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Preface

This is the First Edition of ANSI/CAN/UL 8802, Standard for Ultraviolet (UV) Germicidal Equipment and
Systems.

ULSE is accredited by the American National Standards Institute (ANSI) and the Standards Council of

Canad

a (SCC) as a Standards Development Organization (SDO).

This Standard has been developed in compliance with the requirements of ANSI and SCC for
accreditation of a Standards Development Organization.

This
in co
Organ

publication, action to revise, reaffirm, or withdraw the standard shall be initiated.

In Car

and Epglish. Attention is drawn to the possibility that some Canadian authorities ma3

markiri

Comm
Propo
Syster

Our Standards for Safety are copyrighted by ULSE Inc. Neither a printed nor electroni
be altered in any way. All of our Standards and all copyrights, ownerships, and rights regarding

shoulg
those

This €
(UV) g

This |i
time, @

SI/CAN/UL 8802 Standard is under continuous maintenance, whereby each fevision is approved
pliance with the requirements of ANSI and SCC for accreditation of a Standards Development

zation. In the event that no revisions are issued for a period of four.yea

ada, there are two official languages, English and French. All safety warnings

gs and/or installation instructions to be in both official languages.

ents or proposals for revisions on any part of the Standard may be submitted
sals should be submitted via a Proposal Request in the Collaborative Stan
h (CSDS) at https://csds.ul.com.

Standards shall remain the sole and exclusive property of ULSE Inc.

dition of the standard has been-formally approved by the Technical Committeg
bermicidal Equipment and Systems, TC 8802.

5t represents the TC,.8802 membership when the final text in this standard was|
hanges in the membership may have occurred.

TC 8802 Membership
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must be in French
y require additional

to UL at any time.
dards Development

copy of a Standard

e (TC) on Ultraviolet

balloted. Since that
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INTRODUCTION

1 Scope

1.1

These requirements apply to ultraviolet germicidal irradiation (UVGI) equipment and systems

intended for installation and use in accordance with the U.S. National Electrical Code (NEC), NFPA 70 and
in accordance with the Canadian Electrical Code, Part | (CEC), CSA C22.1. These requirements cover:

a) UV Germicidal Equipment — These devices emit uncontained UV energy i

nto the surrounding

area while the space or room being treated may be occupied. The UV overexposure risk may be
mitigated by one or more safeguards. Examples of such safeguards include a fixed installation at a
minimum height above the floor, and directional baffling to minimize direct UV emissions towards

NOTE -
507 or (

the occupied space when direct emission is not permitted. This equipment
visible light. See Part 1 of this standard.

b) UV Emitter Assemblies — These devices emit UV uncontained energy’into t
while the space being treated is vacant (i.e., not occupied by persens). Alterna
can be built into germicidal equipment as components. These)yassemblies

may also produce

he surrounding area
tively, these devices
are not considered

stand-alone devices; they are intended for use as part of a U\ germicidal system. This equipment

may also produce visible light. See Part 2 of this standard:

c) UV Germicidal Systems — These systems are interdded to expose surfaces
area with uncontained UV energy where the exposure dose would othery
personal injury to occupants. System components include UV emitters, swi
other controls acting as site or equipment safeguards. The installation and o
are considered an integral system component. A system may also include d
visible light. See Part 3 of this standard.

d) UV Germicidal Retrofit Kits — ThesSe devices are retrofit kits which facilitatg
light source of a General Lighting' Service (GLS) luminaire with a UV emitt
retrofit kits emit UV energy, into the surrounding area while the space be
occupied. The UV overexposure risk may be mitigated by the exclusive use of
compliant with ‘Risk Group 0 (Exempt)’ level(s) in accordance with the photobi
for the device. The UV source may also produce visible light. See Part 4 of this

e) Contained UV. Germicidal Equipment — These devices include an integral en
to treat air flowing through it. The UV overexposure risk may be mitigated
containmentiby the use of baffles, louvers or similar means to minimize UV

ithin an unoccupied
vise pose a risk of
tches, sensors and
berating instructions
evices that produce

replacement of the
br assembly. These
ng treated may be
UV sources that are
blogical assessment
standard.

closed UV source(s)
through UV source
emissions from the

equipment. This equipment also produces visible light. See Part 5 of this standard.

Contained UV Germicidal Equipment that does not produce visible light is generally covered undg
SA.C22.2 No. 187/ UL 867.

r CSA C22.2 No. 113/UL

1.2 Parts 1 through 4 of this standard do not cover:

a) Equipment intended for use in dwellings; or

b) Portable equipment.

NOTE: In regard to item ‘a’, dwelling refers to the defined term from NFPA 70 and hence does not exclude spaces of transient
occupancy where the equipment is expected to be installed and maintained by qualified service personnel.

1.3 This standard does not cover hand-held equipment.

1.4 Products generating ultraviolet radiation are intended for use in accordance with Title 21 Code of
Federal Regulations (CFR), Parts 1000 through 1004, and section 1005.25.
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NOTE: These regulations include reporting of Accidental Radiation Occurrences, notification to FDA and customers of a radiation
safety defect and corresponding plan for corrective action for FDA approval, and designation of a U.S. agent for imported lamps.

1.5 This standard does not apply to UV equipment covered by other (UL or CSA) standards for safety.

The eq

uipment not covered by this standard include:

a) Laboratory and health care equipment with UV emitters are covered under the scope of the

CSA C22.2 No. 61010 or UL 61010 series of standards; and

b) Horticultural luminaires with UV emitters covered under the scope of UL 8800.

1.6 Equipment that emit electromagnetic energy with wavelengths outside of the 200 — 400 nm range are

not full

1.7 T
addres
overex
below

visible
below

this stg

1.8 I
the UL
are sef

2

21 A

Components

el b 4ot 4 <l <l Al + PAPAHH 1 1 '
AUUTTOoOoTU Uy Ullo olaliudiy, difuTTiidy Toyunc art dauliiulidl ©Vddiuatuurt.

hese requirements address risk of personal injury due to overexposure “to
5 other safety considerations (e.g., risk of fire or electric shock, or personal inju
bosure) this standard shall be used in conjunction with one of the. luminaire

for devices covered in their respective scopes absent electromagnetic emiss
ight spectrum. All construction, performance and marking requirements of the
see Referenced Publications) shall also apply unless specifically superseded
ndard:

a) CSA C22.2 No. 250.0 / UL 1598, for Part 1 — Part5 devices;
b) CSA C22.2 No. 250.2 / UL 2108, for Part 1 —Rart 5 devices; or

c) CSA C22.2 No. 250.4 / UL 153, for Part®&devices.

this standard, the CSA standard reference applies to products intended for ug
standard reference applies to products intended for use in the United States. C
arated by a slash (“/”).

component of a product covered by this Standard shall:
a) Comply with'the requirements for that component as specified in this Standar
b) Be used in accordance with its rating(s) established for the intended condition

c) Be used within its established use limitations or conditions of acceptability.

UV emissions. To
ry risks besides UV
standards specified
jons outside of the
standards specified
Dby a requirement in

e in Canada, while
bmbined references

d.

s of use; and

2.2 A component of a product covered by this Standard is not required to comply with a specific
component requirement that:

a) Involves a feature or characteristic not required in the application of the
product;

b) Is superseded by a requirement in this Standard; or

c) Is separately investigated when forming part of another component, provide
used within its established ratings and limitations.

component in the

d the component is

2.3 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.
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2.4 A component that is also intended to perform other functions such as overcurrent protection, ground-
fault circuit-interruption, surge suppression, any other similar functions, or any combination thereof, shall
comply additionally with the requirements of the applicable standard(s) that cover devices that provide
those functions.

3 Units of Measurement

3.1 The values given in S| (metric) units are normative. Any other values are for information purposes
only. See Annex G, Conversion, for metric conversion multipliers.

3.2 Temperatures are given in degrees Celsius only.

3.3 Unless indicated otherwise, all voltage and current values specified in this Stahflard are root-mean-
squareg (rms).

4 Referenced Publications

4.1 Any undated reference to a code or standard appearing in the<tequirements in this Standard shall be
interprieted as referring to the latest edition of that code or standard.

4.2 The following standards are referenced in this Standard, Portions of these referenced standards may
be esdential for compliance.

CSA (22.2 No. 14, Industrial Control Equipment

CSA (22.2 No. 205, Signal Equipment

CSA (22.2 No. 250.0, Luminaires

CSA (22.2 No. 250.1, Retrofit Kits.for Luminaire Conversion

CSA (22.2 No. 250.2, Lighting Systems

CSA (22.2 No. 250.4, Rortable luminaires

CSA H 60730-1,Automatic Electrical Controls — Part 1: General Requirements

CSA (22:2 No. 60947-1, Low-voltage switchgear and controlgear - Part 1: General rules

CSA C22.2 No. 61010, Electrical Equipment for Measurement, Control, and Laboratory Use
CSA C22.2 No. 61058-1, Switches for Appliances — Part 1: General Requirements

CSA E61496-1, Safety of Machinery — Electro-Sensitive Protective Equipment

CSA C22.2 No. 62471, Photobiological Safety of Lamps and Lamp Systems

IEC 60417 (DATABASE), Graphical Symbols for Use On Equipment

IEC 62471, Photobiological Safety of Lamps and Lamp Systems

IEC 62471-6, Photobiological safety of lamps and lamp systems — Part 6: Ultraviolet lamp products
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IES RP-27.1, Recommended Practice for Photobiological Safety for Lamps & Lamp Systems — General
Requirements

IES RP-44, Recommended Practice: Ultraviolet Germicidal Irradiation (UVGI)

UL 153, Portable luminaires

UL 248-1, Low Voltage Fuses, and its Series of Standards

UL 294, Access Control System Units

UL 508
UL 639
UL 867
UL 914
UL 969
UL 159
UL 159
UL 210
UL 880
UL 607

UL 60
Requir

UL 609

UL 610

- Inaustriar Control Equipmernt

, Intrusion-Detection Units

, Electrostatic Air Cleaners

, Energy Management Equipment

, Marking and Labeling Systems

8, Luminaires

8C, Light-Emitting Diode (LED) Retrofit Luminhaire Conversion Kits
8, Low-voltage Lighting Systems

0, Horticultural Lighting Equipmént and Systems

30-1, Automatic Electrical Controls — Part 1: General Requirements

730-2-9, Automatic-.\Electrical Controls for Household and Similar Use, R
bments for Tempeérature Sensing Controls

47-1, Low-Voltage Switchgear and Controlgear — Part 1: General Rules

10-15Electrical Equipment for Measurement, Control, and Laboratory Use

UL 610

'58=1, - Switches for Appiiarices — Part 1 General Requirerments

art 2-9: Particular

UL 61496-1, Electro-Sensitive Protective Equipment — Part 1: General Requirements and Tests

ULC S306, Intrusion-detection Units

ULC 60839-11-1 , Alarm and Electronic Security Systems — Part 11-1: Electronic Access Control Systems
— System and Components Requirements

5 Glossary

5.1 For the purpose of this standard, the following definitions apply.
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5.2 CONTAINED (CONTAINMENT) — Refers to a design practice where the device’s integral UV source
is enclosed, louvered, baffled or otherwise protected in order to ensure that UV emissions into the
surrounding environment are within the Risk Group 0 (Exempt) limits defined by the referenced
photobiological standards. In this standard the terms ‘contained’ and ‘uncontained’ identify whether the
device utilizes containment as a measure to mitigate UV overexposure.

5.3 CONTAINED GERMICIDAL EQUIPMENT — Equipment with a contained integral UV source to treat
air flowing through it. The enclosure may have vent openings to channel air past the UV source for

treatment. This equipment also produces visible light.

