
Hazard
Classification:

Minimize Exposure:
Keep these tips in mind!

Training:

Understand your laser's     
class.  It tells you the necessary 

safety precautions.

Protective Eyewear:

Always wear the correct safety 
glasses for your laser.

Beam Control:

Confine the beam with safety 
measures.

Access Control:

Lasers are for trained 
personnel only – use signs and 

security measures.

Everyone around lasers
needs safety training.

LASER SAFETY ESSENTIALS

CORE PRINCIPALS



BEYOND THE BASICS: CRITICAL LASER SAFETY

Additional Critical Considerations

Avoid Reflections:

Shiny surfaces + 
lasers = danger. 

Minimize reflections!

Never Look Directly 
into the Beam:

No exceptions, even 
with goggles!

Fire and Fume 
Hazards:

High-powered    
lasers need fire safety 

and ventilation.

Electrical Safety:

Lasers use              
high voltage.       

Follow electrical    
best practices!

PLAY BY THE RULES: LASER SAFETY REGULATIONS

Regulations and Standards

Know Your Standards:

Safety is serious business! These are your guides:

ANSI Z136
Series (US)

IEC 60825 Series
 (International): OSHA (US):

The go-to for laser              
safety guidelines.

Safety standards worldwide. Workplace laser safety is 
covered by OSHA regulations.



Laser Safety    
Officer (LSO):

For powerful lasers,   
a designated LSO is   
a must!

Maintenance and 
Procedures:

Lasers need regular 
maintenance and 
clear safety protocols 
for your workplace.

LSO
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Maintenance

TAKING IT TO THE NEXT LEVEL

ADDITIONAL CONSIDERATIONS

CLASS 1 LASERS: THE SAFEST KIND

Class 1 lasers are 
incapable of causing eye 

or skin damage under 
normal use.

Definition: Safe Under All
Conditions: 

Embedded
Systems:

Even with prolonged 
viewing, Class 1 lasers 

pose no hazard.

Often found            
within enclosures, 

preventing access to the 
laser beam.

Examples:

• CD/DVD players

• Supermarket barcode 
scanners

• Some laser printers

Additional Notes:

• Caution: Even though 
Class 1 lasers are safe, 
never intentionally 
stare directly into any 
laser beam.

• Labels Matter: Always 
verify the Class 1 label 
before working with a 
laser device.



CLASS 2 & 2M LASERS: CAUTION REQUIRED

CLASS 3B & 3R LASERS: DIRECT EXPOSURE IS DANGEROUS

Class 2 and 2M lasers 
emit visible light (the 

kind we can see).

Visible Light
Only:

Blink Reflex
Protection:

Don't Fight
the Blink:

Class 2M vs. 2:

Brief, accidental 
exposure is generally 

safe due to your natural 
blink reflex.

Prolonged staring      
into the beam can cause 

eye damage.

Class 2M lasers have     
a wider beam, making 
the blink reflex slightly 

less effective.              
Use extra caution.

Examples:

• Laser pointers

• Construction 
alignment lasers

Additional Notes:

• Never Test Your Reflexes: Don't 
intentionally stare at Class 2 or 2M 
lasers.

• Labels are Essential: Always check for 
the laser classification label.

Lower-powered within 
the category. Direct 

beam exposure can be 
hazardous, but the risk 

of serious injury is 
usually low.

Class 3R: Class 3B: Safety Measures
are Crucial:

Never Look at
the Beam:

Direct beam exposure 
will cause eye damage. 

Can also burn skin.

Requires protective 
eyewear, beam 
enclosures, and       
strict controls.

This applies even if 
wearing safety glasses.

Examples:
• Research lasers
• Some medical 

lasers
• Laser light show 

projectors

Additional Notes:

• Regulations Apply: Organizations 
using these lasers need a Laser Safety 
Officer and established safety 
protocols.

• Label Check: Always verify the 
classification label before working 
with a laser.



 CLASS 4 LASERS: EXTREME HAZARD

Class 4 lasers            
pose serious risks for 
eye and skin burns, 

even from scattered or 
reflected light.

Most Powerful
& Hazardous: Fire Hazard: Strictest Safety

 Controls:

Can ignite        
flammable materials.

