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ABSTRACT 

 
Uranium series disequilibrium is useful for dating methods, in which profile sediments can be considered as 

historical records of anthropogenic events regarding the distribution and impacts of chemical substances on the 

environment. In this study, 2 deep sediment profiles (about 1 m) were collected, layered at each 3 cm, oven-

dried and homogenized. The radiochemical separation of 
210

Pb consisted of using hydrobromic acid and an ion 

exchange resin (DOWEX) for precipitating 
210

Pb in the form of lead chromate. After 10 days, the radioactivity 

was therefore measured by means of the low level gas flow proportional counter, model S5-XLB, from 

Canberra. Sedimentation rate were obtained by CIC (Constant Initial Concentration) model assumes a constant 

sedimentation rate throughout the period over which unsupported 
210

Pb is measurable. Some sediment profiles 

were not dated since the percentage of sand was quite high in top layers or a high percentage of organic matter 

and water in excess were observed in the all sediment samples. 
210

Pbgeochronology was successfully applied to 

age nine sediment profiles, in which higher sedimentation rates were observed in the middle portion of the 

estuarine probably related to shrimp farming impacts. By using geochronology, the detection of human impacts 

on chemical element distribution could be enhanced in the case of environmental monitoring studies in the Rio 

Formoso estuarine. 
 

1. INTRODUCTION 

 

The radioactive isotopes of lead are generated by the radioactive decay of 
232

Th (
212

Pb), 
235

U 

(
211

Pb) e 
238

U (
210

Pb). The first two have very short half-lives, so do not migrate long 

distances in environment. However, 
210

Pb (half-life 22.3 years) can be incorporated into 

many environmental matrices.  

 

In addition to the desorption from the solid phase, radioactive decay and subsequent diffusion 

through the interstitial pores of soils and sediments, 
210

Pb can be moved into the aqueous 

phase by decay of atmospheric 
222

Rn [1]. Once dispersed in the liquid phase, it is absorbed by 

the particulate material, in a time scale of days to months [2]. 
210

Pb from the atmosphere, as a 

result of the decay of 
222

Rn (half-life 3.8 days), becomes an ideal alternative to determine the 

age of sediments (up to 100 years), making possible studies of environmental assessment in 

the estuary. This study aimed at the use of 
210

Pb in geochronology of some sediment profiles 

of the Rio Formoso Estuarine Area, mainly in Estuarine areas. 
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The geology of the Rio Formoso Region is accomplishes two major units: the crystalline 

basement, called massive Pernambuco Alagoas, and Paraíba Sedimentary Basin. Nowadays 

The estuary of the Rio Formoso is subject to natural sources of chemical substances related to 

the occurrence of volcanic rocks. Otherwise, to anthropogenic sources such as municipal 

waste, shrimp farming, poultry, domestic and hospital sewage can contaminate the 

ecosystems [3]. 

 

 

2. MATERIAL AND METHODS 

 

The Rio Formoso estuary is located in the Environmental Protection Area of Guadalupe, on 

Pernambuco southern coast in the municipality of Pernambuco, Brazil (Rio Formoso, 

coordinates: 8°40’05’’S; 35°06’40’’W). 

 

Two cores were collected in Rio Formoso estuary in 2006 with a PVC sampler with 

dimensions of 1 m long and diameter of 75 mm, according to the methodology described by 

Arruda [4]. Sampling areas were strategically positioned close to the main effluent, while 

some stations were located in the main effluent.  

 

2.1. Sample preparation 

 

After sampling, sediment cores were frozen for limiting chemical and biological activities 

[5]. Profiles were unfreezed and sectioned every 3 cm. Each sample was weighed and 

homogenized for 
210

Pb dating method. 

 

Portions of 5g were used for the determination of 
210

Pb. The procedure involves adding 

hydroxylamine, hydrochloride, HBr and lead carrier, followed by stirring during 12 hours. 

The radiochemical separation of 
210

Pb consists on purification at bromidric environment by 

exchange resin (DOWEX). 
210

Pb is, therefore, precipitated in the form of lead chromate. 

