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ABSTRACT: 
The use of lasers by industry and by the academic community continues to increase. Many 

educational institutions are using a wide variety of lasers in many different ways. Traditional 

disciplines in universities, colleges and high schools, such as biology, chemistry, and physics, 

now recognize the laser as an essential teaching element. Unique environments associated with 

educational institutions (such as civil engineering, earth and planetary sciences, and biomedical 

research) have also incorporated lasers into their educational processes. 

The effects of CO2 laser hazard on different parts of human body (such as eye and skin) 

have been studied, where hazards are classified into direct and indirect exposure of laser 

radiation. 

The nominal hazard zone has been calculated; it was compared with power and the maximum 

permissible exposure and found that the nominal hazard zone was direct proportional to power 

and inverse proportional to maximum permissible exposure. 

The optical density has been calculated; it is also compared with maximum permissible 

exposure and found that the optical density was inverse proportional to the maximum 

permissible exposure. 

 الخلاصة:

إى اسذخدام الليزر في  النيٌة ج لأاسلأسيةلأ اسيةيةوييج في  دزاةيد هذيذوزاإك يى ال اييز هيي الوعسذيةح الذخليوييج دذيذخدم 

هجوو ييج هذٌو ييج لأاسييخج هييي الليييزراح ة.ييزك هخذلنييجا ال ايييز هييي الذخننييةح الذاليدةييج فيي  الجةهخييةح لأال ليييةح لأالوييدار  

 لأالنيزةةء، دذذخدم الليزر يخٌنز يسةس  ف  الذدرةسا الاةًوةج، هال  لن اسحيةء لأال يويةء، 

 لى يجزاء هخذلنج هي جذن الإًذةى )هايل الخييي لأالجليد(  (2COخلال هذا التحث دن يراسج آثةر هخةلأز شخةع الليزر )

 ، حيييييييييييييث ةييييييييييييذن دنييييييييييييٌي  الوخييييييييييييةلأز سشييييييييييييخج الليييييييييييييزر إلييييييييييييى دخييييييييييييز  هتةشييييييييييييز لأ يييييييييييييز هتةشييييييييييييزا 

ةرًذهية هيا الايدرث لأالحيد اسقنيى الوذيوول ةيض للذخيز  لألأجيد يى هٌ.ايج الخ.يز لأقد حذيتخ هٌ.ايج الخ.يز ايسيويجت لأ دين ها

قدرث الليزر، لأدذٌةسب   ذية ها الذخز  اسقنيى الوذيوول ةيضا لأقيد حذيتخ ال اةفيج ها الوتةشز ايسويج يةًخ هذٌةستج لأزيةة 

ةسب   ذية ها الحيد اسقنيى الوذيوول التنزةج، لأدن هاةرًذهة ها الذخز  اسقنى الوذوول ةض لألأجد يى ال اةفج التنزةج دذٌ

  ةض للذخز ا

 

1- Introduction: 
Potential hazards related to the use of lasers can generally be divided into primary and 

secondary hazards. The laser beam itself represents the primary potential hazard, as it can affect 

humans or objects – in the form of raw beam, focused beam, directly reflected beam, or scattered 

radiation. Secondary potential hazards are further subdivided into direct and indirect hazards: 

• Direct potential hazards are caused by technical components of the laser installation (high 

voltage, excitation radiation, laser gases, optics). 

• Indirect potential hazards are generated by the interaction of the laser beam with materials or 

the atmosphere. 

      Indirect potential hazards include the UV-radiation caused by plasma formation, hazardous 

substances generated during material processing, and also potential ignition of explosive materials 

and the danger of fire [1] [5].  
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2- Type of Hazard when using Lasers: 

2.1- Beam Hazard 

The laser produces an intense, highly directional beam of light. If directed, reflected, or 

focused upon an object, laser light will be partially absorbed, raising the temperature of the surface 

and/or the interior of the object, potentially causing an alteration or deformation of the material [2]. 

