A <400 nm) for Eye and Skin

The UV-A irradiance, Eyy-a, is determined using Equation (3)

400nm

Eyy_aW/cm?) = [/ EQ)dA (3)
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The worker’s daily UV-A exposure is determined from Eyy.4 and the exposure time Z,, and must be below
the following TLVs, which are the same for eye and skin:

For #.,, <1000 s,
Hyy_a(J/cm?) = Eyy_qs(W/cm?) - toy,(s) < 1.0]/cm? 4)
For #.,, > 1000 s,

Eyy_a(W/cm?) < 1mW /cm? 5

2.1.2 UV Risk Groups

UV sources can be classified according to the risk groups defined below, with associated emission limits
for each group. A source’s risk group helps determine what control measures need to be applied. For
classifying a source, its emission is generally evaluated at a distance of 50 cm for eye exposure and 20 cm
for skin exposure unless different minimum exposure distances are appropriate for the application and
source configuration.

2.1.2.1 Exempt Group (RG-O)

No optical hazard is reasonably foreseeable, even for continuous, unrestricted use.
»  There are two RG-0 emission limits that must be satisfied:

1. For an 8-hour (30,000 s) workday, the time-weighted average of E,;must be less than 0.1 uW/cm?
and the effective UV radiant exposure (H.;) must be less than 3 mJ/cm?; see Equations (1) and (2).

2. For long exposures greater than 1000 s, the time-weighted average of Eyy.a must be less than
1 mW/cm?. In addition, the UV-A radiant exposure (Hyy-4) in any 1000 s time interval must be
less than 1 J/cm?; see Equations (3) through (5).
The RG-0 emission limits are the TLVs described in Section 2.1.1.
21.2.2 Risk Group 1 (RG-1)

Safe for most applications, except where prolonged direct ocular exposures may be expected.

The actinic UV emission limit for RG-1 is a factor 3 times higher than for RG-0, while the UV-A exposure
limit for RG-1 is a factor 3.3 times higher than for RG-0.

21.2.3 Risk Group 2 (RG-2)

Generally, do not pose a realistic optical hazard because either uncomfortable glare causes aversion or
because lengthy exposures are unrealistic.

The actinic UV emission limit for RG-2 is a factor 30 times higher than for RG-0, while the UV-A
exposure limit for RG-2 is a factor 10 times higher than for RG-0.

21.24 Risk Group 3 (RG-3)

Pose a potential hazard even for brief exposures that can be shorter than an aversion response.
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Any UV source whose emission exceeds the RG-2 emission limits is classified as RG-3.

Table 1 Emission Limits for RG-0, RG-1, and RG-2

Emission Limit
Hazard Quantity RG-0 RG-1 RG-2
Actinic UV Eerr, 8hr TWA <0.1 pW/cm? <0.3 uyW/cm? <3 uW/cm?
8hr Hest <3md/cm? <9md/cm2 <90 mJ/cm?
UV-A if fexo > 1000 s, <1mW/cm? <3.3mW/cm? <10 mW /cm?
Euv.a TWA
if texp < 1000's, <1J/cm? <3.3J/cm? <10J/cm?
Huv-a

2.2 Hazard Evaluation, Risk Assessment, and Risk Group
Classification

2.2.1 Hazard Evaluation

Worker exposures to UV depend on the hazard source parameters, potential exposure time, distance from
the source, and whether the worker is using protective eyewear or protective clothing. Worker exposures,
with applicable control measures in effect to mitigate the UV hazards, need to be below the actinic UV and
UV-A TLVs given in Section 2.1.1.

The equipment/system owner and the UV source safety program manager must work together to perform
the hazard evaluation.

2211 Evaluating Hazards Other Than UV Exposure

The equipment/system owner and ESH coordinator must evaluate if the UV source and its operation have
hazards other than UV that need mitigation. Lamps may have electrical and pressure hazards, and UV
wavelengths shorter than 240 nm can produce ozone. The UV source may also emit hazardous visible and
infrared radiation.

2.2.2 Risk Assessment and Risk Group Classification

Determining the risk group for a UV source depends on the source output and on using an appropriate
assessment distance and assessment exposure time for the application. The classification is done before
implementing any user control measures unless a specific control measure is intrinsic to the application.
Commercial UV sources with a manufacturer-provided protective housing that prevents user access to UV
radiation exceeding the RG-0 emission limit will be considered RG-0 even if the enclosed source is RG-1,
RG-2 or RG-3.

The UV source safety program manager must determine the risk group classification using information
provided by the UV source manufacturer and the equipment/system owner.
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2.2.21 Source Output

UV source information provided by the manufacturer should include the total source power, spectrum
(wavelength dependence), and other information on the source configuration such as whether there is a
collimating (condenser) lens for the source output. This will allow the user to determine the actinic E¢yand
Eyy.4 irradiance quantities at different distances from the source.

The maximum optical power output of the UV source must be used for the assessment and risk group
classification.

2222 Assessment Distance

The closest credible accessible distance from the UV source, consistent with the application, must be used
for the assessment and risk group classification. For skin exposure, a distance of 20 cm can typically be
used. For eye exposure, a distance of 50 cm can typically be used.

2223 Assessment Exposure Time

The maximum credible exposure time to the UV source, consistent with the application, during an 8-hour
workday (30,000 s) must be used for the assessment and risk group classification. .

Important A UV source may cause an aversion response when directly viewed if the source emits
significant visible radiation and viewing it causes discomfort. Such an aversion response may
limit the maximum credible exposure time for a single eye exposure. A typical aversion time
when viewing a bright visible source is approximately 0.25 s.

Consideration for multiple exposures during an 8-hour workday is needed.

2224 Irradiance and Radiant Exposure Calculations

The actinic and UV-A irradiance (E.p; Eur-4) and radiant exposure (Hep; Hur-4) quantities need to be

calculated using the source output, assessment distance and assessment exposure time. These quantities

determine the maximum credible exposure risk for a worker during an 8-hour workday.

Once these quantities are calculated, Table 1 can be used to assign a risk group for the source.

3 Forms

The following forms and systems are required by these requirements:

=  Non-laser UV Source Safety: RG-2 and RG-3 Approval to Operate Form (SLAC-1-730-0A05J-010).
Form for documenting approval to operate an RG-2 or RG-3 UV source

4 Recordkeeping

The following recordkeeping requirements apply for these requirements:
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= The UV source safety program manager keeps evaluation and risk classification documentation,
including approval to operate forms.

5 References

SLAC Environment, Safety, and Health Manual (SLAC-1-720-0A29Z-001)

= Chapter 60, “Non-laser UV Source Safety”
— Non-laser UV Source Safety: Application Process (SLAC-1-730-0A05C-004)
— Non-laser UV Source Safety: Control Requirements (SLAC-I-730-0A05S-016)

— Non-laser UV Source Safety Program Site (SharePoint)

= Chapter 50, “RF and Microwave Safety”

Other Documents

=  American Conference of Governmental Industrial Hygienists (ACGIH). Threshold Limit Values
(TLVs) for Chemical Substances and Physical Agents and Biological Exposure Indices (BEIs)
(ACGIH TLVs and BEIs) (for occupational exposure limits)

= International Electrotechnical Commission (IEC) 62471-6, “Photobiological Safety of Lamps and
Lamp Systems”, Part 6, “Ultraviolet Lamp Products” (IEC 62471-6) (for guidance on hazard
evaluation and requirements for control measures and training)
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