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** All rightsreserved. Thistext, or any part thereof, may not be reproduced in any form
without written consent from the University of Maryland a College Park Department of
Environmenta Safety.

Executive Summary

The purpose of this plan isto provide guidance for the safe use of lasers. The American
Nationa Standard Institute recommends procedures and provides for such in ANSI Z.136.1,
American Nationa Standard for Safe Use of Lasers. Thisguide is based on the ANSI
gtandard as well as recommendations made by the Occupational Safety and Hedlth
Adminigration (OSHA).
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UM Poalicy on Occupational Exposure
to Laser Light

A. Purpose.

Thisis a statement of officia University policy to establish the process for
maintaining occupationd exposures to laser light within acceptable industry standards,
as recommended by the American Nationd Standard for Safe Use of Lasers,
(ANSI) Z-136 as wdl asthe Occupationd Safety and Health Adminigtration
(OSHA) Guiddinesfor Laser Safety and Hazard Assessment.

B. Policy.

The Universty is dedicated to providing safe and hedlthy laboratory facilities for
students and employees. Laboratory administrators, managers, faculty, staff and
gudents share respongbility for minimizing exposure to hazardous laser light, which
for the purpose of this policy includes al laser light between 0.180 and 10.6 microns,
indusve

The Laser Sefety Plan (LSP) shdl be implemented for dl facilities a the University of
Maryland a College Park (UM) where the referenced lasers are utilized for research,
education and training, manufacturing, and other processes.

The LSP shdl be reviewed on an annud basis and updated as necessary.
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C. Respongbilities.

1 Department of Environmentd Safety (DES) Shdl:

@
(b)
(©
(d)
C)

(f)
()

()

Provide a Laser Safety Officer (LSO) to develop and coordinate

adminigration of the UM Laser Safety Plan (LSP);

Prepare the LSP with annud review and revison;

Digtribute the L SP to each Laboratory Supervisor or Principa

Investigator (LSP!);

Provide consultation, worksite monitoring, hazard andysis, and

advisory assstance and information concerning the use of hazardous

laser light;

Investigate, document, and report any significant exposure to laser

light to the Director of Environmentd Safety, and Chair of the

department in which the incident occurred;

Direct periodic |aboratory safety audits and recommend action to

correct conditions generating the release of hazardous laser light;

Provideinitid training to al users of lasers based on the class of

lasersin use. Refresher training shall be provided each year based on

Occupationd Safety & Hedth Adminigtration (OSHA)

recommendations, shal be commensurate with the operation and

class of lasersin use; and as a minimum provide:

Q) Provisons of the LSP,

(2 Physicd and hedlth hazards of lasersin the areg;

3 Measures to protect employees,

4 Signs associated with laser exposure;

(5) References on hazards, and safety features regarding laser
light;

(6) OSHA recommendations and the ANS| standard,

Establish a system of natification for purchases involving lasers or

systems containing lasers.

2. Laboratory Supervisorsd Principd Investigators (LSP) shdll:

@

(b)
(©

(d)

(€
®

Implement al provisions of the LSP for laboratory facilities under
their contral;

Prepare an inventory of lasersin |aboratories under their control;
Prepare laboratory specific Standard Operating Procedures (SOPs)
which includes information provided in Appendix I11;

Train laboratory workers regarding the specific practices and
provisonsin the SOP; and

Comply with necessary documentation requirements.

Determine and implement medicad surveillance requirements.
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I
3. Universty Hedth Center Shdll:

@ Maintain medical records relating to consultations and examinations
asrequired by law.

4, Individua Researchers and Laboratory Users shdll:

@ Adhere to the requirements of the LSP and SOPs;

(b) Complete dl safety training requirements and comply with
documentation procedures, and

(© Report dl workplace injuries, exposures, or unsafe conditions to the
LS/PI as soon as possible.

D. Information.

Assigtlance will be provided by the DES to any department requesting
guidance or training to satisfy implementation of this policy.
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Emergency Telephone Numbers

UM Emergency (FIRE - POLICE - RESCUE) -24hour #................... 911

CALL IMMEDIATELY FOR ANY EMERGENCY INCLUDING INJURED
OR SICK PERSON CHEMICAL SPILL OR FIRE

Environmenta Safety (Main Office) ... (40)5-3960
(Biosafety, Environmenta Affars, Occupationd Safety and Hedlth, Radiation Safety,
Risk Management)

Laser Safety Officer . ... .o (40)5-3985
(Program Conaultation and Administration)

Radiation SaAfEty . . .« oot (40)5-3985
(Health Physics, Radioactive Materias Procurement)

University Health Center Occupationd Hedlth . .. ................ ..., (31)4-8172
(Medicd Conaultation and Evauation)

Workers Compensation Office ...t (31)4-8171

Fecilities Management Work Control . ...t (40)5-2222

(Repair of Facility Equipment Deficiencies, eg.,
fume hoods, emergency eyewashes, ventilation, etc.)

Laboratory Supervisor(s): Business-hours # After-hours #

Laboratory Personndl: Business-hours # After-hours #
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Standard Operating Procedures (SOPS)

A comprehensive health and safety program should include documents that provide
descriptions of standard methods or operations used within the facility. They should
describein clear and precise language the means and methods to be used by
laboratory workers to minimize the risk of hazardous exposure while using hazardous
lasers. These documents, commonly referred to as standard operating procedures
(SOPs), should be followed by al laboratory employees.

The LSPI isresponsible for preparation of the SOP documents for attachment to the
LSP. The LS/PI isresponsible for determining the adequacy of the SOPs prepared.
The SOPs shdl be incorporated in the on-site copy of the LSP and placed in a
designated |ocation within the laboratory for immediate access by employees.

A good SOP isonethat is clearly stated and redlistic in scope. A LS/PI should
prepare SOPs for dl routine and repetitive operations as well as for generd
laboratory operations. The format of al SOPs should be consistent and should
incorporate:

1 Facility name, department and section affected by or using the

procedure;
2. Subject;
3. Issue date of the origina document or current revison;
4. Any indication that revisions replace an earlier procedure;

5. Signature or initids of the SOP preparer aswell as any reviewing
authority; and

6. Concise ingructions for safe and hedthful performance of [aboratory
activities and procedures.

SOPs should indicate the measures that will be used to reduce or prevent employee
exposure to hazardous laser light, including engineering controls, and the use and
maintenance of personal protective equipment.

