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Case Studies

EiE sl

Laser Incident Description

On Thursday November 19, 2015, LANL postdoc received an eye injury from a reflected, non-
visible laser beam (Class 4, pulsed, wavelength 800 nanometer). The setup is configured to split
the laser output into two work areas in which qualified operators conduct research experiments.

During this incident, the laser output beam was being projected to both experimental work
areas, although only one experimental area was actively being used. The second laser beam
directed to the second work area was blocked by an inappropriate device (Plexiglas, reflective,
non-normal incidence) that reflected substantial portion of the beam toward the first setup. In
preparation for the measurements, worker stepped on the stepstool and decided to remove the
laser goggles to better see the micrometer readings which were difficult to see due to
insufficient lighting. Immediately, he noticed a flash of light in his eye. The operator quickly
replaced the laser eye-wear and then, using an infrared viewer, located a stray laser beam being
reflected from the plexiglas beam block.

The operator did not think he had sustained any injury and continued working. Later that day,
however, he noticed a blurry spot in the vision of his left eye. He notified his supervisor on
Friday morning, November 20, 2015, and was taken by CINT management to Sandia National
Laboratories (SNL) medical facility for evaluation. SNL Medical did not find any abnormalities,
but referred the operator to a local ophthalmologist for further evaluation. Further evaluations
by the ophthalmologist on November 21 and November 23 identified a small spot of
inflammation near the fovea on the retina in his left eye. The ophthalmologist stated that this
spot would most likely heal on its own and that the blurry spot on the operator's vision would go
away. A follow-up visit was scheduled. The employee was released back to work without
restrictions.

» Insufficient communication between users of shared laser beam — second
beam was active when not in use

» Selection of inappropriate material (reflective surface, susceptible to laser
damage) and position for the beam block

» Operator of the second setup had not verified safety conditions (blocking
stray reflections) after modifying the setup (changing/blocking the beam
path)

» Limited illumination impaired visibility of the instrumentation readings

» QOperator removed laser protective eyewear

R B THEE 4 XFEREFN FAEERRERLEHR, £F
IR INAUARY 2500 WHIEKITR, REREEHEEE.

On August 30, 2011, during the performance of preventative maintenance for a 2,000 hour run time on a Class IV laser,
a Specific Manufacturing Capability (SMC) electrician received second degree burns to the middle and ring fingers on
his left hand. The qualified electricians were in the process of aligning the mirrors on a Laser Optics Telescope when
the event took place. In preparing to align the mirrors, the electricians selected the program parameters, as instructed in
the procedures. They verified the settings within the program and proceeded to install a target by hand into the required
location to take a paper shot. This procedure tests the alignment of the laser beam to ensure it s reflecting properly off
the mirrors. To activate the invisible beam a technician then steps outside of the nominal hazards zone boundary and,
using both hands, turns the key and pushes the button on the hand held pendant. When placing the target into place, the

ABBEBR TR RS, BRHV4EART IR

electrician’s left hand came into contact with an unexpected, unfocused energized 2,500 watt beam and was burned.
The high power was immediately turned off by the maintenance Person in Charge and the laser was placed in a safe
configuration. The electrician was taken to Central Facilities Area medical and was treated for the burns to his fingers
and was released to SMC with restrictions. Further investigation is required to determine why the beam was energized.

(800nm) 1HEILR., E¥ftkEwRE, XHARYE
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Case Studies
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A researcher of UC berkeley walking towards an
optical table was expossed to a laser beam that
reflected off a hex ball driver tool. The direct cause of
the incident was the insertion of a ball driver tool with
a reflective surface into the path of the 0.02 W
continuous wave beam (420 nm), which reflected the
laser beam into the eye of a nearby researcher. The
laser user was not adequately trained and lacked Tool in beam path Approx. location of researcher
experience with building an optical layout with an struck by specular reflection
active beam present, including appropriate laser
safety beam management.

AR DR —BARARER—ECF TS, EEETERIAVEGER
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Low beam curb/barrier



Case Studies
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A case of severe accidental laser-induced eye injury in a 20-year-old technician
Despite having received laser safety training and reading warning labels, he deliberately
stared at the output of a laser rangefinder, resulting in immediate vision loss in his right eye
(partial improvement occurred 5 minutes later).
—%20 ZBEMEARRATERINOCEIRIRGHES . 1ZHAR BRI HC L EF)I B
B ETRIRIR, R EWAUCNEEMAE R, MATEIARAIEEK,

Corneal burn-rabbit due to photo ablation Large retinal burn from 1W blue laser

Mainster MA, Stuck BE, Brown J. Assessment of Alleged Retinal Laser Injuries. Arch Ophthalmol. 2004.



Factors of Laser Hazards
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THE NUMBER OF INCIDENTS
The previous in-depth laser incident summa report of approximately
November, 1994 reported 272 incidents [?f. This number has now
increased in December of 1996 to a total of 330. The division of these
incidents is shown in Table 1.

Table 1

The division of 330 incidents in the period: 1964-1996

Period No. Yrs Number of
Incidents
1964 - 1976 13 32
1877 - 1986 10 151
1987 - 1996 10 147
33 330

The new total, therefore, represents an increase of 58 incidents over
the two years period. It is significant that not all of those 58
incidents occurred in the 1995-1996 period. In that period, only 32
"new" incidents were recorded. Thus, 26 incidents were belatedly
reported during this period for years prior to 1965. This is not an
uncommon factor: e.g.learning of incident details many years following
tlfxg event (sometimes after litigation involving the incident has been
effected) .

o ERERERR (HLLA 73%) : 241 &8, BEEFTEMMIEEIHREKE
o RMERER (HEEZ 14%) : 3 46 #2
« FEEERSFA (HEEZY 13%) . FHE 43 %

ILSC1997/567 Laser incidents: A review of recent events

Laser Accident Summary of 330 Incidents

Table 2

: A Univ/ Other B
’_TOTAIJO Align Lab Bystnd Cause Cgﬁég
134 44 13 11 38 7
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26 8
148 34
s Skin total, The actual Fire total: 24.
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U.S. Department of Energy

Factors of Laser Hazards
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/ )% SPECIAL OPERATIONS REPORT: LASER SAFETY
Performance Assessment
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Background
¢ 1&%$& B% Laser accidents continue to occur across the DOE Complex. Seven laser accidents were
© BEAETIEARE et i e xpoures 0o ple. Non of h e v i e o e
° ﬂi XTJ‘ ?—Fﬁ ﬂj] fE—’ % ;l‘% El Bji -TI-F :ﬁ% }\j'/ﬁ prote«;t-iortl that is. esste}?tial \«;fhen v\rork(iinfh with hii.h-eneigy Iatselz syétems. The I)utr}p])ose of tllis
« BEHEBEHRERY o exaluae the ettt hich DO laser safly requiemnts comply it ANS1 1361200
o ?}j E :'E% ]\j'_ﬁ, :}.%,_}E% _Ial:é Eﬁ ?}j E :'E% 9& ;-(\i American National Standard for Safe Use of Lasers (Safe Use of Lasers); and to provide laser safety

performance expectations,

IR

« EATREPRINIRE / RIKREE

Lasers are used in the conduct of many DOE missions. There are several thousand laser
systems in use, and more than 2,000 of these systems are Class 3B or 4. Furthermore, it is
expected that the use of lasers will continue to increase with expanded future applications.
Lasers are grouped into four classes based on their power and thus their potential for causing
either injury or fires from direct exposure to the beam or reflections from diffuse reflective
surfaces. The table below lists the four classes and describes the power of lasers in each class.

ILSC1997/567 Laser incidents: A review of recent events
PRELIMINARY ANALYSIS

The ANSI 2Z136.1 Standard "For the Safe Use of Lasers has indicated
that the laser related incidents generally fall into one (or more) of
the following major incident categories [1]:

Unanticipated eye exposure during alignment.
Available eye protection not used.

Equipment malfunction.

Improper methods of handling high voltage.

No protection for ancillary hazards.

Improper restoration of equipment following service.
Incorrect eyewear selection eyewear failure.
Accidental eye/skin exposure during use.

ok ok ok H *



Optics Basic Knowledge
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The Nature of Light
TR AR BT——H HigE gt

Electromagnetic Radiation

Light, Electromagnetic Radiation, is a form of energy whose behavior is described by the properties of both waves

and particles.

JC, BIER#iREY, 2 —Mek

Photon's energy Is:

2, BRI _RM.

Electromagnetic Spectrum (Source: Zedh. Wiki)

Eeh hc
= Ny = — 1|024
A
where
£- Energy |
10—16
- Planck’s constant

V- Frequency
A- Wavelength
C- Speed of light

The energy of a photon is inversely
proportional to its wavelength

<— Increasing frequency (v)
1922 1920 1|o18 1916 1914 1|o12 1|010 1|03 1|05 1|o4 1|02 1|o° v (Hz)
y rays Xrays | UV IR Microwave|FM AM Long radio waves
Radio wave
| | | | | | | | | | |
10-14 10—12 10—10 YlA- -

10°

|
102 10 108 A(m)

Increasing Wavelength (A

108

KR, REES



Optics Basic Knowledge

\[2 32 O Propagation Characteristics of Light
HEFEREAIR e R
Since light moves in straight lines, changing directions when it interacts with materials. Two laws govern how light
changes direction when it interacts with matter:

TCAEZEE, BESYRHEEERNSNEERETR, TR EFERmARER:
* Law of Reflection light bounces off matter.

k& EEER TN FERE RSB

Law of Reflection

* Law of Refraction light passes through matter.

