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ABSTRACT 
 
Radium isotopes are dispersed in the environment according to their physicochemical characteristics. The intake 
of 226Ra and 228Ra in humans can occur by inhalation and ingestion and the risk of internal exposure are related 
to their long half-lives, characteristics of the emission and biokinetics of the isotopes in the human body. The 
goal of this work is to develop a methodology for the analysis of 226Ra and 228Ra in excreta samples (urine and 
feces), using liquid scintillation technique. Excreta samples were provided by non-exposed humans for the 
purpose of standardizing the methodology and the establishment of a background level of radium excretion. 
Radum isotopes were concentrated and separated from the constituents of the sample by co-precipitation with 
barium sulphate. The precipitate of Ba(Ra)SO4 was filtrated and weighted for the determination  of the chemical 
yield. The filter containing the precipitate was transferred to a scintillation vial. In the scintillation vial,   8 mL 
of water, 8 mL of Instagel XF and 4 mL of UltimaGold were added, forming a gel suspension, after stirring the 
solution. The 226Ra and 228Ra activities were determined 21 days after the precipitation of samples. The samples 
were counted in a liquid scintillation spectrometer. The technique presented adequate sensitivity and 
reproducibility for the analysis of urine and feces. The activities of 226Ra and 228Ra in excreta samples provide 
useful information for the identification of the main route of intake and for the assessment of the internal 
exposure of occupationally exposed workers and inhabitants of high background areas. 
 
 

1. INTRODUCTION 
All living organisms are continually exposed to ionizing radiation, which has always existed 
naturally. The sources of exposure are cosmic rays coming from outer space and from the 
surface of the sun, terrestrial radionuclides that occur in the Earth's crust, in building 
materials and in air, water and foods and in the human body itself. These exposures also vary 
as a result of human activities and practices [1]. Radium has four naturally occurring 
isotopes: 223Ra (t1/2=11.4 days), 224Ra (t1/2=3.64 days), 226Ra (t1/2=1622 years) and 228Ra 
(t1/2=6.7 years). Among these, 226Ra, an α-emitter, and 228Ra, a β-emitter, closely follow 
calcium metabolism in human body with eventual deposition in bones. Radium isotopes, 
226Ra and 228Ra, are of particular environmental concern because of their log half-lifes and 
possible risk in significantly increasing of the internal radiation dose [1,2]. The intake of 
226Ra and 228Ra in humans can occur by inhalation and ingestion and the risk of internal 
exposure are related to their long half-lives, characteristics of the emission and biokinetics of 
the isotopes in the human body. The goal of this work is to develop a methodology for the 
analysis of 226Ra and 228Ra in excreta samples (urine and feces), using liquid scintillation 
technique. Excreta samples were provided by non-exposed humans for the purpose of 
standardizing the methodology and the establishment of a background level of radium 
excretion. 
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2. MATERIALS AND METHODS 
 

The experimental part of this work consists on the development of a liquid scintillation 
method for in vitro determination of 226Ra and 228Ra in bioassay samples. 
 
2.1 Characterization of population 
 
A total of 10 non-exposed individuals of both gender with age in the range of 20 to 30 years 
old, residents in the city of Rio de Janeiro provided excreta samples (urine and feces) for the 
purpose of standardizing the methodology and the establishment of a background level of 
radium excretion. 
 
2.2 Digestion of Organic matter 
 
2.2.1 Feces 
 
Feces samples were calcined in a porcelain capsule during 24 hours at a temperature of 
400 0C, then were mixed and calcined again for 24 hours at 4000 C. The ash obtained was 
weighed, transferred to pots identified and stored until time of analysis. For analysis, an  
aliquot of 1.0 g was removed and transferred to a Teflon tube, where it has been the addition 
of 9 mL of concentrated HNO3 and 1 mL of concentrated HF, the tube was then placed in a 
microwave accelerated reaction system, named MARS 5 from CEM Corporation. The sample 
digestion was performed during 60 minutes, with a gradual increase of temperature and 
controlled. Exactly after 60 minutes, the solution was allowed to stand until it reaches room 
temperature. The solution was evaporated to near dryness and raised to 1000 mL with 
1 mol.L-1 HNO3. 
 