 

2.2- Non-Beam Hazard 

In addition to the direct hazards to the eye and skin from the laser beam itself, it is also 

important to address other hazards associated with the use of lasers. These non-beam hazards, in 

some causes, can be life threatening, e.g. electrocution, fire, and asphyxiation. The only fatalities 

from lasers have been caused by non-beam hazards. Some of these hazards are [2]: 

1. Electrical hazards. 

2. Chemical hazards. 

3. Explosion hazards. 

4. X-rays hazards. 

5. UV and Visible Radiation hazards. 

6. Fire hazard. 

7. Cryogenic liquids hazards. 

8. Noise hazards. 

 

3- Maximum Permissible Exposure (MPE): 

     In order to know how much exposure, laser light is hazardous the output characterize of 

laser must be taken in to account. Those characteristics include wavelength, output energy and 

power, size of the irradiated area, and duration of exposure. If one using a pulsed laser, the pulse 

repetition rate must be considered. Sensitivity to a given wavelength varies significantly from 

person to person. Maximum permissible exposure (MPE) limits indicate the greatest exposure that 

most individuals can tolerate without sustaining injury. An MPE is usually expressed in terms of the 

allowable exposure time (in seconds) for a given irradiance (in watts/cm2) at a particular 

wavelength. Table (1) gives the maximum permissible exposure for the eye for a variety of lasers 

operating at different irradiance levels [7]: 

 

Table (1): MPE for Selected Lasers and Exposure Times [7]. 

Laser Type Wavelength 

(µm) 

MPE 

(average power density-watts/cm
2
) 

  Exposure time in second 

  0.25 s 10 s 600 s 3 x 10
4
 s 

CO2 10.6 - 0.1 W/cm
2
 - 0.1 W/cm

2
 

Nd:YAG (cw)
 

1.33 - 5.1 x 10
-3 

- 1.6 x 10
-3

 

Nd:YAG(cw) 1.064 - 5.1 x 10
-3

 - 1.6 x 10
-3

 

Nd:YAG(cw) 

Q-switched
b 

1.064 - 17 x 10
-3

 - 2.3 x 10
-6

 

GaAs (diode) 0.840 - 1.9 x 10
-3

 - 610 x 10
-6

 

InGdAIP (diode) 0.670 2.5 x 10
-3 

- - - 

He-Ne 0.633 2.5 x 10
-3

 - 293 x 10
-6 

17.6 x 10
-6

 

Krypton 0.647 2.5 x 10
-3

 - 364 x 10
-6

 28.5x 10
-6

 

 0.568 2.5 x 10
-3

 - 31 x 10
-6

 18.6 x 10
-6

 

 0.530 2.5 x 10
-3

 - 16.7 x 10
-6

 1.0 x 10
-6

 

Argon 0.514 2.5 x 10
-3

 - 16.7 x 10
-6

 1.0 x 10
-6

 

XeFI
C 

0.351 - - - 33.3 x 10
-6

 

XeCI
C
 0.308 - - - 1.3 x 10

-6
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4- Nominal Hazard Zone (NHZ): 

Another quantity of interest in laser safety is called the nominal hazard zone (NHZ). This 

zone describes the region within which the level of direct, reflected, or scattered (diffuse) laser 

radiation is above the allowable MPE (figure 1) [6]. 

To take the right measures for Laser safety reasons one has to know the intensity of the considered 

light source for a given distance. When this intensity is below the MPE value their will be no risk 

for damaging the eye. 

The intensity is defined as the flux of radiation passing a cross section of 1cm
2
. The flux of 

radiation is measured in Watts and can be either measured or one trusts the manufacturer of the 

particular light source or laser. Another definition of the intensity is quite often used as radiation 

namely the flux per solid angle dΩ [6]. 

 

 
Figure (1): shows divergence of laser radiation [6]. 

 

 The frequently used expression, “solid angle dΩ” will be clarified once again with the help of 

Figure (1). The solid angle dΩ is defined as the ratio of the spherical surface A to the total surface 

of the sphere of radius R [6]: 

 

dΩ =                                                  (1)   

For A = 1 m
2
 and R = 1 m (unit sphere) we get the unit of the solid angle, the steradian sr 

where 1sr = . 

The solid angle 1sr cuts a cone out of the unit sphere with an angle υ. If the surface of the 

corresponding spherical section is approximated by the circular surface (πr
2
) we get with 

A= πr
2 

                                                                                                      (2) 

     For A = 1 m
2
 

r =                                                                                                               (3) 

and for υ :  

sin  =  =                                                                                                (4)  

or υ   

The light that passes by the solid angle unit is called radiant intensity (Ie) and is measured in 

W/sr. To measure the radiant intensity in Wsr
-1

, it is necessary to know the solid angle used during 

the measurement. A diaphragm (shown in figure 2) with a radius r is used for this purpose and a 

distance R to the radiator is selected. The solid angle dΩ for this arrangement is therefore [6] 

 

dΩ =  =                                                                                 (5) 
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If the total emitted radiation into the full solid angle is known, the flux (Pe) through the 

diaphragm will be [6]: 

 

                                                                         (6) 

and the intensity: 

 

                                                                                                                      (7) 

 
From Eq. 2 we can deduce, that for a fixed aperture the intensity will decrease inverse 

quadratically with increasing distance R from the light source [6]. 

