
2015 International Nuclear Atlantic Conference - INAC 2015 

São Paulo, SP, Brazil, October 4-9, 2015 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 

ISBN: 978-85-99141-06-9 

 

 

José Daniel S. Paiva
1,2

, Emerson E. G. Farias
2
, Elvis J. De França

2 

 
1
Instituto Federal de Pernambuco 

BR-232, km 208, Prado. 

55200-000 Pesqueira, PE. 

paivajds@gmail.com 

 
2
Centro Regional de Ciências Nucleares do Nordeste 

Comissão Nacional de Energia Nuclear 

Av. Professor Luiz Freire, nº 200. 

5070-540 Recife, PE. 

emersonemiliano@yahoo.com.br, ejfranca@cnen.gov.br 

 

 

RESUMO 

 
 

The mangrove environment consists of soil containing high organic matter, characterized by 

the influence of continental and oceanic waters, relatively high concentrations of salts and 

exuberant vegetation. Mangroves also present high dynamics of chemical compound cycling, 

in which soils become quite relevant due to the influence of continental and oceanic 

sediments. Taking into account the different sources and transport of radionuclides within the 

mangrove environment, this study focused at the radioactive equilibrium of thorium-232 

series radionuclides, especially the Ra-228 and thorium-228. For this, soil samples were 

collected in the crown projection of tree species from two mangroves located in the 

municipalities of Olinda/Recife and Rio Formoso, Pernambuco State, Brazil. The material 

was oven-dried and milled and test portions of 38 g were transferred to cylindrical vials and 

sealed. After 30 days, the natural radioactivity was measured during 80,000 seconds using 

High Resolution Gamma-Ray Spectrometry with a germanium detector of 2.2 keV of 

resolution at the 1,332 keV Co-60 photopeak. For Ra-228 determination, 911 keV gamma-

ray line (Ac-228) were employed, while 238 keV (Pb-212) and 727 keV (Bi-212) were 

considered for estimating activity concentrations of Th-228. As a result, Ra-228 and Th 228 

were in equilibrium since the activity concentrations (ranging from 35 Bq/kg to 50 Bq/kg) 

were not significantly different at the 95% confidence level. The results have confirmed that, 

even for environments of high dynamics such as mangroves, radioactive equilibrium of Th-

228 and Ra-228 was kept, corroborating Th-232 determination in mangrove soils. 

 

 

1. INTRODUCTION 

 

The mangrove soils are formed from fluvio-marine sediments of different granulometry 

mixed with organic matter. Such sediments are carried by river water, mainly depositing in 

estuaries [1]. Mangrove soils present high organic matter, characterized by the influence of 

continental and oceanic sediments, relatively high concentrations of salts and exuberant 

vegetation. 
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Mangroves also present high dynamics of cycling of chemical substances, in which soils 

become quite relevant due to the influence of continental and oceanic sediments. The intense 

biological activity in these soils promotes fast development and senescence of plants and 

animals, making them suitable environments for the growth of typical flora and fauna. 

 

This could also contribute for the accumulation of chemical elements and radionuclides in the 

soil [2,3]. Radioactive series are very complex, generating diverse chemical species. 

However, gamma spectrometry is able to quantify the main gamma emitters, being useful for 

determining secular equilibrium.  

 

In the case of 
232

Th series, depending on the circumstances, 
228

Th and 
228

Ra cannot be under 

equilibrium. For this evaluation, 
212

Bi and 
212

Pb can be used for determining 
228

Th, while 
228

Ac is useful for measuring 
228

Ra. Due to the similarity to Ca, 
228

Ra can be accumulated in 

some ecosystem compartments, generating a typical disequilibrium in Th Series. Therefore, 

the objective of this work was to study the radioactive equilibrium of 
228

Ra and 
228Th

 in 

mangrove soils. 

 

 

2. MATERIAL AND METHODS 

Studied Areas 

 

The Rio Formoso Mangrove – RFM and the Chico Science Mangrove – CSM are located in 

the State of Pernambuco, Brazil. The climate in both regions is hot (mean annual temperature 

of 30ºC) and humid (above 70%), with rainfall concentrated in the winter (July-September), 

characterizing the As type according to the Köppen climate classification system. The mean 

annual precipitation ranges from 2,400 mm – 2,500 mm [4]. 

Sampling and sample preparation 

Soil sampling was carried out randomly at a 0-15 cm depth in the Rio Formoso Mangrove-

RFM and the Chico Science Mangrove-CSM. Samples were placed in bags and transported to 

the Centro Regional de Ciências Nucleares do Nordeste (CRCN-NE), Recife, Pernambuco, 

Brazil.  

At the laboratory, samples were oven-dried at 60°C and milled by means of porcelain mortar 

until achieving a particle size smaller than 0.5 mm. After homogenization, analytical portions 

of approximately 40 g (final volume of 29 cm
3
) were transferred into cylindrical polyethylene 

vials. An analytical blank was prepared together with the samples, standards, and IAEA-314 

reference material (see “Quality of the analytical procedure”). 