 
2.2.2 Urine 
 
Digestion of urine was made, with an addition of 150 mL of HNO3 concentrated. The sample 
was evaporated up to half the initial volume of urine. After evaporation the concentrated 
urine was precipitated with the addition of ammonium hydroxide (NH4OH) concentrate. The 
sample precipitated remained to settling the precipitate until the next day, when the 
supernatant was discarded and the precipitate transferred to a centrifuge tube, where it was 
centrifuged and then dissolved with 50% HNO3. The solution obtained was transferred to a 
300 mL beaker and then heated under reflux until it submits a colorless or slightly yellow. 
The solution was evaporated to near dryness and raised to 1000 mL with 1 mol.L-1 HNO3. 
 
2.3  Radiochemical separation 
 
 To the digested samples (urine and feces) was added 1mL of Ba carrier solution (20 mg of 
Ba+2), Pb carrier solution (20 mg of Pb+2), 5 mL of 1 mol.L-1 citric acid and drops of methyl 
red. The solution was stirred and pH adjusted to 7.5 to 8 with concentrated NH4OH. After 
adding 50 mL of 3M H2SO4, barium (radium) and lead were co-precipitated as Ba(Pb)SO4[3]. 
In the next day the co-precipitate was separated by centrifugation and dissolved in 2.0 g of 
EDTA, 5 mL of concentrated NH4OH and 25 mL of de-ionized water. When 5mL of 10% 
ammonium sulfate solution was added to the solution and the pH adjusted to 4.2-4.5 with 
acetic acid, 226Ra and Ba were co-precipitated as Ba(Ra)SO4. The precipitate obtained was 
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filtered with a Whatman 44 filter paper, previously washed and weighted. The precipitate was 
washed with 80% ethanol and dried in the oven at 80oC. The filter containing the precipitate 
was weighted and the chemical yield was determined. 
 
2.4 Sample preparation for counting 
 
The filter containing the Ba(Ra)SO4 precipitate was quantitatively transferred to a 
scintillation vial .one known as “gel suspension”. Were added to the glass vials containing the 
precipitate and placed on the ultrasound for 10 minutes. 8 mL of Instagel XF and 4 mL of 
UltimaGoldAB were added [2]. The solution was stirred vigorously to form a gel suspension 
and placed in a refrigerator until the measurement. 
 
2.5 Counting of the samples 
 
The 226Ra and 228Ra activities were determined 21 days after the precipitation of samples. The 
samples were counted in a liquid scintillation spectrometer, Quantulus 1220, for 100 minutes. 
The counting system is shielded to reduce external environmental background radiation. Four 
different spectra can be collected simultaneously when counting a sample. We have collected 
two of them: the first one for determining beta and a second for alpha contribution. 
 
 

3. RESULTS AND DISCUSSION 
 

In this work were obtained samples of urine and feces, corresponding to a 24-hour excretion 
of 10 individuals of both genders and different ages. In the Table 1 are presented the 
concentrations in activities of 226Ra and 228Ra in urine and feces samples of the residents of 
the city of Rio de Janeiro. 
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Table 1. The concentrations in activities of 226Ra and 228Ra in urine and feces of 
residents of Rio de Janeiro 

 
 
 

INDIVIDUALS 
 

226Ra 
(mBq/L) 

228Ra 
(mBq/g) 

Urine Feces Urine Feces 

 ≤ 1.22 76 ± 8 ≤ 14 263 ± 46 

 ≤ 0.95 46 ± 5 ≤ 11 298 ± 36 

 ≤ 0.69 36 ± 4 ≤ 8 154 ± 31 

 ≤ 1.01 30 ± 4 13 ± 12 127 ± 27 

 ≤ 1.17 19 ± 3 ≤ 13 59 ± 22 

 ≤ 1.28 11 ± 2 ≤ 15 23 ± 19 

 ≤ 1.85 22 ± 3 ≤ 21 114 ± 28 

 ≤ 2.04 50 ± 5 ≤ 24 278 ± 36 

 ≤ 1.92 21 ± 3 ≤ 22 98 ± 21 

 ≤ 1.73 23 ± 3 ≤ 20 69 ± 21 

Meana 0.693 34 10 148 

Standard 
deviationb 0.465 19 7 98 

a - arithmetic mean of 226Ra and 228Ra activities in feces and urine. 
b - standard deviation of fecal or urinary excretion. 
 