SOPs should include provisons for additiona employee protection for work with

particularly hazardous substances, including dectrica connections, and high pressure
gasvessH use.
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SOPs should dso indicate circumstances under which certain laboratory procedures,
operations, or activities require prior approva from the LSPl before implementation
(e.g. use of radioactive materias, bench top manipulations without engineering
controls, night or weekend work performed aone, €tc...)

An outline for SOPs or lasers may be found in Appendix I11.
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Medical Surveillance

Laser radiation has been shown to cause damage to the eyes. Medica Surveillance
will serveto:

(1) edtablish abasdine againgt which damage can be measured;

(2) identify workerswhich might be at specid risk from chronic exposure to
certain CW lasers.

Medica survelllance is recommended by current standards of practice and may be
required by some research funding agencies for personnel using classI11B and IV
lasers. The LS/PI must determine whether their research project requires medical
survellance.

Personnel Categories

Incidental Personnel
Those personne whose work make it unlikely to be exposed to laser energy
aufficient to damage eyes or skin, such as clerica and custodia workers.

Those personnel who work routindy within alaser environment, and are protected
by engineering, procedura, and adminigtrative controls.

Frequency of Medical Exams

Required examinations for both categories of personnd shdl be performed prior to
participation in laser work. In the case of a suspected laser injury, the examination
shall be repeated. Periodic examinations are not required.

Termination Medical Examinations

The primary purpose of termination examinationsis for the lega protection of an
employer againg unwarranted clams for damage that might occur after an

employee leaves a particular job. The decision on whether to offer or require such an
examination isleft to the individua employee.

Cog of medical surveillance examinations are the responsbility of the researcher's

department. The cost of emergency medical examinationsis covered by worker's
compensation insurance or an individud's hedlth care insurance.
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Emergency Medical Consultation and Examinations

Employees who work with hazardous lasers in the |aboratory should be referred for
medica consultation, examination, and/or surveillance (as gppropriate to the
circumstances) whenever:

1. An employee develops Sgns or symptoms associated with hazardous
exposure to laser light;

2. An event takes place in the work areato create a likelihood of hazardous
EXPOSUres; or

3. Exposure monitoring revesals an exposure level routinely above the action
leve (or in the absence of an action leve, the Maximum Permissible
Exposure limit);

Examples of events or circumstances which might result in hazardous exposure
include:

1 Direct eye or skin contact with laser light;

2. Symptoms such as headache, rash, nausea, tearing, irradiation or redness of
eyes, or irritation of skin;

3. Two or more employees in the same laboratory with smilar symptoms; or
4. Exposure monitoring indicates exposure above recommended limits.

The Universty has established procedures for responding to job-related injuries.
These procedures should be followed in the event of hazardous exposure due to the
use of hazardous lasers in the laboratory (See page 18). In the event of life
threatening injuries or illnesses, the UM Emergency Digpatcher should be immediatdly
notified by caling 9-1-1. Any injury or illness occurring as aresult of work activities
should be reported to the Workers Compensation Office, immediately after the
incident occurs or the injury istreated. All incidents of hazardous exposure, including
their digposition, should be reported to the Laser Safety Officer.

The following information should be provided at the time that an employee is referred
for medica consultation and/or examination:

1 Identity of the laser(s) to which the employee may have been exposed;

Laser Safety Plan 9



2. Description of the conditions under which the exposure occurred, including
quantitative exposure data, if available; and

3. A description of the signs and symptoms of exposure that the employee
experienced, if any.

A written report must be provided to the employer from a physician to whom the
employeeisreferred for medica consultation or examination connected with
hazardous exposure. The physicianss report(s) should indicate ONLY  the specific
findings of diagnoses rdated to occupationa exposure and should include the
following information:

1 Any recommendetion for further medica follow-up;
2. The results of the medicd examination and any associated test(s);

3. Any medica conditions which may be revealed in the course of the
examination which may place the employee at increased risk as aresult of
exposure to a hazardous workplace; and

4. A dtatement that the employee has been informed by the physician or the
results of the consultation or medica examination and any medica condition
that may require further examination or trestment.

Asindicated above, dl incidents of hazardous exposure (including disposition) should
be reported to, and documented by, the Laser Safety Officer (LSO). If no further
assessment of the incident is deemed necessary, the reason for that decision should
be included in the documentation. If the event is determined to require investigation,
aformal exposure assessment will beinitiated by the LSO.

The purpose of an exposure assessment is not to determine whether there was a
falure to follow proper procedures, but to identify the hazardous laser light involved
and determine whether an exposure might have caused harm to an employee. An
exposure assessment may include the following items:

1. Interviews with the employee and complainant (if different);

2. Obtaining the following information:
- type of lasersinvolved
- other lasers used by employee
- dl lasers used by othersin the immediate area
- symptoms exhibited or claimed by the employee
- comparison of symptoms with those referenced by OSHA
- observation of control measures and personal protective equipment in use
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during the event
- notation of any on-Site exposure monitoring performed previousto or

during event

3. Determination of whether the current control measures were adequate during
the time of the incident.
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|
| nformation and Training

All UM employees must assume an active role in maintaining a safe working
environment by reporting any problems or noncompliance with policiestothe LSPI. Al
employees should fully utilize any information provided during formd and informd training
sessons. Any staff member who does not understand a policy or procedure should consult
the LS/PI, or DESfor clarification.

All employees should be provided with information and training regarding the hazards
of the lasersin their work area. Employees should be informed of

1. Contents of the OSHA guiddines and its gppendices;
2. Location and availability of the LSP,

3. Maximum Permissible Exposure Limits (MPES) for ANSI stlandards and any
recommended exposure limits for OSHA,;

4. Methods and observations used to detect the presence or release of laser
light;

5. Physica and hedlth hazards of lasersin the work areg;

6. Measures employees can take to protect themsdlves from laser light including
specific procedures (SOPs) to be used;

7. Signs and symptoms associated with exposures to hazardous laser light used
int the laboratory;

8. The location of known reference materid on the hazards, safe handling,
storage, and disposa of lasers found in the laboratory.