Analysis 

Radiometric analysis was carried out using a high purity germanium (HPGe) detector, model 

GC4019, from Canberra, with 40% relative efficiency and resolution of the 1.33 MeV 

photopeak of 
60

Co. The semi-empirical efficiency curve was implemented in the Genie 

software environment by the spiking the soil internal standard (National Intercomparison 
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Program from Instituto de Radioproteção e Dosimetria, IRD/CNEN) with 
152

Eu, 
133

Ba, 
241

Am, and 
137

Cs with their respective activities of 28.0 Bq + 0.8 Bq, 26 Bq + 0.8 Bq, 30 Bq 

+ 0.9 Bq, and 27 Bq + 0.8 Bq (Reference date: November 10
th

, 2012). An analytical blank 

from the internal standard was also prepared since this material contains 
241

Am. After the 

measurements of spiked sample and blank, polynomial adjustment of the semi-empirical 

efficiency curve was performed and the results compiled in the Genie software [5,6]. 

Gamma-ray radioactivity was measured over a period of 80,000 seconds and 200,000 seconds 

for samples and the analytical blank, respectively. Activities and the expanded analytical 

uncertainty at the 95% confidence level of interest radionuclides were calculated using the 

Genie software [5]. By setup, Genie uncertainty budget takes into account individual 

uncertainties from measurement statistics, sample weighting, efficiency curve and 

background correction. 

For 
228

Ra determination 911 keV and 968 keV gamma-ray lines (
228

Ac) were employed, 

while 238 keV (
212

Pb and 727 keV (
212

Bi) were considered for estimating activity 

concentrations of 
228

Th. 

Quality of the analytical procedure 

To evaluate the quality of the analytical procedure, the reference material IAEA-314 Stream 

Sediment from the International Atomic Energy Agency (IAEA) was analyzed together with 

samples. These materials contain certified activity concentrations for 
212

Bi, 
212

Pb and 
228

Ac. 

The En number was used to evaluate the quality of analytical procedures according to ISO 

13528 [7].  

The En number is the difference between the value obtained in sample analysis and the 

certified value, divided by the square root of the quadratic sum of the expanded analytical 

uncertainty at a confidence level of 95%, in which values between -1 and 1 were indicative of 

the quality control of the analytical procedure at a 95% confidence level. 

 

3. RESULTS AND DISCUSSION 

 

Table 2 shows the results of activity of 
212

Bi, 
212

Pb, 
228

Ac determined in the IAEA-314 

reference material. 

 

Table 1. Results obtained activity concentration and reference with 

their analytical uncertainties expanded level of 95% confidence 

interval and En number for the IAEA-314 reference material. 

 
212

Bi
 212

Pb 
228

Ac 

Reference Value 44.8 ± 7.8 45.7 ± 7.9 45.7 ± 7.9 

Obtained Value 50 ± 12 50 ± 22 40.0 ± 5.0 

En Number  0.3 0.4 -0.2 

 

The En Number results demonstrated that determination of 
212

 Bi, 
212

Pb and 
228

Ac nuclides 

was satisfactory, since the numbers were between -1 and 1. 
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From Table 2, the results of 
228

Th and 
228

Ra obtained in RFM and CSM soils demonstrated 

the equilibrium between the daughters from 
232

Th Series. This fact supported the 

quantification of 
232

Th by 
228

Th and 
288

Ra radionuclides, simultaneously. The mean expanded 

analytical uncertainty at the 95% confidence level of 
228

Th determinations was 12% in spite 

of 5.5% obtained for 
228

Ra. 

 

 

 

Table 2. Descriptive statistics of radionuclide activity 

concentrations determined in mangrove soils. 

Descriptive Statistics 

228
Th

 228
Ra 

Chico Science Mangrove
 

Mean (Bq/kg) 41 40 

DP (Bq/kg) 5 4 

CV% 11 10 

n 

 

8 8 

Descriptive Statistics Rio Formoso Mangrove 

Mean (Bq/kg) 39 41 

DP (Bq/kg) 5 5 

CV% 14 11 

n 6 6 

 

Figure 1 presents the equivalence of 
228

Th and 
228

Ra in mangrove soils. The linear regression 

coefficient was 1.0, indicating equivalence between the radionuclides for the determination of 
232

Th in studied mangrove soils. 

 

 
Figure1. Scatter plot of Th-228 and Ra-228. Error bars refer to the expanded 

analytical uncertainties at the 95% confidence level. 
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4. CONCLUSION 

 

The main conclusions were: 

• Gamma spectrometry is a powerful analytical method for the determination of 
228

Th and 
228

Ra. 

• Both radionuclides were useful for estimating 
232

Th in mangrove soils. 

• 228
Ra determination presented average expanded analytical uncertainty twice 

lower than the determination of 
228

Th. 
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