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ABSTRACT 
 
The radioactive lightning rods Interim storage facility  receives Midwest Regional Center for Nuclear Science 
– CRCN-CO, and contains the majority of devices called radioactive lightning rods, and so is our main study 
object with an interest in be adapt of Interim storage facility  (ID) Radiation Protection requirements and 
management of radioactive waste. The radioactive lightning rods are devices that contain Americium 241 that 
fall under the categorization of radioactive sources (IAEA-TECDOC-1191) in category 4 (same device category 
of the static Eliminator type). 
The handling, transportation, maintenance, segregation and disposal of accessories and devices emitting ionizing 
radiation in which involve procedures require: special types of packaged, storage techniques, cleaning/hygiene 
and inventoried and equipment for Radiation Protection. Cleaning and hygiene as well as the disposition 
criterion of accessories makes it necessary for the introduction of safe cleanup criterion [4] and more specific 
that the criterion for exemption. 
The radioactive lightning rods have brackets that represent physical danger in shipping and handling as well as 
liabilities of contamination as well as in the case of being contaminated, agents in the transfer of contaminants 
(Am-241) it is necessary to adopt analysis methodologies and procedures and criterion for the management of 
radioactive and nonradioactive materials. 
 
 

INTRODUCTION 
 
With the deployment of Interim storage facility deposit in the Midwest Regional Center for 
Nuclear Science – CRCN-CO to the interim storage of radioactive waste was necessary to 
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introduce procedures that meet the standards of radioactive waste facilities for the "control of 
this installation." Means, in this summary, that the term “control this installation" as a set of 
procedures and techniques that meet the standards of the CNEN improved way. The 
improvements of these waste Management procedures go through technical survey 
radioprotection, inventoried and segregation. The use of these techniques requires the 
introduction of new procedures that make the service transient storage of the CRCN-CO a 
model that meets all technical requirements already normatizadas [1, 2] and within the 
scientific possibilities that incorporate technical innovations. 
This work Develop procedures for waste management methodology through analysis of 
concentration of radionuclides in objects and premises such as segregation of radioactive 
lightning rods using recommendations the IAEA [4]. 
 
 

1. CRITERION FOR DECONTAMINATION AND CLEANING OF ID . 
 
 
Two criterions for sanitizing and radiological safety are adopted: 
  
The criterion for the decontamination of the plant and of objects is measured by the 
decontamination factor and cleaning by washing or cleaning rate factor of cleaning. Although 
such criterion appear similar to the first criterion is the result of the measure of activity (Bq), 
objects or facilities, before and after removing "careful" of contaminants to reach levels of 
exemption for a general disposal (recycling and reuse etc.). The second criterion establishes 
levels of removal of contaminants at levels more "demanding" to a specific destination 
(reuse, recycling and etc.) for specific types of materials (stainless steel, iron, bricks, etc.).  

1.1. Segregation. 
 
 
The procedures for the removal of the lightning rod should be performed according to these 
guidelines: 
  
A. Before removing fix crepe tape in mattress for papers on the surface of the metal tapes of 
lightning rod. 
B. Removal, to unscrew for some and to untwist for most of the central stem of lightning rod. 
 
 
 
 
 
 
 
 
 
 
 
 
       Photo 1- Packing without segregation DI. 
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   Photo 4 - Stems segregation of lightning rods. 
 
 
 