5.4 DEVICE - Unless otherwise specified, this is a generic term for any UV equipment or component.

5.5 BMITTER — A device component that produces UV radiation.

5.6 EBEXEMPT PERIMETER - The boundary around a single device formed by’the ljne-of-sight distance
from ifs geometric center to points where UV emissions are considered Risk Group| 0 (Exempt). These
pointsfare drawn on the horizontal plane formed by the floor. See Figure.5.1 for a graghical representation
of this|perimeter.

Figure 5.1

Graphical Representation of)Exempt Perimeter

Risk Group 0

su4230

NOTES

1. This boundary 1S declared by the manufacturer and verified by test. By definition, persons standing at the edge of this boundary do
not require additional safeguards against UV overexposure, as defined by IEC 62471, CSA-C22.2 No. 62471, or IES RP-27.1, when
the emitter is operating.

2. This figure is for reference purposes only. The perimeter’s shape will depend on device design and may not be circular or
symmetrical. In addition, when the line-of-sight distances for actinic and near UV are different, the larger of the two values are used to
determine the exempt perimeter.

5.7 GENERAL USE DISTANCE - For equipment marked with a minimum mounting height, this is the
shortest vertical distance between the lowest point of emissive surface on the device when mounted at this
minimum marked height and the measurement plane above and parallel to the finished floor.

NOTE: Examples of general use distance are illustrated in Figure 8.1 of Part 1.
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5.8 INSTRUCTED OPERATOR - An individual charged to operate the equipment or system who has
been provided with adequate training to operate the system, but may need to call on a qualified service
person when the system is not operational or safe shutdown has occurred.

5.9 INTERLOCK — A mechanism designed to automatically open an electrical circuit in order to prevent a
risk to a user by disabling the source posing a hazard (e.g.: the UV source of Contained UV Germicidal
Equipment). The interlock may close the circuit once the user is no longer exposed to the risk. An interlock
can consist of one or more switches, actuators, guards, and associated circuitry and hardware.

5.10 OCCUPANT - Individual(s) who may be present in the treated space where emitters are installed. It
is assumed that occupants may not be aware of presence of the UV germicidal equipment or system and

cannot

be expected to take any precautions against UV exposure while the equi

ment or system is

operati

5.11

NOTE: B

512
screwd
square

5.13
easily
normal
during

NOTE: |
250.4 an|

514
system

5.15

conditi
service
should

5.16
integra

ng.
DCCUPIED SPACE — The volume in a treated space below the measurement pl

xamples of occupied space are illustrated in Figure 8.1 of Part 1.

DRDINARY TOOLS — Tools that can normally be expected 10 be available t
rivers, hammers, nut drivers, pliers. Any tools designed toadjust hardware wi
or Robertson configurations are considered ordinary téels for the purpose of thi

PORTABLE EQUIPMENT - Cord-connected electrically operated equipmen
moved by hand from place to place. Portable_equipment may be floor or cqg
use. In this Standard, portable equipment is’econsidered unattended and statior
hormal use.

h this standard, the term “portable equipmentirepresents a smaller set of products than those coy
d UL 153. Hand-held luminaires are excluded from the scope of UL 8802.

NUALIFIED SERVICE PERSON - An individual charged to repair the UV gern
. They may also manage the routine maintenance of the equipment or system.

SAFE SHUTDOWN' = A safe state where a device ceases to operate due to an
bn (for example; a-fault), and one that requires the intervention of an instructed ¢
person in order to restore normal equipment operation. UV germicidal equig
not pose axisk of UV overexposure to occupants after a safe shutdown.

SBAFEGUARD, EQUIPMENT — Safeguards that are part of the UV germicidal sy
to of remotely mounted from the device.

Ane.

b the user, such as
th flat, hex, Philips,
5 standard.

capable of being
unter supported in
ary while operating

ered by CSA C22.2 No.

icidal equipment or

abnormal operating
perator or qualified
ment and systems

stem. These can be

5.17 SAFEGUARD, SITE — Controls installed near or within the treated space that reduce the likelihood
of occupancy immediately before or during emitter operation. Examples include interlocks on entry doors,
as well as arming switches located within the treated space.

5.18 SAFEGUARDS - In the context of this standard, controls that function to prevent or reduce the
likelihood of personal injury due to overexposure to UV energy.

5.19 TREATED SPACE - The area that is exposed to UV energy when an emitter is in operation.
5.20 ULTRAVIOLET (UV) EMITTER ASSEMBLY - Devices intended to emit UV energy into the treated

space while the space is vacant (i.e.: not occupied by people). These are not considered stand-alone
devices; these devices are intended for use as part of a UV germicidal system.
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5.21 ULTRAVIOLET (UV) GERMICIDAL EQUIPMENT — Equipment intended to emit uncontained UV
energy into the treated space while this space is occupied (or in use) by people.

NOTE: These devices may also be referred to as “upper-room luminaires”, “UV Germicidal Irradiators (UVGIs)”, or Germicidal
Ultraviolet (GUV) luminaires.

5.22 ULTRAVIOLET (UV) GERMICIDAL RETROFIT KIT — A retrofit kit that replaces the light source of a
General Lighting Service (GLS) luminaire with a UV emitter assembly. The UV emitter assembly shall be
classified as ‘Risk Group 0 (Exempt)’ when evaluated for Photobiological Assessment. The UV emitter
may also produce visible light. A UV retrofit kit includes all component parts required, including
instructions, for conversion of a GLS luminaire to a UV emitter assembly.

5.23 |ULTRAVIOLET (UV) GERMICIDAL SYSTEM — A system utilizing uncontained UV emitters that is
intended to operate only when the treated space is vacant (i.e.: No occupants in.thetreated space during
its opgrating cycle).

5.24 |ULTRAVIOLET (UV) RADIATION — Electromagnetic energy with atvavelength gf 200 — 400 nm.

5.25 |ULTRAVIOLET (UV) SOURCE - The UV emitting optical element or surfade. In particular, the
outermost emitting surface of the final optic-altering entity such-as the outer surface|of an emitter or the
outer gurface of a protective, diffusing or beam shaping lens aof.a'tamp or luminaire.

6 Orpganization and Application

6.1 This Standard is organized as follows:

a) Part 1 — UV Germicidal Equipment;

b) Part 2 — UV Emitter Assembilies;

c) Part 3 — UV Germicidal Systems;

d) Part 4 — UV Germicidal Retrofit Kits; and

e) Part 5 — Contained UV Germicidal Equipment
PART(1 - UV GERMICIDAL EQUIPMENT

7 General

7.1 Germicidal equipment shall comply with one of the applicable safety standards|in 1.7 in addition to
the requirements in Part 1 of this Standard.

7.2 Devices that use low-pressure discharge lamps shall comply with the requirements applicable to
fluorescent luminaires.

7.3 Devices shall be designed to be permanently mounted in a fixed location, such that it cannot be
unmounted or relocated without the use of tools.

7.4 Devices not intended to be adjusted by the end-user shall be designed such that it is not possible to
re-orient or refocus the UV source using ordinary tools.
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8 Photobiological Assessment

8.1 Equipment shall not pose a risk of personal injury to persons due to UV overexposure when installed,
tested and operated in accordance with the manufacturer’s instructions and the requirements of this
Standard.

8.2 In order to determine compliance with 8.1, the device shall be subjected to a photobiological
assessment for actinic and near UV hazards from 200 nm through 400 nm in accordance with the
requirements in CSA C22.2 No. 62471 (in Canada) or IEC 62471 (in the United States). This assessment
shall be used to determine the risk group of the device for these hazards. The measurement distance from

the UV

source to the measuring instrument shall be as specified in 8.6 to 8.10.

8.3

in accqrdance with IES RP-27.1 for actinic and near UV hazards from 200 nm throug
exceptlon that the measurement distance from the UV source to the measuring ins

specifi
hazard

84 W
during
source
(SRECG

85 T
cone i

aperture, normal to the surface area of the detector, shall be oriented to result in the hig

point fr

86 T

the manufacturer’s request, the photobiological assessment in 8.2 may alterneltively be conducted

d in 8.6 to 8.10. This assessment shall be used to determine the risk.group of
S.

hen the equipment employs multiple UV sources, all sources must be simult
the measurement in 8.2 unless an integral control regulates the selection d
5. Such an integral control shall be additionally evaluated as a safety-relatg
) in accordance with Annex B, Safety-Related Electronic Circuit (SREC) Requirg

he measurement instrument shall have a sensoerwith an aperture limiting the d
N accordance with IEC 62471-6 or IES RB-27.1, as applicable. The cente

bm the UV emission source.

he measurement distance shall bg as follows:

a) For equipment marked.by._the manufacturer with a minimum mounting height
feet 11 inches), compliance shall be determined using the highest weigh
anywhere along the,2-dimensional test plane located 1.9 m (6 feet 3 inches)
floor as defined in-Figure 8.1; and

b) For equipment not marked by the manufacturer with a minimum mounting he
one that s less than 2.1 m (6 feet 11 inches), compliance shall be d
measurement distance from the UV source of 200 mm (8 inches) from the
surfagesin the direction likely to produce the most severe weighted actinic test re

h 400 nm, with the
rument shall be as
he device for these

hneously energized
r timing of the UV
d electronic circuit
ments.

etector field of view
rline of the sensor
hest reading at that

of atleast 2.1 m (6
ed actinic reading
above the finished

ght, or marked with
btermined using a
b nearest emissive
sult.
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Figure 8.1

Equipment Mounting Relative to Test Plane

CEILING
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\§

1° I \
R J il \
X 1 I \ 1°

7

B
Q
Il
\4’
@ /A

GUD = <L

GUD I
GUD
GUD

B T

Two dimensional test plane parallel to floor

7z

7

GUD = General Ude Distance

1.9m (6’ 3”) above the floor

Y

NN W&W SN
su387(d

NOTE: This figure illustrates-the two-dimensional test plane, tilt requirement and GUD for different devices|and mounting types. It is
not intemded to illustrate-a test apparatus or test setup.
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8.7 With regard to 8.6, prior to taking measurements the equipment shall be oriented and operated to
produce the most severe test result permitted by its construction and installation instructions. In addition,
the equipment shall be offset from its intended mounting surface angle by 1 degree in any direction
whenever such an offset is likely to produce a more severe test result. See Figure 8.1.

NOTE: The 1-degree offset represents equipment mounted on uneven or poorly levelled surfaces.

8.8 Controls intended to interrupt equipment operation (e.g. motion sensors, etc.) shall be bypassed or
disabled so that the equipment will operate continuously during the photobiological assessment, except as

specified in 8.9.

8.9

hen compliance with the photobiological assessment relies on controls o

r timing circuits to

continy
over tir
accord

8.10

Risk G
the pre
not per

9
91 D

instruc
safe va

ously operate the UV source on a duty cycle, or to vary the drive current onp
he, then the control shall be additionally evaluated as a safety-related electron
bnce with Annex B, Safety-Related Electronic Circuit (SREC) Requirements:.

[he results of these assessments are considered acceptable if the equipment
roup 0 (Exempt) for weighted actinic and near UV hazards at the measurement

ceding clauses. Equipment classified as Risk Group 1, 2 or-3 at'these measurg
mitted.

Ozone

evices that emit ultraviolet radiation at wavelengths less than 250 nm sha
ions indicating the need to take precautionsdo ensure that the concentration of
lue; see 11.10.

10 Safety Instructions

ower to the emitter
ic circuit (SREC) in

achieves a level of
listances defined in
ment distances are

| be provided with
bzone is limited to a

10.1 The safety instructions shalllbe a permanent part of the manual but separated in format and
precedjng all other instructions (such as installation, operation, and maintenance instrugtions).
10.2 The safety instructions, shall include instructions or illustrations to identify imporfant safety features,

in addifion to the importantsafeguards listed in 10.5.