Didribution of training materidsto LSPIsis coordinated through the DES. Training
of laboratory workers in the guidelines of OSHA recommendations and ANS| standards
should be conducted through coordination with the LSO, and DES. The LSPI isrespongble
for training al laboratory workers on the specific operations, safety features, emergency
procedures and SOPs which gpply to their facility and laser(s) in use. Documentation of
training must be maintained by the LS/PI in each department, and origina copies of training
certificates provided to the LSO.
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Engineering Controls

Laserswhich are purchased from a commercid manufacturer must meet the
requirements of the Federal Laser Product Performance Standard (FLPPS). This regulation
mandates that the manufacturer must supply certain engineering controlsto the laser system.
Homemade lasers will be classified in accordance with ANSI (no different than manufactured
lasers). The following controls are supplied by the manufacturer:

1 Protective housing, (all classes);

2. Non-Protective housing use, (all classes);
Some areas of research result in the use of lasers without protective
housng. Inthiscase ahazard andyss should be effected and
appropriate control measuresindituted. Areas of analysis should
indude:
@ access redtrictions,
(b) eye protection;
(© areacontrols,
(d) barriers, shrouds, beam stops;
(e adminigtrative and procedura controls,
® education and training.

3. Interlocks on removable protective housing, (all classes);

@ cassllIB and IV lasers shdl be provided with an interlock
thet is activated when the housing is opened during operation
or maintenance;

(b) failsafe interlocks shal be provided for any portion of the
housing that may provide accessto 1B or IV typelasers;

4, Service access panels, (all classes);
If direct accessis permitted to class 11IB or 1V lasers then atool for
removal of the housing shal be required with gppropriate warning
ggnsand labds,
@ the access panel shall be interlocked;

5. Key contral, (class111B and V);
Class |V lasers shdl have a master switch operated by akey or
coded access with master switch disabled when the syslem isnot in
use, Thedectricd input terminus shdl be designed to dlow
lockout/tagout procedures as required by OSHA 1910.147;

6. Viewing portas and display screens, (classl, [HA, 1B, & 1V);
Maintain the leve of laser light below the MPE through use of
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10.

11.

14

shutters, interlocks or filters,

Remote interlock connector, (class111B and 1V);
Class |V shdl have such a connector;

Beam stop or attenuator, (class11B and 1V);
Class |V shdl be provided with a permanently attached attenuator;
Laser activation warning system, (class111B and 1V);
Class 1V sysems shdl have an audible, bell, chime, etc...
during activation or startup;
Emisson dday, (class1V);
The dday shdl be sounded a suitable time prior to laser light
emisson;
Equipment labds, (all classes);

Shdl have gppropriate warning labels with the laser sunburst symbol
and cautionary statement affixed to the housing or control pand;
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Laser Controlled Areas

A laser controlled area should be established when a hazard andys's determines the
laser to be either adass111B or class V. The following recommendations should be
included with aclass111B or IV controlled area:

Class11B laser controlled area guidelines:

1) Pogting with appropriate warning Sgns a the entryway(s);
2 Only trained operators use the system;

(3 Limit the beam path;

4 Limit acoess,

) Use beam stops,

(6) Have only diffuse reflected materia near the beam;

) Provide personnd with gppropriate eye protection;

(8) Have beam path at height other than eye leve;

9 Disable the system when not in use;

Class |V laser controlled area guiddines, in addition to class 111B controls the
following guiddines pertaining to aclass IV system:

@ Follow appropriate SOPs;

2 Be appropriately trained,

3 Have a designated rapid egress,

4 Clearly mark " Panic Button';

(5) I ncorporate non-defeatable, defeatable, or procedurd area and
entryway controls, to prevent an exposure in the case of an
inadvertent entry.
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Protective Eyewear
Protective eyewear isrequired when aclass111B or IV laser is used.

Sdlecting gppropriate eyewear: The following factors should be taken into account
when sdlecting the appropriate eyewear:

- Wavelength

- Tunability

- Worst case radiant exposure or irradiance level
- MPE

- Optica dengity

- Angular dependence

- Vighblelight transmission

- Periphera visor/protection

- Comfort and fit

- Photobleaching

- Anti-fogging

The equation for optica dengity isasfollows:

OD =log,, [H, /IMPE]

where H, = anticipated worst case exposure; expressed in units of W/cn? for CW
sources, and in units of Jon? for pulsed sources.

MPE = maximum permissible exposurein identica unitsto H,.

Vauesfor MPE arefound in Table 1.

Sdlected opticd dengtiesfor sometypical lasers may be found
inTable7.
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Warning Labelsand Signs

Signs and labels need to comply with acceptable standards. The LSO will
recommend and supply labels and signsto the LSPI for ther facility.

Doors must be placarded in the case of Class111B and 1V lasers.

Laser Safety Plan 17



Non-Beam Hazards
Electricd hazards:

Electricd hazards are present with high voltage systems which power lasers.
Electric shock is aserious hazard which can be fatdl.

The primary protection against accidental contact with energized conductors
is by means of abarrier system.

Electrica safety requirements may be found in OSHA Nationd Electric
Code, NFPA 70.

The DES Lockout/Tagout (LOTO) Plan establishes apalicy for control of
hazardous energy. All employees of the University and contract workers
servicing equipment that can be energized must comply with thisplan. The
LOTO Panisavailable from DES and may be obtained by caling (40)5-
3960.

Laser Generated Air Contaminants (LGACS):

The LSPI should consider the possible exposure to LGACs. These may
include but are not limited to:

€) metdlic fumes and dusts,

(b) metdlic oxide fumes,

(© chemical and gaseous vapors,

(d) biologicd fragments from human and animal tissue;

(e bio-aerosols;

() hydrocarbons;

@  heavy metds
(h) synthetic and naturd fibers,

Exposure criteriamay be found in 29 CFR 1910 part Z as well asthreshold
limit values for chemical substances by the ACGIH. Additiond information
may be found by consulting Materid Safety Data Sheets.