 
The amounts reported as below of the minimum detectable activity (< MDA), corresponding 
to an activity concentration (mBq / L of urine) below the minimum detectable activity. For 
purposes of calculating the arithmetic mean and standard deviation values less than MDA 
were considered to be half the minimum detectable activity. 
 
The values of concentration in activities of 226Ra found in the feces of residents of the city of 
Rio de Janeiro (34.2 ± 18.7 mBq / g ash) are similar to those found by Sousa (2005)[4] (30 
± 15 mBq / g ash) in a study of residents of that city and are superior to those reported by 
Naumann et al (1998)[5] in Berlin city residents (13 ± 5 mBq / g ash). The values of 
concentration in activities of 228Ra found in the feces of residents of the city of Rio de Janeiro 
(148 ± 98 MBq / g ash) are higher compared to those found by Julião (2003)[6] (62.4 ± 
25.6 mBq / g ash) in a study performed with the inhabitants at the same city. 
 
The differences found, for the results of 226Ra and 228Ra between authors, could be associated 
with variability in the diet and over consumption of food that may have greater or lesser 
concentration of 226Ra and 228Ra. 
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 The differences between the results for 226Ra and 228Ra in the same sample, especially feces, 
can be explained by the physical-chemical characteristics, specially, solubility of the 
progenitors radionuclides (238U and 232Th) in the environmental.  
 
The Figure 1 shows the theoretical fractions expected to be found in the urine and feces of 24 
hours. The theoretical values were obtained considering intake of continuous ingestion of 
1 Bq of 226Ra per day and considering the gastrointestinal transfer factor (f1) 0.2. Values 
were obtained also considering intake of continuous inhalation of 226Ra per day 1Bq 
compounds of the type S, M and F with the AMAD of 1µm. 
 
 

 

 
Figure 1: Theoretical fractions expected in the urine and feces of 24 hours 

 
 
 
The results indicate that for all situations studied radio is preferably eliminated in feces. The 
reason feces / urine (F/U) can provide an indication of the intake of Ra by the individuals 
studied. 
 
Table 2 shows the values of the rates of feces / urine obtained from the theoretical and 
experimental values, it is noteworthy that for calculation purposes, values below the 
minimum detectable activity (MDA) were considered as half of it. 
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Table 2: Values of the theoretical and experimental rates of feces / urine (F / U) for 
ingestion and inhalation 

 

Time 
(years) 

Theoretical values  Experimental values  

Ingestion 
Inhalation 

Type F 
Inhalation 
Type M 

Inhalation 
Type S 

226Ra 228Ra 

1,0 1.88E+02 5.26E+01 9.46E+01 4.12E+03 

5.54E+01 2.04E+01 

5,0 1.87E+02 5.26E+01 9.12E+01 1.75E+03 
10,0 1.86E+02 5.24E+01 9.07E+01 1.42E+03 
15,0 1.85E+02 5.24E+01 9.07E+01 1.29E+03 
20,0 1.85E+02 5.23E+01 9.05E+01 1.22E+03 
30,0 1.85E+02 5.23E+01 9.02E+01 1.14E+03 
50,0 1.84E+02 5.22E+01 9.00E+01 1.08E+03 

 
 
 
The comparison of the results of experimental and theoretical rates given in Table 2 indicates 
that inhalation of type F compounds is the most likely route of intake, but as almost all the 
results of activity concentrations for 226Ra and 228Ra in urine were below the MDA it is 
possible that the rates for this have been underestimated. Whereas the subjects studied, 
residing in the city of Rio de Janeiro and are not occupationally exposed, the more likely it is 
that the intake of 226Ra and 228Ra occur either by inhalation or by ingestion (alimentary diet). 
 
 

4. CONCLUSION 
 

The values of activity concentration of 226Ra and 228Ra were higher in samples of feces than 
urine. All results for 226Ra in urine were below the MDA technique, while only one result for 
228Ra in urine was detectable above the MDA technique. 
 
The comparison of the rates feces / urine theoretical and experimental results has been 
hampered by 226Ra and 228Ra in urine, but more likely is that the individuals studied 
incorporate 226Ra and 228Ra by ingestion and inhalation. 
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