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ABSTRACT 
 

Nowadays there is a growing interest in the study of natural radioactivity levels, mainly of radionuclide 
210

Pb 

present in the environment. The environmental radioactivity control is of extreme importance for attainment of 

information on the exposition of humans and vegetables the potential sources in natural radioactive occurrences. 

Industrial processes involving mining and extraction and production of oil foster concentration of radionuclides, 

contributing to the occurrence of what is known as “TENORM” - Technologically Enhanced Naturally 

Occuring Radioactive Material. This work aims to assess the environmental radiological impact on the Estuarine 

Region of the SUAPE Industrial Pole, due to the installation of an oil refinery and the consequent introduction 

on the environment of natural radioactive materials from other regions. For this, were determined the 

concentrations of 
210

Pb in samples de soil, sediments, roots and levels of fen and fishes in the region above 

reported, these data will serve of parameters of reference for a radiometric evaluation on future radioecology 

impacts caused by the functioning of the refinery of SUAPE oil. To determine the concentration of 
210

Pb was 

used the Ionic Resin Exchange method, for in such a way, the detector was used alpha-beta. Concentrations of 
210

Pb in the soils, sediments, roots and levels of fen samples vary respectively from 27 ± 2 to 60 ± 5, from 18 ± 

5 to 60 ± 6, from 65 ± 2 to 117 ± 3, from 217 ± 6 to 239 ± 7 Bq.kg
-1

. Concentrations of the 
210

Pb in samples of 

some species of fish found in the studied region, such as Mullet, Salema, Catfish and Carapitinga, was also 

determined varying from 26 ± 11 to 62 ± 6 Bq.kg
-1

. The results obtained in the samples of soils, sediments, roots 

of fen e fishes showed that the concentrations of 
210

Pb in the environment are normal for the patterns of the area 

and are in accordance with data the found ones in literature for regions not impacted. As can be observed the 

average concentrations of 
210

Pb in the fen leaves samples had gotten raised values, this fact is justified due to the 

degree of mobility of the radionuclides, these can be moved in the ground for the influence of the water and 

saline solutions, that in the long run, had the accumulated of the radionuclides, becomes available for 

vegetables. 
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1. INTRODUCTION 

 

Currently an increasing interest in the study of the levels of ambient radioactivity has been 

proven, the control of this is of extreme importance for attainment of information on the 

exposition of people and vegetables the potential sources in natural radioactive occurrences. 

 

The radionuclides of natural occurrence are assigned in literature as Naturally Occuring 

Material Radioactive “NORM” [1]. High concentrations of natural radioactive elements 

display the man to the risks of the efects of the ionizing radiation. One esteem that to each 

year, the industries of the oil produce of 2,5 x 10
4
 2,25 x 10

5
 tons of contaminated materials, 

that contain high levels of elements of the natural radioactive series of 
238

U, 
235

U, 
232

Th and 
40

K [2]. Activities human beings, however, can modify the distribution of natural 

radionuclides in the environment. Industrial processes involving the mining and extration of 

metals, the exploration of phosfato deposits and the extration and production of oil contribute 

to increase the concentration of radionuclides, having the formation of what is called 

“TENORM" (Technologically Enhanced Naturally Occuring Material Radioactive), or 

concentrated natural radioactive materials technologically [3]. 

 

The exposition to the ionizing radiation is admitted that, for minor who is, causes damages to 

the human being; however, the exposition to some type of radiation is inevitable, had to the 

natural sources gifts in the environment. For the majority of the population, the dose received 

had to natural radiation exceeds that coming of the artificial sources. While the dose 

accomplishes individual average in world-wide terms is of 2,4 mSv due to naturally radiation, 

about 0,4 mSv  prove from diagnostic medical procedures, and only 0,2 μSv are derived from 

energy production from nuclear [4].  

 

Although the radionuclides are distributed in way approximately uniform in the terrestrial 

crust, regions exist where the same ones are found in raised concentrations more, as it is the 

case of Kerala, in India and of Guarapari (ES) in Brazil. Carried through studies already had 

shown that the text of radionuclídeos in rejeitos (splodge of rude oil, incrustations in tubings) 

deriving of the extration, storage and refining of oil are sufficiently significant [1,5]. 

 

The present work has the main objective to determine the concentrations of 
210

Pb in soil, 

sediments, roots and levels of fen and fishes samples in the Estuarine Region of the Industrial 

Pole of SUAPE, and the levels of relative environment radiation the daily pay-operational 

situation, these data will serve of parameters of reference for a radiometric evaluation on 

future radioecology impacts caused by the functioning of the refinery of SUAPE oil. 