Other consderations include the need for:
@ Respiratory protection;
(b) Fire protection;
(© Exhaug ventilation;
(d) Collaterd and X-ray radiations,
(e Laser dye use;
() Noise protection.
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The DES Occupationa Safety and Hedlth (OSH) section investigates potential - xposures to
ar contaminants. Where there is a potentia for the generation of
LGACS, the employee shdl cdl DES for information and assistance at (40)5-3960

L aser Safety References

Recommended reference sources concerning safety operations with lasers include:

Safety with Lasers and Other Optical Sources
Plenum Press

American Nationd Standard for Safe Use of Lasers
Laser Ingtitute of America

OSHA Instruction PUB 8 - 1.7
OSHA

Journd of Laser Applications
Chapman and Hill
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APPENDIX |
Emergency Evacuation Procedures

IN CASE OF FIRE OR EMERGENCY:

1 Pull the firedarm;

2. Leave the building; and

3. Call 9-1-1.

Thefiredarm isNOT connected to the fire department.

Notify (40)5-2222 IMMEDIATELY for service or repair to fire protection systems.

A current copy of the UM Policy Concerning Fire Emergencies can be found on the UM
Mainframe (INFORM). From the main menu sdect Campus Information; then select

Departments and Services, then sdect Environmental Safety; then select UM Policy
Concerning Fire Procedures.
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APPENDIX 11
UM Workers Compensation Reporting Procedure

In case of an accident or incident involving laser light, the individud should report immediately
to the Health Center for medica trestment.

Worker-rdaed injury and illness forms and information are distributed by the medica
records personnel when the individuad reportsto the Hedth Center.
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APPENDIX Il
Outlinefor Standard Operating Procedures
1 Introduction

€) Locetion of laser (dte, building, room);

(b) Diagram of room layout;

(©) Description of each laser, including dassification, lasing medium,
beam characteristics, divergence, aperture diameter, pulse length,
repetition rate, and maximum output;

(d) Application of the beam;

2. Hazards
€) Identify beam and non-beam hazards,
(b) Andysis and Control;

3. Controls

€) Access controls such as door interlocks, Sgns, €tc....

(b) Beam controls such as key-lock, enclosures, shutters, etc...;

(©) Electrica controls on High VVoltage, "light on" power supply;

(d) Eye protection such as Medical Surveillance Requirement, types of
eyewear, optical dengity for beam(s);

(e Other controls as needed;

4. Operating Procedures

€) Initial preparation of laboratory for norma operation such as key
position, warning lights on, interlock(s) activated, identification of al
personnel present;

(b) Personnd protection requirements acknowledged by persons
present;

(© Target areq;

(d) Countdown procedure;

(e Shutdown procedure;

() Specid procedures such as emergency, aignment, c...;

5. Traning
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@ Department of Environmental Safety Training;
(b) Specific training, OJT on laser in use;
(© Maintenance and repair traning if gpplicable;

6. Responghilities
@ Supervisor for norma operations,
(b) Emergency coordinator;
(© Operators and other personnel;

7. Miscdlaneous
@ Vigtor regulations a ste;
(b) Accident procedures,
(© Other as applicable.
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APPENDIX 1V
Laser Inventory Reporting Procedure

Both the LSPI and the Department of Environmenta Safety will maintain records of
lasers. Inventory of lasers may be coordinated with the LSO. Information that should be
supplied in order to track lasersincludes but is not limited to:

Manufacturer;

Modd number;

Serid number;

Location, room, €tc...;

Type, such as CW or pulsed or Repetitively pulsed;
Wavdength;

Average Power;
Exposuretime;

Energy/pulse;

Pulse duration;

Frequency (Hz) or repetition;

CoNoakrwWNRE

=
= o
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APPENDIX V
L aser Classification Scheme

The American Nationd Standard for Safe Use of Lasers, ANS| Z136.1,
Occupetiona Hedlth and Safety Administration (OSHA), Ingtruction PUB 8-1.7, and the
Center for Devices and Radiological Hedlth (CDRH), through the Federd Laser Product
Performance Standard, 29 CFR Part 100 classify lasers according to accessible radiation.

Classfication relates to the potentid for the laser beam to cause injury and not from
any ancillary hazards that may be present with the laser system.

ANSI, OSHA, and the CDRH classifications vary according to the class of laser.
The following classfications are agenera outline incorporating al 3 schemes. Specifics on
the classfications may be found by referencing the standards and the regulaions. These are
available from the Department of Environmenta Safety and the LSO.

Classl:
Usudly in the visble region;
Not considered hazardous,
Exempt from controls;
In some cases ahigher class, such as|lIB or IV, isenclosed and is
classfied asacdass|, however during times of service or maintenance
the classfication may change to reflect the exposure to the class 111B
orlV;

AwbdpE

ClasslI:
1 Vishble lasers emitting above the cdlass | leve of power;
2. Output power lessthan 1 mW;
3. May produce an injury if Stared at for longer than the averson
response time of 0.25 seconds, called a chronic viewing hazard,
4, Will not produce a skin burn;

ClasslIA:

1 Not for continuous viewing longer than 1000 seconds,

2. Vigble light which can produce greater than class | power;
ClasslllA:

1 Can be an acute intrabeam viewing or chronic viewing hazard,
2. Power level lessthan 5 mW CW;
3. Can beinvisble (ANSI) or visble (CDRH);

Class|lIB:

1 Acute hazard to skin and eye from the direct beam;

2. Vigbleor invighle

3. Power level less than 500 mwW CW, 10 Jen? pulsed;

4, Diffuse reflections may be ahazard if operation is at full power and

viewing is close to the source of reflection;
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Class1V:
1. Acute hazard to skin and eye from direct and scattered light;
2. Power levels exceed class 111B levels,
3. Fire hazard.

