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ABSTRACT 

     Gem stones are those stones which have beauty that can be based on its color, 
transparency, brilliance and the crystalline perfection . Topaz is used mainly as 
gemstones, It is the most common irradiated gem on the market. High energy such 
as neutrons, have enough energy to produce color centers . Irradiation is most often 
carried out in nuclear reactors (high-energy neutrons). Irradiation of topaz in the 
Egyptian research reactor (ETRR-2) by neutrons changes its cloudy white color to a 
reddish pink which could be changed to blue by heating. 

 
RESEARCH AIMS 

 
     Produce gem stones with beauty and stable colors, explain the color process in gemstones, study 
the trace element concentrations  in topaz samples before irradiation by ICP-MS, study the residual 
radioactivity in topaz after irradiation, achieve IATA regulations for radioactive materials transfer.  
 

EXPERIMENTAL 
2.1. introduction 
      Nuclear reactions inside the irradiated stones produce radioisotopes; 
resulting to residual radioactivity. Residual radioactivity is potentially a problem; therefore stones 
have to be stored in storage for a period of time to reduce the residual radioactivity aiming to reach the 
safety level of transportation. The storage time of the stones is dependent on trace element 
concentrations connected with their life-times in topaz. Therefore, inspection of the trace elements in 
the stones and their half-life times are essential before irradiation. 
 
2.2. Material 
     Topaz crystals are selected as cloudy white crystals expecting that they have the minimum 
contamination of elements rather than the topaz original crystal structure.  
 
2.3. Experimental data and results  
                                                                  
       The effect of neutron irradiation on mineral crystals has been a subject of interest of several 
researchers since a long time (1-4). The colourless topaz is changed to reddish pink after neutron 
irradiation in the Egyptian research reactor (ETRR-2). The coloration is observed to be deepened with 
the increase in the neutron dosage which could be changed to blue by heating. 
 
         Nuclear reactions inside the irradiated stones produce radioisotopes; therefore stones have to be 
stored in storage for a period of time to reduce the residual radioactivity aiming to reach the safety 
level of transportation which is less than (74Bq/g) or 2 nCi/gram (European standard)(5). 
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      The storage time of radioisotopes is dependant on the activity measurements of the individual 
elements in topaz after irradiation in the reactor. This study was done by measuring the neutron 
activation analysis spectra with the help of HPGe detector.                             . 

 
     Trace elements may cause residual radioactivity after neutron irradiation. This undesired residual 
radioactivity could be detected by trace element analytical techniques such as Laser Ablation 
Inductively Coupled Plasma Mass spectrometer (LA-ICPMS), Energy Dispersive X-rays (EDS), and 
Neutron Activation Analysis (NAA).  
          
      Samples were irradiated using transition pneumatic system (Rabbit system) for short time in the 
range (10-30) second and long irradiation in the hours range.  
 
   After irradiation of stones by neutrons, they have to be transefered into the auxiliary pool until their 
radioactivity reduces to permissible level, then transfered to hot cells for further treatment.   
  The Egyptian Second Research Reactor, (ETRR-2) is a Multipurpose Reactor, (MPR) at Inshas, 
Cairo Egypt. ETRR-2 is a 22 Mw, an open pool type and maximum thermal neutron flux of 2.7x1014 n 
cm-2 s-1 (neutron trap). The reactor is located at Inshas site of the Egyptian Atomic Energy Authority 

(EAEA ) 60 km from Cairo-Egypt.  
Table(1) describes in general the different ways of irradiation for the production of blue topaz 
showingthe possibility of residual radioactivity in the stones.  
 

Table(1)Comparison of method by electron beam, neutron and γ-ray irradiation(4) 

 
Post irradiation annealing  
    
     After irradiation, changes in the topaz brown and blue color centers occurr. The brown color is 
fading already at temperatures around 200Co, while the blue color is stable to temperatures up to 
600Co (4). Heat treatment of topaz for several hours at around 200° C is therefore performed in order to 
achieve strong blue colors.                                        

 
Radioactivity in topaz  
                  
     Topaz treated with neutrons in a nuclear reactor turn radioactive for a longer time (the longer the 
exposure – the higher the activation), usually from a few months up to years. For this reason the health 
authorities have issued very strict rules for measuring the activity in topaz before they can be released.  
 
Analysis 
 
     The analysis by using HPGe detector shows that neutron irradiated topaz consist of Sc-46(889.25), 
Mn-54(834.83), Co-60(1332.5and1173.2),Cs-134(604.7and 795.8)and Ta- 182(1121.3,1189.1 and 
1221.4) as isotopes producing to residual radioactivity by long irradiation using irradiation box. In the 
case of short irradiation shows gamma spectrum of short irradiated topaz where the detector at 7 cm 
from the sample surface.  