10.3

he height.oflettering in the text and illustrations of the safety instructions shall &

a) The-'phrases "IMPORTANT SAFEGUARDS", "READ AND FOLLQ
INSTRUCTIONS", and "SAVE THESE INSTRUCTIONS" shall be in letters no
(3/96 inch) in height.

e as follows:

W ALL SAFETY
t less than 4.8 mm

b) Other upper-case letters shall not be less than 2.1 mm (1/12 inch) in height.

c) Lower-case letters shall not be less than 1.6 mm (1/16 inch) in height.

10.4 The items may be numbered. The phrases "READ AND FOLLOW ALL SAFETY INSTRUCTIONS"
and "SAVE THESE INSTRUCTIONS" shall be first and last, respectively, in a list of items. Other important
safeguard items considered appropriate by the manufacturer are to be inserted in between these phrases.

10.5 For all equipment, the safety instructions shall include the following safeguards verbatim or in
equally definitive terminology. If a specific safeguard does not apply to a particular type of equipment, the
safeguard may be modified or deleted as appropriate.

IMPORTANT SAFEGUARDS
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When using electrical equipment, basic safety precautions should always be followed including the
following:

READ AND FOLLOW ALL SAFETY INSTRUCTIONS

a) This equipment is designed for use with germicidal UV radiation sources and

must be installed in

compliance with competent technical directions to prevent risk of personal injury from UV radiation.

b) UV radiation can pose a risk of personal injury. Overexposure can result in injury to eyes and
bare skin. To reduce the risk of overexposure this equipment must be installed in accordance with
the manufacturer’s site planning recommendations. This may include instructions on the relative
location of each germicidal system component, the minimum distances between UV generating

devices and other Objects or SUrfaces, and protection from tine-of-sight expos
occupied spaces located above the equipment mounting area (e.g., upperfl
staircases, etc.)

¢) UV and optical radiation can be reflected by surrounding surfaces’such as

re to UV radiation in
bor balconies, open

ceilings and walls.

Since the reflective properties of surfaces can vary widely, it should be considlered as part of site

planning. Follow the manufacturer’s recommendations for selecting appropri
finishes.

d) IT IS THE RESPONSIBILITY OF THE INSTALLER, TO ENSURE THAT PH
BE EXPOSED TO EXCESSIVE UV OR OPTICAL RADIATION DUR
OPERATION. THIS WILL REQUIRE THE INSTALLER TO CONDUCT AN
IRRADIANCE LEVELS IN THE SURROUNDING OCCUPIED SPACES PRIOR

e) Equipment should be mounted in locations and at heights where it will not re
tampering by unauthorized personnel.

f) Maintenance and servicing of this UV generating equipment shall be perfq
personnel. Service personnel(must wear appropriate Personal Protective
Contact the equipment manufacturer and local jurisdictions for PPE rec
guidance.

g) When replacing lamps or UV sources, replace them only with the lamps or s
equipment is marked and intended.

Note: Item (g) applies only to equipment with user-replaceable lamps.

h) The-use of accessory equipment not recommended by the manufacturer m
condition.

i)Do not use this equipment for other than intended use.

ate ceiling and wall

RSONS WILL NOT
{ING EQUIPMENT
ASSESSMENT OF
TO OCCUPANCY.

hdily be subjected to

rmed by authorized
Equipment (PPE).
ommendations and

burces for which the

@y cause an unsafe

j) Contact information for the installer's use and reference that includes at least the germicidal

system manufacturer’s name, address, and either a telephone number or webs

SAVE THESE INSTRUCTIONS

NOTE: See Annex F (Informative) — Best Practices for Germicidal Equipment Installation

11 Additional Markings and Instructions

11.1

ite address.

The instruction manual shall include instructions for installation, operation, maintenance, and PPE
for maintenance personnel as recommended by the manufacturer. The instructions shall state that
installation and servicing shall be performed by qualified personnel.
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11.2  The instruction manual for equipment with sunlamp products, lasers or high-intensity mercury
vapor discharge lamps shall contain the manufacturer’s declaration of conformity to the applicable
provisions of applicable US Federal requirements, including 21 CFR, Code of Federal Regulations, Parts
1000 through 1004, and section 1005.25.

11.3  All equipment shall be marked in accordance with Table 11.1, items (1) — (3).

11.4 Equipment tested using a minimum mounting height shall be marked in accordance with Table 11.1,
item (4).

11.5 The compartment or area that contains a replaceable UV source shall be marked in accordance
with [ahe—Htitems{5)-and6 he-marking-shall-be located-on-the-external-suface of the equipment
where feadily visible during any approach to the compartment or area. This item.Mmaly optionally include

11.6 For equipment that use replaceable UV sources (e.g., UV generatinglamps gqr UV sources), the
lamp réplacement marking in Table 11.1, item (7) shall be provided. Ifcthere is more [than one permitted
lamp, this marking may be provided as a table or list.

11.7 The lamp replacement marking shall include at least the manufacturer and mode| or catalog number
of the UV lamp. Alternatively for lamps that have ANSI desighations with defined elgctrical and spectral
operating parameters, the ANSI designation complies with-this requirement.

NOTE: The lamp replacement marking shall include-at least the manufacturer angd model or catalog
numbef of the UV lamp. For lamps that have, ANSI designations with defined ele¢trical and spectral
operating parameters, their ANSI designation complies with the requirement. ANSI designations for some
low-prgssure UV sources are defined in ANSIC78.81 and ANSI C78.901.

Table 11.1
Additional Markings for UV Germicidal Equipment

Item Marking Text Format? Reference
1 CAUTION - RISK OF PERSONAL INJURY Verbatim S24-1 1 11.3,11.5
2 THIS EQUIPMENT.IS DESIGNED FOR USE WITH GERMICIDAL Verbatim S24-{ 1 1.3
LAMPS OR UVM.SOURCES. STRICT ADHERENCE TO THE
INSTALLATION'DIRECTIONS IS NECESSARY TO PREVENT
OCCUPANT EYE AND SKIN EXPOSURE TO HARMFUL
RADIATION
3 DONOT INSTALL THIS EQUIPMENT IN A DWELLING Verbatim S24-| 2 1.3
4 MOUNRT THIS EQUIPMENT AT LEASTI MITFEET TABOVE THE S16-L.2 114
FLOOR
5 Reserved for future use
6 EYE INJURY MAY RESULT FROM EXPOSURE TO THE UV Verbatim S16-L1 1.5
SOURCE IN THIS EQUIPMENT. ALWAYS TURN OFF POWER
BEFORE SERVICING.
7 USE ONLY LAMPS S16-L1 1.6
8 (UV symbol in a triangle) Symbol from IEC L1 1.5
60417-6040

@ Refer to Annex C, Size And Location Designations For Markings, for the definitions of the size and location designations

11.8 The instruction manual shall include detailed information for properly locating the equipment in a
given space. This information shall include, as applicable, drawings depicting examples of correct
installations, as well as examples of unacceptable installations that may pose a risk of UV overexposure
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(e.g., installation at inappropriate heights or orientations, open sightlines between the UV source and
exposed upper floors, stairs or walkways, etc.).

11.9 To assist installers with their site planning, the instruction manual shall provide graphical plots of the
equipment’s UV irradiance profile at the minimum acceptable GUD (see 8.2 and 8.6). Manufacturers may
also provide graphical plots of the equipment’s UV irradiance at other GUDs.

11.10 When required by 9.1, the instruction manual shall provide instructions to alert the responsible
parties to verify safe ozone concentrations in the installation, taking into account the number of products in

a given volume of space, the characteristics of the ventilation system, access, and other factors.

PART

12 General

121
the regq

12.2

requirements applicable to fluorescent luminaires.

12.3
unmoy

12.4
re-orig

13 P

13.1

from 2
IEC 64
for the

13.2
condu
This a

13.3

2 - UV EMITTER ASSEMBLIES

UV emitter assemblies shall comply with one of the applicable safety standardg
juirements in Part 2 of this standard.

With regard to 12.1, devices that use low-pressure discharge lamps sha

Devices shall be designed to be permanently mounted in a fixed location, su
nted or relocated without the use of tools.

Devices not intended to be adjusted by the end-user shall be designed such thg
nt or refocus the emission source using.ordinary tools.

hotobiological Assessment

The device shall be subjected to a photobiological assessment for actinic an
00 nm through 400 nm in accordance with the requirements in CSA C22.2 No. 6
471 (in the United States). This assessment shall be used to determine the risK
Se hazards.

At the manufacturer’s request, the photobiological assessment in 13.1 m
Cted in accordance with IES RP-27.1 for actinic and near UV hazards from 200
ssessment'shall be used to determine the risk group of the device for these hazg

If_the equipment employs multiple UV sources, all sources must be simult

in 1.7 in addition to

Il comply with the

ch that it cannot be

titis not possible to

d near UV hazards

2471 (in Canada) or
group of the device

ay alternatively be
hm through 400 nm.
rds.

aneously energized

during

the measurement M 13- untess an ntegrat contror Teguiates the setection

r timing of the UV

sources. Such an integral control shall be additionally evaluated as a safety-related electronic circuit
(SREC) in accordance with Annex B, Safety-Related Electronic Circuit (SREC) Requirements.

13.4 The measurement instrument shall have a sensor with an aperture limiting the detector field of view
cone in accordance with IEC 62471-6 or IES RP-27.1, as applicable.

13.5 This assessment shall be conducted using a measurement distance from the radiation source of
200 mm (8 inches) in the direction likely to produce the most severe test result.

13.6 The equipment shall be oriented and operated to produce the most severe test result permitted by
its construction and installation instructions.
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13.7 Controls intended to interrupt equipment operation (e.g. motion sensors, etc.) shall be bypassed or
disabled so that the equipment will operate continuously during the photobiological assessment, except as
specified in 13.8.

13.8 When compliance with the photobiological assessment relies on controls or timing circuits to
continuously operate the UV source on a duty cycle, or to vary the drive current or power to the emitter
over time, then the control shall be additionally evaluated as a safety-related electronic circuit (SREC) in
accordance with Annex B, Safety-Related Electronic Circuit (SREC) Requirements.

13.9 The results of this assessment shall be used to select the product and packaging markings
specified in Section 16, Additional Markings and Instructions.

14 Ozone

14.1 Devices that emit ultraviolet radiation at wavelengths less than 250, nm shall be provided with
instructions that specify the need to take precautions to ensure that the conCentration df ozone is limited to
a safe Yyalue; see 16.10.

15 Safety Instructions

15.1 The safety instructions shall be a permanent part-ef.the manual but separgted in format and
precedjng all other instructions (such as installation, operation, and maintenance instrugtions).

15.2 The safety instructions shall include instructions-or illustrations to identify imporfant safety features,
in addifion to the important safeguards specified inn15.5.

15.3 ['he height of lettering in the text and illustrations of the safety instructions shall he as follows:

a) The phrases "IMPORTANT SAFEGUARDS", "READ AND FOLLQW ALL SAFETY
INSTRUCTIONS", and "SAVE-THESE INSTRUCTIONS" shall be in letters nat less than 4.8 mm
(3/16 inch) in height.

b) Other upper-casetletters shall not be less than 2.1 mm (1/12 inch) in height.

c) Lower-case letters shall not be less than 1.6 mm (1/16 inch) in height.

15.4 The items{may be numbered. The phrases "READ AND FOLLOW ALL SAFETY INSTRUCTIONS"
and "SAVE THESE INSTRUCTIONS" shall be first and last, respectively, in a list of ites. Other important
safeguprd.items considered appropriate by the manufacturer are to be inserted in betwgen these phrases.

15.5 For all equipment, the safety instructions shall include the following safeguards verbatim or in
equally definitive terminology. If a specific safeguard does not apply to a particular type of equipment, the
safeguard may be modified or deleted as appropriate.