1.1.1. Excemption and Exclusion criterion. 
 
 
The criterion for the decontamination of the plant and of objects is measured by the 
decontamination factor and cleaning by washing or cleaning rate factor of cleaning. Although 
such criteria appear similar to the first criterion is the result of the measure of activity (Bq), 
objects or premises, before and after removing "careful" of contaminants to reach levels of 
exemption for a general disposal (recycling and reuse etc.). The second criterion establishes 
levels of removal of contaminants at levels more "demanding" (Bq/cm2 ou Bq/g) to a specific 
(conditional) or general (unconditional) destination (reuse, recycling and etc.) for specific 
types of materials (stainless steel, iron, bricks, etc.).  
The amounts of material involved in clearances can be substantial and are generally greater 
than those involved in exemptions of man-made sources. The corresponding levels of activity 
or activity concentration are called clearance levels. The distinction between exemption and 
clearance has been made only recently and so in the literature terms such as 'exemption' and 
'exempt' are often used in circumstances where terms such as 'clearance' and 'cleared' would 
currently be used. 
The concept of clearance from regulatory control implies a removal of restrictions so that the 
cleared materials can be treated without any consideration of their radiological properties. 
However, the removal of restrictions may not always be complete; there is also the possibility 
of clearing material under specified conditions. The application of conditions ensures that 
conditional releases will also provide an adequate degree of radiological protection to the 
public. 

 Photo 2- Packing without segregation.       Photo 3- Packing with segregation. 
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The full and complete clearance of a material requires that all reasonably possible exposure 
routes are examined and taken into account in the derivation of the clearance levels, 
irrespective of how that material is used and to where it may be directed. Such clearances are 
here called 'unconditional clearances'. 
Alternatively, the clearances may be constrained in some way, usually because the fate of the 
material being considered in the clearance is known, so that only a limited number of 
reasonably possible exposure routes have to be considered in deriving the clearance levels. 
The clearance may then be granted with certain conditions, for example, it may prescribe a 
definite fate for the material being considered. Such clearances are here called 'conditional 
clearances'. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

1.2.  METHODOLOGY 
 
 
For reviews relating to contamination levels of disposable objects to the lightning rods stems, 
used to smear test technique for which made use of the equipment type Meter Caprac ®-R 
Well/Wipe with MDA (Minimum Detectable Activity) 18.6 Becquerel (Bq) to Americium -
241. The smear test was held in radioactive Stems of the lightning rods of old and new 
installations of deposit whose results will be represented by disintegration rate measures unit 
(Becquerel). Were measures of radionuclide concentrations in lightning rods Interim storage 
facility. To the characterisation of waste and by-products of the waste (rinse water tank) were 
performed by technique of Liquid Scintillation (CML) using the technique of Alpha/Beta 
counting equipment employing Wallac Quantulus 1220 (U – Ultra Low Level). In addition, to 
safety radiation control did using portable monitor’s type: Interceptor (In Spectroscopic 
personal Radiation Detectors), EOD and Eberline identFINDER and 600 with pancake type 
probes and other accessories needed to this job. The sediments from the washing of lightning 
rod stem were filtered and analyzed by the meter Caprac ®-R Well/Wipe. 
 
 

Ilustration 1 - Diagram of regulatory control (recommended by the Agency, IAEA) about radioactive waste.  

Control is not imposed 

EXCEMPTION EXCLUSION 

Nuclear Regulatory 
Control 

Criterion 

Conditional Inconditional 

Control is removed 
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1.2.1. Wash and Smear test. 
 
A report by the IAEA recommends that for a set of radionuclides present in some solid 
material a minimum level of cleanliness to ensure a future use or eventual destination. 
Therefore the formula recommended for cleaning limits can be consulted in table in reference 
[4] or by approximate formula: 
  

Cleaning level (Bq/g) = Minimum  
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-Weight factor for gamma radiation probability 

-Weight factor for beta Radiation 
LIA (Ingestion) – index of Annual Intake  
LIA (inally warning) – index of Annual Inhalation 
  
In this work we are working on projects to apply this concept to the depot intermediary. 
However, despite recommendations of use measure of unity specific activity Bq/g and surface 
contamination in Bq/cm2 can be taken to be the same in terms of measure of unity (for 
situations where there is no other guidelines) for some specific situations. We introduced the 
concepts of percentage of clean washing, or cleaning factor, using the following expression: 
  

Percentage of clean washing (FL) = 
SmearI

SmearIISmearI −−−−
     (2) 