 

 

2. MATERIAL AND METHODS 

 

The determination of the concentration of 
210

Pb in the samples used the method of the ionic 

exchange presented by GODOY [6]. Initially 500 g had been used of each sample (of soil and 

sediment) where the same ones had been triturated and placed to dry in the kiln at 

temperature of 60º C. After that, 2g of each sample had been placed to leach with 100 mL of 

HBr 0,5 M and 1,0 g of cloridrato of hidroxilamina, for a period of 12 hours. The solution 

was filtered and added 1 mL of carreador of Pb
++

 (20 mg/L of Pb(NO3)2. Later, the solution 

was placed to percolate in a column contends exchanging resin of íons of type BIO-RAD 
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DOWEX 1-X8 50-100 mesh chloride form. During this stage, 
210

Pb is restrained in the resin, 

being later, eluted with 50 mL of HNO3 1M. The gotten solution was warm until the total 

drying. After that 50 mL of deionized water and corrected pH for values between 4,5 the 5,0 

with ammonium acetate 40%. The solution was warm until the boiling, and later 2 mL of in 

Na2CrO4 25% added. The solution was filtered in quantitative paper, covering precipitated 

with paper the contact, that after that was taken for the detector to determine the counting 

beta. For in such a way, the detector was used alpha-beta with an average efficiency of 

counting of 
210

Bi of 20%. 

 

The concentration of 
210

Pb in Bq.kg
-1

 was determined using the equation 1 [7]: 

 

 

)1.(...
210

e
t

BgAm

Pb BimRq

CC
C








                (1) 

 

Where: 

 

CAm: rate of counting of the sample (cpm); 

 

CBg: rate of counting of the radiation of deep (cpm); 

 

Rq: chemical yield; 

 
m: mass of the analyzed sample (kg); 

 
ε: efficiency of the counting system; 

 

t: elapsed time enters the precipitation of  PbCrO4 and the date of the counting (days); 

 
λBi: constant of disintegration of

  210
Bi. 

 

 

3.  RESULTS AND DISCUSSIONS  

 

The concentrations of 
210

Pb in soils, sediments, roots and levels of fen and fishes samples 

obtained for the method of the ionic exchange are presented in tables 1, 2, 3, 4 and 5 are 

observed that the results are inside of the expected values. 

 

The obtained average concentrations for 
210

Pb in the ground samples are observed in Table 1, 

that had varied of 25,90 ± 0.01 the 56,93 ± 0.81 Bq.kg
-1

. The obtained results are below of 

the values cited in literature as, for example, in the Wasteland of half-barren the 

concentrations they had varied of 195 the 86,400 as al SILVA [8], already Poços of Caldas in 

Minas Gerais had varied of 60 the 253 in accordance with AMARAL [9].  
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Table 1 – Concentration of 
210

Pb in soils samples 

 

 

 

 

 

 

 

In Table 2 it is observed that the concentrations of the activities gotten for 
210

Pb in the 

samples of sediments, had varied of 14,76 ± 0,54 the 59,79 ± 5,83 Bq.kg
-1

, results are similar 

to those reported in the literature, except the found ones for SILVA [10], whose the 538 

concentrations had varied of 26 Bq.kg
-1

. 

 
 

Table 2 – Concentration of 
210

Pb in sediments samples 

 

 

 

 

 

 

 

 

The concentrations of 
210

Pb in fishes samples varied of 22, 03 ± 2,27 the 61,76 ±               

3,12 Bq.kg
-1

, as it can be observed in Table 3. Wright, it is observed that in the samples of 

fish of the Cananéia - Iguape SAITO [11] system the concentrations of 
210

Pb had varied of 

0,17 the 15.1 Bq.kg
-1

. YAMAMOTO [12], had studied fish collected in the Sea of Japan, the 

concentrations varied of 0,54 the 0,04 Bq.kg
-1

. CARVALHO [13], observed the 

concentrations of 
210

Pb in fish of the coast of Portugal, that varied enters 0,01 the 14 Bq.kg
-1

. 

For MÁRSICO [14], the concentrations of 
210

Pb in different species of fish in the coast of 

Niterói had varied of 1,68 ± 1,23 the 190.21 ± 361,54 Bq.kg
-1

. In this in case that, the results 

are between the values found in low, typical studies previous being to be considered of region 

not impacted. 