Specific classfication tables for lasers may be found in the Appendix. CDRH
classification may be found on the laser itself when purchased.
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APPENDIX VI
Maximum Permissible Exposures

MAXIMUM PERMISSIBLE EXPOSURE (MPE)

The leve of laser radiation to which a person may be exposed without the hazardous effect or
adverse biological changesin the eye or kin.

MPE vaues are determined for the eye (intrabeam), for an extended source, and for the skin.

ACCESSIBLE EMISSION LIMIT (AEL)

The Maximum Accessible Emission level permitted within aparticular class.

AEL = MPE x (Areaof Limiting Aperture)

EXPOSURE DURATIONS

Exposure duration times are used when determining the MPE levelsfor alaser hazard. The
exposure durations are based on physiologica and biological response times to exposures
from sources of light in the case of the eye, and hest in the case of skin response.

TIME (SEC EXPLANATION

3x10° Occupationa 8 hour work day.

86,400 Accumulate "ON" time for ultraviolet wavelengths over 24
hour period.

600 Visble wavelengths used for dignment.

10 For norma maximum exposure time, infrared wave engths

due to natura body movements.

0.25 Normal eye averson response to bright visible light.
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TABLE 1

Maximum Permissible Exposure (MPE) for Ocular
Exposure (Intrabeam Viewing) to a Laser Beam

Wovelen g Exponzm Dheration, § MIFE [aben
{m iz} (T - an%) % an™™

LEwnobes
N E LR B 1%l = 10° 1= §a=?
LS 10 ¥l w 10° 4 = j0~?
0304 10" o3 = 10° & w1
0.3 107" w3 x 10* 10« o-?
0504 10°* w3 w 10° 6 = 1ot w056,
R T 10 * w3z 1 B x 10t whichewes i lrwer
[R5 ] 13" w3 = I & = 10"
0309 13" i3 = 100 a = 1t
[P isd 19°" w3 w 10" L1 {%me Tableg B and 9
(811 197" w3 x 10° .16 fov liomwicing, mpermora)
X3 10°* w3 x 10° i)
Rk 10"t w107 0.40
a5 : 19°" w3 w 10 4T
0313 w0400 107" w10 0,94
B3NS o 0400 e = 10 L0
‘Wisible o e [=frared
LS00 w 1703 10" s 1B w 107" 0.5 = 17 -
L8 s 0,700 1B & 19w 10 147w gt
0300 w0550 185 1B 19w 10=F
0550 w0700 T, 18 A" w1t
OLE50 sy LT00 Ty w1t ey x !
0800 i 0.700 10 @3 = 19 Ca % 1078 {Sem Tablea B and 9
L0 e |05 1% m 18 = 1" s c, = 301 fis Iertiieng, speciues)
0700 W 1050 18 = 10w 100 1LEC, ™ w 1? Fra mwitiphs ralies
&0 w1699 1w} w1 T, W s Tppiy cormtion facmr
LI & 1400 10°% 1o 30w a0°* T T gimen in Tubis §,
L050 m 1.400 5w 104 OO o w107
L350 w 1.400 0723 = 10" 18T, = 10°F
Far [nfaped
1400 w1500 107 ¥ 5p 1077 1
1400 & | 300 0" e B 054 ™
1408 w3 1500 Wl w10 ]
1500 = LB 10-* e 10 (] (Set Tuldes ¥ and 7
1500 s LEMD thind = 10 @t B Wimiiong aperoims)
1500 w0 2800 10" us 102 tl For mulliphe pulsc
1800 m 2404 10" o 140 g™ spply Sdrroion faiee £ .
1.B00 & 2400 el = 1 al grven in Taints &,
L6008 w10t i1 LR e 10w 1972
Ladd w10 w10 LT Y
1600 m 10" 1wl x 10¢ ol |

T ThaMPE for diffocs mbecions x wweabmgda barssmn 04000 and 1400 um ic obained by maicpiyng te onmepondng MPES s
by Cp (Sea Table § med Fipare § for cormesson Mo el T .

Mowe 1. Por sepeasd (peland) capeeeret, sos 822
F Tbr-:-'l:l-l:n'ﬂ::q,u:l:l'h;llirr-.l.mllilEll.q_ﬂ.llﬂhﬂmmﬂmﬂljﬂii,c L10E im

From ANSI L1361 (1993]) Safe Use of Lasers, for compeete infommaian on laser safely, mifer 10 the ANSL 2136 semes of laer
Adfely slandards, contact Loser [nstiosie of America o 1200340 ASER dor addiconsd inloosalion
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TABLE 2
Parameters and Correction Factors

Corraction Facter Wivelengih P]gu.rc-
(jrm)
T, = 10w 10 @ (h-am 0550 w 0.700 9
Cg = 1.0 0.400 o 0,550 2
Oy = 10 Hth-aam 0350 1 0,700 o
Co=l0 04000 0700 da
Cy = L010-270 0.700 w 1.050 fa
C, =30 L.050 o 1.400 Bz
Cp=p=1t - 0200 ta 1004 13
Cpm 10 <o (400 w 1400 -
Cogmaia, Q. b<a<o, 0,400 1w 1,400 =
Cemal (O, el & >ay, 0400w 1400 -
Ce m 1.0 1.050 w 1,150 b
Cp = 10 B2 LS50 w1200 i
C-=8 L2040 s 14400 Bb
— — =

* Bee Ggures far graphic represemacien,

*= For pulse repeddon frequencies below 33 kHz (0.4 o 1.05 am) and
below 20 kH2 (1.0% to 1.4 pm), (See 8222

Mows: 1. For wovelengrhs berween 0,400 amd 1,400 um -

- ] Timrad foris 07

my =

g = 2 2™ mrad for 7 a<i< 10y
Epy = LI momd forrz10s

., = L mrad

{Sea Figire 3 for graphical representation of @}

L The wavelength region Ay o s meang X, 5 L < Ay,
.5 0.550 1o 0.700 um mesns 0,550 £ L <0.700 pm.