  
Therefore the percentage of clean washing, washing factor, is obtained from the measured in 
Bq/cm2 by using the smear test [4], before (j) and after (j + 1) washing, getting a 
dimensionless value and that can be compared with other percentages measured from count 
or measured in Becquerel per gram, for example, sediment or other solid matrix removed 
some object. So we can lay out the process of washing and smear test of lightning rods stems 
as diagram shown in Ilustration 1.  
The expression (1) is practical and circumvents the problem of units, because we could swap 
measure of contamination (Bq/cm2) for specific activity measure (Bq/g) for particulates, and 
is an indicator for a given collective cleanup, this study does washing with liquid solutions, if 
it was removed (FL > 0) or increment contamination (FL < 0). 
The level of cleaning for reuse of lightning (Am-241) is 0.2-0.7 Bq/cm2 [4]. The average 
values obtained in the tests "Smear I", "Smear II" and "Smear III" indicate that the lightning 
rod stem collected in DI are below the exemption level [2]. 
 
Used equipment Caprac-R Well/Wipe. The limit of detection obtained was 0.1 Bq/cm2 
(parsed area of 188.5 cm2 and (Minimum Detectable Activity) MDA of 18.6 Bq, Am-241). 
  
The cleaners of lightning rods stems were carried out in the schematic below sequence:  
 
 
 Light. R. Stem            Smear I         Cleaning I        Smear II         Cleaning II         Smear III 
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Being  
 
-Smear I: Smear corresponding washing with water (common)  
 
-Smear II: Corresponding washing with water and neutral detergent in a dilution of 1/300  
 
-Smear III - Corresponding to wash with water and EDTA (Ethylenediaminetetraacetic acid) 
placed in a concentration of 0.1 mol/litre dilution of 1/150. 

 
Ilustration 1 - Flowchart which describes the procedures for cleaning up lightning rods and analysis of 
sediments in filters for the evaluation of contaminants by Americium-241.   

 
 
 
 

Type of 
cleaning 

with: 

Dirty 
Bq/cm2 

 
Detergent 
Bq/cm2 

EDTA 
 

Bq/cm2 

Cleaning I 
 factor,% 

Cleaning II 
 factor,% 

Average 0.259 0.099 0.008 61.81 91.47 
Standard 
deviation 0,003 0,033 0,034 - - 

      

 
 
The analyses of smear of rods were identified values ranging between 620.60 +/-1.75 Bq 
corresponding to the largest value found of contamination in the lightning until 2.10 
+/- values 1.76 Bq related to the lowest value found between all lightning rods stems 
decontaminated by washing  process.  
In Table 1 with the increase of cleaning, washing, in each case, the values become lowest or 
next to the value of MDA which results in a large value of the standard deviation. 
 
1.2.2. Liquid Scintillation analysis. 
 
 

Table 1- Evaluation of cleaning up lightning rods stems.  

WASHING  
PROCESS 

WASHING  
PROCESS 

2 

WASHING  
PROCESS 

3 

SMEAR 
TEST 

SMEAR 
TEST 

 

SOLUTION 
SEDIMENT 
FILTER 

SOLUTION 
SEDIMENT FILTER 

 

SOLUTION 
SEDIMENT FILTER 
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For the liquid employed in washing was used a system of detection of Liquid Scintillation of 
ultra-low radiation [3] and with discrimination Alpha/Beta. A rate of 20 mL of dishwashing 
water was transferred to glass vial and slowly evaporated to dryness in hot plate or under 
infrared light lamp. The residue was soluble in 2 mL of HCl 0.5 mol/L and added 18 mL of 
scintillation cocktail Ultima Gold AB. calibration used patterns of Am-241 and Sr-90/Y-90. 
The samples were counted by 270 minutes.  
This procedure was achieved for Alpha and beta, the following results:  
1. Total beta activity was below the detection limit (0.9 Bq/L) for all tests.  
2. Maximum total Alpha activity is achieved (10 +/- 2) x 10 Bq/L with 95% confidence. 
 
