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IMPORTANT SAFETY NOTICE
WARNING: This document contains critical safety information for Class 3B and Class 4 laser
products. Failure to follow these guidelines may result in serious eye injury, skin burns, or fire
hazards. All personnel must read and understand these guidelines before installation, operation,
or servicing of laser equipment.

1. LASER CLASSIFICATIONS AND HAZARDS

1.1 Product Classifications

Based on accessible emission levels per IEC 60825-1 and FDA/CDRH regulations:

Wavelength Power Output Classification Primary Hazard
405nm 80mW Class 3B Direct/specular reflection eye hazard
488nm 50mW Class 3B Direct/specular reflection eye hazard
545nm 1000mW Class 4 Eye, skin, and fire hazard
553nm 1000mW Class 4 Eye, skin, and fire hazard
555nm 50mW Class 3B Direct/specular reflection eye hazard
561nm 15mW Class 3R Direct viewing eye hazard
571nm 150-1000mW Class 3B/4 Eye, skin hazard (power dependent)
577nm 1200mW Class 4 Eye, skin, and fire hazard
638nm 50mW Class 3B Direct/specular reflection eye hazard

1.2 Wavelength-Specific Hazards

Violet/Blue (405-488nm)

Photochemical retinal damage (blue light hazard)
Reduced visibility of beam path



Potential for cataracts with chronic exposure
UV-adjacent wavelengths may cause fluorescence effects

Green/Yellow-Green (545-577nm)

Maximum retinal hazard due to peak eye sensitivity
High visibility may cause temporary flash blindness
Specular reflections particularly hazardous
555nm represents peak photopic eye response

Red (638nm)

Deep retinal penetration
Reduced blink reflex response
Potential for thermal retinal damage
Less visible in peripheral vision

2. MAXIMUM PERMISSIBLE EXPOSURE (MPE)

2.1 Ocular MPE Values (Direct Viewing)

Exposure Duration: 0.25 seconds (aversion response)

Wavelength MPE (W/cm²) MPE (J/cm²)
405nm 1.0 × 10⁻⁵ 2.5 × 10⁻⁶
488-577nm 2.5 × 10⁻⁵ 6.3 × 10⁻⁶
638nm 2.5 × 10⁻⁵ 6.3 × 10⁻⁶

2.2 Nominal Hazard Zone (NHZ) Calculations

For Class 4 lasers, calculate NHZ using:

NHZ = √(4P/πMPE) × (1/divergence)

Where P = power (W), MPE = Maximum Permissible Exposure

Typical NHZ distances:

1000mW green laser (1 mrad divergence): >100 meters
50mW visible laser (1 mrad divergence): >20 meters



3. ENGINEERING CONTROLS (MANDATORY)

3.1 Required Safety Features

All OEM integrations MUST include:

1. Protective Housing

Fully enclosed beam path where feasible
Interlocked access panels (Class 3B/4)
Light-tight enclosure with appropriate labeling

2. Master Control System

Key-controlled master switch (removable key)
Remote interlock connector (Class 3B/4)
Emergency stop button (readily accessible)
Emission indicator (LED or audible)

3. Beam Control

Beam stops/attenuators at termination points
Aperture caps when system not in use
Beam shutters for alignment procedures

4. Electrical Safety

Proper grounding per NEC requirements
Over-current protection
ESD protection for laser diodes

3.2 Interlock Requirements

Class 3B Systems:

Single-fault interlock on removable panels
Defeatable for service (with tools only)

Class 4 Systems:

Dual-channel, fail-safe interlocks
Non-defeatable on primary enclosure
Door/entryway interlocks for laser controlled areas

4. ADMINISTRATIVE CONTROLS



4.1 Laser Controlled Area

Establish controlled area with:

Warning signs at all entrances (ANSI Z535.2 compliant)
Limited access (authorized personnel only)
Nominal Hazard Zone clearly marked
Visitor escort procedures

4.2 Standard Operating Procedures (SOPs)

Written SOPs required for:

System startup/shutdown sequences
Alignment procedures (reduced power mandatory)
Maintenance and service operations
Emergency response procedures
Visitor access protocols

4.3 Documentation Requirements

Maintain records of:

Laser Safety Officer designation
Training certifications
Hazard analysis and NHZ calculations
Incident reports
Annual safety audits
Protective eyewear inspection logs

5. PERSONAL PROTECTIVE EQUIPMENT (PPE)

5.1 Laser Safety Eyewear

Selection Criteria:

Optical Density (OD) ≥ log₁₀(H₀/MPE)
Appropriate for all wavelengths present
Visible Light Transmission (VLT) >20% preferred
CE/ANSI Z87.1 certified

Recommended Minimum OD Values:



Wavelength Power Minimum OD Filter Type
405nm 80mW OD 4+ KG3/KG5
488nm 50mW OD 3+ Orange/Red
545-577nm ≤1200mW OD 5+ Blue/Purple
638nm 50mW OD 3+ Blue-Green

5.2 Additional PPE

Lab coats (flame-resistant for Class 4)
Closed-toe shoes
Hair restraints for long hair
Remove reflective jewelry

6. INSTALLATION REQUIREMENTS

6.1 Pre-Installation Checklist

 Laser Safety Officer designated
 Hazard analysis completed
 NHZ calculated and marked
 Interlocks tested and verified
 Warning signs posted
 Emergency stops accessible
 Eyewear available for all personnel
 SOPs documented and available

6.2 Environmental Considerations

Temperature: 10-35°C operating range
Humidity: <80% non-condensing
Vibration isolation for precision applications
Clean power supply (consider UPS for critical systems)
Adequate ventilation for thermal management

6.3 Beam Path Requirements

Maintain beam height outside normal eye level (below 1.2m or above 2m)
Eliminate unnecessary specular surfaces
Use non-reflective, dark materials near beam
Secure all optical components



Document beam path in system drawings

7. OPERATING PROCEDURES

7.1 Pre-Operation Safety Check

Before EACH use:

1. Verify all interlocks functional
2. Check emission indicators operational
3. Ensure proper eyewear available
4. Clear beam path of unnecessary objects
5. Post "Laser in Use" warning
6. Verify emergency stop accessible

7.2 During Operation

Never look directly into beam or specular reflections
Use lowest power necessary for task
Use viewing cards/IR viewers for invisible beams
Maintain controlled access to area
Monitor for unusual sounds, smells, or heat
Keep key control when system not attended

7.3 Shutdown Procedure

1. Reduce power to minimum
2. Activate shutter/beam block
3. Turn off laser emission
4. Remove and secure control key
5. Install protective caps on apertures
6. Document usage in logbook

8. SERVICE AND MAINTENANCE

8.1 Service Personnel Requirements

Documented laser safety training
Understanding of specific system hazards



Authorization from Laser Safety Officer
Appropriate PPE for wavelength/power

8.2 Service Mode Procedures

WARNING: Service mode may bypass safety interlocks

1. Post additional warning signs
2. Restrict area to service personnel only
3. Use beam blocks during alignment
4. Operate at lowest practical power
5. Use appropriate alignment eyewear (NOT safety eyewear)
6. Document all interlock defeats
7. Restore ALL safety features before returning to service

8.3 Preventive Maintenance Schedule

Daily: Visual inspection of indicators and interlocks
Weekly: Clean protective windows and optics
Monthly: Test emergency stops and interlocks
Quarterly: Verify output power and beam quality
Annually: Complete safety system audit

9. EMERGENCY PROCEDURES

9.1 Laser Eye/Skin Exposure

1. IMMEDIATELY press emergency stop
2. Do NOT rub eyes
3. Cover affected eye with gauze patch
4. Seek immediate medical attention
5. Inform medical personnel of:

Laser wavelength
Power/energy levels
Exposure duration
Mode of exposure (direct/reflection)

9.2 Fire Emergency

Class 4 lasers present fire hazards:



1. Activate emergency stop
2. Use CO₂ or dry chemical extinguisher
3. Never use water on electrical fires
4. Evacuate if necessary
5. Report to emergency services