Require highly 
specialized protective 

gear, interlocks, 
enclosures, and 

extensive training.

Examples:
• Surgical lasers
• Industrial cutting 

lasers
• Laser weapons 

(military)

Additional Notes:

• Restricted Use: Class 4 
lasers are often found in 
industrial, research, or 
highly controlled settings.

• Never Assume Safety: 
Always check the 
classification label and 
follow all established 
protocols.



OSHA:
The Enforcer

ANSI:
The Guide

• Sets workplace safety standards.

• No single laser safety standard, but enforces safe 
practices.

• Can issue citations to employers for inadequate 
safety measures.

• Develops the widely-used Z136 laser safety 
standards.

• Provides detailed technical recommendations.

• Compliance with ANSI standards is often seen as 
fulfilling OSHA expectations.

OSHA
ANSI

LASER SAFETY WATCHDOGS:
OSHA & ANSI

OSHA & ANSI

OSHA& ANSI



Non-profit
Organization

Voluntary 
Consensus
Standards

ANSI Z136         
Series - Laser   

Safety Authority
Guidance
Includes:

Examples:
• Laser classifications
• Hazard controls
• LSO responsibilities
• Medical surveillance
• Incident reporting

POWER PARTNERSHIP: OSHA, ANSI, & LASER SAFETY

 ANSI: SETTING THE STANDARD FOR LASER SAFETY

OSHA: ANSI:

• Enforces workplace safety

• Relies on ANSI Z136 as a safety benchmark

• Can issue citations for non-compliance

• Develops voluntary laser safety standards (Z136 
series)

• Continuously updates standards based on new 
technologies

• Informs potential future OSHA regulations

ANSI

Key Takeaway: If you work with 
lasers, follow the ANSI Z136 

standards to protect yourself and 
comply with OSHA expectations for 

a safe workplace.OSHA ANSI
LASER
SAFETY

COMPLIANCE



PROTECTING YOUR EYES:
LASER SAFETY EYEWEAR

OSHA & ANSI

The most          
important piece of laser 

safety PPE.

Laser Safety's
 Cornerstone:

It's All About
the Specs:

Comfort
Matters Too:

Optical Density (OD): 
Higher OD = more 
powerful protection

Wavelength Coverage: 
Must match your       
laser type

VLT (Visual Light 
Transmission): Choose 
adequate visibility for 
your work

Good fit and                 
full coverage ensure   
the eyewear works       

as designed.



Higher-powered     
lasers (3B and above) 

may necessitate 
protective clothing.

Not Just for
Class 4:

Material
Matters:

• Flame-resistant: 
Reduce fire risk from 
powerful lasers.

• Reflective/Diffusive: 
Help deflect the      
laser beam.

• Wavelength-specific: 
Choose materials 
aligned with your laser.

Gloves for
Handling:

 Protect hands          
when risk of beam        

or reflection      
exposure exists.

Face Shields:
An Extra Layer

Sometimes used 
alongside goggles          

for maximum                
face protection.

PPE: YOUR SAFETY BACKUP PLAN

 BEYOND THE EYES: SHIELDING YOUR SKIN

Engineering controls 
(enclosures, etc.)        

and training are the   
top priority.

PPE: Not the
First Choice

Get
Specific:

Lower Power,
Lower Need:

Your Guide
to Gear: 

Choose PPE designed for 
your laser's power, 

wavelength, and risks.

Classes 1, 1M, 2, 2M 
may only need eyewear.

 Consult your Laser 
Safety Officer (LSO) or 
ANSI Z136 standards       

for precise                           
PPE recommendations.