:H:l_ Eﬁiﬁlﬁﬁﬁ %Z%E\TJGF ﬁﬁ[ﬁﬂl\] 'I%;R Perpendicular
to surface

Incident ray

Reflected ray

Specular Reflection Diffuse reflection

(Source: John Breen. "Advanced Analytical Chemistry 1“Providence College.)



Optics Basic Knowledge

\2 232 Sn Propagation Characteristics of Light
HEFE BRI AR e R
The degree of beam deflection depends on both the incident angle and the magnitude of the velocity change. For a
given incident angle, a greater reduction in wave velocity results in a greater refraction.

HENRITEEBRURTAFNAREEERZHMNERE. SASHEREN, KEEEFEREEZ, ITHNNEEZE, THA
A Z R,
n,sin 8; = n, sin 6,
n,;andn, are the indices of refraction for media 1 and 2.
0, and 6, are the angles between the rays and the perpendicular in media 1 and 2.

Law of Refraction

* In physics, attenuation is the gradual weakening of light intensity as it propagates |
through a medium. The main cause of light attenuation is absorption by the medium. i
Absorption occurs when matter captures a photon's energy, converting it into internal 0; |
energy (e.g., heat) |

aEFR, BEEEICENRTEEN, HREFHBSENIER. TRBNTEZER | Medum1 \

FAZNMRRK. BREZEYMERBRIETFEE, FTRHEECABINE HREE) NERE. | Medium2 i

|
|
|

* Scattering, another key attenuation mechanism, is the redirection of light in multiple
directions due to particles or inhomogeneities in the medium.
BRI, B ER —MRBORENG, RIJCET R NBAE AT mE 24
71 RE IR




Optics Basic Knowledge

s S Basic Parameters of Light
HEEERHAIR SR BB 3
* Energy: The total quantity of energy carried by light. Unit: Joule (J)
B2 SXAETHNERERE. HEVIREFR ().
* Power: The rate at which light energy is transmitted, defined as energy transferred per unit time. Unit: Watt (W) = J/s.
MR FREFBENER, NEMNNERNERNEE. HBEMRER (W),
* Power Density: The power incident per unit area of a light beam’s cross-section. Unit: W/cm?2 or mW/cm?
MR HREBRABER FFRSNNE, LBAE Wem? 5§ mW/em?
* Beam Half-Divergence Angle: A key parameter quantifying the collimation and directionality of a light beam. A smaller
divergence angle results in a more concentrated beam, a longer propagation distance, and a slower attenuation of its
power density.

HREANA: HEAFREEMSTHEMNXIBSH. A8HE&/N, NREENES, FREBLET, HNRXREE
M HEE

Formula for Half-Divergence Angle of a Gaussian Beam are:
A LN _ il
8 R \\"*-\ ‘ B i o
Twgo (rad) \lzdoT S Vi \ Div .

© - beam divergence — J_"\\:.,\.Q'.[ z-axis

A - wavelength / T

wo - beam waist |
Beam




What is LASER ?

Definition of Laser
=N \/
A=t HOEEX
LASER = Light Amplification by Stimulated Emission of Radiation
B R AR RARA IR

Albert Einstein Theodore Maiman'’s first laser
He published “On the Quantum Theory Maiman behind a larger ruby laser, handed out at the Hughes press conference announcing the laser,
of Radiation” in1917, laying the theoretical initially many thought this was the first laser in the world.

groundwork for the laser.
(Source: Wikipedia) (Source: Hecht, Jeff. “Short history of laser development.” Optical engineering 49.9 (2010))



What is LASER ?

s Laser V.S. Ordinary Light
A=t AL S HEE

* Alaser is a device that generates coherent light through the process of stimulated emission.

Aoter e —MRE RN EIESEHTIENEE,
* The output of a laser, laser light, is characterized by its monochromaticity, directionality, and coherence.

AoCeER R AR, B AREd. JTraAAETM,
* A laser system refers to the complete integrated setup, encompassing the laser itself along with all necessary electrical,

mechanical, and optical components.

HALRGIEENERRE, SRR ASURMELFTHES. YURMICER T,

Characteristic Laser Ordinary Light
Monochromaticity Single wavelength  Mixed multiple wavelengths
HEd BRI ZRIKRE

Extremely small

Directionality Large divergence angle

a divergence angle .
Coherence Consistent phase Disordered phase

T4 IR IVAES' AR EL



Laser Construction

* The three essential components of a laser are the gain medium, the pump source, and the optical cavity.
MICHRB=NEREB ML FOCN R (BHENR) . RFREMIECFIEIRE.
* Gain Medium: solid, liquid, gas.
AICN B B, &, K
* Pump Source Mechanisms: Optical pumping (e.g., flashlamp, diode), Electrical pumping (e.g., electric discharge, current
injection.

ROBBRHLE] . EFRM (G WNXAT. ZRE) . BRI WRENE . BREN)

* The optical cavity contains a completely reflective .
mirror and a partially reflective mirror. Nd:YAG solid-state laser
KRB EE A RAGH—ENSREE. | -
ighly Partially
. reflective reflective
Component Function mirror Flashlamp (pump source) e
A K THE 7 ] ] I
1
Gain Medium Generates stimulated emission i ,E I;s:;lrlt
N-TN VAN AN ==
IR PR ARG _\ ND:YAG crystal (laser medium) L
Pump Source Provides energy
SRR RitREE
Optical Cavity Amplifies the laser beam Optical resonator
SRR SHHFHA

(Source: Lakkasuo. Wikipedia)



Common Applications of Laser

N IRN Material Processing & Manufacturing
AIOCEY T I N RN T S

Using laser energy to precisely alter materials: shaping, joining, removing, or modifying properties.

M AR ENMEFHITHERINT, MBI, &k KBRS,

 Specific Types and Applications E{&IEEI KX N -
Thermal Processing: Cutting, Welding, Selective Laser Melting
AT UIE. BE. EFEMRUCEL
Photochemical Processing: Stereolithography Apparatus

TALFEIN T SRSCE AR




Common Applications of Laser

Scanning Detection & Imaging Category

FARERN 5 B

AICHY T W F

* Capitalizing on laser properties (directionality, high brightness, coherence), this technique scans an object point-by-
point or line-by-line to detect interaction signals (reflection, scattering, fluorescence), enabling the reconstruction of
morphological, structural, or compositional images.

MARENTEY., aREMETYE, MERNEEZPAmNTR, RUACEYRBEEREFENES (RS,

AT, WOt), HMEELMENEE. S B,

« Specific Types and Applications E{&KE KN -
Morphology Scanning: Lidar, Confocal Profiler
REMEAWSWEE: BIECEFIE. HEERHRL
Optical Imaging: Confocal Microscope, Multiphoton Microscope

KEMR: ABREERE. ZHATERRE

AAM Lab
FreeScan Combo it F 5 =433 1Y

MCPF Lab BRMEHTBOEHBRE B HEE



Common Applications of Laser

TR Component and Structural Analysis Category
AICEYE WA F RS S A T2

* The laser acts as an excitation source. It probes a material's intrinsic properties—such as elemental composition,
molecular structure, and crystal structure—by detecting the characteristic "fingerprint” signals generated during laser-
matter interaction.

#ﬂﬁﬁﬁﬁguw?,Eﬁ%%ﬁ%%%ﬁﬁﬁﬁ%?i%%ﬂﬁﬁfﬁ%,%ﬁﬁ%ﬁ%i%ﬁﬁ\ﬁ¥#m5%%

EEFNERM.

« Specific Types and Applications E{#EE &N H
Laser Spectroscopy: Raman Spectroscopy, Laser-Induced Breakdown Spectroscopy)

AMOLHEIE: REHE. BCFSEFIE

MCPF Lab B ERIEH 2 it



Common Applications of Laser

Sk N2 s Particle and Fluid Measurement Category
AICEY & W Rz A B S R B2
* These are optical measurement methods based on the interaction of laser light with tracer particles in a fluid, enabling
the quantification of flow fields or particle properties.

BE DRSS RIERRENTHREER, KNERDNNFSHEE IR NIREFME.

 Specific Types and Applications E{&IEEI K N F:
Flow Field Measurement: Particle Image Velocimetry, Laser Doppler Velocimetry
mmNE: WFEGNERE. BICZEENERE
Particle Size Analysis: Laser Diffraction, Dynamic Light Scattering)

WD HOLLTEE. BASEREHE
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Laser Types

o S LES

* Lasers are categorized according to their gain medium, with major types including solid-state, gas, semiconductor, and
liquid lasers.

