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Abstract 
 

The procedure used to the assessment of internal exposure of workers involved with 
dismantling lightning rods and radioactive smoke detectors is described. Due to the 
presence of the sources of 241Am in these devices, a monitoring program to the workers 
have been implemented. This paper presents an analytical method for the separation and 
analysis of plutonium (Pu) and americium (Am) in urine samples using solid-phase 
extraction chromatography and alpha spectrometry. The mean recovery obtained with 
this technique is about 80% and the detection limit for 24h urine sample range between 
0.6 mBqL-1 and 1.0 mBqL-1. The assessment of intakes and internal doses are performed 
following ICRP Publication 78 recommendations and appropriated biokinetic models 
(ICRP, 1997). Assumptions have been made for routine monitoring of these workers and 
it is also discussed the establishment of the internal monitoring program using the results 
of alpha measurements. 

 
 

1. INTRODUTION 
 

Radioactive lightning rods were manufactured in Brazil until 1989, when the license for using 
radioactive sources in these products was withdrawn by the national nuclear authority. Since then, 
radioactive devices have been collected as radioactive waste and replaced by Franklin type. 
However, only 20 percent of the estimated total number of rods installed was delivered to the 
Brazilian Nuclear Commission (Comissão Nacional de Energia Nuclear-CNEN). The Radioactive 
Waste Management Laboratory of IPEN-CNEN/SP is one of the CNEN laboratories responsible 
for the reception, dismantling and segregation of the lightning rods and radioactive smoke 
detectors. These equipments have inside 241Am sources. Measurements performed to determine 
the composition of the airborne radioactivity inside the Laboratory, showed that the americium 
has already been detected in samples, indicating that the sources are not sealed. Although many 
types of monitoring procedures, as workplace monitoring, have been implemented during the 
dismantling of these devices a potential risk of incorporation of radioactive material by workers 
has been considered [1]. 
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This paper presents a method adapted for isolation, separation and sequential analysis of Pu 
isotopes and 241 Am in biological samples using solid-phase extraction chromatography and  
α-spectrometry. 
 
The primary goal of this study is to implement this methodology for internal exposure monitoring 
program of workers based on the measurement of excreta samples. 
 

 
2. EXPERIMENTAL 

 
All the reagents were of analytical grade and the solutions were prepared with deionized water. 
The tracer solutions (242Pu: 0.23 BqmL-1and 243Am: 0.33 BqmL-1) were prepared from standard 
solutions supplied by Institute of Radiation Protection, IRD-RJ, Brazil. The anionic resin Dowex 
1X2 (50-100 mesh, chloride form) for plutonium isotopes separation and TRU.Spec columns for 
americium were used. Electrodeposition cells, stainless steel discs of 25 mm in diameter for 
plating (cathode) and platinum electrode (anode) and alpha spectrometer were also employed in 
this procedure. 
 

2.1 Preparation and Dissolution of Samples 
 
2.1.1 Urine 
 
 The plastic containers are used for the sample collection of twenty-four hour urine samples. The 
total volume of the sample is recorded and one liter of urine sample is transferred into a glass 
beaker. The containers are rinsed with 100 mL concentrated HNO3 and the rinsing liquid is added 
to the sample. Then, 20 mL of 30 % H2O2, 1 mL of concentrated H3PO4 and 2 mL CaCl2 H2O 
solution is added. Next, the tracers (242Pu and 243 Am) are added to quantify chemical recovery. 
The sample and tracers are equilibrated by heating and magnetic stirring for one hour. The 
sample is removed from the heat, cooling to room temperature and then, concentrated NH4OH is 
slowly added until precipitation occurs. The precipitate is allowed to settle overnight and 
separated by decanting and centrifugation. The supernatant is discarded and the precipitate is 
transferred to a centrifuge tube. The beaker is washed 3 times with 50 mL of 1.25 % ammonia 
solution and the rinsing liquid transferred to the centrifuge tube. After centrifuging, the 
supernatant is discarded and the precipitate is dissolved in 10 mL concentrated HNO3. The 
solution is transferred to Teflon beaker and evaporated to dryness in a hot plate. Wet-ashing of the 
residue is carried out with small amounts of concentrated HNO3. This procedure is procedure is 
repeated 3 times. 
 
