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Potential Hazards Associated with 
Inappropriate Use of Lasers

• Lasers are used in many fields such as: medicine, 
transport, military applications, industry, trade, 
printing. Narrow at the beginning group of 
people using lasers in scientific laboratories has 
expanded considerably and every user should be 
conscious of potential hazards associated with 
inappropriate use of lasers. One should add that 
devices universally accessible on market such as 
printers, readers of codes in malls or the audio-
visual players use small power lasers, and their 
construction ensures safety of usage.



Potential Hazards Associated with 
Inappropriate Use of Lasers

• Lasers pose hazards that can be classified as:

• radiation hazards,

• chemical hazards,

• electrical hazards,

• other hazards associated with a specificity of a 
laser system.



Potential Hazards Associated with 
Inappropriate Use of Lasers

• Laser safety standards were classified by national organizations of 
work safety. In most European countries requirements are based on 
standards provided by the ANSI (American National Standards 
Institute, Z136.1, Safe Use of Lasers 1993). The main criterion of 
classification is based on potential hazard associated with use of 
lasers. The most important parameters characterizing the potential 
hazard are AEL (Accessible Emission Limit) and MPE (Maximum 
Permissible Exposure). Based on these parameters, lasers have been 
classified into four classes. The higher the class, the higher the 
potential hazard is. The values of AEL and MPE were summarized 
for radiation of different wavelength. The laser radiation is 
characterized by using units of radiant energy (J), radiant power 
(W), radiant exposure (J m-2), irradiance (W m-2), radiant energy 
density (J m-3), radiant intensity (W sr-1), and radiance (W m-2 sr-1) 
and can be found in regulatory materials of national standards 
agencies.



Laser safety standards - Classification

• Class 1: denotes entirely safe laser systems that do not pose a hazard, 
maximum level of acceptable MPE exposition must not be exceeded under normal 
operating conditions.

• Class 2A: denotes low power lasers or laser systems that do not pose a 
hazard if beam is viewed directly for period not exceeding 1000 s.

• Class 2: denotes low power devices emitting VIS radiation (400-700 nm) 
that do not pose a hazard because of the normal human aversion (blinking, eye 
movement) but present some potential hazard if viewed directly for extended 
period of time.

• Class 3A: denotes lasers having caution label. They do not pose a hazard if 
viewed for only momentary periods but may present a hazard if viewed with using 
collecting optics. The lasers have DANGER label and are capable of exceeding 
permissible exposure levels in 0.25 s.

• Class 3B: denotes lasers that can pose a hazard if viewed directly. It will not 
produce a hazardous diffuse reflection.

• Class 4: denotes lasers that produce a danger hazard not only from direct 
viewing and direct reflection but may also produce hazardous diffuse reflection.



Safety procedures

• The following safety procedures for each laser classification are proposed.
• Class 1: warning sign should be located at an access panel to alert a user that more 

hazardous laser radiation is contained therein.
• Class 2: a) caution label, b) indicator light to indicate laser emission, c) do not permit a 

person to stare at the laser, d) do not point the laser at a person’s eye.
• Class 3: a) never pointing the laser at a person’s eye, b) use safety eyewear, c) NOTICE 

label posted outside the area of laser work, d) labeling a laser with warning sign DANGER, e) a 
warning light or buzzer may be used to indicate when the laser is operating, f) permitting only 
experienced personnel to operate, g) a key switch should be used if untrained person may gain 
access to the laser, h) terminate the primary and secondary beams at the end of their paths, i) 
attempt to keep laser beam path above or below eye level, j) mounting the laser on a firm support 
mounting.

• Class 4: a) install appropriate signs DANGER, b) interlock entrances to assure that the 
laser cannot emit when the door is open, c) wear eye protection, d) if the laser produces skin or fire 
hazard put a suitable shield between the laser beam and personnel, e) enclose the entire laser 
beam if possible, f) a key switch must be used to permit only authorized personnel to operate, g) 
terminate the path with absorbing, fire resistant target.