ROCHRIREH N BB AT L, TEMRBREES. [ F5E. BRERLE.

Solid-State Gas Semiconductor liquid
Nd: YAG Nitrogen Gallium Arsenide (GaAs) Rhodamine 6G
Er: Glass Helium Cadmium Gallium Aluminum Arsenide  Coumarin C30

Erbium: YAG ArF. KrF

Holmium: YLF XeCl. Xef

Chromium Sapphire HeNe

Ti: Saph HF

Alexandrite CO. CO,

Neon-Copper Vapor
Gold Vapor




Laser Safety Standard

MICR PR

* International Electrotechnical Commission
IEC) EFETERS
* |tis the primary backbone of classification throughout most of the world.
INTERNATIONAL S 7\ SEL Ale 2\ S
STANDARD ?%ﬁﬁtkﬁﬁﬁ\;ﬁtﬁ;‘éﬂl{l%ﬁmo
* Emphasis on "Product Classification and Basic Safety Requirements”

B RN ESRAREER

Edition 3.0 2014-05

GROUP SAFETY PUBLICATION
PUBLICATION GROUPEE DE SECURITE

Safety of laser products -
Part 1: Equipment classification and requirements

Sécurité des appareils a laser —
Partie 1: Classification des matériels et exigences

| RNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

(IEC) 60825-1
Safety of Laser Products
SR Part 1: Equipment Classification and Requirements

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.




Laser Safety Standard

NIV o —
ICR EIR/
* Standardization Administration of the People's Republic of China

ewl = s

g FEERIFECEEZRS

b NRIEANEERXWBFHE  GB/T-7247.1——2024 Edition Equivalently Adopts IEC 60825-1:2014
GBIT TH71—2041EC 602512014 GB/T-7247.1——2024 RRFF A IEC 60825-1:2014%r4

K&

BAFERHRE
F1Eo: HEDAEMER

Safety of laser products—
Part 1:Equipment classification and requirements

(IEC 60825-1:2014,IDT)

2024-09-29% %5 2025-04-01SEjfi
GB/T 7247-1
EXHRNEEELR , o S 17 AL e
RERERERRE BB TS

F1885: REDEFIER




Laser Safety Standard

IR EFRAE

BN - American National Standards Institute
- % EE RIS
* Laser safety in use within the United States—covering settings such as
laboratories and industrial environments—is largely consistent with the IEC
standard classification system, though there are differences in details.
ERERNHCFEARSE, BEXRE. TVESDSE, 5 IECHRAEDTERERER
American National Standard EZIK o %IZ ' 1§ gEH :l%_ ﬁ % jgr_ °
for Safe Use of Lasers * |t places greater emphasis on “safe use,” with more detailed requirements for
operating procedures and personnel training.

Rl "REMREA", WRIEREMARBIIEREME

ican Na
SN,

ALIA @@ ANSI 2136.1

American National Standard for Safe Use of Lasers
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Laser Safety Terminology

SN2 g SRC
%&tﬁ ?_'*'lﬂ
« Accessible Emission Limit (AEL) T[3i& & 511%FR
The maximum accessible emission level permitted within a particular laser hazard class.

R ERICERFRAARTFNRRTIERGFKE,

ANS/ Z136.1-2022

« Application Scenarios N Fiz5&
The fundamental criterion for laser classification BYtOHKBNEARHAIYE:

Determining a laser's hazard class (1, 1M, 2, 2M, 3R, 3B, 4) by comparing its output power/energy against the AEL
thresholds defined by the standard.

BT XL M TR/ B STREE X NAELEE, FEHBRER (1, 1M, 2, 2M, 3R, 3B, 4)

A key parameter for compliance testing &M i By @S %1
Ensuring that a laser product's accessible emission does not exceed the AEL of its designated class during

manufacturing and acceptance testing.

A FAEBONIK TR, R Myt iA R B NBIT HIEEFHRAIAEL,



Laser Safety Terminology

SEA N2 e
&7’5# ?_'*'lﬂ
« Maximum Permissible Exposure (MPE) s KA FBE=
The level of laser radiation to which an unprotected person may be exposed without adverse biological changes in

the eye or skin.
AP ARZEBNRHNE, REAKKAZFERSNREY TR ICERS KE,
ANSI Z136.1-2022

« Application Scenarios N &
Basis for selecting laser protective equipment EFEE I ENIZOHKRTE:

The MPE value is used to calculate the minimum required Optical Density (OD) of laser safety goggles for a given
laser wavelength and power, ensuring that the incident radiation on the eye is attenuated to a level below the MPE.

RIEROCHVK . TR, &5 MPETTERFHFHEMNOD H, HERZIARBINEFEEREAZE MPE LT,

The benchmark for establishing a Nominal Hazard Zone (NHZ) fiEfRIREEXIE (NHZ) BE£:
The MPE is used to calculate the distance from the laser source beyond which the exposure is safe, thereby defining
the boundaries of the hazardous area where controls are mandatory

MPE AT ERICRMIMIR SR, NMHEFTEXREENERXEIR



Laser Safety Terminology

SEA N2 AL )
&tﬁ ?_'*'lﬂ
* Intrabeam Viewing YtERRNHR
All viewing conditions whereby the eye is exposed to the direct or specularly reflected laser beam in contrast to

viewing of diffuse reflections.

IRAERE T ESCREE R RE AL ES THEIURER.
ANSI Z136.1-2022

* Risk Implications K EE R
The most hazardous exposure scenario EERNREEH:

Intrabeam viewing allows laser energy to be focused to a tiny spot on the retina, which can cause instantaneous and
often irreversible tissue damage even with relatively low-power beams.

HRARSEHCEERETRAME LN — P R/h s, BMEINREAR, ol ElE B ol AR .

A primary safety prohibition ZEMSEHBHEES:
Laser safety protocols strictly prohibit intrabeam viewing of Class 3B and 4 lasers. This includes never intentionally
looking into the direct beam or its reflections from mirror-like surfaces.

MICE ENENE T EXNIBERALHICHITHRAN ., XEBENAITFRENEFT ERNERERFTIE.



Laser Hazard Classification

Basis for Laser Classification
N \l/
MICTEE TR ML R IR
« Laser classification is mainly based on the Accessible Emission Limit (AEL) and the interaction characteristics between
lasers and the human body. The specific basis includes the following four points:

AN R EERBETELZSHRELHAXLEACRHNEEERS N, BRKEEFEIUT 4 =
AEL TJiX % 5% BR

Classification is achieved by comparing a laser's output against predefined AEL thresholds.
BT AR 5 S5 TE X NAELBE#THEE, M EHSER,

Output Parameters fH S

AEL values are calculated differently for various emission durations and patterns. This ensures that specific hazards
of pulsed and continuous-wave (CW) lasers are appropriately reflected in their class.
%+;jﬁlﬁﬂ’\]§%ﬂ%ﬁﬁﬂﬂ'—ﬂ§ﬁ, AEL BRITETTEARE. XBR T HOREOCIESHIC A E R TS LA
MEEFRHF,

Wavelength i

Wavelength determines which tissue is primarily at risk. This directly influences the Maximum Permissible Exposure
(MPE), which in turn sets the AEL for each hazard class.

WKRE T FEZEMNALR, XEEZMERAITRSE (MPE) FWEUE, 1 MPE X 2REREH| AEL BIEAL .
Potential for Optically Y F i B3 2=

The use of optical instruments (e.g., microscopes, lenses) can elevate the effective hazard, which is a consideration
in the classification rules.

ERLE R (MERE. BR) JESEMLIrElR, XtEnRkRANFHn—1EERE.




How to do a Laser Grading Judgment

RIS HIT 4% ?

Determine laser wavelength

IRERIGRIS

Measure accessible emission power/energy (<AEL?)

MEANERGIINERE / ge8 (BE<AEL? )

Check optical aid impact (exceed MPE with telescope?)
RENFREMEN (AETRESE MPE? )

Confirm class against classification table
YRR R EREIER



Laser Hazard Classification

N . Classification & Its Potential Hazards
MICTE B R NEBEBERE

Class 1: Laser products that emit radiation in the wavelength range from 302.5nm to 4000 nm, which are safe during
use, including long-term direct intrabeam viewing, even when exposure occurs while using telescopic optics.

13¢: ZEPBACSERE A 302.5nm~4000nm YA~ M, EEMAEES, RIEKNEEZEARAR. EHEIZLFY

FEUE NARLTEMN.

Class 1M: It is safe during use, including long-term direct intrabeam viewing, but eye injury may occur with exposure
to telescopic optics.

1IME: AEAPEBRRRKHEDERELRANZZEN, EEABZEFA IRV ETEENRRG.

Class 2: Laser products that emit visible radiation in the wavelength range from 400 to 700 nm, which is only safe for
instantaneous exposures (0.25s) , but can be hazardous for deliberate staring into the beam.

