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Abstract. In order to comply with the Brazilian environmental laws, a survey of the radiation levels in the site 
of construction of the Centro Regional de Ciencias Nucleares (CRCN), in the urban area of Recife, state of 
Pernambuco, Brazil, was conducted, for further assessment of the impact caused by the center activities. 
Concentration levels of 238U and 210Po were determined in soil and water samples in the vicinity of the CRCN. 
The U content in soil samples varied from 7 to 44.4 Bq.kg" . For water samples, the measured values for °Po 
ranged from 12 to 19.6 mBq.L-1. Soil samples were collected to determine the hydrodynamic characteristic of the 
area. In order to determine the soil-water retention curves, samples were collected from the surface and at depths 
of 20-25 cm, 40-45 cm, 60-65 cm, 80-85 cm and 100-105 cm. The results of soil-water retention curves showed 
that the soil of the center, compounded by various embankments, presented several textural classifications, 
which ranged from loam sandy, loamy sand, loam and sand clay earth within the same profile 0-100 cm. 
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1. Introduction 

The Centro Regional de Ciencias Nucleares (CRCN), recently built in the area of Recife, state of 
Pernambuco, Brazil, has as one of its main purposes the contribution in the production of 
radiopharmaceuticals for the north and northeast regions, with the installation of a cyclotron. As part 
of the requirements set by the Brazilian Nuclear Energy Commission (CNEN) and by the Brazilian 
Environmental Council (CONAMA), responsible for the license for operation, it is necessary to carry 
out a preliminary survey of the environmental conditions in the site of the construction, aiming to 
assess the levels of background radiation in the operational fase, in order to check the radiological 
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impact due to the operation of this facility. As part of this program, the contents of U and Po in 
soil and water samples collected from the vicinity of CRCN were studied. 
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Uranium exists as three naturally occurring isotopes, 
U>6 (uranyl) ion complexes readily with carbonate, phosphate, or sulfate ions and is easily transported 
in the hydrologic cycle [1]. In reducing waters, uranium is in the U4> state and as such it has an 
extremely strong tendency to precipitate and to remain immobile. In the solid phase, uranium may be 
found as a necessary constituent of some minerals such as uraninite (UO2) or coffinite (USiO4), as an 
impurity occupying a limited number of lattice or sites such as in calcite or phosphorite [2], or as an 
adsorbed or coprecipitated constituent in Fe or Mn oxyhydroxides and organic materials [3]. The rocks 
that tend to host uranium include some crystalline rocks such as granite and quartz-conglomerate 
metamorphic, and certain sedimentary rocks such as organic shales, sandstones, carbonates, and 
phosphorites [4]. Some factors can affect the distribution of uranium in the soil solution and the 
concentration of this element in aquifers, including the uranium concentration in rocks, soil chemical-
physical characteristics (pH, ECC) the area climate and the presence of other chemical elements [5]. 
(yanabatista@yahoo.com.br) 
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Polonium-210 is a radioactive isotope found naturally in the ecosystem. It tends to form volatile 
compounds and shows strong tendency to adsorb particles by having a long half-life, abundance, 
behavior and physiological issue alpha, compared to other isotopes which have shorter half-lives [6]. 
In surface water as rivers and lakes, it derives both from atmospheric deposition of the radioisotope 
(by the disintegration of 222Rn) and from its leaching from minerals with high concentrations of 
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uranium [7]. The radionuclide Po is the final radioactive member of the U series decay chain and 
is widely present in the environment, contributing with about 8% of the natural radiation exposure of 
humans [8-9]. 

The study of the soil hydrodynamic properties, such as the retention curve represented by h(9), allows 
to obtain information about the process that occurs during the transport in the soil solution. This is 
important for predicting a potential contamination of the soil and the aquifer caused by the Center 
activities, mainly due to the production of radiopharmaceuticals. This soil property can be determined 
directly in the field or through experiments in the laboratory by using undisturbed soil samples, and 
with mathematical models. In the present work, the soil-water retention curves were obtained by the 
model of van Genuchten [10 ]. 