IMPORTANT SAFEGUARDS

When using electrical equipment, basic safety precautions should always be followed including the
following:

READ AND FOLLOW ALL SAFETY INSTRUCTIONS

a) This equipment is designed for use with germicidal UV radiation sources and must be installed in
compliance with competent technical directions to prevent risk of personal injury from UV radiation.
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16 Additional\Markings and Instructions

b) THESE DEVICES ARE NOT INTENDED FOR GENERAL-PURPOSE ILLUMINATION. They are
assigned a Risk Group level based on the intensity and wavelength of the radiant energy they
produce. UV radiation can pose a risk of personal injury. Overexposure can result in injury to eyes
and bare skin. To reduce the risk of overexposure this equipment must be installed in accordance
with the manufacturer’s site planning recommendations.

c) THESE EMMITER ASSEMBLIES ARE NOT STAND-ALONE DEVICES. They are intended for
use only as part of germicidal systems. Consult the safety instructions of the germicidal system to
confirm compatibility.

d) IT IS THE RESPONSIBILITY OF THE INSTALLER TO ENSURE THAT PERSONS WILL NOT
BE EXPOSED TO EXCESSIVE UV OR OPTICAL RADIATION DURING EQUIPMENT

ODRDEDRDATION  _TLUCOAAALL DALl LI INCOTALLEMD T ARNINNLIAT AN ACCO
VT LLINATTUING. TTTITO VVIRL TNLL\WJUITNLL TTTIL TINO TALLLTIN TU OUUINUUU T AN MUy ESSMENT OF ALL

SITE AND EQUIPMENT SAFEGUARDS TO ENSURE THE SYSTEMOJIS OPERATING IN
ACCORDANCE WITH THE SYSTEM MANUFACTURER'’S INSTRUCTIONS.

e) Equipment should be mounted in locations and at heights where jtwill not reqdily be subjected to
tampering by unauthorized personnel.

f) Maintenance and servicing of this UV generating equipment shall be perfgrmed by authorized
personnel. Service personnel must wear appropriate ‘Personal Protective| Equipment (PPE).
Contact the equipment manufacturer and local jurisdictions for PPE regommendations and
guidance.

g) When replacing lamps or UV sources, replace:them only with the lamps or spurces for which the
equipment is marked and intended.

Note: Item (g) applies only to equipment with user-feplaceable lamps.

h) The use of accessory equipmentnot recommended by the manufacturer may cause an unsafe
condition.

i) Do not use this equipment for other than intended use.

j) Contact information for the installer’'s use and reference that includes at |east the germicidal
system manufacturer's name, address, and either a telephone number or websjte address.

SAVE THESE INSTRUCTIONS

16.1 | Thevinstruction manual shall include instructions for installation, operation, majntenance, and PPE
for qualified-service—persennel-as—recommended-by—the—manufacturer—The—nstruetfons shall state that

installation and servicing should be performed by qualified service personnel.

16.2

The instruction manual for equipment with sunlamp products, lasers or high-intensity mercury vapor

discharge lamps shall contain the manufacturer’s declaration of conformity to the applicable provisions of
applicable US Federal requirements, including CFR 21, Parts 1000 through 1004, and section 1005.25.

16.3

16.4

All emitters shall be marked in accordance with Table 16.1, items (1) — (4).

The compartment or area that contains a replaceable UV source shall be marked in accordance

with Table 16.1, items (5) and (6). The marking shall be located on the external surface of the equipment
where readily visible during any approach to the compartment or area. This item may optionally include
item (8).


https://ulnorm.com/api/?name=UL 8802 2023.pdf

22 ANSI/CAN/UL 8802 NOVEMBER 16, 2023

16.5 For equipment that uses replaceable UV sources (e.g., UV generating lamps), the lamp
replacement marking in Table 16.1, item (7) shall be provided. If there is more than one permitted lamp,
this marking may be provided as a table or list.

16.6 The lamp replacement marking shall include at least the manufacturer and model or catalog
number of the UV lamp. Alternatively for lamps that have ANSI designations with defined electrical and
spectral operating parameters, the ANSI designation complies with this requirement.

NOTE: The lamp replacement marking shall include at least the manufacturer and model or catalog number of the UV lamp. For
lamps that have ANSI designations with defined electrical and spectral operating parameters, their ANSI designation complies with
the requirement. ANSI designations for some low-pressure UV sources are defined in ANSI C78.81 and ANSI C78.901.

Table 16.1
Additional Markings

Item Marking Text Format?® Reference
1 CAUTION — RISK OF PERSONAL INJURY Verbatim S24- 1 16.3, 16.4
2 THIS EQUIPMENT IS DESIGNED FOR USE WITH GERMICIDAL Verbatim S24- 1 16.3

LAMPS OR UV SOURCES. STRICT ADHERENCE TO THE

INSTALLATION DIRECTIONS IS NECESSARY TO PREVENT

OCCUPANT EYE AND SKIN EXPOSURE TO HARMFUL

RADIATION

DO NOT INSTALL THIS EQUIPMENT IN A DWELLING Verbatim S24- 2 16.3
4 THESE EMITTER ASSEMBLIES ARE NOT STAND-ALONE Verbatim S24-| 2 16.3

DEVICES. Consult safety instructions of the germicidal.system to

confirm compatibility.
5 Reserved for future use
6 EYE INJURY MAY RESULT FROM EXPOSURE TO THE UV Verbatim S16-L1 16.4

SOURCE IN THIS EQUIPMENT. ALWAYS TURN OFF POWER

BEFORE SERVICING.
7 USE ONLY LAMPS S16-L1 16.5
8 (UV symbol in a triangle) Symbol from L1 16.4

IEC 60417-6040
9 Risk Group ClassificationProduct and Packaging Markings S24-1L1, 16.8
S24-14

2 Refer|to Annex C, Size And’Location Designations For Markings for the definitions of the size and location|designations.

16.7 TJo assist UV germicidal equipment and systems designers, and installers with|their site planning,
the insfruction manual shall provide graphical plots of the equipment’s UV irradiance profile.

16.8 With regard to 13.8, all emitters shall be provided with all the applicable markings in 16.9 and 16.10,
unless their emitters are classified as Risk Group 0 (Exempt) for actinic and near UV hazards. Emitters
with higher classifications shall be provided with product and packaging markings that correspond to their
risk group, as follows:

a) Product markings — Format S24-L1, layout in accordance with 16.9, provided on the product.

b) Packaging markings — Format S24-L4 and S24-L5, layout in accordance with 16.9, provided on
the product's outer packaging where visible to the user prior to opening, and on any instruction
sheet packed with the product.

16.9 The product and packaging markings in 16.8 shall be presented in bold block print within a black-
bordered two-section box on a yellow background, as follows:

a) The risk group classification in the upper box; and
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b) The required labeling, information and guidance text in the lower box.

See Figure 16.1 for graphical examples of the required verbiage and format.

Figure 16.1
Product and Packaging Markings by Risk Group Classification

Product Markings

RISK GROUP 1 RISK GROUP 2 RISK"GROUP 3

NOTICE - UV EMITTED FROM THIS PRODUCT CAUTION - UV EMITTED FROM THIS PRODUCT WARNING - UMEMIFTED FROIM THIS PRODUCT

Packaging Markings

RISK GROUP 1 RISK GROUP 2 RISK GROUP3
NOTICE - UV EMITTED FROM THIS PRODUCT. CAUTION - UV EMITTED FROM THIS PRODUCT. WARNING - UV EMITTED FRONI THIS PRODUCT.
MINIMIZE EXPOSURE TO EYES AND SKIN. USE EYE OR SKIN IRRITATION MAY RESULT FROM AVOID EYE AND SKIN EXPOSURE TO
APPROPRIATE SHIELDING. EXPOSURE. USE APPROPRIATE\SHIELDING. UNSHIELDED PROPUCT.

su4231

©IEC. This material is reproduced from |[EC/TR 62471-2 Ed. 1.0 en:2009 with permission of the Ameiflican National Standards
Institute| (ANSI) on behalf of the International Standardization Organization. All rights reserved.

16.10 | When required(by 14.1, the instruction manual shall provide instructions to alert the responsible
partieg to verify safe 6zéne concentrations in the installation, taking into account the niimber of products in
a given volume of‘'space, the characteristics of the ventilation system, access, and other factors.

PART|3 - GERMICIDAL SYSTEMS

17 General

17.1 System components that are not otherwise specified in Section 18, Safeguards, shall comply with
one of the applicable safety standards in 1.7 in addition to the requirements in Part 3 of this Standard.

17.2 All system components shall either be provided by the system manufacturer, or clearly specified in
the installation instructions as a component that the installer is required to source separately. See 21.3(b).

17.3 All emitters in a germicidal system shall comply with the requirements of either Part 1 or Part 2 of
this Standard.
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18 Safeguards

18.1 UV germicidal systems shall incorporate at least two independent electrical or mechanical
safeguards (i.e., primary and secondary) to reduce the overexposure risk if the system is inadvertently or
intentionally operating while the treated space is occupied. This may be accomplished with any
combination of site and equipment safeguards. Safeguards shall be installed near or within the treated
space to reduce the likelihood of occupancy immediately before or during emitter operation. Examples of

such safeguards include:

NOTE 1
requiren

NOTE 2]
more thg

18.2
not dig
Compli

NOTE: §

18.3
where
using d

a) Access controls that require the use of a key, an access code or the like, so that unauthorized

persons are unlikely to be able to engage the system;

) ENTy point IMtEMock SWITThES of Sensors that diSengage emitters f someong

treated space;

c) A sensor or detector network within the treated space that prevents emitter|
any occupancy is detected;

d) Arming switches located within the treated space, requiring an’instructed o
space and verify vacancy before engaging the system; and

NOTE: For arming switches that are not mechanically keyed (i.e., an employee access badge and
only permit emitter engagement by the same person that cleared the‘toom to arm the system.

e) Controls with a defined order of operation intended to prevent overexposu
operator if they operate the controls out of sequence.

Signage, product markings and operating instructions are not to be considered for the purpos
ent.

Primary and secondary safeguards are required for each scenario. Depending on system design ar|
n two safeguards may be required to address all scenarios for the germicidal system.

Safeguards shall operate  independently of one another. The failure of any sin
able or degrade the remaining safeguards, unless the fault also results in
ance is determined:by~application of the requirements in Section 19, Safeguard

afeguard failures include those caused by occupants or instructed operator error or misuse.

When arsafeguard is mounted in the treated space, or is accessible to an end
t is mounted, any adjustments, intentional or otherwise, that can be accompli
rdinary tools (e.g., blocking or painting over a sensor, disconnecting a wire or ¢

either:

tries to access the

5 from energizing if

berator to enter the

reader) the system shall

re of the instructed

b of complying with this

d operating instructions,

gle safeguard shall
a safe shutdown.
Assessment.

-user regardless of
shed by hand or by
bnnector, etc.) shall

a) Not affect the operation of the remaining safeguards;
b) Prevent system engagement and operation until repairs can be made; or

¢) Result in a safe shutdown.

18.4 Safeguards are considered integral components of a germicidal system and shall be selected and
used in line with their ratings, markings and intended use. Safeguards shall comply with applicable safety
standards as components of the system, in accordance with Section 2, Components.