2% REHEASEE A400nm~700nmo] ILiESY, {XBR[EIBRET (0.255) @& E R, BRI FNAXLRIEEEE.

Class 2M: Laser products that emit visible laser beams, which are safe for naked eye exposure only for short periods.
But eye injury may occur with exposure to telescopic optics.

2ME: FOCF mAS T IAER, NN RIRENBHELEN. BEABIZEF{UEWE T &R
(M classes usually apply to expanded or diverging beams)

——GB/T 7247.1-2024, [EC 60825-1: 2014



Laser Hazard Classification

Classification & Its Potential Hazards
AWICTEE DR ABEEBEE

Class 3R: The emission radiation of laser products may exceed the MPE under direct intrabeam viewing, but the risk of
damage is relatively low in most cases.

3RE: AUt mANRES, ARREBEILCRAUNIJEEIEIMPE, EXZEHEL THENEHENKRIR.

Class 3B: Laser products for which intrabeam ocular irradiation (including accidental short exposures) is generally
harmful. Viewing diffuse reflections is normally safe.

3B: AT mALENXRAYN (BIREBIMNENRE) BENRISEE, BERIVUE—MELZEMN.

Class 4: Both intrabeam viewing and skin exposure are dangerous, and viewing diffuse reflections can be dangerous.
Such lasers also often cause fires.

43: JCRMAY EREP) MEAKRE T b tt, BRENEOUTEB R, XEHERETESI AR,

(“R” is derived from reduced, or relaxed, requirements: reduced requirements both for the manufacturer & the user.)

——GB/T 7247.1-2024, [EC 60825-1: 2014



Laser Hazard Classification

Why Classify Lasers?

N \l/

MIEBED R B ABRHIH R

* The laser hazard classification system serves as a universal language for hazard communication. Its necessity Is evident
for three key stakeholders:

AR N REREZERREENBEAES. HOEMNTUT=AXBHERTEXREER:

(It quantifies the inherent hazard\ (It Is the primary determinant for\ ( \
potetjual of a Iager product, the stringency of control it allows for the instant
forming the basis for global measures.

. X . ition of risk level.
regulatory compliance. e ERm IS EENE Pigvicel o
S BT M BB R BRI ERTFEMRIRBINE S

gﬁiﬁﬂﬁi)\iﬂ@%ﬁtﬂo ) R/ ) R/ )

Manufacturers SO Users



Beam-Related Hazards

X = Damage to the eyes
HREZEGRE WX ERER A5
« Cornea fAJ&

The transparent bulge on the front of the eye,
which is the primary refracting structure of the eye.

IRIKBIERRVIZE MRS, ERENTEREINEM.
* Lens fmiR{E

Lens is moveable/re-shapeable by the ciliary
muscles and serves as the dynamic focus for the eye.

SRETTBEERERIVETLER, SRENITEE
5,
* Retina MR

The visual receptors (rods and cones) are located in .
the retina. M s <\ | R

N PR AT AR, S oA R . S TR N iy
* Iris/Pupil $THR/BEFL Sttt Cunofstenn— W X Y

The iris/pupil serves as the variable aperture for
different light levels and can change in size.

9T fR/REFL AR/ N B BB E L,
Typical Sizes of Pupil

Daylight 2mm Indoor 3mm
Dark adapted /mm  Dilated 8mm



Beam-Related Hazards

N = Damage to the eyes Ultraviolet (180nm-400nm)
HKREZEGE XS IR B 55— SN ER

« Affected areas IR{HEPHL:
Cornea, Conjunctiva, Lens . &, BRE

« Damage mechanism 35i{5#/1%l:
Laser-induced damage is primarily due to photochemical effects, which disrupt cellular DNA and protein structures.

ORI F RN A E, BEAAEDNAME B R4,

* Specific harm E&{pE:

Photophobia accompanied by surface
redness, tearing, conjunctival discharge,
corneal surface exfoliation and stromal haze.

BRIt FHERZRFTM. B, EED W
YMIR%Z . AERERREERURSE.

UV <400nm Front of eye

ot
aut s

Front Back

S
=

Image copied with permission from Lasersale


https://www.lasersafe.co.uk/

Beam-Related Hazards

, > Damage to the eyes Visible & Near IR (400nm-1400nm)
KREEGE X4 AR 0 158 — o I I £T SR ER
« Affected areas I{HEBAL:

Retina (Laser of this wavelength can be focused onto the retina through the cornea and lens, amplifying the energy
density hundreds of times.)

AR (R A ol B AR AR R E T NER, FRRERENAMEE. )
« Damage mechanism 35i{a#4/1%l:

Thermal effects & Photochemical effects

PSR * Specific harm R&HE:

~ Thermal denaturation: Retinal coagulation,

hemorrhage and retinal tears leading to permanent loss of
central vision.

Aty MIAERE. B, ®iL, SEHOAIK
AR _ |

Photochemical damage: Apoptosis
of retinal pigment epithelial cells, with
prolonged exposure triggering chronic
vision deterioration.

HAFEWG: ANEEER - R4
BT, KEZEESIRBHRIIELL,

Back e m— Front

=

Image copied with permission from Lasersale


https://www.lasersafe.co.uk/

Beam-Related Hazards

N - Damage to the eyes Infrared (1400nm-1000um)
HKREZEGE R BRBE R 15— LT SR ER

« Affected areas {HEP{L:
Cornea, Conjunctiva, Eyelids (This wavelength laser cannot penetrate to the retina)

AR, SR, R (WEBHELEFEZIME)

« Damage mechanism {541l :
The thermal effect predominates, with laser energy absorbed by the corneal epithelium, causing a sudden rise in local
temperature. e

RN AE, HOCRERBELEREK, STERIMEERT.

* Specific harm B&{H=E: —Aﬁ
Corneal epithelial burns, high-intensity I

exposure may cause eyelid burns or even corneal  |R >1400nm Front of eye 1"

perforation. Prolonged exposure may damage the .

lens and increase the risk of cataracts. A’
AR ERAh, 5aEHEETIAREREAE S

EZARTI., KRBV EIRE, EngES
B RRERE . -
Front S— | Back

/’YA/;;/

Image copied with permission from Lasersare



https://www.lasersafe.co.uk/

Beam-Related Hazards

N > Damage to the skin
HREEGE X R Bk O
* Visible to Infrared T UL -4L9MEEE (400nm-1000um)

The biological effects of irradiation of the skin by lasers operating in the visible and IR regions is considerably less
than exposure of the eye, as skin damage is usually reparable or reversible.

] WAL SN TERVAEN ARV A F o0, i/ NTXIREBNES . RARKRGBEE 758,
* Ultraviolet #5MEEX (180nm-400nm)

200-250nm UV is absorbed by stratum corneum, 250-320nm UV is most injurious to skin, 320-400nm UV darkens
pigment. UV exposure is also associated with an increased risk of developing skin cancer and premature aging of the skin.

200-250nm UVEE# ARUEWUL, 250-320nm UVITERRAE&R K, 320-400nm UVEIEBRINR. LINFEEDSIEM
Rk B R R kit B2 4 (e . w | uene | wa |

CO,/ IR (900nm-1mm) lasers : skin burn
Visible (400-780nm) or Nd: YAG laser

Twenty year evaluation of CO, laser (5 W/cm?. 1 sec. at 10,600 nm)
exposure of human skin. Stratum coreum




Beam-Related Hazards

Factors Influencing Laser Injury Severity——Wavelength

KAREEGE R SRR E K

* The wavelength directly influences the penetration depth and absorption efficiency of laser energy within human tissues,
determining the target organs affected and the mechanism of injury.

BKEBREF AN AEANBHAPNFEREMRPECR, RE 7 ZMRHEERE RET N HELH.

Wavelength Primary Injury Organs Injury Mechanism Core Risk Characteristics

Eyes: Corneal damage, cataracts

uv Cornea, Conjunctiva; : . :
(180-400nm) Skin Photochemical effect Skm. Erythgma, blisters, long-term
carcinogenic effects
Visible — NIR Retina Photochemical effect gﬁ?n TRE:rrr]slaIcga?r?slat?nm&e(rfte:trif)n
(400nm-1400nm) Skin surface Thermal conduction effect L - PI9
disorders
IR Cornea, Eyelids; Eye: Corneal edema, ulceration

Thermal conduction effect  Skin: Deep tissue burns, thermal

(1400nm-1000um) Deep layers of the skin stress

The wavelength of 400-1400nm is the most dangerous area to the retina.
400-1400nm A “I MR fEREX”
The main damage due to UV and IR is the eyes’ surface and skin.

RIMIZLTSMEOE E BB ER R A B AR



Beam-Related Hazards

s = Factors Influencing Laser Injury Severity——Exposure Intensity
KREZEDRE HERL G EREN AR — BB
* Exposure intensity is a quantitative indicator of laser energy or power, directly determining the severity of harm, with
core indicators including;
ZERESHCRENNMENENISTR, EEREMENRERE, wErEHA:
« Radiant Exposure (H) 3B E——Damage mechanisms where the total accumulated energyis the critical factor
The total optical energy delivered per unit area (J/cm?). A higher H value indicates a greater cumulative dose of energy absorbed by

tissue. e, b S I
LAER RN R. HERSRTERRKN RRERTIREA. = T RomRoL
Photochemical Effects Chronic damage from prolonged exposure to lower power levels (e.g., UV-induced skin erythema, cataract formation).