 

 
 

Figure (2): Surface emitter [6]. 

From the surface a light source emits the power P0. In point of view of laser safety we have to 

know the intensity at a distance d where for instance the eye of the observer is located. The intensity 

at the surface is simply [8] 

                                                                                          (8) 

and the intensity at the distance d will be: 

                                                                                                           (9) 

 

Commonly the cross section a as well as the beam radius ra is known and we have to derive an 

expression for A [8]. 

Since 

                                                                                   (10) 

the intensity Id will be found : 

 

                                                                                   (11) 

If we consider the case of Laser beam, we know that the divergence or the angle υ is fairly 

smaller than 15
0
. In this case we can use the approximation [9] 

 
E =                                                                                                               (12)  
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A Laser can be considered as save when for each distance z 

MPE                                                                                                             (13) 

For a particular Laser the MPR is taken from Table (1). With the specification given by the 

supplier the value for E is calculated using the power, the beam diameter at the beam exit, the 

divergence and the location for which the Eq. 13 must be fulfilled. It may happen that Eq. 13 is only 

true for a certain distance z. The minimum of the distance where the Laser can be considered as 

save is termed as nominal ocular hazard distance or as NOHD. This value can be derived from Eq. 

(12) and Eq. (13) as [10]: 

 

 

                                                                                                                     (14)        

 

If a negative value for zNOHD is obtained, the laser is saved and means total safety for each 

distance. The NHZ for a laser of given power and exit beam diameter is given by the formula [10]: 

 

          NHZ =                                                                              (15) 

 

 
 

Figure (3): Nominal Ocular Hazard Distance [9]. 

Equation (15) shows how to calculate an NHZ for a given laser and given MPE. Table (2) 

lists nominal hazard zones for three common lasers, for a direct laser beam, a laser with a focusing 

lens attached, and diffusely scattered laser light. The data used in the NHZ calculations for the three 

lasers listed in Table (2) are given in Table (3) [3] [4]. 

 

 

Table 2: Nominal Hazard Zones (NHZ) for Various Lasers [3]. 

 

Laser 

Type 

Exposure 

Duration 

Nominal Hazard Distance (m) 

Direct Lens-on-Laser Diffuse 

Nd:YAG 
8 h 

10 s 

1410 

790 

11.4 

6.4 

1.4 

0.8 

CO2 
8 h 

10 s 

399 

399 

5.3 

5.3 

0.4 

0.4 

Argon 
8 h 

0.25 s 

25 , 200 

505 

1700 

33.6 

12.6 

0.25 
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Table 3: Laser Criteria Used for NHZ Calculations [3] 

 

Laser Parameter Nd:YAG CO2 Argon 

Wavelength, λ (µm) 1.064 10.6 0.488 , 0.514 

Beam power, P(W) 100 500 5.0 

Beam divergence, φ(mrad) 2.0 2.0 1.0 

Beam size at aperture, a(mm) 2.0 20.0 2.0 

Beam size at lens, b(mm) 6.3 30.0 3.0 

Lens focal length,  fo(mm) 25.4 200 200 

MPE, 8 hour (µW/cm
2
) 1.6 x 10

3 
1.0 x 10

5
 1.0 

MPE, 10 s (µW/cm
2
) 5.1 x 10

3 
1.0 x 10

5
 - 

MPE, 0.25 s (µW/cm
2
) - - 2.5 x 10

3 

 

5- Simulation Results & Discussions: 
5.1- Input Parameters 

There are some input parameters for laser system. These parameters can be arranged in table 

(4) bellow 

 

Table (4): Input parameters [10]. 

 

Laser type CO2  laser 

Power (P)  1,100,1000 (w) 

Wavelength (λ) 10.6 (μm) 

Beam diameter (b) 1 (cm) 

Focal length (fo)  20 (cm) 

maximum permissible exposure  (MPE) 
 

0.1-100 W/cm
2
 

 

5.2- Calculation of Nominal Hazard Zone (NHZ) 

By using the equation (15), the Nominal Hazard Zone (NHZ) has been calculated. According 

to the equation recorded above, the relationship between the (NHZ) and Maximum permissible 

exposure (MPE) (with values of power are 1, 100 and 1000 W respectively) were shown in figures 

(4, 5, and 6) bellow: 
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Figure (4): Relationship between (NHZ) and (MPE) with value of P=1W. 