Radiation Hazards

• Lasers emit radiation from ultraviolet to infrared. The 
radiation emitted from lasers is non-ionizing radiation in 
contrast to more dangerous ionizing radiation emitted by X-
rays and gamma rays sources. However, the continuous 
development of laser technology, particularly extension 
toward new spectral ranges into deep UV and soft X, as well 
as higher intensities and repetition rates are bringing new 
problems related to safety of users. So far, the 
radioprotection was not so important, but the development 
of high power lasers (>10 TW) with strong emission that 
may lead to multi-phonon ionization open questions about 
new measures of radiation protection. Radiation from 
lasers is most dangerous to eyes and skin.



Eye Hazards



The laser beam of UV light from the region 180-315 nm (actinic or middle UV) is absorbed by the cornea and 
may cause inflammation (photokeratitis) (fig. 11.1). Light from this range is emitted by the excimer lasers such 

as ArF (193 nm), KrF (248 nm), XeCl (308 nm) and the fourth harmonic of the solid-state laser Nd:YAG laser 
(266 nm).

Fig. 11.1 180-315 nm radiation absorption in an eye



The light from the range 315-400 nm (near UV-A) is absorbed by the lens and can 
induce some forms of cataract (fig. 11.2). Light from this range is emitted by the 

excimer XeF laser, nitrogen laser (337 nm) as well as the third harmonic of the Nd:YAG
laser (354nm).

Fig. 11.2 Absorption of 315-400 nm radiation in eye



The laser light from the 400-1400 nm range (visible and near IR) is not absorbed by external 
layers of eye and passes by them non-attenuated. It is dangerous because the light passing 

through the lens is focused on the retina where it creates a point image of 10–20 m in size (fig. 
11.3). Focusing a laser beam on a small area of retina causes that the radiant exposure (J m-2) 
increases about 100 000 times in comparison with the incident exposure. Radiation from the 

range of 400-550 nm (the second harmonic of the Nd:YAG (532 nm) laser, argon laser, krypton 
laser, dye lasers) is particularly dangerous. The point where the retina merges with the optic 

nerve is called the optic disk. If the focused laser beam strikes this area most likely will causes 
blindness in the eye.

Fig. 11.3 Absorption of 400-1400 nm radiation in eye



• The light from mid- and far infrared (IR-B and 
IR-C) range of 1400 nm – 1 m is absorbed in 
the front surface of the eye, in the cornea. For 
some wavelengths from the range of 1.4-3 m 
the radiation penetrates more deeply the 
tissue of the eye and can cause cataract 
similar to the effect generated by UV range of 
315-400 nm. The emission of CO (5-6.5 m), 
CO2 (10.4 m), Ho:YAG (2120 n), Er:YAG
(2940 nm) occurs in this area.



Basic biological effects of light in an 

eye

Range Eye effects

Ultraviolet C (200-280 nm) Photokeratitis

Ultraviolet B (280-315 nm) Photokeratitis

Ultraviolet A (315-400 nm) Photochemical UV cataract

Visible (400-780 nm) Photochemical

and Thermal Retinal Injury

Infrared A (780-1400 nm) Cataract

Retinal burns

Infrared B (1400-3000 nm) Corneal burn

Aqueous flare

IR cataract

Infrared C (3000-10000 nm) Corneal burn 



Laser beams viewed directly, reflected from different surfaces as well as 
diffuse or scattered reflection (for the 4th class) shall be avoided. We must 
wear appropriate protective eyewear when beam is exposed to prevent all 
hazards mentioned above. It is obvious the protective filters in the eyewear 

should be carefully matched to the spectral range and laser parameters. What 
parameter is used to specify eye protective filters? This parameter is the 

optical density OD() for a given radiation wavelength  defined as
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where H0 is the most expected irradiance or radiant exposure (expressed in W/cm2 for 
cw lasers and J/cm2 for pulsed lasers). MPE denotes the maximum permissible exposure 
that characterizes the radiation level, which can be exposed to people without any 
harmful results. The MPE values depend on wavelength of radiation, the pulse duration, 
exposure time as well as kind of tissue subjected to exposure. The MPE values have 
been classified by national organizations for cw lasers and pulsed lasers commercially 
available. Most of the European countries adopted the standards of ANSI. 



