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ABSTRACT 

 
Measurements of radioactivity in the environment are of great importance in monitoring and control of radiation 

levels to which humans are exposed directly or indirectly. Two nuclear power plants are planned in the northeast 

Brazilian region by the Ministry of Mines and Energy under the National Energy Plan 2030. Even without 

defining the exact location where these new plants would be built, there is great speculation that new units will 

be built along the banks of the San Francisco River. This region is extremely poor in studies from the standpoint 

of determining the radioactivity in the environment, being practically non-existent in the literature data on the 

state of Sergipe. This study aimed to contribute to analysis of the occurrence of natural and artificial radioactive 

material in soil, water and food products of the State of Sergipe, focusing primarily on Neópolis Plateau region, 

which is located the banks of the Rio San Francisco. For this purpose, radionuclides found in all samples 

collected from soil and cement, fertilizer and food chain products were analyzed by gamma spectrometry, whose 

activity was measured employing an HPGe detector. The ingestion of contaminated food is a potentially 

important form of internal exposure. The internal dose due to ingestion depends on the concentration of 

radionuclides in food and their effective half-life. This study also presents new data for the activity of several 

natural radionuclides in some aliments produced in the region and the corresponding effective dose due to their 

intake. Be-7 was detected in organic fertilizers and lemon peel and Th-232 found in samples of soil and cement, 

both unprecedented results in the literature. The committed effective dose by radionuclides and the total average 

effective dose calculated for food and the activities of radionuclides measured in all kind of samples were below 

the Brazilian radioprotection law dose limits. However, it was also detected Cs-137 in some samples, due to the 

use of fertilizers and food additives imported from northern countries. Their activities do not pose a risk to the 

population. 
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1. INTRODUCTION 

 

Radionuclides are naturally present in the environment, which includes food and water  [1]. 

The effects of high doses of radiation are generally well known, while for what concerns the 

biological effects caused by continuous exposure to low absorbed doses the matter is quite 

complex. In these cases, there are several competing factors, in addition to radiation, that may 

damage the human body, causing diseases as cancer. Concerns related to exposures from 

natural radiation resulting in the publication of several standards and guidelines by the 

international regulatory organizations [2,3]. Until now, when the doses are low, there is not a 

fully understood relationship between the effect and the dose. Unfortunately, there is still no 

sufficient statistical data to an undoubted conclusion. Consequently, determination of 

background radiation doses is important in the process of monitoring and control of the 

human exposition. 

 

The ingestion of contaminated food is a potentially important form of internal exposure. The 

internal dose due to ingestion depends on the concentration of radionuclides in food and their 

effective half-life. The [4] determined dose ranges typical for natural background radiation 

considering a lot of Earth regions, where the percentage of radioisotopes in the soil, water 

and food were measured. Notwithstanding, a consideration of the available literature on 

naturally occurring radionuclides in plants and animals in northeast of Brazil shows a paucity 

of data coverage. 

 

This study aims to contribute with new experimental data to the evaluation of the committed 

effective doses due to intake of foods with low concentrations of radionuclides in this region. 

Neópolis plateau site, located in Sergipe State, was selected because it is one of the major 

producers of agricultural foods in this area, and it is situated beside one of the most important 

rivers in Brazil, the São Francisco River (see Fig.1). Moreover, the chosen site is near one of 

the favorite candidate areas to be a nuclear plant site in the near future [5,6] and it is still 

unexplored regarding its evaluation of radionuclides concentration. 

 

 

 

2. MATERIALS AND METHODS 

2.1.  Sampling procedure and preparation   

 

Samples were collected on farms in the Neópolis Plateau from October 2008 to February 

2010. 11 soil samples were collected randomly from 11 different points of Neópolis Plateau, 

near to the plantations of fruits and vegetables. Each soil sample received the name correlated 

to the vegetable (or fruit) that where near collected. One sample of nonproductive soil was 

also collected. The results for soil samples are previously reported by Cardoso et al. 2011 [7]. 

 

Various types of foods were selected following previous studies about the feeding habits of 

the residents of the considered region: cassava, cassava flour, lemon peel and juice, cumin, 

water and coconut water were sampled due to their large consumption. Solid samples were 

saved inside a plastic bag and the liquids in plastic containers. 

 

The cassava and lemon peel samples were calcinated at temperatures ranging from 110 °C to 



INAC 2013, Recife, PE, Brazil. 

 

400 °C, performed in 12 steps as described in Table 1, using an Electro Therm electric oven. 