 
Figure (5): Relationship between (NHZ) and (MPE) with 

value of P=100W. 

 

 
Figure (6): Relationship between (NHZ) and (MPE) with 

value of P=1000W. 

 

 

From the figures above, we can notice that the relation between the Nominal Hazard Zone 

(NHZ) and Maximum permissible exposure (MPE) is inversely proportional. 

The relationship between the (NHZ) and the power (P) (with values of MPE is 1, 10 and 100 

W/cm
2
 respectively) were shown in figures (7, 8, and 9) bellow: 

 

 

 

 

 

 

 

MPE (w/cm
2) 

 

NHZ (cm) 

 

NHZ 

(cm) 

 

 
MPE (w/cm

2) 

NHZ 

(cm) 

MPE (w/cm
2) 
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Figure (7): Relationship between (NHZ) and (P) with value of MPE=1 W/cm

2
. 

 
Figure (8): Relationship between (NHZ) and (P) with 

value of MPE=10 W/cm
2
. 

 

 
Figure( 9): Relationship between (NHZ) and (P) with 

value of MPE=100 W/cm2. 

 

 

From the figures (7, 8, and 9) above, we can notice that the relation between the Nominal 

Hazard Zone (NHZ) and power (P) is directly proportional. 

According to equation (14), the relation between the (NHZ) and the divergence angle (θ) (with 

values of power are 1, 100 and 1000 W respectively) were shown in figures (10-12) bellow: 

 

 

P (w)
 

 

NHZ (cm) 

 

P (w)
 

P (w)
 

 

  

NHZ 

(cm) NHZ 

(cm) 
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Figure (10): Relationship between (NHZ) and (θ) with value of P=1W. 

 
Figure(11): Relationship between (NHZ) and (θ) with 

value of P=100W. 

 
Figure (12): Relationship between (NHZ) and (θ) with 

value of P=1000W. 

 

From the figures (10-12) above, we can notice that the relation between the Nominal Hazard 

Zone (NHZ) and the divergence angle (θ) is inversely proportional. 

 

5.3- Calculation of Optical Density (OD): 

The relationship between the optical density (OD) and the Maximum permissible exposure 

(MPE) (with values of incident irradiance are 1, 100 and 1000 W/cm
2
 respectively) were shown in 

figures (13-15) bellow: 

 

 

NHZ (m) 

Div. angle (rad)  

 

Div. angle (rad) Div. angle (rad) 

 

 
 

 

NHZ 

(m) 
NHZ 

(m) 
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Figure (13): Relationship between (OD) and (MPE) with value of Eº=1 W/cm

2
. 

 
Figure (14): Relationship between (OD) and (MPE) 

with value of Eº=100 W/cm
2
. 

 
Figure (15): Relationship between (OD) and (MPE) with 

value of Eº=1000 W/cm
2
. 

 

From the figures (13-15) above, we can notice that the relation between the optical density 

(OD) and the Maximum permissible exposure (MPE) is inversely proportional. 

 

 

5.4- Calculation of radiant intensity (Ie) 

By using the equation (7), the relationship between the radiant intensity (Ie) and the distance 

(R) (with values of power are 1, 100 and 1000 W respectively) were shown in figures (16-18) 

bellow: 

 

MPE (W/cm
2
)  

 

OD 

MPE (W/cm
2
) 

MPE (W/cm
2
) 

 

 

OD OD 
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Figure (16): Relationship between (Ie) and (R) with value of P=1 W. 

 
Figure (17): Relationship between (Ie) and (R) with 

value of P=100 W. 

 

 
Figure (18): Relationship between (Ie) and (R) with 

value of P=1000 W. 

 

 

From the figures (16-18) above, we can notice that the radiant intensity (Ie) and the distance 

(R) inversely proportional. 

 

 

6- Conclusions: 
From this study and according to the results, which have been obtained, the following points 

can be concluded: 

1- The long exposure of radiation to the eye and skin may cause damage to these parts of the human 

body. 

2- The power dose not directly effect on the human body with fixed value of (MPE). 

3- The small divergence angle makes the laser safer to the human body. 

R (m) 

R 

(m) 

R 

(m) 

Ie (W/m
2
) 

R (m) R (m) 
R

 

(

m

) 

R 

(m) 
R 

(m) 

 

Ie 
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2
) 

Ie 

(W/m
2
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4- The long exposure of the laser on the human body needs to increase the safety equipments of the 

laser user (such as safety suits, goggles, etc). 

5- The increasing of (R) makes the work circumstance safer. 
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