 

 
Table 3 – Concentration of 

210
Pb in fishes samples 

 

 

 

 

 

Code of the sample Concentration  (Bq.kg
-1

) 

S- 1 38,35 ± 0,37 

S- 2 25,90 ± 0,01 

S- 3 56,93 ± 0,81 

S- 4 38,75 ± 4,67 

Code of the sample Concentration  (Bq.kg
-1

) 

P- 1 36,85 ± 3,94 

P- 2 22,65 ± 4,71 

P- 3 14,76 ± 0,54 

P- 4 

P- 5 

P- 6 

P- 7 

37,84 ± 2,54 

43,28 ± 4,81 

40,17 ± 6,33 

59,79 ± 5,83 

Code of the sample Concentration  (Bq.kg
-1

) 

Tainha 35,36 ± 1,50 

Bagre 35,36 ± 1,50 

       Carapitinga 22,03 ± 2,17 

Salema 61,76 ± 3,12 
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Table 4 presents the concentrations of 
210

Pb in fen roots samples that had varied of 64,28 ± 

0,86 the 117,38 ± 2,74 Bq.kg-1, these values is not being compared with data of literature due 

the absence of studies in roots of fen in estuaries. 

 

However, studies carried through for SOARES [15] affirms that the mangrove is exporting of 

organic substance that is incorporated in the alimentary chain, evidencing that 
210

Pb is not 

being transferred to the vegetable, confirming the hypothesis of that functions as 

geochemistry barriers to the metal transference for the alimentary chains, holding back them 

in the soil.  

 
Table 4 – Concentration of 

210
Pb in fen roots samples 

 

 

 

 

 

 

 

 

 

 

In Table 5 the average concentrations of 
210

Pb in the samples fen leaf are presented, that had 

varied of 214,39 ± 4,82 the 237,44 ± 0,54 Bq.Kg-1. These joined values had been raised of 

the study for 
210

Pb, this fact are justified due to the degree of mobility of this radionuclide, 

this can be moved in the soil for the influence of the water and saline solutions, becoming 

available for the plants SANTOS [16]. Mobility depends on pH of the soil, of the hidrology 

of each land, the clay mineral presence and of the characteristics of the vegetation and 

organisms gifts in the way LAURIA [17], where the vegetation holds back radionuclide in 

the long run, making available for migration in the environment, mainly through the water 

chain flow, being able to have bioaccumulation in vegetables HRABOVSKYY [18]. 

 

Studies carried through in leafy vegetables in the cities of Pedra and Venturosa show that the 

obtained average concentrations of 
210

Pb had been also raised varying of 2 the 503 Bq kg
-1 

SILVA [19]. AMARAL [9] determined concentrations of 
210

Pb varying of 9,4 the 83 Bq.kg
-1

 

in leaf samples the region of Wells of Caldas in Minas Gerais.  

 
Table 5 – Concentration of 

210
Pb in fen leaf samples 

 

 

 

 

 

 

 

Code of the sample Concentration  (Bq.kg
-1

) 

R- 1 64,28 ± 0,86 

R- 2 102,71 ± 5,61 

R- 3 102,00 ± 4,16 

R- 4 

R- 5 

R- 6 

R- 7 

117,38 ± 2,74 

114,54 ± 2,23 

78,17 ± 3,22 

106,67 ± 4,12 

Code of the sample Concentration  (Bq.kg
-1

) 

F- 1 214,39 ± 4,82 

F- 2 221,52 ± 6,72 

F- 3 232,94 ± 0,72 

F- 4 

F- 5 

F- 6 

F- 7 

232,71 ± 3,49 

236,68 ± 1,37 

237, 27 ± 0,54 

237,44 ± 0,54 
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4. CONCLUSIONS  

 

The values obtained for 
210

Pb in sample of soil, sediment, fish, leaves and root of mangrove 

indicate concentrations below the values reported for other regions, in previous studies.  

 

 

Due to the lack of diversity of results available in literature for 
210

Pb concentrations in fish, 

mainly leaves and roots of mangrove samples, the comparisons were not satisfactory, thus 

evidencing the necessity of a ampler study on the presence of this radionuclide, in the 

samples above cited in estuarine regions; 

 

The concentrations of the 
210

Pb in the Estuarine Region of the Industrial Polar region of 

SUAPE in the state of Pernambuco - river Tatuoca, had shown that the relative area the daily 

pay-operational situation meets not impacted. These data will serve of parameters of 

reference for future, relative radiometric evaluations to the possible radioecology impacts 

caused by the functioning of the refinery of SUAPE oil. 
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