18.5 System components that comply with one of the following standards are considered to comply with
18.4 when they are used in accordance with their ratings, markings and intended use:

a) In Canada:
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1) ULC 60839-11-1;

2) CSA C22.2 No. 14;
3) ULC-S306;

4) CSA C22.2 No. 205;
5) CSA E60730-1;

6) CSA C22.2 No. 60947-1, including the Part standards that corresponds to the system

component;

7) CSA C22.2 No. 61058-1, including the Part standards that corresp
component; or

8) CSA-E61496-1, including the Part standards that corresponds 0 the

b) In the United States:

1) UL 294;

2) UL 508;

3) UL 639;

4) UL 916;

5) UL 60730-1;

6) UL 60947-1, including the Part standards that corresponds to the sys
7) UL 61058-1, including:the Part standards that corresponds to the sys

8) UL 61496-1, including the Part standards that corresponds to the sys

Examples of such components include switches, relays, sensors, controls, electrically

and er

18.6
In add
specifi

hergency stop deviges.

A relay shallhave appropriate ratings (i.e., voltage, current, or watts) applicabls
tion, a relay that operates (make or break) non-isolated circuits shall be rated based on load type as
ed below:

onds to the system

system component.

em component;
em component; or

em component.

operated door locks

e for the application.

aM ED array loads are evaluated as resistive loads.

18.7

b) AC transformer (magnetic) loads are evaluated as general purpose loads. Relays with this rating
can also be used with LED array loads.

c) Electronic (switch mode) transformers, LED drivers, fluorescent ballasts, and LED light engines
are evaluated as tungsten lamp loads with endurance testing in accordance with CSA-C22.2 No.
14/UL 508, requirements for electronic fluorescent ballasts. Relays with this rating can also be
used with LED array and AC transformer (magnetic) loads.

If safeguards depend upon on the operation of a wireless communications network (i.e., Bluetooth,

etc.), then this network and its related components shall be additionally evaluated as a safety-related
electronic circuit (SREC) in accordance with Annex B, Safety-Related Electronic Circuit (SREC)
Requirements.
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18.8

If motion detection is used as a safeguard, then:

a)The motion detection control (i.e., motion detectors and all associated circuitry) is considered a
critical control function, and shall be additionally evaluated as a safety-related electronic circuit
(SREC) in accordance with Annex B, Safety-Related Electronic Circuit (SREC) Requirements; and

b) The minimum detection range of this control or system shall cover the entirety of the treated
space within the equipment’s exempt perimeter. This coverage shall be determined using the test

procedure in Annex D, Motion Detectors — Determination of Coverage Area.

19 Safeguard Assessment

19.1
evalua
may b

represgntative system, or any combination thereof.

19.2
in the 4
excess

the remaining safeguards unless the failure:

19.3
configy
comple
selectg

he germicidal system, with all necessary electrical and mechanical componen
ed to assess each site or equipment safeguard intended to comply with(18:2
b performed as an engineering review (e.g., fault tree analysis), a series of

mitters shutting down before a person occupying or entering\the treated space
ive UV or optical energy. In addition, no instance of safeguard failure shall affs

a) Prevents system engagement and operation untibrepairs can be made; or

b) Results in a safe shutdown.

-or this assessment the germicidal system shall be configured in the mos
ration permitted by the system’s installation and operating instructions.
xity of the system, this may require'selecting and assessing more than one con
d configuration, the following fajldre modes shall be considered:

a) Electrical faults that simulate the possible adverse operating states for t

etc.);

b) Mechanical faults (e.g., connector disengaged or improperly engaged, p
sensor, switch or'control stuck in position, relay or contactor stuck open or close

c) Instrueted operator or occupant errors or misuse that can be accomplished !
ordinary-tools (e.g., defeating the access-control feature on a control, blg
disabling a sensor, etc.); and

s in place, shall be
?. This assessment
actual faults on a

he assessment is considered acceptable if any single safeguardiailure under any scenario results

can be exposed to
pct the operation of

t disadvantageous
Depending on the
figuration. For each

ne safeguard (e.g.,

always open, always cldsed, not responsive to signals, electronic component open or shorted fault,

hysically damaged
d, etc.);

by hand or by using
cking or otherwise

d) Incorrect order of operations (e.g., activating a series of controls in any
permitted by the physical construction of the system).

incorrect sequence

19.4 With regard to 19.3(a), internal electrical faults are not required on controls that comply with one of
the following:

a) Type 2 protective controls or Type 2 operating controls that comply with CSA E60730-1 or UL

60730-1, and the Part 2 standard applicable to the component;

b) Safety controls that comply with CSA C22.2 No. 205 or UL 916 or

c) Controls with an access control endurance rating of IV that comply with ULC 60839-11-1 or UL

294,
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19.5

19.6

20 Spafety Instructions

20.1
prece(

20.2
in add

20.3

d) Switches, contactors or industrial control relays that comply with their ap

plicable standard in

18.5 with a minimum 100,000 cycle endurance rating for their intended load in the germicidal

system; or

e) Type 4 electro-sensitive protective equipment (ESPE) that comply with CSA E61496-1 or UL

61496-1.

19.4 does not apply to any other system components that may be electrically or mechanically
connected to these devices, which are subject to the electrical faults in 19.3(a).

Each safeguard failure shall be simulated under each of the following operating

scenarios, in turn:

a) Scenario No. 1 — The Instructed operator engages the germicidal system, a
faulted, then someone attempts to access the treated space.

b) Scenario No. 2 — A single safeguard is faulted, the instructed operator eng
system, then a person attempts to access the treated space.

c) Scenario No. 3 — The instructed operator engages the _germicidal systen
person is occupying the treated space.

NOTE 1: Scenario Nos. 1 and 2 shall consider all possible entry options as well as entry
initialization cycle (e.g.: during arming, clearing the space, and“emitter initialization). Also, whe
access points, consider that a person other than the instfucted operator may enter the sp
armed/cleared but before dosing begins.

NOTE 2: Scenario No. 3 is not required for germicidal_systems that cannot be engaged without th

entering the treated space and operating one or mare safeguards (e.g., controls) to arm the systen
of the area.

The safety instructions shall-be a permanent part of the manual but sepa
ing all other instructions (such as installation, operation, and maintenance instry

tion to the important safeguards listed in 20.5.

The height,ofiettering in the text and illustrations of the safety instructions shall

a) JThe’ phrases "IMPORTANT SAFEGUARDS", "READ AND FOLLC
INSTRUCTIONS", and "SAVE THESE INSTRUCTIONS" shall be in letters n
(816 inch) in height.

single safeguard is

ages the germicidal

h while a stationary

uring any phase of the
h there are two or more
hce after the system is

e instructed operator first
h during visual inspection

ated in format and
ctions).

The safety instructions shall include instructions or illustrations to identify impofntant safety features,

be as follows:

DW ALL SAFETY
bt less than 4.8 mm

b) Other upper-case letters shall not be less than 2.1 mm (1/12 inch) in height.

c) Lower-case letters shall not be less than 1.6 mm (1/16 inch) in height.

20.4 The items may be numbered. The phrases "READ AND FOLLOW ALL SAFETY INSTRUCTIONS"
and "SAVE THESE INSTRUCTIONS" shall be first and last, respectively, in a list of items. Other important
safeguard items considered appropriate by the manufacturer are to be inserted in between these phrases.

20.5 For all equipment, the safety instructions shall include the following safeguards verbatim or in
equally definitive terminology. If a specific safeguard does not apply to a particular type of equipment, the
safeguard may be modified or deleted as appropriate.

IMPORTANT SAFEGUARDS
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When using electrical equipment, basic safety precautions should always be followed including the
following:

READ AND FOLLOW ALL SAFETY INSTRUCTIONS

a) THIS EQUIPMENT IS DESIGNED FOR USE WITH GERMICIDAL LAMPS OR UV SOURCES.
STRICT ADHERENCE TO THE INSTALLATION DIRECTIONS IS NECESSARY TO PREVENT

OCCUPANT EYE AND SKIN EXPOSURE TO HARMFUL RADIATION.

b) This equipment is designed for use with germicidal UV radiation sources and

must be installed in

compliance with competent technical directions to prevent risk of personal injury from UV radiation.

bare skin. To reduce the r|sk of overexposure thls equment must be installed

other objects or surfaces, and protection from line-of-sight exposure to UV r
spaces located above the equipment mounting area (e.g., accessible upper fld
staircases, etc.).

d) Follow the manufacturer’s recommendations for selecting appropriate ceiling

e) IT IS THE RESPONSIBILITY OF THE INSTALLER TO ENSURE THAT PE
BE EXPOSED TO EXCESSIVE UV OR ORTICAL RADIATION DUR
OPERATION. THIS WILL REQUIRE THE INSTALLER TO CONDUCT AN ASS
SITE AND EQUIPMENT SAFEGUARDS_TO ENSURE THE SYSTEM I§
ACCORDANCE WITH THE SYSTEM MANUFACTURER’'S INSTRUCTIONS
ASSESSMENT OF IRRADIANCE LEVELS IN THE SURROUNDING OCCUPIH

f) Equipment should be mounted inlocations and at heights where it will not rea
tampering by unauthorized persénnel.

g) Maintenance and servicing of this UV generating equipment shall be perfo
personnel. Service personnel must wear appropriate Personal Protective
Contact the equipment manufacturer and local jurisdictions for PPE recq
guidance.

h) When replacing lamps or UV sources, replace them only with the lamps or sg
equipmenbis-marked and intended.

NOTE:ltem (h) applies only to equipment with user-replaceable lamps.

the manufacturer’s site planning recommendations, including instructions(©on'thg
each germicidal system component, the minimum distances between, UV-geng

i injury to eyes and

in accordance with
relative location of
rating devices and
diation in occupied
por balconies, open

and wall finishes.

RSONS WILL NOT
ING EQUIPMENT
ESSMENT OF ALL
b OPERATING IN
b, INCLUDING AN
D SPACES.

dily be subjected to

'med by authorized
Equipment (PPE).
mmendations and

urces for which the

i)\Ihe use of accessory equipment not recommended by the manufacturer may cause an unsafe

condition.

j) Do not use this equipment for other than intended use.

SAVE THESE INSTRUCTIONS

21 Additional Markings and Instructions

21.1

The instruction manual shall include instructions for system installation, operation, maintenance,
and PPE for qualified service personnel as recommended by the manufacturer. The instructions shall state
that installation and servicing should be performed by qualified service personnel.
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21.2 The instruction manual for equipment with sunlamp products, lasers or high-intensity mercury vapor
discharge lamps shall contain the manufacturer’s declaration of conformity to the applicable provisions of
applicable US Federal requirements, including CFR 21, Parts 1000 through 1004, and section 1005.25.

21.3 The installation and operating instructions shall include at least the following items:

a) A complete parts list of all required system components, which may also include photographs or

line drawings of all system components and controls;

b) All required components that are not provided by the system manufacturer shall be specified by
manufacturer and catalog number. Alternatively, they can be specified parametrically (e.g., by

electrical and mechanical parameters) only if the parametric description was

taken into account

214

215

with Table 21.1, items (4)7and (5). The marking shall be located on the external surfa

where
item (4

21.6
replac
this m

adring the sateguara assessment Or thie component,

Note: A parametric description that permits the use of components that would not comply with, the
Section 19, Safeguard Assessment, does not comply with this requirement.

c) A wiring schematic of the germicidal system illustrating the carrect electric
components;

d) A graphical representation of the configuration of the, treated space for W
system is intended, which includes the relative locations of all permitted access
(e.g., entryways and doors);

e) A graphical representation of the relative locations of all safeguards to p
operate as intended;

f) Instructions on the correct commissioning and operation of the germicidal syg

g) Contact information for the installer’'s use and reference that includes at
system manufacturer’s name, address, and either a telephone number or webs

All emitters shall be markedn-accordance with Table 21.1, items (1) — (3).

The compartment or_area that contains a replaceable UV source shall be ma3

readily visible during any approach to the compartment or area. This item ma3

).

