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ABSTRACT 
 

In 1989, the Brazilian National Nuclear Energy Commission, CNEN, cancelled the authorization to produce and 

install lightning rods that employed radioisotopes sources, which since then have been collected and treated as 

radioactive waste. The main radioisotopes employed as a radioactive source onto the lightning rods were the 
241

Am and 
226

Ra, being the 
241

Am the most used due to its lower production cost. In the radioactive lightning 

rods the sources are first fixed in a stainless steel support, then sealed and fixed on the 30 cm length lightning 

rod body by rivets. These captors when constantly exposed to rain and winds can release the radioactive 

material and then contaminate the device, generating a greater volume of waste.The focus of this preliminary 

study is to develop a methodology to minimize the final volume of waste by removing the source followed by a 

chemical treatment to clean the lightning rods. Ultrasound techniques associated with suitable solvents as water, 

acids and chelates was applied. Gamma spectrometry was used to analyze the material after each 

decontamination step. In agreement to Regulations of Radiological Protection, the results indicate that it is 

possible to dispose of the lightning rod after the source removal followed by a suitable treatment and  reducing  

this way the volume of waste. 

 

 

1. INTRODUCTION  

 

One of the greatest challenges facing by the nuclear industry are the wastes generated in 

activities involving radioactive material. The increasing of the use of nuclear technologies 

must be accompanied by development of a waste management system.  

 

According to AIEA, a waste management strategy must include the followings steps: 

minimization, segregation, treatment, conditioning, storage, transport and disposal. The first 

two  steps, minimization and segregation are extremely important once they lead to a costs 

and dose reduction [1]. These concepts can be applied in managing the volume of waste 

generated by the collection of radioactive lightning rod in Brazil.  

 

Since 1989, when the The Brazilian National Nuclear Energy Commission, CNEN through 

Resolution No. 4 / 89 suspended the authorization to manufacture and install radioactive 

lightning rods, these materials have to be collected and stored in suitable waste containers. In 

the Rio de Janeiro state the collected material have been stored in the radioactive waste 

storage of the Nuclear Engineering Institute (IEN). 
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The main radioisotopes employed as radioactive source onto the lightning conductor are the 
241

Am and 
226

Ra, but the 
241

Am is the most used because it is less expensive.   

The sources of 
241

Am have an activity that varies according to the required zone of protection 

ranging from 3.7x10
7
 to 1.85x10

8
 Bq (1-5 mCi). These sources are manufactured from 

metallic strips with 
241

Am oxide and recovered with gold-palladium deposition. They are 

fixed in a stainless steel support, and fixed to the lightning conductor body by rivets [2].  

 

The source size is small compared to the total size of the lightning rod, as illustrated in Figure 

1, however, when constantly exposed to rain and winds, the source can release the radioactive 

material, contaminating the lightning rod and generating a greater volume of waste.  

 

 

 
 

 

Figure 1.  Lightning rods Gamatec brand. The figure 

shows three sources fixed at the lightning rod. On the 

left (circle) one of the sources removed. 

 
In Brazil, according to national regulatory authority, (CNEN), if the activity is greater than 

7,5x10
4
 Bq.kg

-1
[3], the material is classified as radioactive waste, and cannot be released to 

the environment. 

 

In this work we realized preliminary studies in order to show that it is possible decontaminate 

the lightning rod and reduce the waste volume. 
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2. EXPERIMENTAL 
 

2.1. Reagents  

 

Solutions 0.1 mol L
-1

 of ammonium carbonate ((NH4)2CO3), sodium salycilate (C7H5NaO3) 

and hydrochloric acid (HCl), were prepared from analytical reagent grade (Merck, Brazil), by 

adequate dilutions in tri-distilled water. 

 

 

2.2. Instrumentation and Apparatus  
 

A Total Activity Counter System calibrated and operated as described in reference[4] 

containing 2”x 2” NaI-Tl scintillation detector Harshaw model Integral Line, a high voltage 

source Micronal model 1023 A, a pre-amplifier Ortec model 113, an amplifier Ortec model 

435A, a count rate meter Ortec model 449-2 and the software program (Genie 2000 from 

Canberra).The NaI-Tl detector was mounted inside a stainless steel cylinder with 5 mm 

thickness, 175 mm in diameter and 400 mm in height. A collimator was placed inside the 

cylinder to shield the detector against background radiation interference. 

 

 

2.3. Procedure 

 
The lightning rod was disassembled and the source was removed from the source holder and 

it was proceeded as described by the flow sheet showed in Figure 2. 

 

 

 

 

 

 

 

Figure 2.  Flow sheet showing the procedure steps. 
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The studies were made using the source holders that are the most contaminated part, and have 

the suitable volume to be placed inside the Activity Total System Counter.  

The decontamination was made by immersion in solutions 0.1 mol L
-1

 of ammonium 

carbonate, sodium salycilate and hydrochloric acid respectively for 30 minutes. A dedicated 

software program (Genie 2000 from Canberra) analyzed each experiment The spectra were 

obtained before and after each treatment. The decrease of the peak area was compared with  

the result obtained by treating with tri-distilled water using ultrasonic bath (Varian Aerograph 

60 Hz), after 10 minutes.  

The system was calibrated using a 190.5 kBq 
241

Am source. The photo peak efficiency 

determined was 72.73± 0.25 and the peak area 2.18x10
5 

± 488.73  (acquisition time= 300s). 

 

 

 

3. 1BRESULTS AND CONCLUSIONS 
 

 

 

The best decontamination factor (about 80-90 %) was obtained using ultrasound technique 

with tri-distilled water, in 10 minutes. Small values (about 50-60%) were got using the 

immersion in the others solutions.  The acquisition time was 1200 s.  

 

 

Table 1.Values of peak area before and after each treatment 

 

Cleaning solution Peak area before treatment Peak area after treatment 

ammonium carbonate 1.05x10
3 

± 43.35 605
 
±33.7 

sodium salycilate 6.11x10
2 

± 39.15 313
 
±20.71 

hydrochloric acid 7.08x10
2 

± 41.27 297
 
± 18.6 

tri-distilled water 1.16x10
3 

± 51.22 43.3
 
± 14.1 

 

 

These preliminary studies showed that is possible to removal this superficial contamination 

and reduce the final waste volume, just by a simple procedure of washing, with distilled 

water using ultrasonic technique. This way the material can be released and recycled, 

reducing the final volume. 
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The spectra obtained before and after treatment with 0.1 M HCl and tri-distilled water are 

showed in Figure 4 and 5. 
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 Figure 3.  Spectra obtained before and after treatment 

with 0.1 M HCl. 
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Figure 4.  Spectra obtained before and after treatement 

with tri distilled water using ultrasonic bath. 
 

 

 

Better results can be achieved with more studies by varying the concentration and contact 

time. The next stage of work will be mounting a unit of measurement that allows monitoring 

and washing the whole lightning rod. 
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