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ABSTRACT

The natural radioactivity was determined in the Espirito Santo sands, in Brazil, in eight beaches from Anchieta 
and Guarapari. In the methodology, the sands of each beach were collected, sifted, dried in the oven, and 
conditioned in Marinellis. Its weight was measured on the scale, and stored for 30 days for their secular 
equilibrium. Then, the gamma spectrometry measurement was performed. The specific activities for each beach 
were calculated and the radioactive balance of the 238U and 232 * *Th series was also studied. From the standard 
deviation of the estimated error (S), the chi-square distribution parameter (R2), the coefficient of determination 
R2, R-sq, and the adjusted R2, R-sq (adj) was studied. In the results, a regression curve (fitted line plot) was 
performed on the quality adjustment with a 95% confidence interval for the values found in Neptune, Alem, 
Coninhos, Onqa, Tres Praias, Morcego and Padres beaches. The R2 measured presented values close to 1. The 
beach Areia Vermelha presented a specific activity with a percentage of 98.41% in relation to the other beaches 
and very high activity compared to the world average.

1. INTRODUCTION

Natural radioactivity is present everywhere, being the main external source of irradiation to 
the human body, which results in many studies in literature around the world [1,2,3]. Isotopes

235 232of uranium (U and 235U) and thorium (232Th) natural series, and the radionuclide potassium 
(40K) are the largest contributors of natural terrestrial radiation, which can be measured by 
gamma spectrometry. The soils are one of the main sources of natural radiation, which 
depends essentially on the local geological controls and geochemical effects of each region. 
The presence of natural radionuclides contribute significantly to the environmental dose 
levels that the human being receives, being important to be aware of the distribution, 
composition and the background.

Monazite is a phosphate of metals, rare earths and thorium (Ce, La, Y, Th) PO4, that
concentrates in the sands due to their high relative density and resistance to the chemical
weathering. Brazil has one of the highest concentrations these minerals in its soils of the
world. In southeast Brazil, the monolithic sands of Espirito Santo are widely studied [4,5,6].
In this concern, this work presents an assessment of natural radionuclides contents of the
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sands from new beaches with unknown background in cities of Guarapari and Anchieta,
Espirito Santo, Brazil.

The principal radionuclides in monazite belong to the 232Th series, but they also contain 238U 
235and 235U and their respective progenies [7]. Once the radioactive gas from them decay

diffuses through the monazite sand and contaminates the air. In that places, the biological 
systems, including humans beings are submitted to radioactive exposures [8].

2. MATERIAL AND METHOD
2.1 Studied Area

In Fig. 1 shows the studied beachs, wich are: Praia da Areia Vermelha, in the Morro da
Pescaria Municipal Natural Park; Praia do Onga; Praia do Neptuno and Praia dos Coninhos 
Amarelos, both in the Aldeia da Praia Condominium; Praia do Saco, the third beach known as 
Three Beaches; Praia do Morcego, in the region of the Village of Perocao; Padres Beach, 
Blue Cove; And Praia do Alem, belonging to the municipality of Anchieta, near the Samarco 
mining unit in Espirito Santo.

Figure 1: The beaches studied
(Google maps® Adapt.)
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2.1. Sampling Collection and Preparation

About 500 ml of dry sand was collected at an average depth of up to 5 cm of fresh surface in
each beach. After, through a sieve, macro-impurities (like shells, pebbles, leaves) were
removing. The sands were dried at 60°C for 24h, sealed in Marinelli beaker and stored for
approximately 30 days before counting, in order to restore secular equilibrium between 226Ra 

224and its progeny. For the 224Ra and its progeny it would be enough a much shorter time.

2.2. Measurements

ryryf\ 7^2 poo dnThe used analytical techniques, for 226Ra (238U chain), for 232Th and for 40K, were gamma 
spectrometry, by using a hyper-pure germanium detector (HPGe), coaxial geometry, 15% 
efficiency, a system from CANBERRA. Data were collected from Gamma Acquisition & 
Analysis software. The activitity concentration (A) for each beach were calculated by 
formula 1:

A=
SL

txzx fxm
(1)

Where A is the activity concentration of the considered gamma transition of the isotope in the
sample (Bq), SL represents the net area of counts detected for the peak energy, t is the count
time (86400 seconds), £ represents the efficiency and f the probability of emission of gamma 
radiation for determined energy, and m net weight (kg) of the each beach sand. In Table 1, 
presents the radionuclides and respectively the specific gamma line used.

Table 1: Energy and gamma transitions applied

Nuclide Energy E 
(keV)

Probabilidade 
f (%)

226Ra 214Bi 609.3 46.3
214Pb 351.9 37.2

232Th
212p 238.6 44.6

228Ac 338.3 11.4
K 1460.8 10.7

The equilibrium condition was observed by measuring the gamma-rays lines of some natural
series members, for example, 214Bi and 214Pb for 238U and 228Ac, 212Pb, 212Bi and 208Tl for 
232232Th. A regression curve (fitted line plot) was performed on the quality adjustment with a 
95% confidence interval for the values found in Neptune, Beyond, Coninhos, Onga, Tres 
Praias, Bat and Padres beaches. From the standard deviation of the estimated error (S), the 
coefficient of determination R2, R-sq, and the adjusted R2, R-sq (adj), the chi-square 
distribution parameter (R2) was studied. R2 quantizes the deviation of the predicted values 
from the actual values.