For equipment that uses replaceable emission sources (e.g., UV generatin
ement.marking in Table 21.1, item (6) shall be provided. If there is more than
brking may be provided as a table or list,

bafeguard Assessment in

bl connections of all

hich the germicidal
points and features

ermit the system to

tem; and

east the germicidal
te address.

rked in accordance
ce of the equipment
y optionally include

g lamps), the lamp
bne permitted lamp,

NOTE: The lamp replacement marking shall include at least the manufacturer and model or catalog number of the UV lamp. For
lamps that have ANSI designations with defined electrical and spectral operating parameters, their ANSI designation complies with
the requirement. ANSI designations for some low-pressure UV sources are defined in ANSI C78.81 and ANSI C78.901.
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Table 21.1
Additional Markings for Germicidal Systems
Item Marking Text Format® Reference
1 CAUTION - RISK OF PERSONAL INJURY Verbatim S24-11 214,215
2 THIS EQUIPMENT IS DESIGNED FOR USE WITH GERMICIDAL Verbatim S24-L1 21.4
LAMPS OR UV SOURCES AND MUST BE INSTALLED IN
COMPLIANCE WITH COMPETENT TECHNICAL DIRECTIONS
TO PREVENT THE USER'S EYE AND BARE SKIN FROM
EXPOSURE TO HARMFUL UV OR OPTICAL RADIATION
DO NOT INSTALL THIS EQUIPMENT IN A DWELLING Verbatim S24-1.2 21.4
4 Reserved for future use
5 EYE INJURY MAY RESULT FROM EXPOSURE TO THE UV Verbatim S16.1 21.5
SOURCE IN THIS EQUIPMENT. ALWAYS TURN OFF POWER
BEFORE SERVICING.
6 USE ONLY LAMPS S16-L.1 21.6
7 (UV symbol in a triangle) Symbol from L1 215
IEC 60417:6040
@ Refer|to Annex C, Size And Location Designations For Markings for the definitions of'the size and location|designations
21.7 The instruction manual shall include detailed information for properly locating the components of a
system in a given space. This information shall include as/applicable, drawings depicting examples of
correct installations, as well as examples of unacceptable installations that may pose a risk of UV
overexposure (e.g., installation at inappropriate heights,locations or orientations, open sightlines between
the radjation source and exposed upper floors, stairs,or walkways, etc.).

22 Warning Labels

points of access to
wing or equivalent
DAL SYSTEM IS
'HIS ROOM WHEN

high and printed on

22.1 The manufacturer shall provide,labels that are intended to be affixed adjacent t
the trepted area. They shall be marked with the word “WARNING”, and the follg
statement, “RISK OF PERSONAL INJURY. AN ULTRAVIOLET (UV) GERMIC
INSTALLED IN THIS AREA. TO-PREVENT UV OVEREXPOSURE, DO NOT ENTER 1
THE SYSTEM IS IN OPERATION.”

22.2 The markings specified in 22.1 shall be in letters not less than 6.4 mm (1/4 inch)
a contrpsting background.

PART 4 — UV-GERMICIDAL RETROFIT KITS

23 General

23.1 UV germicidal retrofit kits shall comply with construction, performance and marking requirements of
the standards specified below unless specifically superseded by a requirement in this standard:

a) UL 1598C; and
b) CSA C22.2 No. 250.1.

23.2 UV germicidal retrofit kits shall be designed only for conversion of luminaires that are permanently
mounted (fixed location), such that the complete equipment cannot be unmounted or relocated without the
use of tools.

23.3 The UV emission source shall be designed so that it cannot be unmounted or disassembled without
the use of tools.
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23.4 The UV emission source shall be provided integral to the retrofit kit and it shall not be user-
replaceable. A UV source that is mounted on or secured to lampholders and that can be removed using
ordinary tools or by hand is considered user-replaceable and not in compliance with this clause.

24 Photobiological Assessment

241 The device shall be subjected to a photobiological assessment for actinic and near UV hazards
from 200 nm through 400 nm in accordance with the requirements in CSA C22.2 No. 62471 (in Canada) or
IEC 62471 (in the United States). This assessment shall be used to determine the risk group of the device
for these hazards.

24 .2 tho nhnfnhlr\lnnlr\gl assessment—in—244-m
condu
This a

At _the manufacturer’'s rnqllncf

Cted in accordance with IES RP-27.1 for actinic and near UV hazards from 200
ssessment shall be used to determine the risk group of the device for these haz3

ay alternatively be
nm through 400 nm.
rds.

24.3

during
source
(SRE(

aneously energized
or timing of the UV
bd electronic circuit
ements.

If the equipment employs multiple UV sources, all sources must bé simult
the measurement in 24.1 unless an integral control regulatescthe selection
s. Such an integral control shall be additionally evaluated as a safety-relat
) in accordance with Annex B, Safety-Related Electronic Cireuit (SREC) Requir

24.4 the detector field of

view ¢

TThe measurement instrument shall have a sensor-with an aperture limiting
bne in accordance with IEC 62471-6 or IES RP-27 Ayas applicable.

24.5
200 m

24.6
its cor

installation and adjustment permitted bi.its construction, with any removable guards of

24.7
achiev
remov
panel
Openi
shall b

24.8
bypas
asses

This assessment shall be conducted using a<measurement distance from the
m (8 inches) in the direction likely to producedhe most severe test result.

The equipment shall be oriented and-0perated to produce the most severe tes
struction and installation instructioens. The assessment shall be conducted u

Any panels or diffusers thatmust remain in place during the photobiological as
e acceptable test results” shall be secured at the factory in such a manne
pble from the room.side using ordinary tools or by hand. If secured by snap-fit o
br diffuser shall remain in place during the Snap-In Or Tab-Mounted Parts Pull 1
ng in CSA No.1250.0 or UL 1598. Panels or diffusers that do not comply with
e removed for this assessment.

Controls“intended to interrupt equipment operation (e.g., motion sensors, fi
sed \of disabled so that the equipment will operate continuously during
bment.

radiation source of

[ result permitted by
s5ing the worst-case
panels removed.

sessment in order to
r that they are not
I interference fit, the
lest Without Conduit
these requirements

mers, etc.) shall be
the photobiological

24.9 When compliance with the photobiological assessment relies on timing circuits that operate the UV
source on a continuous duty cycle, or circuits that vary the drive current or power to the emission source
over time, the control shall be additionally evaluated as a safety-related electronic circuit (SREC) in
accordance with Annex B, Safety-Related Electronic Circuit (SREC) Requirements.

2410 The results of this assessment are considered acceptable if the equipment achieves a level of
Risk Group 0 (Exempt) for weighted actinic and near UV hazards at the 200 mm (8 inches) measurement
distance defined in 24.5. Equipment classified as Risk Group 1, 2, or 3 are not permitted.
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25 Ozone

25.1 Devices that emit ultraviolet radiation at wavelengths less than 250 nm shall be provided with
instructions indicating the need to take precautions to ensure that the concentration of ozone is limited to a
safe value; see 26.3.

26 Additional Markings and Instructions
26.1 The installation instructions shall include the markings in Table 26.1, items (1) — (2).

26.2 The product marking in Table 26.1, item (3) shall appear on the retrofit kit where visible to users

H 4 4o L\L
attemp gt accesstheUv-sotrce:

Table 26.1
Additional Markings for UV Germicidal Retrofit-Kits

Item Marking Text Forma}® Reference
1 DO NOT INSTALL THIS EQUIPMENT IN A DWELLING Verbatim S24-Lp 26.1
2 CAUTION - RISK OF PERSONAL INJURY. DO NOT USE THIS Verbatim S24-Lp 26.1
RETROFIT KIT TO CONVERT PORTABLE OR HAND-HELD
LUMINAIRES.
3 DO NOT DISASSEMBLE. DO NOT OPERATE IF DAMAGED. Verbatim S24-L|t 26.2
THIS EQUIPMENT PRODUCES UV ENERGY AND IS NOT,
USER-SERVICEABLE. REFER ALL SERVICING TO QUALIFIED
SERVICE PERSON ONLY

2 Referfto Annex C, Size And Location Designations For Markings for the definitions of the size and location|designations

26.3 When required by 25.1, the instruction manual shall provide instructions to alert the responsible
parties|to verify safe ozone concentrations in the installation, taking into account the nymber of products in
a giver| volume of space, the charaCteristics of the ventilation system, access, and othefr factors.

PART 5 — CONTAINED UV:GERMICIDAL EQUIPMENT
27 General

27.1 ContaineddJV germicidal equipment shall comply with one of the applicable safety standards in 1.7
in addition to the‘requirements in Part 5 of this standard.

27.2 Devices that use low-pressure discharge lamps shall comply with the requirements applicable to
fluorescent luminaires.

27.3 Devices with UV sources that are not intended to be serviced by the user shall be designed so that
they cannot be accessed without the use of tools, and shall be marked in accordance with 32.6.

27.4 Performing a user maintenance operation while the equipment is energized (e.g.: replacing a user-
replaceable light source, UV source or air filter) shall not expose the user to excessive UV as determined
by compliance with the Photobiological Assessment; see 28.6. If an interlock is used to prevent UV
overexposure during user maintenance, then:

a) The interlock shall disconnect power from the UV source before the user can be exposed to UV
energy in excess of Risk Group 0 (Exempt) limits;

b) The interlock shall comply with the requirements in Annex E.
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27.5 Equipment that incorporate electric motors or filters shall comply with the following referenced
sections of UL 867:

28 P

28.1

install¢d, tested and operated in accordance with the manufacturer’s instructions and

this St

28.2
asses

requirgments in CSA C22.2 No. 62471 (in Canada) or IEC 62471 (in’the United State

shall b

28.3
condu
This a

28.4
cone i

28.5
inchesg

28.6

severg
remoy|
the us

28.7
disabilq
specifi

a) Motors and Motor Overcurrent Protection
b) Rotating Parts
c¢) Enclosures and Guards

d) Filters

hotobiological Assessment

Equipment shall not pose a risk of personal injury to persons due to WUV

Andard.

In order to determine compliance with 28.1, the device shall be-subjected
tment for actinic and near UV hazards from 200 nm through 400 nm in &

e used to determine the risk group of the device for these hiazards.

At the manufacturer’s request, the photobiologi¢cal’ assessment in 28.2 n
cted in accordance with IES RP-27.1 for actinic and near UV hazards from 200
ssessment shall be used to determine the risk'group of the device for these hazg

h accordance with IEC 62471-6 or IES>RP-27.1, as applicable.

The measurement distance from/’the equipment to the measuring instrument
) from the point on the equipment likely to produce the most severe test result.

With regard to 28.5, the equipment shall be set up, oriented and operated so as
test result permitted by its construction and operating instructions. This inclu
ng any covers, lenses, filter elements or accessories that can be adjusted, rem

el

Controlstintended to interrupt equipment operation (e.g., motion sensors, etc.) §
bd sothat the equipment will operate continuously during the photobiological ass
ed\in.28.8.

bverexposure when
the requirements of

0 a photobiological
ccordance with the
5). This assessment

ay alternatively be
nm through 400 nm.
rds.

The measurement instrument shall have a-'sensor with an aperture limiting the getector field of view

shall be 200 mm (8

to produce the most
des repositioning or
oved or serviced by

hall be bypassed or
tessment, except as

28.8 When compliance with the photobiological assessment relies on controls or timing circuits to
continuously operate the UV source on a duty cycle, or to vary the drive current or power to the emitter
over time, then the control shall be additionally evaluated as a safety-related electronic circuit (SREC) in
accordance with Annex B, Safety-Related Electronic Circuit (SREC) Requirements.

28.9 The result of this assessment is considered acceptable if the equipment achieves a level of Risk
Group 0 (Exempt) for actinic and near UV hazards. Equipment classified as Risk Group 1, 2 or 3 are not
permitted.