From AMS] Z134.1 {1997} Safe Use of Lagers, far comples information on laser safety, refer 1o the ANSI Z136 senes of loer
cafety slandords, contact Laser bestitute of America o 1-B00-34LASER for sddiliceal sloematics



TABLE 3
Limiting Apertures for Hazard Evaluation
and AEL Determination

Apertare Diamneter {mm)
Spectral Region Duradon Eve Skin
TE 1] (=)
(.180 w400 10?1025 i is
0.25 0 3 x 10" 15 15
(L4001 1y 1,400 107" w3 x 10° T.0 35
14040 i 107 10~% w03 1.0 33
D3wmg» 157 1.5
o3 = 10° 15 is
0 w 10 Wei= i 110 1L

*  Linder normall conditions cthees expossee durssions wmuld not be ussd for haraed v alusics,
HMow: The wavelengrh reghon i) ol mears &) 5 & o« Ly pms g, 0315 w0 0400 pm meass 03515 § & < 0800 wn,

From AME[ Z136.0 (1953} Safe Vse of Lasers, for compleie formation on faser safery, eefer to the ANS] 2136 serics of lazer
safety stamdards, comect Laser Insimoie of Americs of V-800-381LASER for addirions] infoiison

TABLE 4
Measurement Apertures for Classification

Spectral Region Draracion Apermure Diamemst

{jarm) (8) {mm)

0. 180 - 0302 W* w02s 1.4
025 1 310" 15

032 .28 157 m3=10° 7T Rl
2g. 18 10-* @ 0.3 Lo

03 oy 10 e 1.5 4™
100 310 1.5
0 -1 10°* w0 3x 10 110

*  These spernaes we used for the messurement of aptics power or ey for parposes of laer clae| bearion (e 1.3)

== When tha leser output is intended W e viewad with optics (excloding osdinery eyeglisses) of the Laser Safery Cffices

detrmnizet ok there in o rewseable protabifing of woidental viewing with opaica, o 50 e gpernms is nsed & the Follosmg
conditons e mes

(1} Viewng with optics presmita s more seeers hafend than umadad viewing,

{1} The wiewing time is mefSciend o constnne & harand
Chberwiss, The limdlisg spemanes for dee eye ond shon from Table § apply. Por the spectfic case of optical viewing with beam
colecnng inseremenis, tve sperures Hooed in Tabde B for hacard evalwmbion apply 4o dhe exit beam of the optical insmument.
Teezelore, the effective mesvoramens gperurs for UV lasers (002 so 0400 pm od somee infrazed bagers (14 bo 2.3 o) s
T mm for pulsed lasers and 75 mm for O e,

ww | ke pormal comidatiors, these sxposers doralsees wauld nat be wed far cleslfeuien,
Mole: The warelengih regiva Ly o by meerd b, € 4 < g wm, &g 0315 wo 000 pm meies 0,315 £ L < 0,800 pon,

Frosn AMNS1 Z136.0 (1993} Sule Uss of Lasms. b coinplcde information on laser safeiy, refer o e ANSE T 36 senes off Lager
galery atandands, contact Laser baslitute of Arminsh af |-BDD-HLASER for additsonal mnforsaten
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TABLE 5
Accessible Emission Limits for Continuous-Wave
Lasers and Laser Systems

== = —
Warelength Ermigidem
Fimgs Druragion Cluaz 17 Class 2% Clasy 33 Claas 4
Gem) LY} 4] 1% (4.3 W
Urawialet
0.1 E i 0302 L 96 x 10t —_ = Claay | bug < 0.5 =04
0,302 1o 0.4 o i £32x 104 -— depenading (n wave- > 05
dezwmiing on wavelenghy length {ses Table 53
{see Table 5}
Visabla
4 w07 w10 S04, = 10T = Class | = Class 2 bt % 005 » 0%
{nea Takde T3 bt = 1103
Wear [nfrered
0T w108 I 10" £ 1280, w1t S, = Clags 1 bt £ 0.5 = {5
depending on wavelanigrh depemding on wava-
{ses Tuble 5) length {sea Fig. §)
1w £39% 107 wg19w 10°) - = Class | but £ 0.5 > 0.5
10540 L4 = 10040 %8000 = 10 - = Class 1 bur 5 05 » 05
e Tabile 53
19 S18x% 107 w516 = 10? — » Clags | bt 5 0.9 = 05
Far Indrared
1dm4 = 10 £ 9.6 = 10°Y - = Claag 1 but 5 05 =05
Submill resier
4 e I0E = 10 9.6 x 1077 o= > Clage | bue 505 > 0.5
10 o 10 = 10 £9.5 % 13 e > Claas | bug 0% =05
—_— —_ —_—

=  Emigion durstion = 025 5.

¥ “hl#.ﬂ.ﬂ'ip:m iniended we of te h-wl-uuw_mumwﬂlmﬂuiﬂ‘:hm’
Ao period, the limitag saposurs duration may ssmbilsd & higher uxemy porwar loenl, an discmased i 3,23,

§ 5231321 for sxplanation of Clisa 2a lsser.
§ Forlto3 mWew laser rystemns (Class ) sen 3.3.3.1 and 33,02,
1 For laser not inaended 1o be viewsd

Mod: The wevelesngth range Ly @ by means &, L < by, ng- 018 oo 004 pm means 018 5 L < 00 um.

From AMSL Z136.0 (1953) Sofe Use of Lasers, for complets inloomalion on faer safety, refer to che ARSE T3 semep of lager
sefery standards, comdsct Laser [nstiiule of Amenca af 1-B0-HLASER for akbitional informmacaon
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TABLE 6

Accessible Emission Levels (Radiant Energy) for
Single-Pulsed Laser and Laser System Classification

W avelemgth Emission
Range Treraiion “* Ll 1 Clags 36 Class 4
=) (1) ih ih n
Ukravicle:
.18 w03 10-* s 2H £1.9x10" » Clapn | b £ 0,129 = 0,125
0T i O 104 4.9 = 10" Ol | ket 5 10,124 = 0.1
=
025 e I B0 [0 > Clmas T et 5 1L 1725 » 0,125
Visibie
0.8 0.7 -t T Eh2= 1009 = Class { buit 5 0:03 (.04
[0 ]
[ Je] £025x% 10~ » Clats | but = 003 > 0U03
[y Enframed
0.7 ta 1,05 et 502 10w ix t0-F » Class | burs 003 C, 003 C,
L=}
nxs Sh3 w107 w128 = 107t = Claga 1 but s 003 =00,
1M 14 G-t %3 w 1078 » e ] b 55 0L1% =01
|
0zs 129 = 10-*  Class 1 b5 0115 EXRL
Far Infrared
1A 102 10-* S80% [0-* = Clasa | bt £ 0,125 2 0125
1]
a.2% £32x 107" = Class | st 5 0,125 » 0.125
Submilkmeisr
10% 4 gt 10=* % 10 x 107 » Class | bui 5 0,125 = 0125
u3
. %4 » Clags | but < 0025 > 012

————w—
*  There afe b Chids 7 siafle-paliad lisess

** Hex Motz T Secvion & for palse widtha less than | ms.

t Wavelmgth depenedanst (e Table 5).

