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The Importance of Risk Assessment
The management of workplace hazards must
be based on the conclusions of a risk
assessment.
The likelihood
of harm
occurring

The severity of
the harm
caused

Risk = Likelihood x Severity
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The Importance of Risk Assessment
• Risk Assessment:
The process by which the intended use (and reasonably
foreseeable misuse) of the machine, the tasks and
hazards, and the level of risk are determined

• Risk assessment generates an informed hazard
evaluation to effect (if necessary) risk reduction
measures
• Risk Reduction:
The application of protective measures to reduce the risk
to a tolerable level (where the residual risk is as low as
reasonably practicable or acceptable)
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Safety Measures Must be Based on
a Risk Assessment
Risk is the likelihood that someone may be
injured by the laser, taking into account -

•all the potential hazards,
•the harm that could be caused,
•all reasonably foreseeable circumstances of
use, misuse and equipment failure.
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The Safety Objective
To reduce risk to:
As Low as
Reasonably
Acceptable
(ALARA)
a.k.a.

As Low As
Reasonably
Practicable
(ALARP)
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Accidental Laser Exposure

Accidental exposure to laser emission can arise
from:
1. Misdirection or misalignment of a
laser beam
2. Inadvertently moving into a laser
beam
3. Reflection of a laser beam
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Accidental Laser Exposure

This can be the result of:
1. Lack of adequate control of the laser
environment.
2. Failure to follow correct procedures.
3. Malfunction of the equipment (particularly of
protective features, e.g. interlocks).
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General Safety Principles

•

Laser radiation should be enclosed as far as
possible, and access to it limited to the extent
that is reasonably practicable.

•

Levels of accessible radiation should be no
greater than necessary.

•

The existence of accessible laser hazards
should be justifiable.
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Summary of Laser Classes

Classes 1, 2 & 3R No hazard (unless misused).
Classes 1M & 2M

No hazard to the unaided eye.
Eye hazard with magnifying aids.

Class 3B

Eye hazard.

Class 4

Eye & skin hazard.
Fume hazard.
Risk of fire.

(Also, in service mode, if power levels equivalent to
Class 3B or 4 are accessible.)
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But:
The laser class identifies, in broad terms the
potential hazard of the accessible laser radiation.
It does not define the actual risk of using the laser
equipment.
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Risk Assessment

1. What harm can be caused?
2. Under what circumstances can this
happen?
3. How likely is this to occur?
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Risk assessment: A Scoring Approach
Severity:
1 = Insignificant: Might see harmless diffuse laser reflections
2 = Minor: Temporarily affects vision but no permanent damage
3 = Severe: Permanent damage or loss of vision quality
4 = Major: Permanent and major loss of sight or vision quality.
Probability:
1 = Improbable: Possible to occur, but only in unlikely circumstances or very
unreasonable use.
2 = Remote: Unlikely, but possible to occur at some time during expected
lifetime of product
3 = Occasional: Might occur at some time during expected lifetime of product
4 = Probable: Reasonably expected to occur at some time during life of product
5 = Frequent: To be expected on every use of product although not necessarily
occurring.
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Risk Assessment: A Scoring Approach

4x5
Risk Matrix

SEVERITY/CONSEQUENCES

Probability/Likelihood

Insignificant
(1)

Minor
(2)

Severe
(3)

Major
(4)

Improbable
(1)

Low Risk
(1)

Low Risk
(2)

Low Risk
(3)

Low Risk
(4)

Remote
(2)

Low Risk
(2)

Low Risk
(4)

Medium Risk
(6)

Medium Risk
(8)

Occasional
(3)

Low Risk
(3)

Medium Risk
(6)

Medium Risk
(9)

High Risk
(12)

Probable
(4)

Low Risk
(4)

Medium Risk
(8)

High Risk
(12)

High Risk
(16)

Frequent
(5)

Low Risk
(5)

Medium Risk
(10)

High Risk
(15)

High Risk
(20)
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Protective Control Measures
These should be implemented unless a risk assessment justifying
CLASS the adoption of alternative protective control measures has been
undertaken.

1

No protective control measures are necessary under conditions of normal operation.
(This may not be the case under conditions of maintenance or service.)
In the case of embedded laser products containing a laser of higher power, follow
instructions given on the warning labels and supplied by the manufacturer.
Special precautions may be needed for on-site servicing of embedded laser products.

1M

Do not direct the beam into areas where other people unconnected with the laser work
may be present, unless they are known to be beyond the hazard distance of the laser.
Prevent direct viewing of the laser source through magnifying viewing instruments
(such as binoculars, telescopes, microscopes, optical sights or magnifying lenses,
unless these incorporate adequate optical attenuation) within the area in which the
laser is being used. (Note: the type of viewing aid that could be hazardous may be
indicated on the warning label or in the user information supplied by the manufacturer.
Prevent the use of any external optics that could decrease the beam divergence.
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Protective Control Measures
These should be implemented unless a risk assessment justifying
CLASS the adoption of alternative protective control measures has been
undertaken.

2

Do not stare into the beam.
Do not direct the beam at other people or into areas where other people unconnected
with the laser work might be present, unless they are known to be beyond the hazard
distance of the laser.

2M

Do not stare into the beam.
Do not direct the beam at other people or into areas where other people unconnected
with the laser work might be present, unless they are known to be beyond the hazard
distance of the laser.
Ensure the beam is always terminated at a suitable non-specular (i.e. non mirror-like)
surface.
Prevent direct viewing of the laser source through magnifying viewing instruments
(such as binoculars, telescopes, microscopes, optical sights or magnifying lenses,
unless these incorporate adequate optical attenuation) within the area in which the
laser is being used. (Note: the type of viewing aid that could be hazardous may be
indicated on the warning label or in the user information supplied by the manufacturer.
Prevent the use of any external optics that could decrease the beam divergence.
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Protective Control Measures
These should be implemented unless a risk assessment justifying
CLASS the adoption of alternative protective control measures has been
undertaken.