PPE



THE LASER
SAFETY GUARDIAN

THE LASER SAFETY GUARDIAN: LSO DUTIES (PART 1)

LSO

Program
Mastermind

The
Enforcer

• Develops safety program specific to your 
workplace lasers

• Includes hazard assessment, controls, training, 
& records

• Has the authority to monitor and           
ensure compliance

• Can stop unsafe laser operations

THE LASER SAFETY GUARDIAN: LSO DUTIES (PART 2)

LSO

• Classifies lasers or 
verifies existing 
classifications

• Matches safety 
measures to the 
risk level

Know Your
Lasers:

Hazard
Hunter:

Controls
are Key:

• Assesses work 
areas for all 
laser-related 
dangers

• Includes beam 
exposure, 
reflections, fire, 
and more

Recommends 
engineering, 

administrative, and PPE



THE LASER SAFETY GUARDIAN: LSO DUTIES (PART 3)

LSO

LSO

LSO

Trainer &
Record Keeper:

• Develops               
and delivers         
safety training

• Maintains accurate 
training records     
for everyone

Inspector &
Reviewer:

• Audits facilities and 
laser equipment

• Regularly     
assesses the overall 
safety program

Incident
Investigator:

• Leads investigations 
if laser accidents 
happen

• May report incidents 
to authorities           
(if required)



THE LASER
SAFETY CHAMPION: 

THE LASER SAFETY CHAMPION: UNDERSTANDING THE LSO

LSO

• Laser knowledge   
is essential

• Must understand 
safety standards 
(ANSI Z136)

• Experience in 
hazard assessment 
is vital

Qualifications
 Matter:

Where
They Fit:

The Time
 Commitment:

• LSOs can come 
from various 
backgrounds

• Role depends on 
the organization's 
needs

• Could be a full-time 
job or part-time 
responsibility

• Depends on how 
many lasers, and 
their power levels

The Bottom Line: The LSO protects everyone who works with lasers. They're the 
expert, enforcer, trainer, and investigator for laser safety.

MPE: YOUR LASER SAFETY LIMIT
MPE = Maximum Permissible Energy

The Safety Line: What Impacts
MPE

MPE is the max laser 
exposure that's 
considered safe for a 
given time.

• Wavelength of   
the laser

• How long the 
exposure is

• Laser type 
(continuous        
vs. pulsed)

MPE

HAZARD



CALCULATING SAFETY: THE LSO & MPE

THE LSO'S MPE TOOLKIT

NOHD = Nominal Ocular Hazard Distance

NHZ = Nominal Hazard Zone

• LSOs use MPE to 
calculate hazard 
zones (NOHD, NHZ)

• These zones dictate 
where safety 
controls are             
a MUST

Mapping Out
 Danger

Choosing
Controls:

The Right
Eyewear:

• MPE guides           
the type of          
controls needed

• Examples: 
enclosures, signs, 
restricted access

MPE determines         
the glasses' Optical 

Density (OD)

• MPE calculations 
get complex, 
especially for 
pulsed lasers

• LSOs use tools to 
help them out

It's Not
Simple:

Tools of
the Trade:

• ANSI Z136 tables 
have MPE values

• Software makes 
calculations easier

Safety
First:

• MPE is a 
conservative 
guideline

• It's one safety tool 
among many

The LSO's
Expertise:

• May use provided 
safety distances

• Considers all laser 
hazards, not just 
exposure

NOHD

"MPE is a key piece of the laser safety puzzle"

(T0.75 x 1.8) ÷ t



CORE
PRINCIPLES

Understand the          
class of your laser (1, 
1M, 2, 2M, 3R, 3B, or 4). 
Higher classes pose 
greater risks. This 
information determines 
the necessary         
safety measures.

Hazard
 Classification:

Minimize
Exposure:

Access
Control: Training:

Always aim to reduce 
the exposure of your 
eyes and skin to the 
laser beam. Key 
measures include:

Protective Eyewear: Wear 
laser safety glasses 
specifically rated for the 
wavelength and power 
output of your laser.

Beam Control: Employ 
engineering controls like 
beam enclosures, beam 
stops, and interlocks to 
confine the laser beam and 
prevent accidental exposure.

Restrict the laser       
area  to trained 
personnel, post clear 
warning signs, and     
use key switches or 
other security measures 
to prevent   
unauthorized use.

Everyone working with 
or near lasers must 
receive comprehensive 
training on laser safety 
hazards and the 
required procedures 
specific to the 
equipment in use.

ADDITIONAL CRITICAL CONSIDERATIONS

Shiny surfaces can 
cause dangerous 

reflections of the laser 
beam. Minimize 

reflective materials in 
the laser area, and be 

aware of the beam path.