Mot The wavelmgth range L, o Ay meams &y S & € Ky eg. 0L0E 10 04 jon means I8 S & < 0.4 pmo

From aMS1 2135, {15993) Safe Use of Lasers, lorf complése information on laser salfety, mofer 1o the ANS] 2138 series of Laser
safcty standards. contace Laser Instiuie of Amon<a at |-B00-J4LASER for sddstional information.
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TABLE 6A
Typical Laser Classification

Continuous-Wave (CW) Lasers

Wavalsmgih L Ty W avelergi Chmg | Clisa 2 Cla ¥ == s £
{m} [} (il | (W) {1 Wy
LA ke
0L e 02RO Maochymivm: ¥ AG O 2 cmdy w b x oY
(sl } — = Cled | bt £0.3 = 03
At 6374 foer B b
Llorewiale:
OILS o D400 Helizon: Cadmiam 3529 cnly
Aegen 0350, BIAD ardy £12wint = * s It g 05 303
Forppees 03347, 005 anly
Wil
BELLIE Tl ] Bl e 04N nnly
A [ Viilis] 0457, 3476, dLEiE,
0304, s
Kriza 1530
Mty AL 03k & 04 = 0"
{Dvi b}
[ren Q) - 0359 w CTann | bast » Cluw | bt € 3.5 » 0.5
Hea e Bl v iny D] - 0550 21 = -
W Neon ez § 7= 108
Dye QU550 - 0700 LT L B
[Tl F L] £ L e
ThSapphies -1 1] & 3d g
Krypian WLEATL, S84 £ L Is 1077, 3 10"
Faar nfreed
0700 oy L ADD CuAlds (] 1] L NE TR
Gaslia QA % 028 0t
Tika [HL ik ] % 02 k0! - = Clagy 1 b 8 009 w3
Hsoctymiarc YA 1D %08 x 10t
Haliom-Meon 1R, 1.A5T ondy = 0w 20T
InGasaf 1310 5 doil} = 10"
Fir |rdewred
4 A 10 o akiF 1550
Halruguar 1100
== 1540
Hydmgm Fannds Lo - 3 & fd = 137
Halenra -Hiioey 1380 undy - * Clia | bat % 0.3 = iLF
Caron Momaids 5000 . 5500
Gty Disan ks s
Water W apor nd
Hypdragen Cyicsics ELT EL -
—
T | oo eorinoed Serigr s s e oo o preves e o bimieg e T, = I bt jeee sorlbin; olbereus e Caie | AL
ombal b gy v imbhs lasdl,

= o 0 feer dofinision o Cliap Su

From AMS[L Z13E.0 (1993 Bafe Use of Lasers, for comnplete informution an ke aabety. refer o the AMS] T 136 zerie of laser

aulery standards. condact Laser instiuie of Americs ar 1-B00-3MLASER for sdditional infrmarion
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TABLE 6B
Typical Laser Classification
Single-Pulse Lasers

Waxrriength Laser Tym % dmygih Poalen Druradoe Class i Clama. Jb s d
) {um} il i i ]
Uhrywehalag
11,120 = 3400 Exciovsr [ ArF) nIs i R T £ L% w10t w Pl ] b H 0125 = 3.025
iy {eFY s b T 418w pt > Clap 1 bee = 0125 = TS
Haesrmivm: ¥ A0 026 Ww Lo 19w (= Ol ! bt 5 B35 R
Cruacirupied (el
Mawimer (XeCT) .30 20 =y E R R > Clams | a2 3,025 = LIS
Miagen 0317 B ow b tE RN | L] ¥ Class | burs QU734 =028
Ercimer { Xolf) 1351 203 W g™ S48 Lo »Ch | R S OLNTS = LLIS
% nibila
(ADY s DT Pbuzd mevirsan 263 ERLLETLL 1w i S0T =107  Clam | b 500 =000
D L)
Copper Veper 3510, 05TR 2 < 1ot T3 * Cleis | bt 000 = g3
My ¥ g 2431 e P £ 1w ip-F > Tl ] bt 5 3003 = i
Dezublad [}aw
Rubry (-a=] 0884 0w 10t &2 107 > Chuss 1 bt § 030 = L03
Rubry [Lomg Pulis) 15T3 ixia-? Sdmw L0-*  Clasi b bl 5280 BT
Hear [nliased
L0es LA TiEapabise 07001 000 LR 5 1.9 = 157 it | Bt 1LV 65, » L0 S,
hlenszciriiz B TIN0.200 [ Ig=* 1 T > e | s 50,00 T, =000 T,
Y AG 1.0 20w Lo-? 21w 1e? 5 Clas | bt S 015 Y T
e |
rar I iramad
1.4 5 b5 Erbimm:iags (T R 479 = 20-F o Clata [ bt 5 0129 » B0
03 ra]
CoMagrasiam. 14-2.9 "o £ T8 wl 5 Claes | bur € OUEZS o
Fluscide
Hglreimm Pl 50 = 16 £T.¥ mif+ = ki | bt 5 2, 118 w3
Hyeogen Fleorisda AN b x 107" $ 11 = 0 =g 1 beex 3,125 » 0175
Erbeurn T T e L0 % 813 > Claaw | bux 5 L 125 wilizs
Ciatken Dionida T 100 = La-F £ 0.9 w103 = | bt 50 13 » 0124
(-awl
Cartaan Dronids 10L& 1= 107° & Liwin = Clasy [ %% 0125 = 0,135