After calcination, the samples were weighted and transferred to a Marinelli beaker of 200 ml. 

Cassava flour and cumin were dried and sieved with a 16-mesh sieve, and then transferred to 

a Marinelli beaker. All the solid samples were previously homogenized and then transferred 

carefully to a Marinelli beaker to not change their densities, avoiding possible compacting. 

 

 
Fig. 1. a) Geographic location of the Sergipe State in Brazil [12];  b) Sergipe State map, 

highlighting the capital city, Aracaju, and Neópolis municipality [13]. 

 

Table 1 - Steps of cassava and lemon peel calcination. 

Step Temperature (°C) Time (h) 

1 110 4 

2 130 3 

3 150 3 

4 170 3 

5 190 3 

6 210 3 

7 230 3 

8 250 3 

9 300 2 

10 350 2 

11 380 2 

12 400 10 



INAC 2013, Recife, PE, Brazil. 

 

 

Liquid samples were filtered with porous material (whatman paper number 1) designed to 

separate solids contents. This process was accomplished by gravity (simple filtration) or by 

reducing the pressure (suction filtration). At the end, each filtrate was transferred to a 1 L 

Marinelli beaker. Each beaker was sealed with silicone glue. 

 

All the Marinelli beakers used in the experiments (manufactured by Ga-Ma & Associates 

Inc., USA) were made of polyethylene with low radioactive background. To achieve the 

radioactive secular equilibrium, the beaker was left at rest for at least 25 days before analysis 

by gamma spectrometry. 

 

2.2. Gamma spectrometry 

 

Counts due to radionuclides present in the samples were determined by gamma-ray 

spectrometry, performed using an experimental setup consisting of an intrinsic High Purity 

Germanium (HPGe) detector with a relative efficiency greater than 66%, inside a low 

background lead, aluminum and acrylic shield. A 4096-channel multichannel analyzer with 

an electron nuclear chain for gamma spectrometry of the Environmental Monitoring 

Laboratory (LMA), belonging to Eletrobrás Eletronuclear (Angra dos Reis, Brazil), was used 

for the measurements. The background and samples spectra were taken for a period of 60,000 

seconds for each sample, and then the average result and the standard deviation of the 

measures were determined.  

 

The HPGe detectors are calibrated for both energy (adjusting the position of the centroid of 

the peak energy over the spectrum) and efficiency for the entire working range (in our case, 

80-2000 keV). To perform the calibration, patterns of radioactive Analytics were used, 

certified and traceable by the National Institute Standards and Technology (NIST), valid for 

five years (current standards have the reference date of February, 23
th 

2011). 

The specific activity of each radionuclide was calculated according to the following 

expression: 

 

                                                   A = N/(ε·Pγ·m·t)                                                        (1) 

 

where A is the specific activity of the sample (Bq/kg), N is the number of net counts 

measured under the considered photopeak, ε is the detection efficiency of the system, Pγ is 

the absolute decay transition probability of the peak energy value, m is the sample mass in 

kilograms and t is the counting live time in seconds.  

 

The lower limit of detection (LLD) is expressed with a 95% reliability as [2]:     

   

                                                LLD = Nmin/(ε·Pγ·m·t)                                               (2) 

 

where Nmin represents the minimum area of the measured spectrum in the peak region, given 

by: 

 

                                          Nmin = (4.66·FC)
1/2   

                                            (3) 

and FC is the corresponding Compton background counts. The net area is obtained by 

subtracting the background spectrum (empty beaker) from the raw spectrum (sample plus 
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beaker), performed using the Gamma Vision software  [8]. The minimum detectable activity 

is calculated directly by this software.   

 

2.3. Evaluation of the committed effective dose due to food ingestion 

 

The method of dose calculation per unit of intake is provided by the [9]. When radionuclides 

are incorporated into the body, one can assume that the residence time in the body will be 

governed by the radionuclide effective half-life. This implies that, starting from the time of 

the intake, there will be a dose due to radioactive disintegrations until the elimination of the 

radionuclide from the body itself. For this reason it is called "committed effective dose" 

(CED). In this work the CED is calculated assuming 50 years of exposure for adults and an 

exposure till 70 years age for children after the ingestion of food, using the equation: 

 

CED = e(g) ·A·T                                                   (4) 

 

where CED is expressed in Sv/y, e(g) is the committed effective dose per unit intake (Sv/Bq), 

expressed also as “dose coefficient”, A is the specific activity of the ingested radionuclide 

(Bq/kg) and T is the rate of annual consumption (kg/y) of that food. The values of the 

effective dose coefficients are based on human body models and metabolic data as reported 

by [4]. These coefficients are summarized in Table 2 [10] for different nuclides and body age. 