MPE values for selected lasers

Laser type Wavelength [nm] MPE value for eye

Nd:YAG Laser 1064

5 J/cm2 for pulsed lasers

from 1 ns to 50 s,

9 t3/4 mJ/cm2 from 50 s to 1000 s,

1.6 mW/cm2 for longer time

Ion Argon Laser 488 / 514

0.5 J/cm2 from 1 ns to 18 s,

1.8 t3/4 mJ/cm2 from 18 s to 10 s,

10 mJ/cm2 from 10 s to 10 000 s,

1 W/cm2 for longer pulses



Let us calculate OD() for the pulsed 
Nd:YAG laser

• Let us calculate OD() for the pulsed Nd:YAG laser emitting at 1064 nm. Let the pulse energy be 80 
mJ, and the time duration of 15 ns. According to table 11.2, MPE is 5.10-6 J/cm2. Let the diameter of 
the output laser beam be d = 2 mm, and the beam divergence of  = 1.0 mrad (fig. 11.4). In the 
worst case the maximum radiant exposure is

• .

• (11.2)
• In practice, the beam divergence reduces the H value. The standard values of MPE were established 

for larger diameter of the output beam – 7 mm (maximum pupil size) giving H0 value
• . (11.3)

• Therefore, the filter will be characterized by the optical density value OD()
• for  = 1064 nm. (11.4)

• This indicates that the filter in the eyewear required for this specific application should have the 
optical density 5. Analogical estimations for the argon laser emitting continuous radiation at  = 
514 nm at the power of 1 W give the following values: MPE = 1.10-6 W/cm2 and

• for  = 514 nm. (11.5)
• Therefore,
• . (11.6)
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Fig. 11.4 Illustration of parameters needed to estimate a proper optical density OD



Skin Hazard

• In most laser applications a hazard to the skin is smaller than that to eyes. However, extending the range of laser emission to 
ultra-violet (or even recently to soft X region) poses a hazard to skin as well. The range of 230-380 nm is the most 
dangerous. Particularly dangerous is the range of UV-B (280-315 nm). Radiation from this range may accelerate skin aging, 
skin burns or even skin cancer. In the range of 310-600 nm (near UV/VIS) undesired photochemical reactions on skin may 
occur whereas radiation from the range of 700-1000 nm (IR) may cause burning the skin. Table 11.3 summarizes the most 
typical biological effects of light in skin.

Range Skin effects

Ultraviolet C (200-280 nm) Erythema (sunburn)

Ultraviolet B (280-315 nm) Accelerated skin aging

Increased pigmentation

Ultraviolet A (315-400 nm) Pigment darkening

Visible (400-780 nm) Photosensitive reactions

Skin burn

Infrared A (780-1400 nm) Skin burn

Infrared B (1400-3000 nm) Skin burn

Infrared C (3000-10000 nm) Skin burn

Table 11.3 Basic biological effects of light in skin



Chemical Hazards

• Some lasers can cause a chemical hazard. As it 
was described in chapter 4 the excimer, dye 
and chemical lasers contain toxic substances 
as an active medium that can be dangerous to 
health. Gas lasers such as CO and CO2 lasers 
contain toxic gases, which can leak under 
faulty operation from the laser pipe. 
Moreover, lasers induce many reactions, 
which can emit dangerous gas products.



Electric hazard

• In many lasers high voltage is used (>1 kV), but some Q-switched pulsed 
lasers may use 20 kV. Electric hazard is particularly concerned to high 
power lasers in which inappropriate construction or faulty electric systems 
during exploitation may lead even to death. General guidelines for electric 
hazard are the following:

• do not touch high-voltage devices when turned on,
• do not change capacitors and any other elements with voltage switched 

on,
• avoid wearing rings, metallic watch bands and other metallic objects,
• when possible use only one hand in working on a circuit or control device,
• never handle the electric equipment when hands, feet or body are wet, or 

when standing on a wet floor,
• learn rescue procedure for helping victims,
• do not engage in laser alignment, operating or adjusting when fatigued, 

under medication or when your mental activity would incline you toward 
risk.



X radiation hazard

• One should also mention about X radiation
hazard emitted as a result of inappropriate
protecting of such components as lamps
working with voltage higher than 15 kV.

• Recent developments with extension toward
new spectral ranges into deep UV and soft X 
as well as higher intensities and repetition
rates are bringing new problems related to 
protection against X-radiation.