2. Materials and methods 

2.1 Sampling 

Samples of approximately 10 kg of unmixed soils were collected at each sampling point distributed 
around the CRCN area. Before collecting the soil sample for determination of 238U, the surface 
vegetation was removed, and the soil was dug with a shovel to a depth of 10 cm. It was carried out in 
the laboratory after oven drying at 80 0C until constant weight, and it was sieved by using a steel sieve 
(pore size of less than 63 ^m) [11-12]. 

Groundwater samples were collected from several wells distributed in the vicinity of the Center. For 
the determination of the 210Po content of water, 5L samples were collected in plastic containers and 
acidified with concentrated HCl [13]. 

For the determination of the retention curve, soil cores were collected at two points (S1 to S2) in 
stainless steel cylinders (5 cm high, 5 cm diameter) by using a core sampler with 18 replicates from 
the surface and at five layers (20-25 cm; 40-45 cm; 60-65 cm; 80-85 cm; 100-105 cm) in the CRCN 

2.2 Analytical methods 

2.2.1 Soil Samples 

Uranium-238 activity concentrations in soil samples were determined through gamma-ray 
spectrometry by measuring the 63 keV emission of its first daughter nuclide, 234Th [14-15]. The 
measuring system used in this study consists of a hyper-pure germanium detector (HPGe) with a 
resolution of 2.1 keV in 1,332 keV (60Co), intrinsic efficiency of 4 0 % which is coupled to a 
"multichannel analyzer (MCA)" Canberra with 8,192 channels. Data acquisition is managed by the 
Software Genie-2000 Canberra. The counting efficiency was determined by using standard solutions 
of152Eu,241Amand133Ba. 

Water Samples 
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The activity of 210Po was measured by alpha spectrometry, with a Si surface barrier [16] with 
efficiency of 12%. The electrochemical deposition method for determination of2 1 0 Po was employed 
for water samples. A tracer, 208Po, was added to each sample so the exact activity of 210Po could be 
determined. Ascorbic acid was added to prevent interference by ferric ion 
sample was kept at 70-80 0C in a water bath and then stirred for 4 hours. The disk was then removed, 
washed with water, and dried spontaneously plated by electrochemical displacement on a cupper disc, 
then were counted in vacuum chambers to enhance the resolution of the 210Po and 208Po alpha peaks 
[13]. 

2.2.3 Soil water retention parameters 

For the determination of water retention parameters on the CRCN soil by the retention curve method, 
intact soil cores were collected at sample points S1 and S2, and saturated in laboratory by wetting. Soil 
water retention curves with six replicates were determined by using the standard pressure plate 
technique at pressure heads of 0; 2; 3.33; 5.33; 8; 10.67; 40.53; 6 0.8; 81.0 6; 101.32; 405.3; 810.6 kPa. 
The resulting data were then fitted using the Van Genuchten (VG) model [10 ]. 

3. Results and discussion 
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U concentrations in soil ranged from 7 to 44.4 Bq kg- (Table 1). The range of the measured U 
concentrations in the analyzed samples is similar to the one obtained (40 to 90 Bq.kg1) for this 
radionuclide in the environmental radiation protection program of the Centro de Desenvolvimento 
da Tecnologia Nuclear [17]. 

Table 1: Activity concentrations of 238U (Bq kg1) in soil samples. 

Sampling point Activity Concentration (Bq kg1) 

(S1) 17.2 ± 0.5 

(S2) 17.6 ± 0.6 

(S3) 37,0 ± 1,0 

(S4) 24.0 ± 0.7 

(S5) 9.0 ± 0.5 

(S6) 13.3 ± 0.5 

(S7) 44.4 ± 1.0 

(S8) 7.0 ± 0.3 

The activity concentrations of 210Po in water varied from 12 to 19.6 mBq.L1 (Table 2). The range of 
values obtained for 210Po in the analyzed samples did not exceed the Brazilian limit (100 mBq.L1 for 
total alpha) set for potable water [18]. The variation of the 210Po content observed in the analyzed 
samples is relatively low when compared to the ones reported in the literature. A survey conducted in 
the phosphate region of Pernambuco, Brazil, showed activity concentration mean values for 210Po of 
161 mBq.L1 in groundwater samples [13]. 