2.1.2 Faeces 
 
The faecal samples are collected in appropriate containers during a period of 48 hours and frozen. 
The frozen material is transferred to a porcelain capsule and placed in a closed furnace and the 
temperature is gradually raised in increments of 50 0C, until 450 0C is reached and dry-ashed for 
24 hours. 
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The faecal ash sample was weight and transferred to a Teflon vessel and the container is washed 
with 25 mL of 8 M HNO 3. The mixture is heated and standard radionuclides solutions (242Pu and 
243 Am), used as tracers, are added to quantify the chemical recovery. The sample is evaporated to 
dryness. The dissolution of faecal ash is carried out by addition of HNO3 /HF (1:1) and 
evaporated to dryness. Next, small amounts of concentrated HCl is added and evaporated to 
dryness. This procedure is repeated twice.  
 

2.2 Radiochemical Separation 
 
The residues obtained in the previous steps (preparation of urine or faecal sample) are dissolved 
in 80 mL of 8M HNO1 (solution A). Then, 100 mg of NaNO2 are added to the solution and 
heated. The resulting solution (solution A) is ready for radiochemical separation of Pu and Am. 
 
The plutonium isolation is performed by anion exchange chromatography using Dowex 1-X2 
resin. An amount of 20g of resin (suspended in H2O) is transferred into a glass column and rinsed 
with 100 mL of 8 M HNO3. The sample solution (solution A) is loaded and the resin is washed 
with 5 fractions of 30mL each of 8M HNO3. The loading and the rinse solutions are collected for 
Am isolation (solution B). The resin is converted to the chloride form with 5 fractions of 30 mL 
each of 10 M HCl. Next, 0.25g of HONH3Cl is added on top of the resin and the Pu is eluted with 
3 fractions of 15 mL each of 0.5 M HCl (solution C). 
 
The Americium isolation is performed by solid-phase extraction chromatography on a pre-packed 
TRU resin column. Solution B is evaporated to dryness and re-dissolved in 15 mL of 2 M HNO3. 
Drops of newly prepared 1 M ascorbic acid are added to the solution (solution D). The column is 
allowed to drain and 10 mL of 2M HNO3 is added to condition the resin. The sample solution 
(solution D) is loaded and the resin is rinsed with 20mL of 2M HNO3. Finally, the americium is 
eluted with 15mL of 0.05 M HNO3 (solution E). 
 

2.3 Electrodeposition 
 
Source preparation for alpha particle counting is performed by electrodeposition. Solution C (Pu 
fraction) and solution E (Am fraction) are evaporated to dryness. The electrodeposition procedure 
is the same for Am and Pu: 1mL of 0.3 M Na2SO4 is added and evaporated to dryness. The 
residue is dissolved in 0.3mL of concentrated H2SO4 and 4 mL of H2O are added. The pH is 
adjusted with NH4OH to salmon- pink colour using thymol-blue as an indicator. The liquid is 
transferred to an electrodeposition cell with a stainless steel disk of 25 mm in the bottom. The 
beaker is rinsed with 5mL of H2O and the washing combined with the sample in the 
electrodeposition cell. The cell is placed in an electrodeposition device with a platinum electrode 
at 5mm of the stainless steel disk. Electrodeposition is carried out at 1A during 1 h. At the end of 
electrodeposition, 1mL of concentrated ammonium hydroxide was added and the current applied 
for one minute. The cell is disassembled and the disk washed with H2O. 
 

2.4 Alpha-Spectrometry 
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Alpha spectrometry is carried out using semiconductor surface barrier detector with an area of 
450 mm2, CANBERRA alpha Analyst model, with a detection time of 200,000 s. 
 

3. RESULTS AND DISCUSSION 
 
The use of solid-phase extraction chromatography can simplify separation of actinides reducing 
the time needed and the production of waste, but the sequential separation of actinides in just one 
column is not possible, in practice. Therefore, recent published methods for biological samples 
still combine ion exchange chromatography with solid-phase extraction chromatography 
[2,3,4,5]. 
 
In the anion exchange chromatography process describe, U, Am and Cm pass through the anionic 
resin while Pu(IV) is retained during the elution with the sample in nitric solution. Th is 
eliminated by elution with concentrate HCl while Pu(IV) form anionic complexes remaining 
adsorbed on the resin. Pu(IV) is then reduced to Pu(III) with HONH3CL and passes through the 
column with diluted HCl. 
 
The Am is isolated by solid-phase extraction chromatography on a pre-packed TRU resin 
column. U(VI), Am(III) and Cm(III) are extracted from the sample in 2M HNO3 . Am and Cm 
can be eluted using only dilute nitric acid. Due to the extremely strong retention of U, elution of 
this ion cannot be effected by lowering the aqueous nitric acid concentration, and requires a 
different acid or a solution of an appropriate complexing agent (e.g. ammonium oxalate).[5]. 
 