Avoid
Reflections:

Never Look Directly
 into the Beam:

Fire and Fume
Hazards:

Electrical
Safety:

This applies even when 
wearing safety glasses. 

Direct exposure to a 
laser beam can cause 

lasting eye damage in a 
fraction of a second.

High-powered lasers 
can ignite materials and 
create toxic fumes. Have 

fire extinguishers on 
hand, and ensure 
proper ventilation

Lasers often        
operate with high 

voltages. Always follow 
best electrical         

safety practices.



ADDITIONAL CONSIDERATIONS

REGULATIONS AND STANDARDS

Adhering to safety regulations is paramount. Key standards include:

Provides comprehensive 
guidelines for the safe 

use of lasers in     
various settings.

ANSI Z136
Series (US):

IEC 60825 Series
(International):

OSHA (US):

 International standard 
for laser safety.

Occupational Safety and 
Health Administration 
regulations cover laser 
safety in the workplace.

Laser Safety
Officer (LSO):

Organizations using Class 3B or Class 4 
lasers should appoint a designated Laser 
Safety Officer responsible for overseeing 
safety protocols.

Maintenance and
 Procedures:

Establish regular maintenance schedules 
for your lasers, and have documented 
safety procedures specific to your work 
environment.

LSO

Always Remember: Lasers are powerful tools but come with inherent risks. Prioritizing 
safety through understanding, protective measures, and adherence to standards is of 
the utmost importance.



CLASSIFICATION
SYSTEMS

Here's a breakdown of the primary laser hazard classifications, along with descriptions of 
the risks associated with each:

There are two main classification systems:

• FDA (Food and Drug Administration - United States)
• IEC (International Electrotechnical Commission - International)
The key difference is that the IEC system has additional distinctions within certain classes.

Safe under normal use. 
Generally embedded within 
an enclosure that prevents 
access to the laser beam. 

Examples include CD 
players and supermarket 

barcode scanners.

Class 1 Class 1M Class 2 Class 2M

Safe for direct viewing   
with the naked eye, but  
can be hazardous if the 

beam is viewed with 
magnifying optics 

(binoculars, telescopes).

Low-powered, visible lasers. 
Safe for brief accidental 

exposure due to the blink 
reflex (averting eyes quickly). 
Prolonged staring can still be 

harmful. Examples include 
classroom laser pointers.

Similar to Class 2, but the 
beam is wider. Requires a 

bit longer for the blink 
reflex to protect the eye, so 

caution is needed.

Intermediate power lasers. Can cause 
eye damage with direct exposure, but 
the risk of serious injury is usually low. 
Increased caution required. Some laser 
pointers and laser alignment tools fall 

within this class.

Class 3R Class 3B Class 4

Hazardous if the beam enters the eye 
directly. Can also cause skin burns. 

Requires strict safety controls. 
Examples include lasers                      

used for research and certain     
medical procedures.

Most powerful, highly hazardous   
lasers. Can cause serious eye and skin 

burns, even from scattered or reflected 
light. Can also ignite flammable 

materials. Examples include surgical 
lasers, industrial cutting lasers, and 

laser weapons.

Important Notes:
• The higher the class number, the more potential for injury.
• Laser classification is based on the power output, wavelength, and potential for exposure.
• Lasers should always have a clear classification label.
• Never assume a laser is safe without checking its class and following the appropriate safety precautions.

LASER CLASSES



OSHA and ANSI play distinct but complementary roles in ensuring 
laser safety within the United States:

Regulatory Authority: OSHA is a federal agency responsible for setting and 
enforcing workplace safety standards. While there isn't a comprehensive 
laser-specific standard, OSHA uses a combination of sources to address       
laser hazards:

General Duty Clause: Requires employers to provide a workplace free of 
recognized hazards likely to cause death or serious harm. OSHA may cite 
employers under this clause if laser safety practices are inadequate.

Industry-Specific Standards: Some OSHA standards for industries like 
construction or healthcare indirectly address laser hazards.

Guidance from ANSI Z136 Standards: OSHA often looks to the ANSI Z136 
series for guidance on acceptable laser safety practices.

Standards Development: ANSI is a non-profit organization 
that facilitates the development of voluntary consensus 
standards across various industries in the US.                    
The ANSI Z136 series of standards is the primary authority 
on laser safety.