Figure 1 shows the soil-water retention curves at point S1. The layer at 40 cm is the one that has the 
greatest capacity for water retention. This behavior can be attributed to the higher percentage of clay 
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found at this layer. The largest amounts of wet saturation were obtained for the layers at 40 cm, 80 cm 
and 100 cm depth; however, at 100 cm, and also at 20 cm, there was a more abrupt decline in humidity 
with the increase in the matrix potential, when compared to the 40 and 80 cm soil layers. This decrease 
is greater than that observed for the surface and 60 cm soil layers. This data can suggest that the layer 
at 40 cm depth could act as a physical barrier to the migration of radionuclides released during the 
facility operation. 

Table 2: Activity concentrations of 210Po (mBq L-1) in water samples. 

Sampling Site Concentration Range (mBq L-1) 

(A1) 19.6 ±2.1 
(A2) 12.0 ± 1.0 
(A3) 12.6 ± 1.1 
(A4) 15.0 ± 5.0 
(A5) 17.7 ±7.0 

The soil-water retention curves for the point S2 can be observed in Figure 2, showing that the layer 
from 80 to 100 cm has a great capacity for water retention, or the lowest water condutivity capacity. 
This behavior can be attributed by the high values of specific mass and the textural characteristics of 
the soil, classified as a sand clay loam soil. The largest amounts of wet saturation were obtained from 
the layer of 80 and 100 cm (about 39% of water) and the lowest for the surface (about 27% of water). 
It was observed that the decrease of humidity occurs rapidly. At surface and at a depth of 20, 40 and 
60 cm the decrease occurs in a more gradual way with the increase of the matrix potential, mainly at a 
depth of 40 cm. 

Figura 1: Curves of water retention, obtained from the adjustments of the equation of van Genhuchten 
[10], to the point S1, in the depths studied 

100000 -| 

10000 

~ 1000 I 
<D 
T> 
E 100 

JZ 
10 

1 
0 0.1 0.2 0.3 0.4 0.5 

0 (cm3.cm"3) 

4 



Figura 2: Curves of water retention, obtained from the adjustments of the equation of van Genhuchten 
[10], to the point S2, in the depths studied. 
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3. Conclusion 

The activity concentrations of 238U and 210Po in soil and water samples determined in this study are 
below the ones reported in the literature and below the limits set by the Brazilian Ministry of Health. 
The samples fulfill the requirements of Brazilian environmental agencies, indicating that the results 
are within the parameters for a desirable and not impacted area and will serve as a baseline for 
evaluating the background radiation levels in this region and quantifying the impact due to operation 
of the CRCN. These results will also be used as a guide for the implementation of the radiation 
protection program at the CRCN, in order to minimize the environmental impact derived from its 
operation. 

The soil at surface and layers at 20-25 cm, 40-45 cm, 80-85 cm presented a behavior that is 
characteristic of a loamy sand texture. The 60-65 cm and 100-105 cm layers presented a behavior that 
is characteristic of a loam sandy texture, in point S1. On the other hand, in point S2, soil layer at the 
surface presents a behavior which is characteristic of a loam sandy texture, layers at 20-25 cm, 100-
105 cm loamy sand texture, 40-45 cm, 80-85 cm sand clay loam texture and 60-65 cm loam texture. 

The soil studied, resulting from landfills, presented very heterogeneous textural characteristics. 
Probably because the process of landfill, some layers in different points of the land present high 
density and are likely to act as barriers to the flow of water in the ground. 

Acknowledgements 

We are indebted to the staffs of DIAMB/CRCN and of the Soil Physics Laboratory (DEN/UFPE) 
which were involved in this work. 