* sy i bk e ail sion maybe evpoed, La, [0 e ke (i iof iy, g s 70 5 107 Tam Ty

From AMELZI36.0 (199) Safe Use of lasers, for compient iofonmmivn on laser gafery. refier 1o the ANSE E08 seres of laer
safery standands. contact Laser [netivvie of Amenca 2 |-B00-MLASER fir addiponal information
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TABLE 6C
Intrabeam MPE for the Eye for Selected CW Lasers

L Ty W relenph M akifims Pomaaibie Bapeaure Enpaure Dormion
(1) {1 - em~7) W -om ¥ s
Mg (1 ol S Y=t - 13 i L 104
T L ko 0J:% i - 10w I h*
At nasn L — 1w Ju bl
Tl - mbraam DS — 135w i-? ]
Asgom 0484, 3514 Hw Lg-? — 9w e
Argon a4, 0514 - 10 = 10
Hitiam- Heom o2 — L5 =m? 415
HaEan-Maom oLa12 10 = }0=? T i
Hickiam-aon, 0812 oi? - =13 " g e
Helbam-Yeom BE12 _— IT win~® e
Krypion D87 — 15 =it ['EL]
Krypien 0.&T LR (R 1.0 et I
Korppiem 0.4t 2e0 - » 571 " 1 g0
Kirypaen DT = W o =10
e Al 0E™ o 25w jior? 0I5
ik A -— 08w 107" = JD0
Hmcadymaam; Y G 1.0¢ — L& 10? = Ly
InGasaP Ha M1 ] == 124w 107 = 1200
InJussP 1550 - Y = 3
Caroen: Do wede L&) — 1 = L

¥ T e Tubda & wrd Flgeee 3.

From ANSIL ZI34.1 (1793} Safe Usc of Lascrs, for conplet: informadion on laser safety, refer 1o 1he AMS] Z1%6 series of laser

snfiery steacanll, conlacr oser [aetitets of Ammerica & |-300.33LASER for addilional information.

TABLE 6D
Intrabeam MPE for the Skin for Selected CW Lasers

Lamer Type Waenkergih Miiiffin Pominible Eaposae B penuirs Dhsitaon
fum) I-am= (W oy ix)

Argon fibei RESH —_ RES L
Hefeomn-Cadmine 03z i = 110 o 1000
A g i L] 1 = 10 s jiO00
Hedenam- Cadrmizes Daa1s —_ [ I = 10
Aapm 488 - 0l =10
Argom LEES — 2 =10
Helizam: Maon AR — a3 = 10
Krypies LR - 0l = 10
[T el — 1] = 10
Mesdymien: ¥ AD 1.0 —_ 1% = 10
Curbon- Dhonads 10600 - L =10

From ANSLZEME (195} Safe Uss of Lasers, for corsplets informazion oo lier safely. nefer in the ANSE 2136 series of laser
safcty standards, contact Loser [aaivene of Amercs of 1-300. 141 ASER for s&diosal information.



TABLE 6E
Intrabeam MPE for the Eye and Skin
for Selected Pulse Lasers

Blaximum Pmnjnl:i:Etpm:
{(J-am™?)
Laser Type Wavelength  Pulse Dwrabon

() %) Eye Skin
Excimer (ArF) 0.193 Tx 100 Ix107? 1 x 10™?
Excimer (KrF) 0.248 Ix10" 31077 3w 1077
Excimer {XeCl) 0.308 A [ 6.7 = 107} 6.7 = 1077
Excimer (XeF) 0351 Tx10"8 8.7 = 107 8.7 x 1077
Bty (Moemal-palsed) 06543 1= 10-? 1% 107% 0.2
Ry ({-swilched) D643 §- L0 =10=* §x 1077 002
Rhodamine 60 dye laser 0500 - 0700  0.5-18x 19" 5 107 0,03 wo 007
Nd: Y AG (Normal pulsed) 1064 I = 10? 5% 10 1.0
N Y AG (Qeywitched) 1.064 §-100=10"" S§x 107" 0.1
Carbon Diaxide LG 1xig? 10104 100 1077
- =

From AMEL L1360 (1993) Sefe Use of Lasers, for comlete infonmaton oo bser safery, refer bo e AKEL 2138 serien al loser
rafery seamdiards, eoncact Laser Insrinee of Amencs af §-800-J4LASER for additional infomnaiEon
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TABLE 7
Optical Densities Required for Intrabeam Viewing
at Selected Laser Wavelengths

Optical Density

|
! Wavelength Exposure Time: (5) j
t Laser Type (Wm) Power 0.25 19 600 110t i
XeCl 0308% 50 Wans - 6.2 30 7 :
XeFl 0.151% 50 Waus 41 b6 5.1 f
Argon 514 1.0 Wt 30 34 52 fi.d
Argon 0514 5.0 Watits 37 4.1 5% 7.1
Krypton 0530 1.0 Wart 3.0 14 5.2 6.4
Frypton 0.563 1.0 Wart 30 34 4.9 6.1
E HeMe 0633  0.005 War 0.7 L1 1.7 25
' Krypton 0.647 1 Watt 3.0 34 3.9 5.0
GaAs 0.340F  S0mW 1.3 2.3 3.7
! MY AG LOB4E  100Want (CW) .- 4.7 5.2 5.2
Nd:-YAG 1.064°  {Qeswitched)® .- 4.5 5.0 5.4

a  Repetitively pulsed ar 11 Hz., 1205 pulses, 20mJ/pulss
b ODfor UV & FIR bearms computed using | mm limiting aperture which presents a warst
case” scenanio. All visible/MIR computations assume Tmm limiting dperture.
- lnvisible beams; aversicn response time does not apoly.

NOTE: OD values obtained using ANSI Z- 136, | { 1986) MPE critieria,

Taken from Laser Sufery Offcer Courre. Rockwel) Industries, 1994,

LSk Pln g7