To quantify the consumption of food per capita an annual rate of consumption (T) was 

considered: it was obtained from a survey of 30 rural household residents in the defined area, 

amounting to a total of 200 people interviewed about their eating habits. Only the rate of 

annual consumption of agricultural products was quantified in this work. Because different 

species of agricultural products were analyzed, the period of harvest of each species in the 

region was also taken into account. 

 

The obtained food annual consumption rates are presented in Table 3 for the considered site. 

In the same table, they are compared with existing data accomplished by Instituto Brasileiro 

de Geografia e Estatística (IBGE), an official organ of the Brazilian government [11]. The 

IBGE data are slightly lower than those found in this work: this is mainly due to the fact that 

the considered products are available in large amount in rural areas, where our research 

focuses, and they are consumed by the population in a greater quantity than that measured by 

IBGE, which includes also urban areas. 

 

 

3. RESULTS AND DISCUSSION 

 

The lowest activity was found for K-40 with are After interviewing the families that live 

inside the studied area, it was found that the vast majority of them has been living in the same 

region as their direct ancestors. Therefore, with high probability, they have eaten the same 

products since their birth.  

 

Table 4 lists the radionuclide specific activities found in food samples. In all of them, only 

natural radionuclides were observed. The average values of the activity concentration of 
40

K 

are much higher than those of other radionuclides. This was expected since 
40

K is an isotope 

of potassium, an essential macronutrient for plants. Moreover, the addition of potassium to 

the soil through fertilizer increases its concentration in plants [14]. Thus, the difference 

between the values of specific activity of 
40

K determined in foods is due to the different 
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potassium absorption in each type of plant. The behavior of this radionuclide in the human 

body is very similar to that of an essential nutrient, resembling the stable potassium found in 

muscle tissue, where its concentration is constant due to homeostatic balance. The specific 

activities of 
40

K here determined are very close to those found in the literature for Brazilian 

samples [14,15] and also for Nigerian samples [16]. 

 

Table 2 - Committed effective dose e(g) per unit intake for members of the public [10]. 

Nuclides f1 

e(g) (Sv/Bq) 

  age   

1-2 y 2-7 y 7-12 y 12-17 y > 17 y 
40

K 1.000 4.2.10
-8

 2.1.10
-8

 1.3.10
-8

 7.6.10
-9

 6.2.10
-9

 
211

Bi 7.34.10
-12

 1.58.10
-13

 1.01.10
-15

 2.8.10
-15

 4.28.10
-15

 4.57.10
-15

 
212

Bi 0.100 1.8.10
-9

 8.7.10
-10

 5.0.10
-10

 3.3.10
-10

 2.6.10
-10

 
214

Bi 0.050 7.4.10
-10

 3.6.10
-10

 2.1.10
-10

 1.4.10
-10

 1.1.10
-10

 
212

Pb 0.200 6.3.10
-8

 3.3.10
-8

 2.0.10
-8

 1.3.10
-8

 6.0.10
-9

 
214

Pb 0.200 1.0.10
-9

 5.2.10
-10

 3.1.10
-10

 2.0.10
-10

 1.4.10
-10

 
228

Ac 5.0.10
-4

 2.8.10
-9

 1.4.10
-9

 8.7.10
-10

 5.3.10
-10

 4.3.10
-10

 
235

U 0.040 1.3.10
-9

 8.5.10
-11

 7.1.10
-11

 7.0.10
-11

 4.7.10
-12

 
7
Be 0.020 2.1.10

-10
 1.2.10

-10
 8.3.10

-11
 6.2.10

-11
 5.0.10

-11
 

                             e(g) → coefficient of effective dose. 

 

 

Table 3 - Household dietary annual intake per capita. 

 

 

 

 

 

 

 

 

 

Table 4 - Specific activity of radionuclides in food samples. 

MDA = minimum detectable activity 

 

 

The 
235

U specific activity determined in cassava flour (Table 4) is lower compared to the 

activity found in Nigerian samples, 4.2 ± 1.0 Bq/kg, [16], but higher than for other Brazilian 

samples found by [14], about 0.01 Bq/kg. 

