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ABSTRACT

In this work, a single location at Camburi beach, known to be a naturally high background region, was studied.
Radiation hazards indexes and annual effective dose were evaluated from the °Ra, »?Th and “°K sands
activities concentrations. Sand samples were monthly collected during 2011, dried, sealed in standard 100 mL
HPDE polyethylene flasks and measured by high resolution gamma spectrometry after a 4 weeks in-growth
period. The *Ra concentration was determined from the weighted average concentrations of ***Pb and **Bi.
The 2*2Th concentration was determined from the weighted average concentrations of ??Ac, *?Pb and #**Bi and
the “°K from its single gamma transition. The results, considering samples gamma-rays self-attenuation, show
activities concentrations in the range from 6 Bq kg™ to 39 Bq kg™ for °Ra, 13 Bq kg™ to 161 Bq kg™ for %2Th,
and 7 Bq kg™ to 65 Bq kg™ for “°K. The radium equivalent activity for the studied samples ranged from 26 Bq
kg™ to 274 Bq kg™. The external and internal hazard indexes varied, respectively, from 0.07 to 0.74 and from
0.09 to 0.85. The annual effective dose values laid from 0.07 mSv.y™ to 0.72 mSv.y™. All values obtained in this
work are below the radiological protection recommended limits.

1. INTRODUCTION

Throughout the history of life on Earth, gamma ray exposure from “°K and radionuclides
from the 28U and **Th series occurs naturally in the environment. These radionuclides are
present in rocks and soils and their distribution depends upon the local geology of each
region in the world [1]. They are an important source that contributes to an increase in the
dose received by humans. In order to determine the level of public exposures, the knowledge
about activity concentration and distribution of natural radionuclides in environmental sites
plays an important role.

Previous works show that Camburi beach, Espirito Santo State, is a naturally high
background region in Brazil [2, 3, 4], whose sands are rich in silica minerals (SiO,) and also
monazitic ((Ce, La, Nd, Th)PO,) and ilmenitic (FeTiOz) minerals [5]. These accessory
minerals contain traces of radioactive elements as °Ra (from the ***U serie), %**Th and “K.

Beach sands are mineral deposits, remainders of geological varied formations, which are
transported by wind, by tidal and by the actions of waves and currents [6]. In order to
investigate the activity concentration of **Ra, %**Th and “°K and the respective radiation
hazards in sands from Camburi beach, 11 selected points along the beach extension were
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assessed during the 2011 year, with monthly collected samples. In this work, the follow-up of
the concentrations activities and radiation hazards for one single beach location is presented.

2. MATERIALS AND METHODOLOGY

2.1. Study Area

Camburi beach is located in Vitdria, capital of Espirito Santo State, Brazil, as shown in Fig. 1.
Camburi is the only beach located in the mainland city, with an extension of 6 km. The city
has approximately 300 thousand inhabitants [7] and the weather is warm almost the entire
year, so the beach is constantly frequented both by locals and tourists.
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Figure 1. (a) Brazil map (in red Espirito Santo State) [8]; (b) Espirito Santo State map
(in red Vitoria city) [9]; (c) Geographic location of Camburi beach on the coast of
Espirito Santo State, Brazil [10].

2.2. Samples Collection and Preparation

The location selected (Fig. 2), with geographical coordinates 20°17°8.47°’S 40°17°24.24°W,
represents the most frequented region of Camburi beach, with the higher concentration of
locals and tourists. A speckle pattern is visible in the region next the collecting point, due to
the presence of ilmenite and monazite (Fig. 3).

The sand samples were collected every 15" of the month, from January to December 2011,
almost at the beach surface, within a depth of about 2 cm, simulating a person sitting on the
beach sand.

After manually removing macro-impurities (like shells, pebbles, food leftovers), the sand

samples were dried on a stove and sealed in 100-mL HDPE flat-bottom cylindrical flasks
with 52.5 mm plan screw cap and bubble spigot.
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Figure 2. Camburi beach. “A” red bubble shows the Dante Micheline Avenue and the
green arrow indicates the location of the collection point [10].

Figure 3. Camburi beach. A speckled pattern in the sand is visible next to sea line due to
the presence of ilmenite and monazite. Photo: Personal archive.

INAC 2013, Recife, PE, Brazil.



2.3. Measurements

All samples were measured by high resolution gamma-ray spectrometry, after a 4 weeks in-
growth period, in order to allow secular equilibrium in the *®U and ***Th series [11].

The detection system is a 15% HPGe ORTEC EG&G detector with conventional electronics
and a 919 ORTEC EG&G Spectrum Master 4k multichannel analyzer. The effective
resolution for the ®°Co 1332 keV energy is 2.8 keV.

The background radiation was obtained with ultrapure water, in the same sample geometry.
The efficiency calibration curve was performed with a multinuclide standard aqueous
solution in the same geometry as all measured samples.