 

After of 10 days (secular equilibrium between 
210

Pb and 
210

Bi), Proportional Gas Flow 

Detector – Canberra model XLB S5 is applied to quantify 
210

Pb, according to the 

methodology proposed by Godoy et al [6]. 

 

 

 

 

 

2.2. Geochronology of 
210

Pb by CIC model 

 

The CIC (Constant Initial Concentration) model assumes a constant sedimentation rate 

throughout the period, in which unsupported 
210

Pb is measurable [7]. The profile of 

unsupported 
210

Pb in a sediment core is described by the Equation 1. 

 

 

A(x)  =  A(0). e− λ 
x

S (1) 
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In which, A(x) is the unsupported 
210

Pb activity per gram of dry sediment at depth “x” cm; A(0) 

is the activity at the surface level (sediment/water interface); λ is the decay constant of 
210

Pb 

(0.0311/year), and S the sedimentation rate (cm/year)[8]. 

 

 

3. RESULTS AND DISCUSSION 

 

The examples of the concentration of 
210

Pb versus depth are shown in Figure 1, in which 

activity concentration showed an exponential decay in the profiles. In the profile 9, it is 

verified higher activity concentration of 
210

Pb at the 20 cm depth, while for the profile 4, 
210

Pb activity concentrations can be considered constant after 8 cm depth. 

 

Figure 1 – Profile of 
210

Pb with each depth scale on profile 4 (left) and 9 (right). 

 

 
 

 Figure 2 shows the data for the geochronology of profiles 4 and 9. The sedimentation 

rates were 0.35 ± 0.02 cm/year not necessary for profile 4, while a sedimentation rate of 0.53 

± 0.05 cm/year was estimated for profile 9. 
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Figure 2 – Geochronology of core 4 (left) and 9 (right). 

 

  
 

 

4. CONCLUSIONS  

 
210

Pb was successfully applied for geochronology of two sediment profiles using proportional 

GAS Flow Detector after radio separation. 

 

 

ACKNOWLEDGMENTS 

 

The authors are thankful to the Serviço de Monitoração Ambiental of the Centro Regional de 

Ciências Nucleares do Nordeste (SEAMB/CRCN-NE) for providing the technical support for 

the development of this research. 

 

REFERENCES 

 

1. D. C. Lauria, N. S. F. Martins, R. Zenaro. Monitoração Radiológica Ambiental. Instituto 

de Radioproteção e Dosimetria. Rio de Janeiro-RJ 01 (01). 166p. 

2. V. Kasemsupaya, M. Yamashima, H. Tsubotah, Y. Nozaki, Comparative bahavior of the 

Pb-210 and Ra isotopes in the waters of Tokio Bay and Osake Bay mixing zones, 

Geochemical Journal, v. 23, pp. 129-138 (2007). 

3. GERCO/DHF. Relatório do Gerenciamento Costeiro Governo do Estado de Pernambuco. 

Secretaria de Ciência e Tecnologia e Meio Ambiente. Recife & Brazil (1998). 

4. G. N. Arruda, Avaliação das Concentrações Recentes e Históricas de Metais Pesados nos 

Sedimentos de Fundo do Estuário do Rio Formoso, UFPE, Recife, Brasil (2010).  

5. V. L. B. Souza, Biodisponibilidade de metais traços em sedimentos da lagoa Olho 

D’água: Uma ferramenta para avaliação da contaminação ambiental. UFPE, Recife, 

Brasil (2007). 



INAC 2015, São Paulo, SP, Brazil. 

 

6. J. M. Godoy, I. Moreira, F. F. Wanderley, A. A. Simões Filho, Mozeto, An alternative 

method for the determination of excess 
210

Pb in sediments. Radiation Protection 

Dosimetry, v. 75, pp. 111-115 (1998). 

7. Noller, J. S. 2000. Lead-210 Geochronology: Quaternary Geochronology Methods and 

Applications. AGU reference Shelf 4 The American Geophysical Union. 

8. P. G. Appleby, F. Oldfield, The calculation of lead-210 dates assuming a constant rate of 

supply of unsupported 
210

Pb to the sediment, CATENA, v. 5, pp.1-8 (1978). 