 
1.2.3. Sediment analysis. 
 
The washes of lightning rods generate sediments that are not considered in its entirety by 
testing Liquid Scintillation. Thus was made collects through the sediment retention, porosity 
14 µm, in the filters subject to filtering via funnel under atmospheric pressure water washing 
with EDTA. Follows in Erro! Fonte de referência não encontrada. the results of the 
analyses of the filters using the equipment Caprac-R Well/Wipe the analysis was made to pi 
geometry and considering the mass of the filter and mass of sediment retained in the filter. 
From this information we can estimate the activity per gram (Bq/g) generated by washing 
water rods. Was collected the amount of 1litre of each type of washing water. 

 
Applying formula analogous to (2) 
 

Removal Index in washing (FR) = 

removed. Sed.
(j)Smear 

removed Sed.
1)Smear(j

-
 removed Sed.

 (j)Smear ++++

 

 
 
Where sed. removed = the amount of sediment in grams retained on the filter and removed 
the washings. 

Sediment measurement in filter (washing)  

TYPE 
WASHING 

Mass 
 
 
 

(g) 

Error 
Analytical 
Balance 

 
(g) 

Mass-
Difference 

Filter/ 
Paper 

(g) 

Activity-
Am-241 

 
 

(Bq) 

Standard 
deviation 

 
 

(Bq) 

Specific 
activity  

 
 

(Bq/g) 

Standard 
deviation 

 
 

(Bq/g) 

 

EDTA 0,8585 0,001 0,3679 5949,00 20,00 16170,15 57,53  
Water 0,6404 0,001 0,1498 1886,00 20,00 12590,12 134,95  
Deterg. 0,6268 0,001 0,1362 506,10 11,60 3715,86 85,37  
Filtre Mass  0,4906   0,4906          

Table 2 - Data for specific concentration (activity per gram) of water for washing (EDTA) of lightning rod 
stem (Sediment in the filter).  
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3. CONCLUSIONS  
 
The activity levels of lightning here tested delivers results that place them below the limits of 
unconditional clearance level [4]. 
Simple washing procedures can promote a radionuclide removal of around 97% in lightning 
rods. 
The total Alpha activity is above maximum allowable concentration for waste disposal in 
liquid sewage network, 1, 5x104  Bq/m3 [2]. Recommended treatment for decontamination of 
the effluent. 
The Smear test methodologies and LSC showed potential tools for management of 
Radioactive Waste. 
Due to bad weather (rain, Sun, dust, lightning and etc.), the Lightning Rod suffer the effects 
of corrosion in both fins as well as in the rods of lightning. Thus we see that occur in 
radioactive lightning rods CRCN-CO received in the formation of rust that besides reaching 
the fins and the stems, affect the elements themselves americium (Am-241 platelets with 
superficial coverage of Platinum). With the rust builds up and fixed on the surface dust. 
Therefore it is assumed that in the formation of dust layers set on the device is older and more 
intense corrosion which would explain the greatest values of activity concentrations found in 
sediments analyzed in the filters shown in Table 2 and supplemented with the data 
(comparatively) greater values of contamination in the wash water and a neutral detergent. 
Therefore the mechanism of infection by platelet Am-241 to the stem of lightning strikes 
mainly the combination of dust and iron oxide. 
The limits of unconditional clearance levels established in reference [4] for recycling 
radioactive lightning rods is 0.3 Bq/g for the Am-241 or 0.2 Bq/cm2 up to 0.7 Bq/cm2 for 
reuse. So we check for direct inspection in Erro! Fonte de referência não encontrada. that, 
the rods of Lightning rods, for the proposed trials here, the table values are below the 
established and recommended by IAEA [4]. It is important to inform the existence of 
negative values (percentage) in the measures of smear performed what is result of 
homogenization contamination Am probably adsorbed in the dust in the water to wash (water 
detergent). 
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TYPE WASHING 

1º / 2 º 
Removal Index  

FR(%) 
Water/detergent -0,70 

Detergent / EDTA 3,35 
Water /EDTA 0,28 

Table 3 - Data for specific concentration (activity per gram) of water for washing (EDTA) of lightning 
rods (Sediment in the filter).  
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