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1. Introduction

Fish is a food rich in proteins and nutrients necessary for human health, being of excellent nutritional
quality. Its consumption has increased in Brazil [1], however it can also present risks if there is any type
of contamination. In the marine environment, several natural and artificial radionuclides can be
discharged with varied levels of concentration.

Natural radionuclides can be enhanced in the marine environment due to the activities related to the oil,
phosphate and fertilizer industries [2,3]. An example of this is ??Ra and ??®Ra releases into the ocean in
large volumes of water from the oil exploration industry [4].

The ¥7Cs is one of the main artificial radionuclides released into the marine environment, as a result of
nuclear weapon tests, nuclear reprocessing, nuclear accidents, marine dumping and river runoff [5]. The
estimated atmospheric and sea discharge of this radionuclide into the environment in the accident at the
Fukushima Daiichi Nuclear Power Plant was in the range of 7 to 20 PBq and 1 to 6 PBq, respectively
[6].

The aim of this study is to quantify the activity concentration of the natural radionuclides (**Ra, #'°Pb,
210po, 228Ra and “°K) and artificial radionuclide *’Cs in the muscle of marine fish species most consumed
in the city of S&o Paulo. The concentration of ?2°Ra, 22°Ph, 26Ra, “°K and *¥'Cs were measured by gamma
spectrometry, using an HPGe detector; 2°Po was measured by alpha spectrometry.

2. Methodology

The fish samples were purchased in two supermarkets with the largest sale of fish in the city of Sao
Paulo. The marine fish species were chosen taking into account their consumption in the city of Sao
Paulo from the study carried out by the SOS Mata Atléntica Foundation, through the Atlantic Coast
Program, which analyzed the most available fish species in different types of supermarkets [7]. The six
fish species analyzed were bluefish (pomatomus saltatrix), tuna (thunnus spp.), Smooth hounds nei
(mustelus spp.), croaker (argyrosomus regius), hake (merluccius merluccius) and sardine (sardina
pilchardus). About 1,100 kg of muscle from samples were dried by calcination at 450 °C resulting in
about 45 g of ash, the calcination process took 48 hours per sample depending on the species. For the
determination of 22°Ra, 21%Pb, 2Ra, “°K and *'Cs, the fish ashes were packed in polyethylene flask and
sealed for about four weeks prior to the measurement, in order to ensure that equilibrium had been
reached (between 2%Ra and its decay products of short half-life). The activity concentration of the fish
samples was measured by gamma spectrometry with Hyper Pure Germanium detector HPGe, GX4020
with 47% relative efficiency with associated electronics and coupled to a microcomputer. For the
determination of 2Ra it is assumed that it is in equilibrium with 224Pb and 22Bi. Its activity is determined
by the line of its 22*Pb decay products, which emits gamma energies of 295.2 keV and 351.9 keV, and
214Bj, which emits gamma energies of 609.3 keV and 1120.3 keV, respectively. ?Ra was determined
by measuring gamma energies of 911.07 keV and 969.11 keV for 22Ac. 2!°Ph was determined directly
through its 46.5 keV line. The content of “°K was determined by measuring its 1460 keV gamma rays.
The artificial radionuclide **’Cs was determined by measuring the gamma energy of 661. 6 keV. The
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gamma spectra were obtained by the multichannel emulator program Maestro [8] and were analyzed
with the WinnerGamma program on the InterWinner platform [9]. The counting time was determined
using the model proposed by Nisti et al. [10]. The background radiation was estimated by measuring
ultrapure water. The determination of the minimum detectable concentration (MDC) was made using
the model proposed by Currie [11]. The performance of the gamma-ray spectrometry measurements
was evaluated by participating in the Proficiency Test (PT) organized by Instituto de Radioprotecdo e
Dosimetria (IRD), which is available on a routine basis.

The determination of 2°Po in fish samples was performed by alpha spectrometry. The samples were
initially dried in an oven with forced circulation at a controlled temperature, not higher than 80°C, to
avoid losses of #°Po by volatilization. Approximately 1g of each sample (dry weight) was used; prior
to the analysis, 100uL of 2®°Po tracer of known activity (0.6483 Bq g) was added. For the acid
dissolution of the sample, 10 mL of concentrated HNOs; and hydrogen peroxide were added, under
heating at 80°C to avoid loss by volatilization of polonium isotopes. The solution was evaporated
carefully to near dryness. This procedure was repeated until complete dissolution of the sample. The
final solution was conditioned with concentrated HCI to eliminate nitrates. The final residue was
dissolved in 0.5M HCI and filtered in Millipore 0.1 um; 20% hydroxylamine hydrochloride was added
to the solution. The pH was adjusted to 1.5 and the polonium was spontaneously plated on the silver
disc at 80°C for 4h, with agitation of the solution. The prepared sources were counted in a Camberra
Alpha Analyst surface barrier detector for 150.000 seconds.