These standards provide in-depth guidance on:
• Laser classifications
• Hazard controls (engineering, administrative, PPE)
• Laser Safety Officer (LSO) responsibilities
• Medical surveillance
• Incident reporting

OSHA Reliance on ANSI: While ANSI standards are 
voluntary, OSHA frequently relies on them as a 
benchmark for what constitutes safe laser use in a 
workplace. Non-compliance with ANSI Z136 could be 
seen as a violation of the general duty clause.

Informing Regulation: The ANSI Z136 committees are 
constantly reviewing new laser technologies and 
applications, updating their standards accordingly.      
This updated guidance can help inform future decisions 
OSHA might make about creating more specific laser 
safety regulations.

Key Points

• If you work with lasers, the ANSI Z136 standards are your primary resource for detailed 
safety practices, even though they are not legally mandated.

• OSHA enforces workplace safety and can take action against employers who don't follow 
widely recognized industry safety standards like ANSI Z136.

OSHA (OCCUPATIONAL SAFETY
AND HEALTH ADMINISTRATION)

OSHA

ANSI (AMERICAN NATIONAL
STANDARDS INSTITUTE)

HOW THEY
WORK TOGETHER



Here's a breakdown of the primary types of Personal Protective Equipment (PPE) used for laser safety, along 
with important factors to consider:

PPE (PERSONAL PROTECTIVE
EQUIPMENT)

LASER SAFETY EYEWEAR PROTECTIVE CLOTHING

GLOVES FACE SHIELDS

Most Critical PPE: Designed to protect the eyes from 
the specific laser wavelength and power being used.

Key Considerations:

Optical Density (OD): Indicates how much the 
eyewear reduces the laser beam's intensity. Higher 
OD means greater protection. OD must be carefully 
matched to the laser.

Wavelength Coverage: Ensure the glasses block the 
exact wavelength(s) of your laser.

Visual Light Transmission (VLT): Impacts your    
ability to see normally. Adequate VLT is important for 
task visibility.

Fit and Coverage: Eyewear must fit well, offering     
full coverage around the eyes, possibly including    
side shields.

For Higher Powered Lasers (Generally Class 3B and 
4): Protects skin from burns and exposure.

Materials:

Flame-resistant: (e.g., Nomex, treated cotton) to offer 
protection from potential ignition.

Reflective or Diffusive: Can help scatter or reflect 
some laser energy.

Specific for Wavelength: Some materials offer 
greater protection at specific wavelengths.

May be needed in some situations: Protection for 
hands when there's a risk of exposure to the beam   
or reflections.

Material Considerations: Similar to protective 
clothing, based on power and wavelength.

Sometimes used in addition to eyewear: Offers 
additional protection to the entire face, particularly 
for high-powered lasers.

Important Notes:

PPE is the LAST line of defense: Engineering and administrative controls                                                              
(enclosures, beam paths, training) are always prioritized.

Selection MUST be specific: PPE must match the wavelength, power, and potential exposure risks of your laser setup.

Not all lasers require PPE beyond eyewear: Lower classes (1, 1M, 2, 2M) may not necessitate additional protection.

Guidance: Your Laser Safety Officer (LSO) or the ANSI Z136 standards will provide the most accurate guidance on the 
specific PPE required for your laser work.



The Laser Safety Officer (LSO) plays a pivotal role in ensuring the safe use of lasers in any setting where Class 
3B or Class 4 lasers are employed. Here's a breakdown of their key responsibilities:

LSO (THE LASER
SAFETY OFFICER) LSO

Additional Considerations
Qualifications: The LSO should have technical knowledge of 
lasers, laser safety standards (like ANSI Z136), and experience 
in hazard assessment and control.

Organizational Role: The LSO can be from various 
departments (engineering, safety, research, etc.) depending on 
the work environment.

Full-time vs. Part-time: The workload for an LSO will 
determine if it requires a dedicated full-time position or can be 
a part-time responsibility.

In Summary: The Laser Safety Officer is the cornerstone of 
laser safety. They act as the expert, enforcer, trainer, and 
auditor, all with the goal of protecting personnel and 
preventing accidents in environments where lasers are used.