9.3 Incident Reporting

All incidents require:

Immediate notification to Laser Safety Officer
Written report within 24 hours
Medical evaluation documentation
Root cause analysis
Corrective action implementation

10. REGULATORY COMPLIANCE

10.1 FDA/CDRH Requirements (21 CFR 1040.10/.11)

Product registration required before US distribution
Annual report filing for manufacturers
Accession number labeling
Compliance with performance standards
Record retention (5 years minimum)

10.2 OSHA Requirements (29 CFR 1910)

General Duty Clause compliance
State plan requirements may vary
Written safety program required
Employee training documentation
Injury/illness recordkeeping

10.3 ANSI Z136.1-2022 Compliance

Laser Safety Officer appointment
Hazard evaluation documentation
Control measures implementation
Training program establishment
Audit procedures



11. TRAINING REQUIREMENTS

11.1 Minimum Training Topics

All operators must receive training on:

Laser fundamentals and biological effects
Specific system hazards
Control measures and PPE use
Emergency procedures
Regulatory requirements
System-specific operating procedures

11.2 Training Frequency

Initial training before first use
Annual refresher training
Additional training for new equipment
Retraining after incidents/near-misses

11.3 Training Documentation

Maintain records including:

Trainee name and signature
Training date and duration
Topics covered
Instructor qualifications
Competency verification

12. WARNING LABELS

12.1 Required Labels (ANSI Z535.2/IEC 60825-1)

All labels must be:

Durable and permanently affixed
Positioned for visibility during operation/service
Include appropriate signal word (DANGER for Class 3B/4)

Minimum labeling:



DANGER

LASER RADIATION

AVOID EYE OR SKIN EXPOSURE TO

DIRECT OR SCATTERED RADIATION

CLASS 4 LASER PRODUCT

[Wavelength] nm, [Max Power] W

IEC 60825-1:2014

12.2 Aperture Labels

At each aperture where laser radiation exceeds Class 1:

LASER APERTURE

AVOID EXPOSURE

12.3 Non-Interlocked Panels

DANGER

LASER RADIATION WHEN OPEN

AVOID EYE OR SKIN EXPOSURE

13. SYSTEM INTEGRATOR RESPONSIBILITIES
As the OEM system integrator, you are responsible for:

1. Hazard Analysis: Complete evaluation of integrated system
2. Classification: Determine final system classification
3. Safety Features: Implement all required controls
4. Documentation: Provide user manual with safety information
5. Labeling: Apply all required warning labels
6. Registration: File with FDA/CDRH if required
7. Training: Ensure end-user training availability
8. Support: Provide ongoing safety support

14. CONTACT INFORMATION
INMECHA INC Laser Safety Support



Technical Support: [Include phone]
Email: safety@inmecha.com
Emergency (24/7): [Include emergency number]

Regulatory Agencies:

FDA/CDRH: www.fda.gov/cdrh
OSHA: www.osha.gov
ANSI/LIA: www.lia.org

Medical Emergency:

Call 911 (US)
Poison Control: 1-800-222-1222

APPENDIX A: GLOSSARY
Accessible Emission Limit (AEL): Maximum emission permitted for a laser class

Aversion Response: Natural protective eye response (0.25 seconds)

Controlled Area: Area with restricted access for laser safety

Diffuse Reflection: Scattered reflection from rough surface

Intrabeam Viewing: Direct exposure to laser beam

Maximum Permissible Exposure (MPE): Highest exposure without hazard

Nominal Hazard Zone (NHZ): Area where exposure exceeds MPE

Optical Density (OD): Logarithmic attenuation of protective eyewear

Specular Reflection: Mirror-like reflection maintaining beam properties

APPENDIX B: REVISION HISTORY
Version Date Changes Approved By
2.0 Jan 2025 Updated for current product line LSO
1.0 Jan 2024 Initial release LSO
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This document contains proprietary safety information. Reproduction without written
permission is prohibited. INMECHA INC reserves the right to update these guidelines based on
regulatory changes or product modifications.