3R

Prevent direct eye exposure to the beam.
Ensure the beam is always terminated at a suitable non-specular (i.e. non mirror-like)
surface.
Do not direct the beam at other people or into areas where other people unconnected
with the laser work might be present, unless they are known to be beyond the hazard
distance of the laser.

3B and
4

Class 3B and 4 laser products should not be used without first carrying out a risk
assessment to determine the protective control measures necessary to ensure safe
operation.
Where reasonably practicable, use engineering means, as specified in IEC 60825-1,
to reduce the Class of the laser to below Class 3B. (This will normally mean
completely enclosing the laser radiation to ensure Class 1 operation.)
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Risk Assessment

•

What harm can be caused by the laser
equipment?

•

How is the laser procedure carried out?

•

Where is the laser being used?

•

Who are the people at risk?
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What?

The Laser Equipment

The class of the laser - how hazardous is it?
The emission wavelength - what harm can it
cause?
What other hazards are there (e.g. gas, fire,
etc.)?
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How?

The Treatment or Process

How is the laser procedure carried out?
What other hazards might the laser process
introduce (e.g. fume, fire, gas, etc.)?
Under what conditions can these hazards occur?
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Where? The Environment

Where is the laser being used?
How is this area laid out? (Consider doors,
windows, furniture & other equipment.)
What sort of access is there into the laser area?
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Who?

The People

•

Who is involved in the laser procedure?

•

How aware are they of the hazards?

•

How likely are they to follow required
procedures?

•

Who else might enter the laser area or be at risk
of harm?

•

How well are all personnel protected?
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The Laser Beam - Two Key Issues

1. The beam delivery-system
How is the beam delivered to its point of use?
2. The possibility of errant beams
Could the beam deviate from its intended path,
or be reflected from its point of use?
29

Errant Beams

A misdirected beam can cause injury,
and set fire to things (and even cause
explosions).
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Levels of Risk High risk

Unacceptable risk.
Additional controls essential.

NO

Medium risk

Consider further controls, unless
these are impractical or not cost
effective.

MAYBE

Low risk

Acceptable risk, unless further risk
reduction can easily be achieved.

YES
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Basic “Laser” Risk Assessment
Hazard

People at
Existing controls
Level of
risk
risk
Risks inherent in the laser equipment (other than emission of laser radiation) –
Ga s, chemical

Further action required

Risk of exposure to emitted laser radiation Eye and skin ex posure

Other risks associated wit h the laser process –
Fume , fire, pla sm a
ra diation

Risks arising from equipment malfunction –
Une xpected la ser
emission

Risks arising during beam adjustment or equipment servicing –
Misdirected be ams
Electric shock

The risk assessment may need to be supported by a written hazard
evaluation or by other more detailed arguments.
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System Description
(Laser Process)

Risk reduction can be
an iterative process
to achieve safety.

Hazard Identification
(Class 1, 1M, 2, 2M, 3R, 3B, 4)
Scenario Identification
(Class 1, 1M, 2, 2M, 3R, 3B, 4)

Accident Probability
(Qualitative or
Quantitative)

Generic Example of
Common Safety
Hazard Analysis and
Risk Assessment

Accident Consequences
(Qualitative or
Quantitative)

Risk Assessment

Implement Control Measures

Evaluate Risk
and/or Hazard
Acceptance

Modify Control
Measures

NO

YES
Build and/or Operate
System
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Consider Finally:

What could go wrong
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Supplemental Resources and Information
Can draw upon national and international consensus standards, including, but not
limited to the following:
• 2006/42/EC – European Machinery Directive
• ISO/IEC 31010:2009 - Risk management -- Risk assessment techniques
• ISO 12100:2010 – Safety of machinery – General principles for design – Risk
assessment and risk reduction
• ISO 13849-1:2006 – Safety of machinery – Safety-related parts of control
systems – Part 1: General principles of design
• IEC/ISO 60825-14 - Safety of laser products – Part 14: A user's guide
• ISO 13849-1 - Safety of machinery -- Safety-related parts of control systems -Part 1: General principles for design
• ANSI B11.0-2010 – Safety of Machinery – General Requirements and Risk
Assessment
• ANSI B11.TR3-2000 – Risk Assessment and Risk Reduction – A Guide to
Estimate, Evaluate and Reduce Risks Associated with Machine Tools
• ANSI/RIA R15.06-1999 (R2009) – For Industrial Robots and Robot Systems –
Safety Requirements
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Supplemental Resources and Information
Can draw upon national and international consensus standards, including, but not limited to
the following:
• ANSI/RIA R15.06-1999 (R2009) – For Industrial Robots and Robot Systems – Safety
Requirements
• NFPA 79-2012 – Electrical Standard for Industrial Machinery
• ANSI/ASSE Z244.1-2003 (R2008) – Control of Hazardous Energy – Lockout/Tagout and
Alternative Methods
• ANSI/PMMI B155.1-2011 – Standard for Packaging Machinery and Packaging-Related
Converting Machinery – Safety Requirements for Construction, Care, and Use
• SEMI S10-0307 – Safety Guideline for Risk Assessment and Risk Evaluation Process
• MIL-STD-882D-2000 – Standard Practice for System Safety
• NOM-004-STPS-1999 – Protection Systems and Safety Devices for Machinery and
Equipment Used in the Workplace
• EN 954-1:2000 / ISO 13849-1:1999 – Safety of machinery – Safety-related parts of control
systems – Part 1: General principles of design
• ANSI B11.21 - Machine Tools-Safety Requirements for Machine Tools Using Lasers for
Processing Materials

36