T F R KEIEETRENERZESERB MRS (B0, LMESEMKRRIN. BRREMER) .
Extended Exposure Aggravated thermal damage as energy builds up over time (e.g., retinal lesions).
KB R EE BT eEEMER B R NEN RS A (i, AMEN) .

 Irradiance (E) $&BBE——Damage mechanisms where the rate of energy delivery(power) is the critical factor.
The optical power incident per unit area (W/cm?). A higher E value indicates a more intense, instantaneous power flux absorbed by

tissue per unit time.

BATER FERAATIR, EERS, FonALR R 8] R A5 Y DR SR " AT ESREL
Thermal Effects Instantaneous burns caused by rapid temperature rise (e.g., corneal ablation, skin burns).
PN FIREREIT S SENBRNNG (B, RN, RERED) .
High-Power Lasers Rapid tissue vaporization, cutting, or penetration.

= R A SEARRERL. VIFHFE,



Beam-Related Hazards

I/ = Factors Influencing Laser Injury Severity——Propagation
HREEHGE

Mode

* The propagation modes of lasers determine the rout%ﬁ%ﬁ%ﬁég@@%m@ﬁm with varying risk levels for
different modes.

AL INREAN B EMBENER, ARATXHNEFRAR.,

* Direct Viewing/Intrabeam Viewing H&% N \
It is the most dangerous propagation mode. X & &= HEE A I,

 Specular Reflection & &5t
The intensity and directionality of the reflected beam are largely preserved. Its dama%(e risk is almost equivalent to

direct viewing. REIERAVGEZEF T RMERRFTAL, HOENRSEERFILFFN.

 Diffuse reflection 8x5t

Close-range diffuse reflection of Class 4 lasers may still cause the eye or skin exposure dose to exceed the MPE,
resulting in eye discomfort, skin burns, and even fires.

AR RE BB IR S ] sE (R ERFE R AR BRI EBIIMPE, SEURBEAE, KKK, EEKK.



Beam-Related Hazards

Factors Influencing Laser Injury Severity——Exposure Ways

KREEGE LG E R A E— BB

* The angle of incidence refers to the angle between the laser beam and the normal to the surface of human tissue. It
affects injury severity by altering energy distribution.

 Perpendicular incidence (0°) EEAS:
The beam projects the smallest area, resulting in the highest energy density per unit area and the most severe injury;
HREFERE)N, EUAREEEREERS, HEERTE.

« Oblique incidence (6>0°) FFEEHAS:

The beam coverage area increases with the angle of incidence, reducing the energy density per unit area and
lowering the risk of injury. However, if the total laser energy is high, the expanded coverage area may result in a larger
injury zone.

HREHNERBAFNABRNT X, ENEREERERK, HERRBEZER SRCERERS, ¥ AHRS
EFR T RE S B ASCEIE K
* Impact of optical observation aids JYtFHBIM 22500 :

Optical tools like telescopes or magnifying glasses can focus low-intensity
lasers (e.g., Class 2M) onto smaller areas, significantly increasing energy density
per unit area. This elevates ocular injury risk to Class 3B levels.

BintE. NARREFIHEF TR RRERERIC (AClass 2M) HEEELREE
X, FRNEREEREEES, REHENXBL TR ECClass 3B/KE,




Beam-Related Hazards

I/ -~ Factors Influencing Laser Injury Severity——Others
HREERE SRR E E—— Hf
« Continuous Wave (CW) vs. Pulsed Laser #EZK S kK
Pulsed lasers concentrate energy into short pulses, so their peak power is much higher than CW lasers with the same

average power. Even with equal total energy, pulsed lasers can cause more severe thermal/mechanical damage; CW lasers
mainly cause continuous thermal burns.

FloRERJCREEE R AEENOPR, BEEHMR TEENRIT S TESORRIC. MELSEERF, FopRt
FRE PR E ARSI, EEKE RO EE S| RS,

 Threshold Duration BJ{ER 1
Threshold duration is the boundary: exposure within the threshold reduces acute damage; beyond it, radiant
exposure (H) increases, elevating chronic damage risk.

BERNKEPAR RNERNFEJERRIMESRG, BdEER BERE H) S, BINEMERHME.



Beam-Related Hazards

I/ -~ Factors Influencing Laser Injury Severity
HREEHRE MR G ERENEE
* Laser injury: Damage caused by a laser of specific wavelength, acting on human tissue at a certain intensity and incident
angle, via a specific propagation mode, for a duration exceeding the threshold.

MAE . FERKNAL U—EREMAGHH BIEMEETRX, $EERTATERZEHENRNKENHR S,

* Wavelength determines "which part gets injured”

BAKRE WA EBALE {5

* Radiant intensity & Exposure duration determines "how severe the injury is" and "whether the
injury is reversible"

R ENRBRHEMERE “BGNTERR" MR 2R oS

* Incident angle, operation mode, and propagation mode amplify or reduce injury risk by altering
energy distribution and exposure pathways.

NS, TERANERT A RE ML EED R F BRGNS EEEBR B RS

* Class 4 lasers are a "high-risk combination" of dangerous wavelength + high intensity + multiple
propagation pathways, and they are the core target of laser safety prevention and control.

4 KERE “ERIEK + BRE + ZIERBZ 0 SREEAS", BAAREHENRCER.




Case Studies

2023 9 B 14 H, EEXEREELSEEFR, THEARSEREREIZABERRESZENE, XNk OMK
AT, 11 B 32 IR E RN, K ERFINR,; 13K 304, TEARSFIRFRIENARESEHI0RLTE
BEZERE, RRBREREEDZZ, 14 8F, BEBRERFTHAFEERE, HEAREIRSINK, 14 B 02 MzatEL
HIRIE, EHEMIART, IAEH. '




Non-Beam Hazards (NBH)

Definition

N/

EHXREE EX

* Non-beam Hazards (NBH) refer to various hazards arising from system components, auxiliary processes, chemical,

biological material interactions, or environmental factors during the entire lifecycle of laser systems, excluding direct
laser beam exposure and reflections.

FARBESRILRRELEW AT, RACREERF LRI, BHRFAMG. BHPEE. AFH. 2B
B HRERRSIANEXEBE,

Biological Hazards @_h\ Fire & Explosion Hazards

& Non-Beam Radiati
LGAC adiation
S Hazards @

[m];
Chemical Hazards ~—~ € Electrical Hazards



Non-Beam Hazards (NBH)

I Electrical Hazards
EXREE S E
* Electrical hazards BESEE
It represent the most common and significant non-beam hazard associated with all classes of laser systems. The
primary risks include electric shock, fire from resistive heating, and ignition of flammable materials by electrical sparks.
These hazards predominantly originate from high-voltage components (e.g., laser power supplies, capacitors), improper
grounding, or equipment failure.
HEBEEANLRETEREIN. HSFENEAREE. TEXNKRETFHET. BEMMASIANKR, IUEBAES|H
MR, XEBEFBETSEAY WHIECHE. B/ . AHEMHIZFNE.
Contact with exposed live conductors operating at potentials of 50 volts or
Electric Shock above can result in electric shock.The severity can range from a perceptible tingle

B, o5 to severe injury, cardiac arrest, or electrocution. This risk is highest during
installation, maintenance, and servicing activities.

Current flow through conductors generates heat due to electrical
. . resistance. In cases of poor connections, overloading, or component failure,
Resistive Heating : . : . :
B AN EE | & Bk R S excessive heat can accumulate.This can lead to insulation melting, component
deformation, and ultimately, ignition of surrounding materials, causing an
electrical fire.

Electrical arcs or sparks from faulty equipment can act as an ignition source
.. for flammable gases, vapors, or dusts in the laboratory environment.A critical
Ignition of Flammable e . : ) . :
Materials specific hazard involves high-voltage energy storage capacitors, which can retain
SR AR B R a lethal charge long after being powered down. If not properly discharged, they
" " may pose a shock hazard and potentially cause an energetic discharge that can
ignite materials.




Non-Beam Hazards (NBH)

=
ENXEREE KR
* Fire Hazards KR

* Present a definitive fire hazard. Combustible enclosure materials, wire insulation, and plastic
Class 4 components can be ignited upon exposure to the direct, reflected, or s;attered beam.
MR AREEE ., TR SR BREEZRMBREMEIESN . REES
JERES, TTREHEIMA.