All spectra were analyzed with the InterWinner 6.0 software [12], considering samples
gamma-rays self-attenuation.

The activity concentration of a single transition was calculated as [11]:

Cﬂ'
A(Eﬂ):me(Eﬂ) 1)

Where:

A(E,) = activity of the considered gamma transition of the isotope X in the sample (Bg.kg™);
C,i = net area for the gamma transition with energy (E,i) emitted by X;

&, = detector efficiency for the considered gamma transition;

l,i = probability of emission of the gamma transition with energy (E);

t, = counting live time (s);

m = sample mass (kg);

f(E,i) = self-attenuation factor for the considered gamma transition.

The activity of “°K was calculated through its single gamma transition of 1460.83 keV. The
activity of ?°Ra was determined by the weighted mean of the ?*Pb (295.21 keV and
351.92 keV) and #Bi (609.32 keV) gamma transitions and the activity of ***Th by the
weighted mean of the 2?Pb (238.63keV and 300.09 keV), #?Bi (727.33 keV) and “®Ac
(911.07 keV and 968.90 keV) gamma ray transitions [12].

2.4. Self-Attenuation Factors

The high-resolution gamma-ray spectrometry is an effective method to analyze the activities
of natural radionuclides in soils in order to assess their environmental impact. Low energy
gamma rays have less penetrating ability and tend to interact more readily with matter, so, the
gamma ray interaction is different for the sand samples and the aqueous standard solution
[13]. The self-attenuation phenomenon depends on the sample composition, its density and
the gamma emission energy.

Self-attenuation factors are needed because the sand samples from Camburi Beach have
apparent densities in the range of 1.59 g/cm3 to 1.64 g/cm?3 and the efficiency curve was
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obtained with a standard aqueous solution [14]. The apparent density was determined
dividing the mass in grams of each sample by the flask volume of 100 mL. The self-
attenuation correction factors were experimentally determined by the Cutshall method [13].
The method is based on measuring the transmission of gamma-ray through the sand sample
and an ultrapure water sample in the same geometry, with gamma transitions in the range of
interest. Punctual standard gamma-ray sources of *°Co, ***Ba, **'Cs and ®?Eu with gamma
transitions ranging from 81 keV to 1408 keV were used, in order to cover the energies of the
radionuclides used for the concentrations activities calculations.

2.5. Radium Equivalent Activity (Raeg)

As the distribution of radioactivity in natural samples is not uniform, in order to assess the
health effects from the natural radioactivity, the activity of *°Ra, %?Th and *°K are converted
into a single quantity termed Raeg, assuming that 370 Bq kg™ de *°Ra, 259 Bg kg™ de **Th e
4810 Bq kg™ de *°K produce an equal gamma ray dose rate [15].

The radium equivalent activity index is calculated using the equation [16]:

Ra,, = Ay, +1.43A, +0.077A, )

where Aga, At and Ak are the activities concentrations of ?°Ra, 2*Th and “°K,, respectively.

The Raeq is a useful guide in assessing the safety standards of radiation protection for
individuals of the public residing in buildings. For safe use as construction materials, it is
recommended that the Raeq value does not exceed the limit of 370 Bg.kg™ [16].

2.6. External (Hex) and Internal (Hiny) Hazard Indexes
The external (Hex) and internal (Hin) hazard indexes are calculated, respectively, from

equations (3) and (4) [17]. The Hiy considers the risk of inhalation of radon accumulation and
their decay products of short half-life.

Hext:ARa+ATh+ A <1

370 259 4810 3
HintzARa+ATh + AK <

185 259 4810 (4)

where Aga, Ath and Ak are the activities concentrations of 2°Ra, 2°Th and “°K,, respectively.
For safe use as construction materials, it is recommended that the value of Heyx and Hin: does

not exceed the limit of 1, which corresponds to the Raeq limit of 370 Bq kg™ [17] that must be
observed.
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2.7. Annual Effective Dose (E)
The Annual Effective Dose (E) is calculated from equation (5) [4]:

E =D1t.0,7.10"° (5)
where D is the absorbed dose rate in the air (nGy h™), t is the time in hours of exposure per
year (24 hours X 365 days X fraction of the day exposed to radiation) and 0.7 is the
conversion factor to unit Sv.Gy™.

The ICRP 60 [18] recommended value is 1 mSv.y™* for the general public.

The absorbed dose rate (D) in outdoor air at 1 m above the ground is given below (eq. 6) [1]

D =0.462A,, +0.604A,, +0.0417A, )

where Aga, At and Ak are the activities concentrations of ?°Ra, 2*Th and “°K,, respectively.