3. Results and Discussion

The results of the activity concentration obtained for 22°Ra, 21°Ph, ?1°Po, 22Ra, “°K and *’Cs are
presented in Table I, together with data from the literature.

Table I. Activity concentration of 22°Ra, 21°Phb, ?1%Po, ?%8Ra, 4°K and *'Cs (Bq kg wet weight)

Fish species

Ra-226 Pb-210 Po-210 Ra-228 K-40 Cs-137
(No. of samples)

Bluefish (2) 0.06 - 0.10 <0.37-0.38 0.24-0.34 0.16 - 0.20 81.6-96.8 <0.05
Nisti e[tf;']-' 2019 <0.19 <0.76 <0.32 0.11+0.02
Carvalho, 1995*

[13] 0.42+0.01 9.4+0.3
Gordr et al.,
2012 [14] 0.19 - 0.45 35.04 - 112.00 0.06 - 0.62
Tuna (4) 0.06 - 0.09 <042-0.72 0.33-051 <0.22-0.27 103- 123 0.07-0.11
[12] 0.15+0.05 <0.96 0.31+0.12 0.13+0.04
[14] 0.26-0.35 92.97 - 113.95 1.23-1.53

Smoothhounds 07 19 <037-054 015-019 015-024  72.3-1040  0.04-0.12

nei (3)
[12] 0.23+0.08 <1.3 0.37+0.18 <0.19
Cunhaetal.,
1993 [15] 0.3

Croaker (4) <0.11-0.13 041-058 0.14-0.18 0.12-031 73.2-112.0 <0.04 - 0.09

[12] 0.58+0.14 <2.2 0.71+0.30 <0.33
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Godoy et al.,

2003 [16]** 0.03-1.6
[15] 0.3
Hake (4) 0.04-0.18 <0.29-0.69 0.10-0.16 0.09-0.28 42.6-127.0 <0.04 - 0.07
[12] <0.17 <0.63 <0.31 <0.08
[13]* 0.15+0.01 6.7+0.3
[15] 0.1
Sardine (2) 0.08-0.13 <0.46 - 0.56 0.40 0.12-0.25 79.9-135.0 <0.06
[12] 0.24+0.08 <0.95 0.27+0.09 <0.11
[13]* 1.00+0.02 6612
[15] 0.1
*Mean value

**Godoy et al., 2003 [16] - results for croaker and hake

The Brazilian regulatory guide Posi¢do Regulatéria 3.01/006 from 2011 entitled “Medidas de Protegao
e Critérios de Intervencdo em Situagdes de Emergéncia” established the recommended action levels for
food control [17]. According to this standard, the concentration of **’Cs in food cannot exceed the value
of 1 kBq kg?. All the results obtained for this radionuclide are well below this limit.

The activity concentration observed for the radionuclides ?°Ra, #°Ph, 2®Ra and **'Cs in all the species
analyzed were low and close to the detection limits of the gamma spectrometry. The “°K presented
concentrations ranging from 42.6+6.0 Bq kg™ to 135+19 Bq kg™. The ?°Po concentrations ranged from
0.10+0.03 Bq kgto 0.51+0.09 Bq kg™. Carvalho (1995) [13] measured ?°Po concentration in fish from
the north-eastern Atlantic Ocean of Portugal, obtaining 66+2 Bq kg™ in sardine, of 6.7+0.3 Bq kgt in
hake and 9.4+0.3 Bq kg™ in bluefish. These results are several orders of magnitude higher than our
results.

In general, the results obtained for the studied radionuclides in all the species analyzed are in good
agreement with literature values.

4. Conclusions

The results obtained in this study is useful to verify the quality of the fish consumed in the city of Sao
Paulo. All the results obtained for the species studied are below the limits adopted by the Brazilian
Standards and therefore their consumption offers no risk due to the ingestion of radionuclides. However,
to ensure the quality of the marine fish consumed by the population, it is suggested to measure a larger
number of fishes in order to get a more representative sampling.
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