3. RESULTS AND DISCUSSION

The results show high natural radionuclides activity concentration in the sands beaches. In 
Table 2, shows its activity concentration calculated comparative with the worldwide average
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226 232 40concentration of 226Ra, 232Th and 40K in soil, just for comparison, reported by UNSCEAR 
(2000) [9], are 32, 45 and 420 Bq.kg-1 and other places describe in the literature.

Table 2: Results of the specific activities compared to the literature

Beaches 
Present Work

Specil ic Activities ( Bq.kg-1)
232Th 226Ra 40k

212Pb 228Ac 214Bi 214Pb 40k
Netuno 216±7 252±20 146±8 154 ±8 3450±107

Alem 1256±13 1156±34 352±12 352±10 210 ±38

Cominhos 1699±17 1345±41 432±15 464±13 282±48

Onga 1864±16 1632±41 354±13 412±11 8238±156
Tres Praias 2494±20 2110±52 471±16 557±15 2200±101
Morcego 3950 ±27 3580±68 412±18 609±17 4790±153
Padres 5575±29 5241±75 876±21 1018±19 4839±138

Areia Vermelha 1031911±
343

1032792±
919

43403±
177

48579±
164

72390±
742

Comparatives
Beaches 232Th 226Ra 40k

World Average[/] 32 45 420
Guriri/Sao
Mateus[5]

80±10 60±5 110±10

Marataises[5] 2300±260 860±70 270±40
Camburi/Vitoria[5] 4160±260 755±40 380±20

Areia
Preta/Guarapari[5]

37000±2600 2880±215 4320±570

Arraial
D’Ajuda/Bahia[1]

108-840 28-144 15-46

Porto
Seguro/Bahia[1]

23-47 8.4-17 3.4-19

Trancoso/Bahia[1] 40-436 14-91 10.7-42
Alcobaca/Bahia111 315-2378 81-510 41-182

Cuba[5] 15.6±1.1 16.7±1.2 188±10
Egyptian[5] 27±4.2 33±13.7 385±8.9

China ’ 35.5±11 23±6.6 809.8±207.1
Japan[5] 10.2-33.7 29.2-46.33 611.2-1176
Brazil[5] 7.1-213 10.2-116 51-809

It is observed that the beaches of Espirito Santo studied in this work are also above the 
Brazilian average, as in other beaches of the same state studied in the literature[5] and present 
so higher concentration activity comparative with other places[1,5]. However, the Areia Preta 
beach of Guarapari, known for its high concentration of monazite, still presented lower
values than those measured in Areia Vermelha beach, also in Guarapari. In Areia Vermelha

232beach presented results of activity concentration for the family 232Th approximately 30000 
times higher than the world average, for the family 226Ra approximately 1000 times higher 
than the world average, and for 40K approximately 200 times higher than the world average.
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In gamma spectrometry analysis the equilibrium condition of the radionuclides with their
short half-lives is fundamental, for this reason, the samples remained in sealed containers for
at least thirty days, in order to reach this equilibrium condition. In Fig. 3 is shown a
correlation between the concentration activity of 214Bi and 214Pb, from 238U series. In Fig. 4 is 

228 212 232shown correlation between the concentration activity of 228Ac and 212Pb, from 232Th series, in 
order to verify the secular equilibrium.

Figure 3: Regression analysis of the specific activities correlation of 228Ac and 212Pb

In the quality adjustment a fitted line plot with a 95% confidence interval was performed for 
the values found on the beaches: Netuno, Alem, Coninhos, Onga, Tres Praias, Morcego and 
the Padres. The Areia Vermelha beach presented a concentration activity well above the 
others, for this reason it was not considered for the elaboration of the graph. The parameter 
distribution of the chi-square (R2), which quantifies the deviation of the predicted values from 
the real values, was analyzed from the standard deviation of the estimated error (S), into the 
determination coefficient R2, R-sq, and of the adjusted R2, R-sq (adj), were determined with 
the values close to 1.

228 212 214The ratio of the daughter radioisotopes 228Ac and 212Pb is given in formula 2, and of 214Bi and 
214Pb in formula 3. It is noted that the correlations of concentration activity of the elements 
were close, which guarantees the condition of secular equilibrium and reliability of the 
proposed method.

Pb = -34,66 +1,177 x Bi
(2)

P b = 65,57 +1,066x Ac (3)
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Figure 4: Regression analysis of the specific activities correlation of 214Bi and 214Pb

3. CONCLUSIONS

This work was able to identify new sites of interest for natural radioactivity the in Espirito 
Santo, specifically in the cities of Guarapari and Anchieta. The eight beaches studied showed 
higher natural radionuclides activity concentration than the world average, and only two 
presented Potassium activity concentration lower than the world average. Among the eight 
beaches of this work, we highlight the Areia Vermelha beach, whose analysis of its sands 
indicated a higher level of activity concentration compared to the results of all other beaches 
studied. This preliminary study suggests the importance of carrying out future 
complementary studies.

In the study of the equilibrium condition for 214Bi and 214Pb for 238U and 228Ac and 212Pb for 
232232Th the correlations of activity concentration were close, confirming the secular equilibrium 
situation and reaching the reliability of the expected study through the methodology adopted.
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