29 O

29.1

zone

Portable equipment evaluated per 1.7(c) that emit ultraviolet radiation at wavelengths less than 250
nm shall comply with the Ozone Test in CSA C22.2 No. 187 / UL 867.
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29.2 Equipment evaluated per 1.7(a), or 1.7(b) that emit ultraviolet radiation at wavelengths less than
250 nm shall either:

a) Be provided with instructions indicating the need to take precautions to ensure that the
concentration of ozone is limited to a safe value, and that the equipment shall not be used in
dwellings; see 32.5; or

b) Comply with the Ozone Test in CSA C22.2 No. 187 / UL 867.

NOTE — Equipment with an ozone monitoring circuit or an interlock mechanism to control ozone production are not addressed by this
document, and may require a separate evaluation.

30 Stabitity

30.1 When conducting the Stability Test in UL 153, the test is to be conductéed)tnder conditions most
likely tp cause the equipment to overturn. In addition to the test conditions lin UL| 153, the following
conditipns shall be included if they result in less stability:

a) The position of all doors, drawers, casters, and other movable or adjustable parts, including that
of a supply cord, if any, resting on the surface supporting the.equipment;

b) Connection of or omission of any attachment made” available by or reqommended by the
manufacturer; and

c) Direction in which the equipment is tipped.
31 Safety Instructions

31.1 The safety instructions shall be a;permanent part of the manual but separated in format and
precedjng all other instructions (such as.installation, operation, and maintenance instrugtions).

31.2 The safety instructions shall(include instructions or illustrations to identify imporfant safety features,
in addition to the important safeguards listed in 31.5.

31.3 The height of lettering'in the text and illustrations of the safety instructions shall be as follows:

a) The phrases "IMPORTANT SAFEGUARDS", "READ AND FOLLOQW ALL SAFETY
INSTRUGCTIONS", and "SAVE THESE INSTRUCTIONS" shall be in letters nat less than 4.8 mm
(3/16 inch)in height.

b)Other upper-case letters shall not be less than 2.1 mm (1/12 inch) in height.

c) Lower-case letters shall not be less than 1.6 mm (1/16 inch) in height.

31.4 The items may be numbered. The phrases "READ AND FOLLOW ALL SAFETY INSTRUCTIONS"
and "SAVE THESE INSTRUCTIONS" shall be first and last, respectively, in a list of items. Other important
safeguard items considered appropriate by the manufacturer are to be inserted in between these phrases.

31.5 For all equipment, the safety instructions shall include the following safeguards verbatim or in
equally definitive terminology. If a specific safeguard does not apply to a particular type of equipment, the
safeguard may be modified or deleted as appropriate.

IMPORTANT SAFEGUARDS

When using electrical equipment, basic safety precautions should always be followed including the
following:
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READ AND FOLLOW ALL SAFETY INSTRUCTIONS

a) This equipment uses an ultraviolet (UV) source and must be used in compliance with its
markings and instructions to prevent the user's eye and bare skin from exposure to harmful UV or
optical radiation. Follow the instructions for correct placement of the equipment and the
precautions for securing the area before initiating equipment operation.

b) DO NOT TAMPER WITH, MODIFY OR DISABLE ANY SAFEGUARD OR OPERATIONAL
FEATURE OF THIS DEVICE. STOP USING THIS DEVICE AND CONTACT THE
MANUFACTURER IF YOU SUSPECT THAT IT IS NOT FUNCTIONING PROPERLY.

c) To reduce the risk of injury, close supervision is necessary when this device is used near

children

32 Additional Markings and Instructions

321

d) When replacing lamps or UV sources, disconnect power and replace. only with the lamps for
which the equipment is marked and intended.

Note: Item (d) applies only to equipment with user-replaceable lamps.

e) The use of accessory equipment not recommended by the manufacturer may cause an unsafe
condition.

f) Do not use this equipment for other than intended use.

SAVE THESE INSTRUCTIONS

The instruction manual shall includeinstructions for operation and maintenange recommended by

the manufacturer. The instructions shall-state that the device does not have any usgr-serviceable parts

(exceq

32.2

32.3
exterid

t lamps and filters) and that all sérvicing should be performed by qualified servige personnel.

The instructions shall include the manufacturer’s declarations for:
a) UV source (lamp)eplacement procedure, for equipment with user replaceabyle sources; and

b) Air filter removal, cleaning and replacement procedure, for equipment with user serviceable
filters.

Equipment shall be permanently and legibly marked with the following prodlict markings on an
r surface that is normally visible, using a minimum letter height of 2.4 mm:

324

—a)_Thisequipment produces potentiatty trazardousUVenergyRefertotheoperating manual for

important safety and operating instructions.”

Permanent marking methods include paint-stenciling, indelible ink or die stamping, etching,

engraving, embossing, molding, casting, or the use of a suitable marking and labeling system compliant
with CSA No. 0.15/ UL 969.

32.5

When required by 29.2(a), the instruction manual shall:

a) Provide instructions to alert the responsible parties to verify safe ozone concentrations in the
installation, taking into account the number of products in a given volume of space, the
characteristics of the ventilation system, access, and other factors; and

b) Include the following instruction verbatim using a minimum letter height of 2.4 mm: “DO NOT
INSTALL THIS EQUIPMENT IN A DWELLING”.
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32.6 Equipment with non-user serviceable UV sources shall be permanently and legibly marked with the
following product markings on an exterior surface that is normally visible, using a minimum letter height of
2.4 mm:

a) “CAUTION — RISK OF PERSONAL INJURY. The UV source is not user-replaceable. Servicing
by qualified personnel only.”
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ANNEX A — SAFETY MARKING TRANSLATIONS

(Normative for Canada and Informative for the U.S.)

This Annex includes the markings required to be translated and suggested French translations. For
Canada, this Annex is a normative (mandatory) part of this Standard. For the US, this Annex is an
informative (non-mandatory) part of the Standard.

Table A.1 Markings
French translations

—EngtisirMarking-Content————1——French-Marking-Content———1—Fext Fprmat Reference
CAUT|ON - RISK OF PERSONAL ATTENTION - RISQUE DE Verbatim Sp4-L1 21.4
INJURY BLESSURE
THIS EQUIPMENT IS DESIGNED FOR CET EQUIPEMENT EST CONGU Verbatim Sp4-L1 214
USE W}ITH GERMICIDAL LAMPS OR UV | POUR ETRE UTILISE AVEC DES
SOURICES AND MUST BE INSTALLED LAMPES GERMICIDES OU DES
IN COMPLIANCE WITH COMPETENT SOURCES UV ET DOIT ETRE
TECHNICAL DIRECTIONS TO PREVENT | INSTALLE CONFORMEMENT AUX
THE USER'S EYE AND BARE SKIN DIRECTIVES TECHNIQUES
FROM EXPOSURE TO HARMFUL UV APPROPRIEES POUR EMPECHER
OR ORTICAL RADIATION LEXPOSITION DES YEUX ET DE

LA PEAU NUE DE L'UTILISATEUR A
DES RAYONS UV OU DES
RAYONNEMENTS OPTIQUES
DO NQT INSTALL THIS EQUIPMENT IN N’INSTALLEZ PAS CET Verbatim Sp4-L2 214
A DWELLING EQUIPEMENT DANS'UNE
HABITATION
CAUT|ON - RISK OF PERSONAL ATTENTION«=RISQUE DE Verbatim Sp4-L1 215
INJURY BLESSURE
EYE INJURY MAY RESULT FROM LA LUMIERE PRODUITE PAR LA Verbatim S[16-L1 215
DIREQTLY VIEWING THE LIGHT LAMPE DE CET EQUIPEMENT
PRODUCED BY THE LAMP IN THIS PEUT PROVOQUER DES LESIONS
EQUIRMENT. ALWAYS TURN OFF LAMP, | OCULAIRES. TOUJOURS
BEFORE SERVICING. ETEINDRE LA LAMPE AVANT
LENTRETIEN.
USE gQNLY LAMPS UTILISEZ UNIQUEMENT S(6-L1 21.6
LAMPES
CAUT|ON - RISK OF PERSONAL ATTENTION - RISQUE DE 221
INJURY. AN ULTRAVIOLET (4V) BLESSURE CORPORELLE. UN
GERM|ICIDAL SYSTEM ISNSTALLED IN | SYSTEME GERMICIDE
THIS AREA. TO PREVENT UV ULTRAVIOLET (UV) EST INSTALLE
OVEREXPOSURE,DO NOT ENTER DANS CETTE ZONE. POUR EVITER
THIS ROOM WHEN THE SYSTEM IS IN LA SUREXPOSITION AUX UV,
OPERATION; N'ENTREZ PAS DANS CETTE
PIECE LORSQUE LE SYSTEME
EST EN FONCTIONNEMENT.
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ANNEX B (Normative) — SAFETY-RELATED ELECTRONIC CIRCUIT (SREC) REQUIREMENTS

B1 Scope

B1.1 These requirements apply to safety-related electronic circuits.

B1.2 These requirements are not intended to serve as the sole basis for evaluating risk. End-product

require
B2 G
B2.1

B2.2

networ|
device
and thg
control

ments may amend or supersede these requirements, as appropriate.
lossary

The following definitions apply to terms used within this annex:

CRITICAL CONTROL FUNCTION — A function performed by a discrete compon
k whose primary purpose is normal operation of the product, but whosefailu
to exceed the electrical, thermal or exposure limits for normal operationh,as defi

additional safety standards that apply to the product; see 1.7. An example wou
5 the on-state or maintains the duty cycle of a UV source, where ‘a circuit fault ¢

ent or a component
re could cause the
ned in this standard
d be a function that
huses the source to

unexpégctedly energize or to emit higher doses of UV that is permissible,

B2.3 [CRITICAL FAILURE (MODE) — A software or hardware, fault which can result in f risk.

B2.4 PRODUCT - The device into which the safety-related€lectronic circuit is integrgted.

B2.5 PROGRAMMABLE COMPONENT — Any micreelectronic hardware that can be|programmed in the
design|center, the factory, or in the field. For the.purpose of this standard, the term| “programmable” is
considered any manner in which one can alter the'software wherein the behavior of thg component can be
altered| This includes discrete components;{(€.g., microcontrollers, memory storagd ICs) that store or

execut

B2.6
separa

therma| protectors evaluated to(UL"60730-2-9 and fuses evaluated to the UL 248, serie

B2.7
relied |

b software instructions in response to.thermal or electrical conditions.

PROTECTIVE COMPONENT_—= A discrete component or component netw
fely evaluated to reliably..perform a protective function. Examples of such ¢

PROTECTIVE FUNCTION — A function performed by a discrete component or
pon to reduce risk-during abnormal operating conditions. Examples include fund

a) Limit orsreduce power in response to elevated ambient conditions or @
failures,-analogous to the function of a thermal protector in recessed luminaires;

b) .Disconnect power in response to the opening of a service compartn
analogous to the function of a mechanical interlock switch to prevent contact W

ork that has been
pmponents include
5 of standards.

component network
tions that:

iscrete component

ent access panel,
ith a hot surface or

nign voltage CIrcuit auring maintenance,

c) Limit or reduce available voltage or current at accessible terminals during routine maintenance,

such as at the pins of a lamp or lamp holder during lamp replacement;

d) Maintain electrical outputs within limits defined as non-hazardous during abnormal operation,
such as those defined for Class 2 or low-voltage limited-energy (LVLE) power sources; and

e) Ensure that the output from a UV source is maintained to within permissible limits.

B2.8 RISK — The unacceptable potential for fire, electric shock, or injury to persons as defined by the
product standard of the device being evaluated.