Radiation source Radiation time Total dose Color Induced 
radioactivity 

Electron beam 2(days) X 108 Gy Sky blue No 
γ-ray 9(month) X 109 Gy Sky blue No 
Fast neutron 1(day) X 1017 neutron/cm2 Swiss blue Very strong 
Electron + γ-ray  5(month) X 109 Gy Sky blue No 
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     Qualitative and quantitative studies by NAA technique for topaz samples removed from irradiation 
box during the same day, showed the following short life isotopes:  
 Al-28, CL-38, Rh-106M, Kr-88, Bi-214, Rb-89, Ac-228 and As-76. 
          
 
     From qualitative and quantitative studies after 22 days from irradiation, it is found that neutron 
irradiated topaz produce the following radioactive isotopes: Sc-46, Mn-54, Co-60, Cs-134 and Ta-182. 
They have radioactivity between 0.07 and 71.7 nCi/gram for each element.  
 

Table (2) Calculated 
concentrations for isotopes by 

using comparator 
and relative methods 

(average values) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 

 
 
 
 
 
 
 
 

Table (2) shows concentrations calculations for isotopes using comparator method and relative 
method. It is necessary to say that in all labs the results of relative method is dominant because it is 
more reliable. 
 
Condition of transport of previously irradiated topaz to abroad 
 

Isotope Concentration (ppm) 
 arator Relative 
Sc-46 8.62 7.24 
Ta-182 0.53 0.44 
Fe-59 3782.71 5012.82 
Mn -54 0.06 0.08 
Co-60 0.03 0.02 
Cs - 134 0.01 0.03 
Cr-51 0.48 0.51 
Zr-95 5524.53 6405.47
Zn-65 21328.59 20483.76 
Na- 24 5.21 5.47 
La-140 1.82 1.39 
As-76 64.43 51.75 
Al-28 265372.42 283183.81
Ti-208 2825.78 3223.98 
Cs-138 48.53 52.43 
Mg-27 53.91 50.5 
Mn-56 152.62 171.9978 
Cl-38 1.35 1.22 
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     The transport of radioactive material must be subject to a radiation protection program, which must 
consist of systematic arrangements aimed at providing adequate consideration of radiation protection 
measures(5). The nature and extent of the measures to be employed in the program must be related to 
the magnitude and likelihood of radiation exposure. 
   
     The international Basic Safety Standards for protection against ionizing radiation and for the Safety 
of radiation sources (BSS) specify requirements for the protection of health against exposure to 
ionizing radiation and for the Safety of radiation sources. 
 
 
The BSS establish the requirements for the protection against the risks associated with radiation 
exposure (6).     
      The following activities are measured one year after long  irradiation in the ETRR-2  for 8 
hours and became ready for transportation, where IATA(5) does not permit transportation for 
gemstones with activity more than 74(Bq/g).  
                      

Table (3) Activity of Topaz Sample before Shipment 
 
 

Isotopes  
T½ (day) 

 

 
Bq/g 

Ta-182 114.4 40.1 
Mn-54 312.1 8.7 
Sc-46 83.8 4.24 
Zn-65 243.0 1.89 
Cs-134 754.0 0.39 
Sb-124 60.0 0.09 
Co-60 1924.0 0.07 

Ag-110m 249.0 0.03 
Co-58 70.9 0.01 

 
Total Bq/g 

 

 
55.52 

 
 
   From the table(3) main residual radioactivity is due to Sc-46, Ta-182,Mn-54 and other isotopes 
which are equal to about 56 (Bq/g) which represents 75.67%  of the IATA permissible level. Thus it 
could be transport without any problems. 
 
   Material treated this way is radioactive, as a result of the activity of the isotopes of the elements in 
the stone, and may require several months or more of storage before the radioactivity decays to safe 
levels.  All material treated this way falls under the jurisdiction of the Nuclear Regulator Commission 
(NRC), where the release level of 15 Bq/g has to be reached. (The US safety limit is 1.0 nCi/g , and 
the legal limit in Asia is 2.0 nCi/g ). 
 

 
CONCLUSIONS 
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1. It is possible to produce gemstones with beauty, and stable colors using neutron sources in ETRR-2  

reactor.  
2. It was possible to study the trace element concentrations in topaz samples before irradiation by ICP-

MS with very high accuracy for good selection for topaz samples.  
3. It was possible to study the residual radioactivity in topaz after irradiation. 
4. It was possible to achieve IATA regulations for radioactive materials transfer. 
5. ICP-MS and NAA are great helpful to study all gemstones from selection pure samples until use. 
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