* Under certain conditions, such as when beams interact with flammable gases, solvents, or
materials, Class 3B lasers can also initiate fires. Unprotected flammable materials are particularly
Class 3B vulnerable to ignition from unintentional exposure to high-intensity reflected beams.
ERFEFHT, BINSAREZRIE. BAEMEMEEERRN, 3BRAJtaath i fEs| &K
Ko RERIFWTTAMBILERZREIINERETSBERFICRMHS A,

Surgical fires: nightmarish “never events” persist

Lauren Vogel ! . . .
A surgeon activates a laser to shrink the tumour in a woman's trachea. There's a sudden flash

~ Author information > Copyright and License information and flames erupt inside the patient, choking her with smoke and burning the branching tree

PR PHERIR0ses PHID S of airways from her larynx to her lungs. After three weeks in intensive care, the woman sues
for malpractice. The laser hit the inflatable cuff around a tube delivering anesthetic gases and
100% oxygen. Expert witnesses attest that the fire could have been prevented if the
anesthesiologist had followed best practices and used the lowest possible oxygen

concentration, usually between 30% and 40%.

Vogel L. Surgical fires: nightmarish "never events” persist. CMAJ. 2018 Jan 29;190(4)-E120.



Non-Beam Hazards (NBH)

I/ Explosion
EHXREE i

Explosion 1&¥E:

High-Pressure
Components

=SEAY

Target
Interactions

FEMHEEER

Chemical
Lasers

Lt

Ancillary
System
Hazards

HPRENREE

* Arc lamps, flashlamps, and capacitors can rupture or explode
violently due to mechanical failure, electrical overstress, or
Improper operation.

SOEKT. INSEKTFIE Aae ol se RV . B It S iRtk

AL IR SR ZUBRLE

* The laser beam can cause certain target materials to vaporize
rapidly or undergo thermal stress, leading to ejection of molten
particles or shattering of the target, posing a projectile hazard.

AMIER O] e FECEE LM MR R BURZ AN 11, SRR RLAR

AOORSEEM A, FEMSYEE.

* Reactant chemicals and pressurized lasing gases used in some
laser systems may have inherent explosive properties.
REFNCRGEHRERANREYCZERMERECSETEESR
& H AR

* Laser processing of materials can generate combustible dusts. If
accumulated in ventilation systems, these dusts can be ignited by
a spark or the laser beam itself, leading to a dust explosion.
Mﬂﬁ%MIﬂ EFFE TR, EEBNRFZFRE,
LM DT RER B K EBUMICRAF 5, SEMABRIE,




Non-Beam Hazards (NBH)

Laser Generated Air Contaminants (LGAC)

N/

EFXRHBE WL & R S5

* When laser beams interact with matter, they can produce a complex mixture of airborne hazardous materials known as

Laser-Generated Air Contaminants (LGAC). The quantity, chemical composition, and toxicity of these contaminants are

highly dependent on the target material, the presence of any cover or assist gases, and the laser beam'’s irradiance and
exposure time.

HHARSYVFMEEERN, SFEREXANSSERETDREESY, MARKTENTSHRY . XETLYIN
HE. LFANMFUSERBGTEYM . BEEFAERFPIEENTE, NRBECRAEREAE R E,

Particulate Matter * Metallic fumes (e.g., from cutting metals) and fine soot.
SR ) TEME B, kB£EVIR) MARHBEL,
Chemical Vapors Gases * Toxic and carcinogenic compounds released from heated or vaporized materials.
FEFZRM[E MRZRSIIUBERENESHEELEY .

* Airborne particles generated from the interaction with human or animal tissues,
. : which may include bioaerosols, cellular debris (both viable and non-viable),
Biological Aerosols .
B SR bacteria, fungi, and viruses. This is a significant haz\ard mAIaser surgelll/.% \
'SMZIS‘SZEJJ%QH,,\WEVEFHFEE’E—dﬁ%%ﬁ*ﬁ, REBFEMRR. A
whE (fFafEEEN) . AR8. ERARS. XEHLCFAFN—NEXEE.




Non-Beam Hazards (NBH)

I/ Gas Hazards
FEFXRBE SHEE

* Laser systems often utilize gases that pose significant chemical and physical
hazards, including toxicity (e.g., chlorine, fluorine), corrosivity (e.g., hydrogen
chloride), flammability, and high pressure.

BARGEFEREFEZUFNYMIESENSE, 8HFFE W8S, &

). B EGEHE) . ZRMERSE.

* Cryogenic fluids/gas used for cooling lasers or detectors present two
primary hazards

AT AR N L HNEERE (RE) TETRAES!

Cold Contact Burns ¥Efiti4 %15
Skin or eye contact with cryogenic fluids or gas can cause

severe frostbite injuries R 1R EE Level of Risk

RS RIS AR R AR Sk, TSR B AR GIRG.

7

Fast breathing, increased 1 Increase fire

Asphyxiation Risk = 8 X &
In confined or poorly ventilated spaces, the rapid
evaporation and expansion of these fluids can displace oxygen,

heart rate, drowsiness & risk

nausea

_ T . PIRALR, DR, M KRABK
creating an oxygen-deficient atmosphere capable of causing | AT
U ﬂ CO ﬂSCI O USﬂ eSS O r d eath . When Oz sensor alarm is being heard, DO NOT Enter (Exit immediately). Inform relevant staff or

?':E g':z,_l_\' I\7J-—J ﬁ EMZ: § E/\] § I\E—J lj\] , ]‘z _U::-[_’, irﬁ"fzt E/\] ﬂﬁ %ﬁ EF[I H:‘IE:ZH.K call security control center 8833 0110, and wait until it is safe to enter.

LHTHEIRNIREF, FE#HAN, ZBEF. BAEXTEAR, SHRITREZEH P OBIE

%\ER{—%%/_:‘” }Fg}ﬁﬁlfkﬂ;i%’ ﬂﬁgg—%igﬁﬁ%to 88330110, FHiIARE/F, JTT#A.



Non-Beam Hazards (NBH)

I Laser Dye Hazards
EXRGE AL

* Risks of Dyes Themselves 84K 5 K&

Laser dyes are complex fluorescent organic compounds that form the lasing medium for dye lasers when mixed with
specific solvents. Some dyes are highly toxic or carcinogenic, requiring special care during replacement.

AR EE NI BILEY, SEERTIREREMERBICHAMIEN R, BoENERTSEHIBUET,
EIRIF R D
« Solvent-Related Risks &7l+H% X s

Dimethyl sulfoxide (DMSQO) is commonly used as a solvent for cyanine dyes and can promote dye penetration into the
skin. If no alternative solvent can be found, personnel must wear low-permeability gloves when contact with the solvent
may occur.

—FHH (DMSO) ¥ A ELRMAT, HARBERSERA, BTATRRMAF, BEA
BIXSEMTE,
« Storage and Leak Handling fiZE5tiE

Dye lasers containing at least 100 milliliters of flammable liquid must comply with relevant NFPA standards. Dye
pumps and reservoirs should be placed in secondary containment vessels to minimize leakage and spills; dye preparation
must be conducted in a laboratory fume hood, and related waste must be disposed of in accordance with regulations.

BEED 100 EFHRREMNEEE R TS NFPA HXIRAE, ERRMERSNBEE KB AR IS
MRAAL, AAHEFELREBNEFAHT, HEXEFDFTRATLIE,

AL R

pulil



Non-Beam Hazards (NBH)

s o Non-Beam Hazards of Common Laser——Excimer Lasers
JEFERIAE 2 AL T KR T— R TR

 Basic Characteristics Erl4&

UV band, typically 193 nm (ArF), 248 nm (KrF) and 308 nm (XeCl).Pulsed operation with pulse widths in the nS to mS
range. While pulse energy is high, the average power is relatively low.A reactive gas mixture comprising a noble gas and a
halogen gas. Lasing action is initiated by a high-voltage electric discharge.

TEARAEINHE, RAKY 193 nm. 248 nmAI308 nm. BORiET, MoREEAMD MG BotEES,
BEHNRAEIERE. THNRBE DEE SIS EESRAROESY, BB ERBRE ™ ERE.

‘. = ° - - - E
- \ Application Scenarios {#Hz&

: Medical Field, Semiconductor Industry, Material Processing.
B BT, ESET. BPRNT

* Non-Beam Hazards dEJ¢3R{5E
Toxic Gas Hazards &S A GE
Electrical Hazards BB S fE=

LGAC B ENERITEY




Non-Beam Hazards (NBH)

s 2 Non-Beam Hazards of Common Laser——HeNe Laser
ARG E 2 URE A3 HE R AR — B SOROK

 Basic Characteristics EAl4FME

Primarily emits in the red visible spectrum at 632.8 nm. Other, less common
wavelengths include green (543 nm) and infrared (1152 nm).Continuous wave, some of
the lowest power lasers in common use.A mixture of helium and neon gases within a
sealed glass tube, excited by a low-voltage DC power supply.

FTERHFUNLLIE, KA, 6328 nm, EAIRD IIKKEFEZIE (543 nm) FILL5H
(1152 nm) , FELDFIETT, NERMK, BEAH 01~-10 mW, ZHFEBEEANEREESS
K, HREERERMNL.