B2.9 SAFETY-RELATED SOFTWARE — Computer programs, procedures, and data resident on the
hardware or remotely interactive with the hardware pertaining to the operation of a programmable
component that provides safety-related elementary functionality as follows:
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a) Exercises direct control over the state of microelectronic or product hardware. When not
performed, performed out of sequence, or performed incorrectly, such programs, procedures, and
data are capable of resulting in a risk.

b) Monitors the state of microelectronic or product hardware. When not performed, performed out
of sequence, or performed incorrectly, such programs, procedures, and data provide data that is
capable of resulting in a risk.

c) Exercises direct control over the state of the microelectronic or product hardware. When not
performed, performed out of sequence, or performed incorrectly, such programs, procedures, and
data are capable of, in conjunction with other human actions, product hardware or environmental
failure, resulting in a risk.

B2.10
contro
progrg
B3 (

B3.1
(SREQ

Excep

B3.2

B3.3

be comducted using.special samples with each of the critical failure modes identifieq

turn, in

SAFETY-RELATED ELECTRONIC CIRCUIT — An electronic circuit that impléments one or more

or protective functions. These circuits may incorporate any combination
mmable, and protective components or semiconductors.

eneral

To ensure an acceptable level of circuit redundancy or supervision, safety-relat

fion: SRECs that comply with B3.2 and B3.3 are exempft.from this requirement.

A design review of the SREC shall be conducted:to determine if all the conditior

a) All critical failure modes that can occur invthe SREC hardware due to any dig
integrated circuit fault can be identified,simulated and applied via a suitable F|
analysis methods (complexity of the cir¢uit); and

b) All critical failure modes that can occur in the SREC due to a software fault
the critical control function or<protective function of the SREC can be ident
applied to determine if the software is relied upon for a critical control function g
to work properly. This assessment does not require an analysis of the softwar
an analysis of all critical.failure modes of the SREC due to software faults (con
and software).

If the design réview in B3.2 indicates that all of the conditions are true, then a
the mannerlikely to result in the most adverse operating condition for each test
a) The:single component faults or simulated software faults (critical failure mod

a-gritical control function or protective function shall not lead to unacceptat
temperatures above permissible limits, voltage, current or power levels above

L) shall be subject to the reliability evaluation in Section B4 ,Reliability Evaluatior).

of active, passive,

bd electronic circuits

s below are true.

screte component or
IMEA or other circuit

or defect that affect
fied, simulated and
r protective function
b itself; rather this is
hplexity of the circuit

| product tests shall
in B3.2 applied, in

es) applied to either
le test results (e.g.
permissible limits at

a Class 2 output etc.) or create a risk during any applicable test specified in the end-product
standard.

b) When the product test is an abnormal condition test, this SREC fault is in addition to the
component faults or abnormal conditions required by the test.

c¢) The product under test is not required to function normally during these tests provided there is no
risk.

d) Testing will require consideration for several critical failure modes and the fault type may differ
from test to test. To manage the total number of test conditions, based on the design review, tests
that will represent the most onerous conditions can be selected.
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B4 Reliability Evaluation

B4.1 Safety-related electronic circuits shall be evaluated to the requirements of the UL 60730-1;
including Annex H: Requirements for Electronic Controls. Safety-related electronic circuits that do not rely
on safety-related software are not required to comply with H.11.12.

B4.2 When a product contains a safety-related electronic circuit intended to provide the function of
thermal protection in recessed equipment, it shall additionally comply with UL 60730-2-9.

B4.3 With reference to B4.1, and unless specifically superseded by a relevant Part 2 standard, the
following parameters from Annex H in UL 60730-1 apply:

avualuatad o O ~fh a0 Claca R
CCvartaotCU oo ooTtwar - oraos .

~+

o
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b) The Thermal Cycling test shall be performed using the ambient operating|temperature range
designated by the manufacturer or the temperature parameters below, whichevér are more severe:

1) The lower parameter shall be -35 °C (-31 °F) for wet logation produgts, 0 °C (32 °F) for
damp location products, and 10 °C (50 °F) for all other préducts; and

2) The upper parameter shall be 40 °C (104 °F).

c) When evaluating for compliance with the EMC requirements — Immunity:
1) Protective circuits are considered Type 2 protective controls; and
2) Critical control circuits are consideréd-Type 2 operating controls.

d) The Test of Influence of Voltage Unbalance is not applicable.

e) For the Ring Wave test, Overvoltagé Category Il shall be used.

f) The Test of Influence of Supply Frequency Variations is not applicable if the safety-related
electronic circuit does not relyl.on the power line frequency for timing or control.

g) The Power Frequency ‘Magnetic Field Immunity Test is not applicable if the safety-related
electronic circuit does nhot rely on Hall-effect devices, such as current-sensing transformers.

B4.4 |With regard to the-Evaluation of Compliance in Annex H:

a) The requirements in the product standard applicable to creepage, clearance and dielectric
voltage withstand shall be used when they are more severe; and

b).As a result of each test, the product incorporating the safety-related electrgnic circuit shall not
exhibit a risk and either:

1) Continue to function as intended with no degradation to the critical control or protective
functions (i.e., normal performance with no loss of protective functions);

2) Cease to function, with normal function restored by an automatic, user-resettable or user-
replaceable protective component or function such as an automatic or manual-reset
protector, a fuse replacement, or cycling the power to the product (i.e., loss of protective
function with safety shut down); or

3) Cease to function permanently.
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ANNEX C (Normative) — SIZE AND LOCATION DESIGNATIONS FOR MARKINGS

Table C.1
Format — Minimum size designation for marking height and typeface

Letter height

. . . Font size Font typeface
Size designation mm (in) (points) uppercase
S16 1.6 (0.062) 6 Universal bold, Arial

bold, Helvetica bold,
Zurich BT Bold

S24 24 (0.094) 10 Universal bold, Arial
old, Helvetica bold,
Zurich BT Bold

_TableC.2 _
Format — Location designation for marking
Location Description Label exposed to a Label exposed to a
designation dry/damp environment wet environment
L1 Visible during relamping, and after installation Type P Type P
L2 Visible during installation Type N Type P
L3 Visible during installation and inspection of wife Type N Type P
connections, located near the supply
connections
L4 On the smallest unit package or carton Type T Type T
L5 On an instruction sheet or tag Type T Type T

Type B designates a permanent label or nameplate that'is intended to remain in the applied position for th lifetime of the
lumingdire under conditions of normal use. It provides information required for user maintenance over the expected life of the
produgt. It is made of metal, plastic, or printed on.a suitable pressure-sensitive label that complies with UL $69.

Type N designates a non-permanent label-or nameplate that is intended to remain in place only for the purpose of installation. It
shows|the certification mark, manufacturef's‘identification, and product identification. It is made of paper with an adhesive backing.

Type T designates a temporary labelj instruction sheet, or tag that is not required after installation. It provides installation
instrudtions, and information not required after installation. It is made of printed matter with or without adhegive and/or attachment,
and is jntended to be included with, or attached to, the product.
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ANNEX D (Normative) —- MOTION DETECTORS
Determination of Coverage Area
D1 Scope
D1.1 The test procedures in this Annex determine the coverage area of an integral motion detector or
system, when it is relied on as a safeguard to mitigate the risk of UV overexposure.

D1.2 These requirements are predicated on the assumption that the space being treated was vacated
prior to UV equipment operation, and that a person attempts to re-enter the space while the equipment is

operati

ng.

D1.3
D2 G
D2.1
D2.2

D2.3
the tes

D2.4

D2.5
detectq

D2.6
monito
into an

D2.7
implen
one or

D2.8

energyl
detectq
view, th

Presence detection is outside the scope of this annex.

ossary

The definitions below apply to terms used in this Annex.

CELL — A 0.91 m by 0.91 m (3 feet by 3 feet) section of the:grid.

COVERAGE AREA — The area in which the motion{detector can detect motior
procedures in this Annex.

GRID — The floor area in which the detector js tested divided into cell sections.

Horizontal Field Of View (HFOV) — The area of coverage in a horizontal p
r.

MICROWAVE - Type of motion-detector that emits a low power microwave

, as determined by

lane to the motion

nto the area being

Fed. Changes in the reflection;pattern caused by motion are received by the detg¢ctor and converted

electrical signal.

MOTION DETECTOR — The integral control employed to detect motion. T
ented using a single detector or with a system of multiple detectors. The dete
a combination 6f various sensing technologies (e.g., passive infrared, ultrasonic

PASSIVEINFRARED - Type of motion detector that uses thermal detectors to

his control can be
ctors can consist of
microwave).

hbsorb the received

focused/on them. A change in energy received by a thermal detector resllts in a change in

r temperature which results in an electrical signal. When a person moves intd
edetector experiences a change in received energy, which is converted into an

or out of a field of
electrical signal.

D2.9 SENSITIVITY — The ability of the motion detector to detect the designated magnitude of motion for
a given application.

D2.10 ULTRASONIC - Type of occupancy motion detector that emits a low power sound into the area
being monitored. The sound wave is at a frequency above the range that a person can hear. Changes in
the reflection pattern caused by motion are received by the motion detector and converted into an
electrical signal.

D2.11

VERTICAL FIELD OF VIEW (VFOV)- The area of coverage in a vertical plane to the motion
detector.
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D3 Determination of Coverage Area

D3.1

D3.1.1

Test environment

The test room where the motion detector will be investigated shall

characteristics:

a) The room shall be larger than the manufacturer’s specified coverage area in

have the following

length and width by

at least 5 %, and have a ceiling height of at least 2.75 m (9 feet), so that the test subject can walk
into the field of view of the motion detector from outside of its coverage area during testing.

Alternatively, when the manufacturer’s specified coverage area exceeds any of the dimensions

(length, width or height) of the test room. one half of the field of view can be te

sted, followed by re-

D3.2

D3.2.1
relativ

D3.2.9

D3.2.3

positioning the motion detector, for the test to be performed on the other halfof

Note: The alternate test method is acceptable for (a) line of sight motion detectors; or (b)\ultraso
have opposing transmit and receive ports, such that the FOV can be divided in half. Other types of
tested with the standard method.

b) The floor shall be visibly divided into a square grid with cell dimensions of 0.
by 3 feet).

c) During testing, the room’s ambient temperature shall-be maintained at 25
shall be measured at a horizontal distance of 1 £0.1 m/(3.05 +0.3 feet) from the¢
the motion detector height.

d) During testing, the room’s relative humidity shall be between 30 % and 70 %

Test setup

b humidity for at least 1 hour.

Samples shall be tested in the orientation that simulates their intended use cg

a) Motion detectors intended for mounting on walls shall be secured to
perpendicularojthe test room floor;

b) Motion)detectors intended for mounting on ceilings shall be secured to
parallel to'the test room floor; and

c)Motion detectors intended for mounting on walls and ceilings shall be te

the field of view.

hic motion detectors that
Imotion detectors shall be

91 by 0.91 m (3 feet

5 °C. The ambient
e motion detector, at

Prior to testing, the test sample shall be maintained at the test room’s ambignt temperature and

During testing, the sample'shall be supported on a stable and vibration free slirface.

ndition:

h mounting surface

A mounting surface

sted as specified in

D3.2.3(a) and D3.2.3(b). in turn.

D3.2.4 The sample shall be set up and tested in accordance with the manufacturer’s recommendations,

in turn

, as follows:

a) Mounted in its intended operating orientation (see D3.2.3) at the minimum height from the floor

declared by the manufacturer; and

b) Mounted in its intended operating orientation (see D3.2.3) at the maximum height from the floor

declared by the manufacturer.

NOTE: Motion detectors intended for both wall and ceiling mounting will have 4 test parameters (wall-minimum, wall-maximum,
ceiling-minimum and ceiling-maximum).

D3.2.5 When the motion detectors have adjustable positioning, they shall be adjusted in the most
adverse position or positions allowed by their construction for each test. Several iterations of the testing
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