REFERENCES 

[1] GASCOYNE, M., "Geochemistry of the actinides and their daughters". In: Ivanovich, M. and 
Harmon, R. S. (ed) Uranium-series disequilibrium: Applications to earth, marine, and environmental 
sciences. 2nd ed. Clarendon Press, Oxford (1994) 34-61. 
[2] BURNETT, W. C., VEEH, H. H. "Uranium-series studies of marine phosphates and carbonates. In: 
Ivanovich, M. and Harmon, R. S. (ed) Uranium-series disequilibrium: Applications to earth, marine, 
and environmental sciences. 2nd ed. Clarendon Press, Oxford (1992) 487-512. 

5 



[3] MICHEL, J. "Sources". In: Cothern, C. R. and Smith, J. E. (ed) Environmental radon. Plenum, 
New York (1987) 81-130. 
[4] COWART, J. B., BURNETT, W. C., "The distribution of uranium and thorium decay-series 
radionuclides in the environment: a review", Journal of Environmental Quality, Vol. 23, (1994) 651-
662. 
[5] CHERDINTSERV, V. V., "Uranium - 234", Jerusalém, Wrener Brindery, (1971) 71-76. 
[6] PARFENOV, Y. D., "Polonium-210 in the environment and in the human organism", Atomic 
Energy. Vol. 12, (1974) 75-143. 
[7] RAMA, M. K., GOLDBERG, E., "Lead-210 in natural waters", Science, No. 134, (1961) 98-99. 
[8] NARAYANA, Y., SHETTY, P. K., SIDDAPPA, K., "Behavior of 210Po and 210Pb in high 
background areas of coastal Kerala on the south west coast of India", Applied Radiation and Isotopes, 
Vol. 64, (2006) 396-401. 
[9] UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC 
RADIATION, Sources, effects and risks of ionizing radiation, Report to the General Assembly New 
York: United Nations (1988). 
[10] VAN GENUCHTEN, M. T., "A closed-form equation for predicting the hydraulic conductivity of 
unsaturated soils", Soil Science Society of America Journal, Vol. 44, (1980) 892-898. 
[11] TOMÉ, F. V., RODRÍGUEZ, P. B., LOZANO, J. C., "Distribution and mobilization ofU, Th, and 
226Ra in the plant-soil compartments of a mineralized uranium area in south-west Spain", 
Environmental Radioactivity, Vol. 59, (2002) 41-60. 
[12] SANTOS Jr., J. A., et al., "Determination of radionuclides in environment using spectrometry", 
Journal of Radioanalytical and Nuclear Chemistry, Vol. 269, No. 2, (2006) 451-455. 
[13] SILVA, E. V., Chumbo-210 e Polonio-210 em águas subterráneas da regiao fosfática de 
Pernambuco, Disserta^ao (Mestrado em Tecnologias Energéticas e Nucleares), Departamento de 
Energia Nuclear, Universidade Federal de Pernambuco, Recife (1995). 
[14] PAPP, Z., DEZSO, Z., DARÓCZY, S., "Measurement of the radioactivity of 238U, 232Th, 226Ra, 
137Cs e 40K in soil using direct Ge(Li) _-ray spectrometry", Journal of Radioanalytical and Nuclear 
Chemistry, Vol. 222, No. 1-2, (1997) 171-176. 
[15] PAPACHRISTODOULOU, C. A., et al., "Use of HPGE _-ray spectrometry to assess the isotopic 
composition of uranium in soils", Journal of Environmental Radioactivity, Vol. 64, (2003) 195-203. 
[16] LAURIA, D. C., MARTINS, N. S. F., ZENARO, R., Monitora^ao Radiológica Ambiental. 1 ed., 
(2007) 166. 
[17] PEIXOTO, C. M., JACOMINO, V. M. F., Relatório de avalia?ao dos resultados analíticos do 
Programa de Monitora^ao Ambiental do Centro de Desenvolvimento da Tecnologia Nuclear, 
Publicado CDTNNo. 956, Belo Horizonte (2006). 
[18] MINISTÉRIO DA SAUDE, Normas e padrao de potabilidade da água destinada ao consumo 
humano No. 1469, Brasil (2000). 

6 