« Application Scenarios {5
Alignment and Positioning, Optical Demonstrations and Education, Low-Power
Sensing and Scanning. "'
NESEM. XFERSHE. RNRERSHEHE
« Non-Beam Hazards JEFHRGE
Minor Electrical Hazards BB S E=E
Mechanical Hazards #l#E=E
Visual Interference #i5FH



Non-Beam Hazards (NBH)

s Non-Beam Hazards of Common Laser——Argon Laser
FESHRBE BRI R G E— At
 Basic Characteristics EMl4Ft*

Emits on multiple lines in the visible spectrum, with the strongest typically at 488 nm (blue) and 514.5 nm (green).
Some models can also emit ultraviolet (UV) lines.Primarily continuous-wave (CW). Output power can range from hundreds
of milliwatts to over 20 watts for large-frame systems.Uses high-purity argon gas excited by a high-current DC discharge
or RF excitation. High-power models require efficient water cooling to manage substantial waste heat.

O ORBRFES ZFIEL, RBIELZIBE 4488 nm (I5)E) F1514.5 nm (£)¢) » BN BESHo LS EIMEL ., FTE
AELK . WENERTMNEEZEREBE20R (KRERS), XASEERS, B ARERERNERFNITAMEL. &
NRISFEESUNKLRGRLERENER,

« Application Scenarios {f &
Medical Field, Industrial and Scientific Research, Biotechnology.

EyrdauE. TV SBA. £/

* Non-Beam Hazards JEHFHE
Electrical Hazards S E=
Thermal Hazards #\fg=

LGAC BH=EMNE R TEY
UV Collateral Radiation 229N 4E 5S¢




Non-Beam Hazards (NBH)

< Non-Beam Hazards of Common Laser CO, Laser
FEHXRABE B AN RE— — SRR
« Basic Characteristics EAli4F M4

Primary output at 10.6 micrometers (um) in the far-infrared (FIR) region, invisible to the human eye. A secondary line
exists at 9.6 um.Available in both continuous-wave and pulsed modes. CW powers range from watts to over kilowatts.
Pulsed versions can deliver energies up to joules level. A gas mixture of CO,, N2, and He excited by DC or RF discharge.
Efficient cooling (often water-based) is critical to manage the substantial heat generated.

T IE K AL INEER Y 10.6 K, ABRATIIL, SREEL N 9.6 um, XFRESUEFRORMMIET . EES0ED)
EMNEREITERRIUA L, BOPHICHBETAETR. TEYERACO2. N MHefRESME, Bid ERSHMAE A .
ERRE (BE AKR) N TEEFENERAEEXREER,

 Application Scenarios {# 7%

Industrial Processing; Medical Field; Scientific and
Environmental Applications

TaanT. ByrduEl. RFSHRENH
« Non-Beam Hazards IEFER{G=E

Fire Hazards KR &=

Thermal Hazards #\fg=

LGAC HtFHEMNTRITEY)

Electrical Hazards EES =




Non-Beam Hazards (NBH)

s = Non-Beam Hazards of Common Laser YAG Lasers
FEFERIBE BRI R B SRR R
 Basic Characteristics EMl4Ft*

The fundamental output is at 1064 nm in the near-infrared (NIR) spectrum, which is invisible.Operates in continuous-
wave (CW) with powers from W to kW, or in pulsed mode with pulse widths ranging from mS down to fS. Pulsed modes
generate extremely high peak powers. Requires cooling, especially at high powers.

inutﬂﬁji&élﬁb}&ﬁxﬁ’l 1064 nm, AN, TEELOE MfTNRMEETE, ok Hﬂvtlﬂf,%‘tT . OB EMNE
MEITKR, BORRRA T AR NIEENR, FELIKER, LERESHEEITH, |

« Application Scenarios %
Industrial Processing, Medical Field, Scientific Research,
Defense and Aerospace
TabAnT . Efrdaus. BiAdus. B Siisink
« Non-Beam Hazards JEHFE{H=E
Electrical Hazards BBSE=E
Thermal Hazards #\fg=
Laser-Induced Plasma Radiation MX{iFSEFE FRimat
Mechanical Hazards #l#E=E

nnuunnunl
(T
nununnnnl
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Hazard Control Approaches

ﬁ%*?%“#ﬁﬁﬁ ?%?g%ing Controls

* Protective Housing Bh3P4h5=
Enclose laser equipment to prevent access to hazardous laser radiation; equipped with interlocks to terminate laser

emission when opened.

HERAMCRE, DEmESROLEN, EEKIEE, ?T?FETZ%JJ:/%@%Z{%T

* Interlocks #?E;égﬁ _ ) Wﬁﬁﬁ({ﬁmﬁmﬂi\iﬂﬁﬁmﬁmmml I
Fail-safe interlocks for removable protective housings, A\ e

service access panels, and entryways to cut off laser power _li’\ \ \

when safety barriers are breached. g
AT R, AEREEBRAMAONINELE |

B, EREFEERBIAN VIR, =

* Viewing windows & display screens Y ZZ & 'i_mTﬁ%
Equipped with filters or attenuators to ensure

transmitted laser radiation is below the MPE; made of
materials resistant to laser-induced damage.

UEFNERFERE: BEELASFRE HBREESH §
FEER ST MPE, R VAR AR B 6 A
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ﬁ%*?%“?ﬁﬁﬁ ?%;\ggéing Controls

 Laser protective barriers and curtains BYBIP REMER

Used as boundaries of the Nominal Hazard Zone (NHZ) to attenuate direct or
scattered laser radiation to safe levels.

EARIRER XE (NHZ) VA5, BEFSESNBCERN R ELTEKE,
* Beam path control YtFRERIFI=H

Enclose beam paths, use beam stops to terminate stray beams, and avoid beam
paths at eye level; install baffles to prevent errant beams.

HEICRIER, FAXREESZIABUCR, BRIACRBEZLTARSE,
LR EREAIESCRIBTZ | — /

=




Hazard Control Approaches

Engineering Controls
EERETIEE TR

« Area warning devices XIFZEREE

Visible and audible warning devices to alert personnel when lasers are operating
or about to start.

o ILFE IR EREE, AT BaiNiRREA R,
* Entryway controls J\III?"*%IJ

For Class 4 lasers, use non-defeatable or defeatable entryway interlocks,
pressure-sensitive mats, or light curtains to restrict unauthorized access. ;

Shaf 4 K, ERRTHBNTHROA OB, FHBLHH, REKE |
RN o
« Emergency stop devices EaEIFEE

Clearly marked and easily accessible devices
to deactivate lasers immediately in emergency
situations.

RGBT, ZTHRENEE £ER
VALY ot

ERAN




Hazard Control Approaches

fe e R hliEE

Risk assessment 01
KBS TG
* Conduct comprehensive risk assessments
for laser systems, considering normal
operation, foreseeable faults, maintenance,
and service scenarios.
MNRARGHITEEBINE M, FRIEEIE
7. IHREE. #iPReEHR.

mhorized personnel
IR 03

* Restrict laser operation, maintenance, and

* Prohibit unauthorized personnel from
accessing laser-controlled areas.
NPRE I EE)IFIFRANAIA B FFTHOCRIE. 4P

i 1E .
B I REZIRINA RBEN BT HI X

Administrative controls

fEiyi

ﬁﬁer Controlled Area
R X 5 02

* Establish LCAs for Class 3B and 4 lasers, with
clear boundaries, warning signs, and access

control.
* implement temporary LCAs during maintenance.

73 3B 3KH 4 %Eﬁ%%ﬁﬁ.ﬁ%ﬁy’c?“*%’]&iﬁ (LCAs) ,

service to trained and authorized individuals.

lﬁﬁlﬁ WfEﬁLﬁ‘ &.ﬂ:.*];,uﬂ] Hﬂ]\?ﬁ?ﬁu °

1&?./]%%91]1_5?‘ \lb\*ﬂtﬂj\*ﬁf‘ﬁu T"ﬁ{lg'gqlﬁj
E H A ER.

SOP
wemkme 04

* Develop written SOPs for laser operation,
maintenance, alignment, and service.

* Specify safety requirements and hazard
mitigation measures.

FIERMNCERIE. BiP. BEMRSHBEIR

BRIENE. BRTESERMED ERNER.




Hazard Control Approaches

feEEFEE

Warning Signs & Labels
— — — Al
ETIRSHRE 05
* Affix clear warning labels on laser
equipment, protective housings, barriers,
and LCAs, indicating laser class, wavelength,
power, and safety precautions.

HEMCHRIE, Bip. BOENRS M BERE
RENRE. ARREERTMELD BRAEE.

@tion and Training 07
#HE Sl

* Provide specialized training for operators,
maintenance personnel, and SOs on laser
hazards, control measures, and emergency
response.

NBIEAR. BIPARMLLEEANRHFITELE

£, FHERNE SN E 1.

Administrative controls

fEiyi

mtenance & Inspection
Wi S58E 06

* Implement regular maintenance and safety
inspections for laser guards, interlocks,
warning devices, and PPE to ensure
functionality.

