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ABSTRACT

Due to ocean currents, monazite sand fromGuarapari beachmay be transported to beaches around Guanabara
Bay in Rio de Janeiro. It was found that among the beaches analyzed, those on Ilha do Governador did not
detect monazite sand, but other radionuclides were detected and will be analyzed later.

1. INTRODUCTION

The increase in exposure to natural radiation can occur due to the elevated concentration of ra-
dioisotopes in the soil. In the region around Guanabara Bay, this increase is mainly due to the
presence of monazite sand, composed of thorium, uranium, potassium and consequently their ra-
dioactive daughters like, Ra-226 and Ra-228 [1], [2]. This sand is classified as NORM – Naturally
Occurring Radioactive Materials, and its presence can lead to increased natural radiation exposure
to the population [3], [4]. Since the dynamics of sand transport are influenced by climatological and
oceanographic factors, the anomaly of natural radioactivity found on beaches in the state of Espírito
Santo may occur and/or be transported to sands on other Brazilian beaches [5], [6]. This work con-
tinues the study published in the proceedings of the “International Joint Conference RADIO 2022”
[7]. This work aimed to evaluate the presence of monazite sand on beaches around Guanabara Bay.

2. MATERIALS AND METHODS

2.1. Sample Screening

For this work, in situ screening of beach sands in the cities of Rio de Janeiro and Niterói was
conducted. This screening consisted of verifying the exposure dose rate of bathers, adopting a
background (BG) value of 0.14 µSv/h, and collecting samples from beaches that exceeded this
value for laboratory analysis.
These measurements were made with the Radeye-PRD detector, lent by the nuclear engineering
department of IME. The RadEye-PRD detector use a small photomultiplier. This detector has a
lower level detection (LLD) from 0.01 to 250 µSv/h [8].

2.2. Sample Preparation

The only preparation done was weighing the sample, adopting a weight of 50 g of sand per test. This
test was conducted to simulate the real condition of bathers. The gamma spectroscopywasmeasured
on April 2022. However, as the process of transporting particulates through marine currents is slow,
it can be considered that the results obtained in this work are relevant today. [9]–[11].
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2.3. Measurements with Spir-ID
The gamma spectrum of the samples and the background radiation was taken for 1 hour (3600
seconds) of live time,with Spir-ID detector [12]. The results presented are the net spectra of the
samples [7]. This detector was used because NaI(Tl) crystals are used as a reference in the class of
inorganic scintillator detectors [13].
Samples were also analyzed using a BGO detector [14] to compare with results obtained from the
Spir-ID detector [12]. Some information about the detectors is described in Table 1 [15].

Material Scintillation Efficiency (%) Decay (µs) Density (gcm−3)
NaI(Tl) 100 0.23 3.67
BGO 8 0.30 7.13

Table 1. Characteristics of detectors used

This detector has a 3” crystal and uses a photomultiplier. The Spir-ID detector has an Lower Level
Detection (LLD) from 0.001 to 9999 µSv/h. This equipment has an auto-calibration system and
uses a low-activity cesium-137 source [12].
For the measurement of the samples, a collimated arrangement was adopted [16].
2.4. Measurements with BGO
Despite the intrinsic characteristics of the detector described in Table 1, the detector BGO [15], this
detector was used due to its higher density and the model used being equipped with a photodiode
array [14]. The gamma spectrum of the samples and the background radiation was taken for 1 day
(84600 seconds) of live time. The results presented are the net spectra of the samples. This detector
was energy-calibrated with a cesium-137 source, adopting a collimated experimental arrangement
[16].

3. RESULTS AND DISCUSSION

3.1. In SituMeasurement Results
The beaches that exceeded the BG limit are located in the city of Rio de Janeiro, in the neighbor-
hoods of Urca, Leme, and Ilha do Governador, and in the city of Niterói. The beaches are positioned
as shown in Figure 1
The beaches in the city of Rio de Janeiro were: (1) Leme Beach, (2) Red Beach, (3) Urca Beach,
(4) Ribeira Beach, (5) Bica Beach, (6) Guanaba Beach
The beaches in Niterói were: (7) Ferry embarkation point, (8) São Francisco Beach, (9) Charistas
Beach, (10) Jurujuba Beach.
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Figure 1. Map of analyzed beaches

3.2. Spir-ID Detector Measurement Results

Figure 2 shows the gamma spectrum taken from Red Beach.

Figure 2. Net Spectrum of Red Beach measured if Spir-ID
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As seen in Figure 2, the Spir-ID detector did not identify any characteristic photopeaks. Only this
result was included because the Spir-ID detector did not present any characteristic photopeaks in
the other samples.

3.3. BGO Detector Results

As can be seen in the figures below, the number of counts in the region below 200 keVwas elevated,
indicating that the BGOdetector was effective inmeasuring the gamma emitted by the radionuclides
present.

Figure 3. net gamma spectrum of Chalé Beach Measured if BGO

Figure 4. net gamma spectrum of São Francisco Beach Measured if BGO
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Figure 5. net gamma spectrum of Ferry embarkation point Beach Measured if BGO

Figure 6. net gamma spectrum of Jurujuba Beach Measured if BGO

Figure 7. net gamma spectrum of Leme Beach Measured if BGO
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Figure 8. net gamma spectrum of Urca Beach Measured if BGO

Figure 9. net gamma spectrum of Red Beach Measured if BGO

3.4. Discussion of Results

One explanation lies in the measurement methodology of the detectors. The Radeye-PRD gener-
ates the electronic pulse through a photodiode array and has a faster response time. Despite this
better efficacy, the Radeye detector does not perform energy spectrum surveys. Another possible
hypothesis is the measured concentration. In the in situ measurement, the concentration of nuclear
material is higher, causing more pulses to be generated in the Radeye-PRD detector.
It is not possible to compare the results obtained by the Spir-ID and BGO due to the change in
methodology employed for each detector. However, it can be stated that the BGO detector proved
efficient for detecting low-activity and low-energy sources.
By analyzing the gamma spectra generated by the BGO from the beaches: Charitas (Figure 3), São
Francisco (Figure 4), the ferry embarkation area in Niterói (Figure 5), Jurujuba (Figure 6), Leme
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(Figure 7), Urca (Figure 8), and Red Beach (Figure 9), a higher count at low energy was observed,
contributing to the hypothesis of possible contamination of the analyzed beaches by ocean currents
linking Guarapari beach in Espírito Santo to Guanabara Bay in Rio de Janeiro.

4. CONCLUSION

The BGO detector proved effective for measuring low-energy and low-activity sources. This is due
to its high density and low light efficiency compared to NaI(Tl), and the photodiode array employed
in this detector.
Due to its intrinsic efficiency, the BGO detector demonstrated to be an alternative for detecting low-
activity and low-energy sources. One of its possible applications is in screening for the detection
of NORM material in potentially contaminated materials.
From the analysis of the spectra measured by the BGO detector, it can be concluded that the beaches
on Ilha do Governador (Guanabara Beach, Ribeira Beach, and Bica Beach) did not show significant
counts related to monazite sand. However, other radionuclides were detected. The other samples
had relevant counts in the low-energy region, representing NORM material.
For better identification of the chemical elements present in the analyzed sands, it is suggested to
conduct an X-ray fluorescence test.
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