 

Group of samples Crop Species 
Present work 

(T) in kg/y 

IBGE 

(T) in kg/y 

Cereal and pulses Cumin 15 --- 

Fruits Coconut water 60 50 

Lemon juice 17 15.6 

Lemon Peel 5 --- 

Roots and tubers Cassava 

Cassava flour 

40 

48 

26.3 

35 

Sample 
Specific Activity in Bq/kg or Bq/L and the respective radionuclides 

K-40 Bi-211 Bi-212 Bi-214 Pb-212 Pb-214 Ac-228 U-235 Be-7 

Cassava 8226±27 51±23 < MDA 45±6 7.0±2.0 29±6 < MDA 17.9±2.0 < MDA 

Cumin 372±2 < MDA < MDA 16±2 < MDA 1.3±1.1 < MDA < MDA < MDA 

Cassava flour 107±5 < MDA < MDA 3.01±0.24 < MDA 2.69±0.21 < MDA 1.4±0.2 < MDA 

Coconut 

water 
67±3 3.7±0.6 < MDA 0.79±0.16 0.51±0.11 < MDA < MDA 0.7±0.1 < MDA 

Lemon juice 36±2 < MDA < MDA 5.3±0.4 < MDA 2.74±0.27 < MDA < MDA < MDA 

Lemon peel 0.24±0.01 < MDA 
(1±9)10-

3 
(3±2)10-3 (7±1)10-3 (2±1)10-3 

(6±2)10-

3 
< MDA (2±8)10-3 
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In the 
238

U radioactive decay series, 
226

Ra decays by alpha emission into 
222

Rn, which is a 

noble gas. The mechanism by which the 
222

Rn diffuses from the ground (and building 

materials) to the atmosphere has been discussed by many researchers in recent years [17,18]. 

The motivation that leads many researchers to study the characteristics of 
222

Rn  in the 

environment is the fact that it has a certain easiness of escape from the mineral where it was 

produced and spread through the air, being easily inhaled, and decaying by emission of alpha 

and beta particles. The descendants of 
222

Rn, being metallic and have electric charge, are 

chemically active and they easily bind with the aerosol or surfaces with which they come into 

contact. The most important from a radioprotection point of view of these daughters are those 

with short half-life, i.e., 
218

Po, 
214

Pb, 
214

Bi and 
214

Po. Due to the presence in all samples of 

both 
214

Pb and 
214

Bi or at least one of them, it is possible to conclude that any of these foods 

have the presence of 
222

Rn, the cassava being the aliment that has absorbed more radioactive 

elements from this series.  

 

In 
232

Th radioactive decay series, 
224

Ra decays by emission of alpha particle to the noble gas 

thoron (
220

Rn) and its descendants are isotopes of polonium (
216

Po and 
212

Po), 
212

Bi, 
212

Pb and 

Tl
208

. All decay products of thoron have short half-life, except 
212

Pb which has a relatively 

long half-life of 10.6 h [19]. The daughters of thoron are isotopes of heavy metals that attach 

easily to aerosols in the atmosphere and its radioactive decay occurs by emission of alpha and 

beta particles. In this work the presence of thoron daughters was detected in the sample of 

lemon peel, cassava and coconut water. Cassava and lemon peel were the foods that have 

absorbed more radioactive elements from the 
232

Th series.  

Finally, 
7
Be was also considered. This cosmogenic radionuclide is produced by spallation 

between cosmic rays and nitrogen or oxygen in the atmosphere. Then it oxidizes and attaches 

rapidly to atmospheric aerosols, depositing on the Earth’s surface, primarily via precipitation, 

but also via dry deposition [20,21]. Because of its short half-life (53.12 d), its presence in the 

lemon peel indicates a small time interval between harvesting and analysis by gamma 

spectrometry in the laboratory. However, the 
7
Be specific activity is very low. 

 

Combining the data of the daily quantity of consumed food per capita, presented in Table 3, 

and the specific activity of radionuclides found in the same kind of food, presented in Table 

4, it was possible to estimate the ingestion rate of radionuclides from these items by the 

population in the considered site. Using Eq. (4), the effective dose resulting from ingestion of 

these radionuclides was calculated, as shown in Table 5. The annual rate of food consumption 

was subdivided in three age ranges: 1-2 years (infants), 7-12 years (children) and more than 

17 years (adults), as assessed by UNSCEAR [22] for the public. However, the values here 

calculated represent only a small percentage of the daily diet, while the reference values refer 

to the all food consumption rates. 