3. RESULTS AND DISCUSSION

3.1. Activity Concentration and Radium Equivalent Activity in Camburi Beach Sands

The activities concentrations of *°Ra, **Th and “°K and the Radium Equivalent Activity
(Raeg) of sand samples from the collection point (Fig. 2) on Camburi beach are presented in
Fig. 4. The activities concentrations of *Ra, ?**Th and “°K were calculated by the equation
(1) and the Radium Equivalent Activity by the equation (2).
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Figure 4. Activities concentrations of ?°Ra, ***Th, “°K and Rae in sand samples from
the collection point (with geographical coordinates 20°17°8.47”S 40°17°24.24”W) at
Camburi beach, ES, Brazil, throughout the year 2011.

The results, with self-attenuation correction, show activities concentrations in the range from
6 +2 Bq kg™ to 39 + 2 Bq kg™ for ?*Ra, 13 + 1 Bq kg™ to 161 + 6 Bq kg™ for %**Th and
7+ 6 Bq kg™ to 65+ 9 Bq kg™ for K.

The Raeq Values range from 26 Bq kg™ to 274 Bq kg™ calculated by the eq. 2.

All obtained results for Raeq are lower than the recommended limit of 370 Bq.kg™, for safe
use as construction materials [16].

3.2. External (Hex) and Internal (Hin:) Hazard Indexes in Camburi Beach Sands

The External (Hex) and Internal (Hin) Hazard Indexes of sand samples from the collection
point (Fig. 2) at Camburi beach are presented in Fig. 5. The Hey and the Hi,; are calculated
by the equations 3 and 4, respectively.
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Figure 5. External (Hex) and Internal (Hi,;) Hazard Indexes for sand samples from the
collection point (with geographical coordinates 20°17°8.47”S 40°17°24.24”W) at
Camburi Beach, ES, Brazil, throughout the year 2011.

The external hazard index (Hex) varies from 0,07 to 0,74 and the internal hazard index (Hint)
from 0,09 to 0,85.

All values obtained for the external and internal hazard index are below recommended limit
of 1, for safe use as construction materials [17].

3.3. Annual Effective Dose (E) in Camburi Beach Sands

The Annual Effective Dose of sand samples from the selected location at the most frequented
region of Camburi beach is calculated by equation 5, considering the worst case scenario of a
24-hours daily exposure all year round.

The results ranging from 0,07 mSv.y™ to 0,72 mSv.y are presented in Fig. 6. All values are
lower than the limit of 1 mSv y*, recommended for ICRP 60 for the general public [18].

INAC 2013, Recife, PE, Brazil.



o o o
) [} ~
I R |

o
~
1

0,3 4

0,2 4

Annual Effective Dose (mSvy™)

0,1+

0,0 -

Collection month

Figure 6. Annual Effective Dose of sand samples from the collection point (with
geographical coordinates 20°17°8.47”’S 40°17°24.24”W) at Camburi Beach, ES, Brazil,
for the collection months of the year 2011 to entire day exposure.

The results show Annual Effective Dose in the range from 0,07 to 0,72 to entire day exposure
throughout the year.

All the Annual Effective Doses obtained are lower than the limit of 1 mSv y™*, recommended
for ICRP 60 for the general public [18].

4. CONCLUSIONS

As expected, due to the high concentration of monazite, the concentration of 2**Th is higher
than the concentration of *°Ra and “°K.

The activities concentrations of 2°Ra, >**Th and *°K of sand samples from the collection point
(with geographical coordinates 20°17°8.47”S 40°17°24.24”W) varied throughout the year
2011 on Camburi Beach, ES, Brazil.

The activities concentrations of 2°Ra, >*Th and *°K for similar sands of regions with high
natural background radiation level [2, 3, 4, 19, 20, 21] are in the range from 5 Bq kg™ to 1022
Bq kg™, 2,62 Bq kg™ to 7236 Bq kg™ and 11,6 Bq kg™ to 888 Bq kg™, respectively. All
activities concentrations of 2°Ra, **Th and “°K of this work are within these ranges of
literature values.
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The variation of the activities concentrations of %°Ra, 2*?Th and “°K of sand samples from the
collection point throughout the year 2011 should be related that the mineral composition of
the superficial sands since weather conditions as wind, the tides and the actions of waves and
currents influenced in the transport and deposition of sand.

All results of Raeq obtained are lower than the upper limit of 370 Bqg.kg™, recommended for
safe use in construction materials [16].

All the external (Hex;) and internal (Hin) hazard index obtained are lower than the limit of 1,
recommended for safe use in construction materials [17].

All Annual Effective Doses obtained are lower than the limit of 1 mSv y, recommended for
ICRP 60 for the general public [18].

A complete assessment of the natural radioactivity of sand samples (2 cm depth) from the
collection point on Camburi beach was done in this work. The Camburi beach do not present
radiological risk to the population of Vitoria, Espirito Santo, Brazil, due to the natural
radioactivity of #°Ra, ?*Th and “°K, considering that all radiation hazards obtained in this
work are bellow the recommended limits.

Further, the ?*°Ra, 2**Th and “°K activities concentrations variation will be assessed together
with weather conditions such as wind and/or rain and behavior of tides, waves and ocean
streams.
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