The use of TRU resin columns in the separation of Am increases the sample recovery and is less 
time-consuming compared with traditional methanol/nitric acid anion exchange procedures [4]. 
Also in our experience, radiochemical methods based in solid-phase extraction chromatography 
represents a great advantage in routine monitoring of workers. 
 
The Table 1 presents the values of Minimum Detectable Activities (MDA) achieved for 241Am 
and the same table shows the MDA recommended by ICRP 78 Publication. 
 
 

Table 1. Minimum detectable activities – MDA (biological samples) 
 

 Urine 
BqL-1 

Faeces 
Bq 

MDA – our laboratory 
 6.0 E-04 - 1.0 E-03 4.0 E-04 - 6.0 E-04 

MDA recommended by 
ICRP 1.0 E-03 1.0 E-03 

 
 
Assessment of intakes and internal doses are performed following ICRP 78 Publication 
recommendations and biokinetic models [6, 7]. The assumptions made for routine monitoring of 
workers involved in the decontamination and dismantling works are: 
 

1. Only intake by inhalation is considered; Type M compounds (5 µm AMAD aerosols). 
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2. It is assumed that intake took place in the middle point of the monitoring interval. 
3. The Annual Limit of Intake (ALI) for 241Am used is 740 Bq based on committed effective 

dose of 20 mSv. The ALI for 241Am is considered due to a higher concentration of this 
radionuclide in the NPP region and as more conservative. 

4. Frequency of urine measurements was established in terms of the sensitivity of the 
measurement technique and the acceptable uncertainty in the estimate of the intake and 
committed effective dose. Quarterly sampling allows that 5 % of ALI (~ 1 mSv) is still 
detected at the end of a period of urine monitoring. 

 
Table 2 shows the values of the minimum detectable activity of intake for the americium by 
inhalation and the minimum committed effective dose, Emin(50) as well. The values on this table 
were obtained from the daily activity predicted as a fraction of the incorporation for routine 
monitoring, considering a typical value of MDA as 9.03E-04 Bq.  
 
The derived investigation level, DIL and the derived recording level, DRL were obtained 
according to the recommendation of IAEA [8], respectively, on the basis of a committed effective 
dose of 5 mSv and 1 mSv from a year’s intake.  
 
In this study a frequency of monitoring should be capable of detecting an intake that results in a 
specific fraction of the dose limit. Sometime this goal cannot be realized because of a lack of 
analytical sensitivity, unacceptably long counting time or short sampling intervals for excreta 
collection [8]. 
 
Table 2. Data for inhalation of 241Am, Type M, in routine monitoring: predicted values (Bq 
per Bq intake); committed effective dose E(50); Derived Recording Level (DRL); Derived 
Investigation Level (DIL). 
 

Monitoring 
Interval, 

(d) 

Daily urinary 
excretion 

(Bq per Bq intake) 

Intake, 
Imin (Bq) 

Emin(50) 
(mSv) 

DRL 
(Bq) 

DIL 
(Bq) 

360 1.1E-05 8.21E+01 2.22E+00 4.02E-04 2.01E-03 
180 1.6E-05 5.64E+01 1.52E+00 2.92E-04 1.46E-03 
120 1.9E-05 4.75E+01 1.28E+00 2.31E-04 1.16E-03 
90 2.1E-05 4.30E+01 1.16E+00 1.92E-04 9.59E-04 
60 2.6E-05 3.47E+01 9.38E-01 1.58E-04 7.91E-04 
30 3.9E-05 2.32E+01 6.25E-01 1.19E-04 5.94E-04 
14 5.8E-05 1.56E+01 4.20E-01 8.24E-05 4.12E-04 

 
 

4. CONCLUSION 
 
In this study, the implementation of proposed methodology offers good prospects to be applied in 
routine monitoring programme of workers, mainly for americium in excreta sample. If Am or Pu 
activity is detected in urine, measurements for special monitoring must be initiated. 
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In spite of this paper describes the preparation step for both urine and faecal samples, the choice 
of the biological matrix will depend not only on the major route of excretion, as determined from 
the physiochemical form on the intake and the biokinetic model for the Am and Pu isotopes, but 
also on such factors as ease of collection, analysis and interpretation. Urine samples are readily 
obtained and analysed and generally provide information on the intake of radionuclides in 
chemical forms that are readily transferred to the blood. Intakes of insoluble material can often be 
reliably assessed only from faecal samples.  
 
Considering the MDA used in this study, the monitoring interval of 90 days for 241Am is adequate 
to use in routinely program. Additional methods such as improved workplace monitoring and 
personal air sampling should be used to ensure adequate worker protection. 
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