 

The committed effective doses for the 
40

K were not calculated. It does not depend on the 

quantity of ingested radionuclide, because it is under homeostatic control in the body. As the 
40

K abundance is 0.0118% in the natural potassium, and its specific activity is 2.6·10
8
 Bq/kg, 

the corresponding annual equivalent doses to tissues are 165 and 185 μSv/y for adults and 

children, respectively. The total effective dose resulting to the intake of 
40

K is 170 μSv/y 

[22].  

 

The calculation of committed effective doses by age, calculated for infants, children and 

adults, as in the reference table of UNSCEAR, was one of the key differentiators in this work, 

since only data about committed effective dose for adults are found in the literature.  
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For soil samples, the results are presented by Cardoso et al. [7] and their activities determined 

are below below the values established by Brazilian regulatory recommendations [23]. 

 
 

 

Table 5 - Committed effective dose by ingestion (nSv/y) and by age related to 

consumption in the city of Neópolis. 
 

 

Sample 

DEC (nSv/y) 

Bi-214 

Infants Child Adult Average 

Cassava (1.4± 6.0)10
3
 (3.8± 6.0)10

2
 (2± 6)10

2
  

Cumin (1.8± 2.0)10
2
 (5.1± 2.0)10 (2.7± 2.0)10  

Cassava Flour (1.07± 0.24)10
2
 (3.03± 0.24)10 (1.59± 0.24)10  

Coconut Water (3.51± 0.16)10 (9.35± 0.24) (5.21± 0.24)  

Lemon Juice (6.64± 0.40)10 (1.89± 0.40)10 (9.87± 0.40)  

Lemon Peel (1.1± 2.0)10
-5

 (3.2.± 2.0)10
-5

 (1.6± 2.0)10
-5

  

Average (2.900± 0.002)10
2
 (7.72± 0.002)10 (4.30± 0.002)10 (6.560± 0.001)10 

 Pb-214 

Cassava (1.2± 6.0)10
3
 (3.6± 6.0)10

2
 (1.6± 6.0)10

2
  

Cumin (2.0± 1.1)10 (6.0± 1.1) (2.7± 1.1)  

Cassava Flour (1.19± 0.21)10
2
 (3.70± 0.21)10 (1.67± 0.21)10  

Lemon Juice (4.66± 0.27)10 (1.44± 0.27)10 (6.52± 0.27)  

Lemon Peel (1± 3)10
-5

 (3.1.± 3.0)10
-6

 (1.4±3.0)10
-6

  

Average (2.670± 0.003)10
2
 (8.310± 0.003)10 (3.760± 0.003)10 (5.070.± 0.002)10 

 U-235 

Cassava (9.3± 2.0)10 (5.1± 2.0)10 (3.4± 2.0)10  

Cassava Flour (8.74± 0.20) (4.77± 0.20) (3.16± 0.20)  

Coconut Water (5.46± 0.10) (2.98± 0.10) (1.97± 0.10)  

Average (3.58± 0.09)10 (1.95± 0.09)10 (1.29± 0.09)10 (1.60± 0.05)10 

Total    (1.320± 0.001)10
2
 

* Values are weighted according to age: 0.05 for infants, 0.3 for children and 0.65 for adults. 

 

 
 

4. CONCLUSIONS 

 

These results represent the first environmental radiological survey of rural household 

residents from the Brazilian State of Sergipe, in a region near to one of the favorite candidate 

areas to be a nuclear plant site in the coming years in Brazil. The specific activities of 

radionuclides in various food samples consumed by the residents were measured. The lowest 

activity was (0.001 ± 0.009) Bq·kg
-1 

due to 
212

Bi in the lemon peel, and the larger (8226 ± 27) 

Bq·kg
-1

due to 
40

K in cassava. The activity due to 
7
Be is less than 0.05% of the recommended 

limit. The activities measured in all samples are well below the values established by 

Brazilian regulatory recommendations [23], showing no excess of contamination of any type 

of radionuclide. 

 

The presence of 
7
Be was detected for the first time in food samples (lemon peel), to the 

knowledge of the authors. Its half-life of 53.17 d indicates the need for a short time between 

the fruit harvest and the gamma spectrometry measurements in the laboratory. 

 

With the values of the radionuclides specific activity present in the samples it was possible to 

determine the committed effective dose by intake of these foods. The committed effective 
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dose by radionuclide and the total average effective dose calculated in this study were below 

the limits proposed by UNSCEAR [22] and well below the dose limit of 1 mSv/y 

recommended for the general public [9]. 
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