PROGRAM OVERSIGHT
AND AUTHORITY

HAZARD EVALUATION
AND CONTROL

Develop and Implement Safety Program: The LSO 
establishes a comprehensive laser safety program tailored 
to the specific lasers and applications within their 
organization. This includes hazard assessment, control 
measures, training, and documentation.

Enforcement: The LSO has the authority to monitor laser 
use and enforce safety protocols. They can halt operations if 
unsafe practices are observed.

Laser Classification: LSOs either classify lasers themselves 
or verify existing classifications to ensure appropriate safety 
measures are aligned with the risk level.

Hazard Assessment: They analyze laser work areas to 
identify potential hazards, including direct beam exposure, 
reflections, fire, and electrical risks.

Control Measures: The LSO recommends and oversees the 
implementation of engineering controls (beam enclosures, 
interlocks), administrative controls (procedures, signage), 
and PPE selection.

Develop and Conduct Training: The LSO trains all   
personnel working with or near lasers on the hazards,  
safety procedures, and emergency responses relevant to 
their work.

Maintain Training Records: They keep records of training 
provided to demonstrate compliance and ensure everyone 
is up-to-date.

Facility and Equipment Audits: The LSO regularly inspects 
laser areas and equipment to ensure control measures are 
in place, functioning properly, and being followed.

Program Review: They periodically review the entire        
laser safety program to identify areas for improvement        
or updates.

TRAINING AND EDUCATION INSPECTIONS AND AUDITS

INCIDENT INVESTIGATION
AND REPORTING

Investigate Accidents: If a laser-related incident occurs, the 
LSO leads the investigation to determine causes and ways to 
prevent future occurrences.

Reporting: The LSO may be responsible for reporting 
accidents or significant incidents to regulatory bodies or 
within the organization.



Here's a breakdown of Maximum Permissible Exposure (MPE) for lasers and how the Laser Safety Officer (LSO) 
factors it into their calculations:

MPE (MAXIMUM
PERMISSIBLE EXPOSURE)

WHAT IS MAXIMUM
PERMISSIBLE EXPOSURE?

HOW LSOS
USE MPE

Safety Threshold: MPE represents the maximum level of laser 
radiation an individual can be exposed to within a specific time 
frame without experiencing adverse effects on the eyes or skin.

Key Factors: MPE is determined by:

Wavelength: Different wavelengths of light interact with the eye 
and skin in different ways.

Exposure Duration: Longer exposure times generally              
lower the MPE.

Laser Type: Whether a laser is continuous wave (CW) or pulsed 
impacts the MPE calculation.

Hazard Assessment: LSOs use MPE values to determine the 
Nominal Ocular Hazard Distance (NOHD) or Nominal Hazard 
Zone (NHZ). These define the areas where laser exposure could 
exceed the safe limit, requiring additional precautions.

Control Measures: MPE helps LSOs select appropriate 
engineering controls (enclosures, beam stops) and administrative 
controls (warning signs, access restrictions).

PPE Selection: When laser safety eyewear is required, the MPE 
determines the necessary Optical Density (OD) of the glasses to 
provide sufficient protection.

Complexity: MPE calculations can be quite complex, particularly for pulsed lasers and various exposure scenarios. LSOs rely on:
ANSI Z136 Tables: The ANSI Z136.1 standard contains tables providing MPE values for various wavelengths, exposure times, and conditions.
Specialized Software: There are software tools specifically designed to assist in MPE and hazard distance calculations.

PERFORMING CALCULATIONS

Important Notes:
Conservative Approach: MPE is defined conservatively; exposure slightly above MPE is not guaranteed to cause 
immediate injury. It's a guideline for establishing safe distances and protection levels.

LSO's Role: While LSOs need to understand MPE conceptually, in many settings, they might use pre-calculated hazard 
distances provided by the laser manufacturer or rely on software for specific setups.

MPE is NOT the only factor: LSOs consider many other factors in laser safety, including potential reflections, fire 
hazards, electrical hazards, and procedural controls.

WHERE TO FIND INFORMATION
ANSI Z136.1 Standard: The definitive source for MPE tables and calculation guidance.
Laser Manufacturer: Often provide NOHD or NHZ calculations specific to their laser products.