XHAERIFRE. KHRE, BEEEXEMD AN
mETEREIF MR ERE, NMREARIIEER.
ILRRTF

* Maintain records of training, risk

assessments, maintenance inspections,

incidents, and equipment certifications.
#ipFil. KBETEL. #BEE. FHMRE
TAMEIE XK.

Records Keeping
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. H Administrative controls
TAY
EEEHIER EIEIEH
WARNING TRIANGLES APERTURE LABELS

LASER
APERTURE

AVOID EXPOSURE
LASER RADIATION

IS EMITTED FROM
THIS APERTURE

PRODUCT INFORMATION LABELS

CLASSIFICATION LABELS laser met*

laser safety solutions

Product Name: Laser Machine
Model: LM-12345

CLASS 1 Sa il Ut Rated Power: 1mW
DO NOT STARE INTO BEAM Rated Voltage: 24VDC
LASER PRODUCT CLASS 2 LASER PRODUCT nated Currentt 1 A
avelength: 1064nm
Manufacturer:

Lasermet Ltd.

137 Hankinson Road, Bournemouth
BHI9 1HR, United Kingdom

042024 Made in the U.K.

C€ch
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Administrative controls

EIREHE

feE i HtEE

PROTECTIVE HOUSING LABELS

“INVISIBLE” OR “VISIBLE AND INVISIBLE”
RADIATION WARNINGS

DANGER - CLASS 4 LASER PROTECTIVE HOUSING
RADIATION WHEN OPEN
P LASER RADIATION AVOID
EXPOSURE TO BEAM

EXPOSURE TO DIRECT OR
SCATTERED RADIATION CLASS 3B LASER PRODUCT

INVISIBLE LASER RADIATION
DO NOT VIEW DIRECTLY
WITH OPTICAL INSTRUMENTS
CLASS 1M LASER PRODUCTS

INTERLOCKED HOUSING LABELS
DANGER - VISIBLE AND

INVISIBLE LASER RADIATION AVOID
EYE OR SKIN EXPOSURE TO
DIRECT OR SCATTERED RADIATION
CLASS 4 LASER PRODUCT

INTERLOCKED HOUSING
LASER RADIATION AVOID EYE
OR SKIN EXPOSURE TO DIRECT

WARNING - CLASS 3B LASER
RADIATION WHEN OPEN AND

INTERLOCKS DEFEATED. OR SCATTERED RADIATION
AVOID EXPOSURE TO BEAM CLASS 4 LASER PRODUCT




Hazard Control Approaches

P I tecti ' t
ﬁ%*?%“?ﬁﬁﬁ ;ﬁ;g;%r%ec Ilve equipmen

* While engineering and administrative controls are the primary safeguards, appropriate Personal Protective Equipment
(PPE) serves as a critical last line of defense against laser radiation and associated hazards.
REIEEHMNEEEFIERPHEE EtENMANPEREEREEACENAEXEENRE—EXENH%.
* Laser Protective Eyewear: The Primary Defense
RICBEIRERSE: HERIP
Select eyewear with a sufficient Optical Density
(OD) at the specific laser wavelength(s) inuse to |
reduce beam exposure to below the Maximum ‘
Permissible Exposure (MPE) limit.
PRIRERF L MEPT AR ERK FREA RS
HXZE, UBREEREFREFAATRIZEMUT,
Ensure a comfortable fit that provides coverage
from all potential exposure angles (side, front, and
reflected beams). All eyewear must comply with
relevant laser safety standards.
WRETFENE, FeIPmAEEENZRERAE
(E. EEEARHFILR) . FFERELIFEHEDN
IR EIRAE




Hazard Control Approaches

Personal protective equipment
EEEHITER D AB 1S &

Comply to ANSI Z136.1, EN 207, GB 30863 etc.

 ANSI Z136.1
* ENZ207: Personal eye-protection equipment - Filters and eyeprotectors against laser radiation (laser eye-protectors)

\ SN :': e_ A Ry : 7 N R
» GB 30863 MARyIFZx&E IREERPIIF AILHIFE | | | -
Table 1 — Scale numbers (maximum spectral transmittance and resistance to laser radiation) of
the filters and/or eye-protectors against laser radiations

Maximum Power (E) / energy density(H) for testing the protective effect and resistance to laser
spectral radiation in the wavelength range
transmittance

at the laser 180 nm to 315 nm >315 nm to 1 400 nm >1400nmto 1 000 pm

wavelength For test condition/pulse duration in seconds (s)
Scale D=3 x10% LR M<10|D=>5x10-* LR M<10-* | D>0,1 LR M<10-*

number 10-% to 109 to 109 to
3 x 104 5x 10 0,1
T(A) Ep Hir Em Eb Hir Hm Ep Hir Em
W/mz J /m2 W/mz W/ms2 J/m2 J/m? W/mz J/m? W/m2
LB1 10-1 0,01 3x102 |3 x 1011 102 0,05 |15x10-% 104 103 1012
LB2 10-2 0,1 3 x 103 3 x 1012 103 0,5 1,5 % 10-2 105 104 1013
LB3 10-3 1 3% 104 3 x 1013 104 5 0,15 106 105 ]014
LB4 10-+ 10 3 x 105 % 1014 ]05 50 1,5 107 106 1015
LB5 10 102 3x100 [3x1015 106 5 x 102 15 108 107 1016
LB6 10-6 103 3x107 [3x1016 107 5x103 | 15x102| 109 108 1017
LB7 1077 104 3x108 |3 x 1017 108 5x10% | 1,5x103| 1010 109 1018
LB8 10-8 105 3x109 |3x1018 109 5x105 | 1,5x 104 | 1011 | 1010 | 1019
LB9 109 100 [3x1010f3x101%| 1010 | 5x106|15%x10%| 1012 | 1011 | 1020
LB10 10-10 107 3x1011{3x1020| 101! 5x107 | 1,5x 106 | 1013 1012 1021
The symbols D, I, R and M relative to the test conditions are explained in Table 4.
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feEEFEE

Selection, Storage and Maintenance of Laser Protective Eyewear

~N

Matching with Wavelength & Power
ECK K 5IhER
Determination of Optical Density

LECE & E

Ergonomic Design and Fit

AETEEFEN

S
=

8

J

Selection

Personal protective equipment

WNVERE S -3

AIEHIPIRFEAER . RESHKSF

( Suitable Storage Environment
BEENREFRE
Proper Storage Containers
BEENEFESR
Avoidance of Cross-Contamination & Misuse
B3 X5 R A

Preservation of Labeling Information

REEENRE

Storage

Regular Cleaning Procedures
EHERE

Routine Inspection and Testing
BiliTHeE B

Handling of Deteriorated Eyewear

AEEZIRSE

\

Maintenance
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P I tecti ' t
ﬁ%*?%“?ﬁﬁﬁ ;ﬁ;};\;}lﬁ%r%ec Ive equipmen

* Hand Protection: Laser-Rated Gloves

FaBBAIF: MABIFFE

Use gloves for safety, which are impervious to
flame-retardant.

ERAERAREFEANTE, HYEHERM.

* Facial Protection: Laser Safety Face Shields

E&EBBAI: AP EE

Use laser safety face shields to protect the entire face
from intense scattered radiation, plasma flash, and flying
debris generated during material processing.

FERAMCH P EERPENER, UPRHEERIIAVEE
BN . FEFERCEMBIIN TERER £ Y.
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P I tecti ' t
ﬁ%*ﬁ?*‘”ﬁﬁﬁ /:i%?;%%ec ive equipmen

* Do not wear clothes with metallic or highly reflective fabrics — they may reflect laser and raise accidental injury risk.
SEEERZK. &RIECERINKY)
* Avoid wearing metal accessories (e.g., necklaces, bracelets, earrings) — metal may reflect laser and cause burns when
heated.

B, FiE. BEUFEEI @




Emergency Response

NELE

* Eye burn BREBKI%
Shut down laser immediately, remove goggles M BMEIEHIE, FZErBAIF
Bring laser parameters (wavelength, power) to hospital #EmHILSEEK. THER) BE
Inform doctor of "laser-induced eye burn" S&E4E “HICAR B4

. Fire KK
Turn off laser power + cylinder valve XFBIEEE + SHRIE ]
Use CO,, dry powder extinguisher (no water for electrical fire) A CO.. FH R M IBF L (ZE I FI/K KBS A R)
Evacuate personnel, call fire department EiEIA R, IKFTKEBIF

« Others HfhZE#L
May refer to the emergency guidelines of the LHSD.

5% HSDN 2155
In Laser Safety, Little Mistakes
Can Have Big Consequences

Eye injuries are an integral part of the history of lasers,
but with a cultural change among experimentalists, that need not be the case.



Reference

5%

€ GB/T 7247-1 B MR E 1o : RESEMER

€ ANSI Z136.1 American National Standard for Safe Use of Lasers

€ IEC 60825-1 Safety of Laser Products Part 1: Equipment Classification and Requirements
€ Barat, K. (2019). Laser safety : practical knowledge and solutions. IOP Publishing.

€ Safety Manual of HKUST (GZ)
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