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The radioactivity concentration for shrimp and sea bass retrieved from the Mexican Pacific Ocean and the Gulf of Mexico is reported in
this work. The activity of*’K and2°8T| was determined with gamma spectroscopy using a High Purity Germanium detector. Overall, the
radioactivity concentration of samples from the Mexican Pacific Ocean is higher than from the Gulf of Mexic4°KTbencentration
measured for shrimp 875 4+ 14 Bg/kg (Pacific) andi43 + 10 Bg/kg (Gulf), while the activity for sea bass 763 + 18 Bg/kg (Pacific)

and502 + 14 Bg/kg (Gulf). Similarly, the measured concentratior?8fT| for shrimp and sea bass(s75 + 0.03 and1.09 + 0.05 Bg/kg

(Pacific), respectively, anal51 £+ 0.02 and0.85 4 0.04 Bg/kg (Gulf), respectively. No other natural radionuclides or radiation contaminants
were observed with significant activity. This is the first comparison of radioactivity concentration in fish and shellfish between the two main
Mexican marine ecosystems.
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1. Introduction even different family species could contribute to the assess-
ment of many important differences between both oceans.
Environmental radioactivity is originated from natural Shrimp and sea bass are two species that are identified and
sources containing several radionuclides including radiocaptured in both, the Mexican Pacific Ocean and the Gulf of
genic isotopes such as potassiultk(, uranium 23U and  Mexico. On the other hand, the radioactivity concentration
its decay series), and thoriu®¥Th and its decay series). of the radioisotopes with higher natural activity usually ob-
These isotopes are also typically found in products consumeggrved in consumable products, such@s and °Tl, can
by humans, which produces a transfer of the radionuclide§e measured using High Purity Germanium detectors.
into the human body. One example of such transfer is when In this work, samples of shrimp and sea bass from the
fish and shellfish are ingested. The number of natural raMexican Pacific Ocean and the Gulf of Mexico were ob-
dionuclides present in seafood can be evaluated by identfained and their radioactivity content was determined using
fying the gamma lines emitted using widely-known spec-a High Purity Germanium detector at the Institute of Physics
troscopy methods. These techniques are also able to ideff the National Autonomous University of Mexico. The iso-
tify radiation contaminants that would be ingested in additiontopes*’K and?°*Tl were identified and measured, providing
to the natural radioisotopes. In addition, such measuremengta about differences between both oceans or fish and shell-
could also be relevant for the identification of native speciedish species. This manuscript is organized as follows. First,
and for the monitoring of nuclear accidents, as in Chernobythe experimental setup is described, including the main char-
or Fukushima [1]. acteristics of the Germanium detector used for the gamma
Mexico is an important distributor and consumer coun-SPECtrometry measurements. The analysis and Monte Carlo
try of seafood due to its geographical location between thsimulations performed are detglled in the following sections.
Pacific Ocean and the Gulf of Mexico. This gives an oppor--astly. the results and conclusions are presented.
tunity to find several species of fish and shellfish, such as sea
bass (obaloin Spanish), tuna, red snappéwugchinangdn o
Spanish), shrimp, and octopus.

There are no reports comparing radioactivity concentraA Broad Energy Germanium detector (BEGe) model BE2820
tion between fish and shellfish retrieved from the Mexicanmanufactured by Canberra was used for the gamma spec-
Pacific Ocean and the Gulf of Mexico that could providetrometry measurements. The detector has a planar horizon-
information about differences in the seabed, food intake byal crystal configuration (30 mm radius and 20 mm height)
fish and shellfish, or even nuclear accidents. Previous studnd is cooled down with liquid nitrogen, in a 30 | cryogenic
ies have focused on specific areas in different countries [2—&torage dewar. An operational bias of +3000 V is provided
without comparison between sea bodies. A comparison of they an Ortec High Power voltage supply, model 456. The
content of radionuclides among the same or similar species @ignal is processed by an Ortec amplifier, model 572A fol-
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lowed by a pocket MCA 8000 A from Amptek, using the
ADMCA software. Data was collected from approximately tag e |. Measured mass and estimated volume, inside the
100 to 3000 keV over 4096 channels. The relative efficiencWarinelli container, of the samples purchased in La Nueva Viga
of the detector reported by Canberra is 13% for the 1332 ke\farket. The volume reported corresponds to the space occupied by
60Co gamma line. The energy uncertainty for this peak is rethe sample fitted inside the Marinelli beaker. This quantity is rel-
ported at 0.016% (Full Width at Half Maximum over energy), evant for estimating the efficiency with the GEANT4 simulation.
additional information about the detector response, resolu-

tion, and efficiency are reported in Ref. [8]. The measured Sample Mass (g) Volume (ch
efficiency and resolution during the characterization of the Pacific Shrimp 3251+ 0.5 417+ 6
detector at the Institute of Physics (UNAM) showed a dis- Gulf Shrimp 2937+ 0.5 321+ 6
crepancy of approximately 25%. A Monte Carlo simulation Pacific Sea Bass 3346+ 0.5 35716
of the detector was developed using the simulation toolkit

Gulf Sea Bass 461.8 +0.5 643 + 14

GEANT4 [9], version 10.01.p03. Experimental efficiencies

are in agreement with simulations within uncertainties, th&ne experimental setup, the Marinelli container with the sam-

details are also reported in Ref. [8]. B ple inside the lead shielding, is shown in Fig. 1.
Samples of shrimp and sea bass from the Pacific Ocean
Table | shows the measured mass for the samples and

and the Gulf of Mexico were purchased in La Nueva Viga . . - . )
. . ) . e 7 "the estimated volume in the Marinelli container used in the
Market in Mexico City. The identification of the sample’s . .
Monte Carlo simulation.

origin was determined by a combination of the vendors’ ex-
pertise and apparent physical differences. La Nueva Viga

is the second largest fish market in the world, where 1,500

tonnes of seafood are received daily from the Pacific Ocead. Analysis

and the Gulf of Mexico [10]. The samples were washed with

ultrapure water, dried by sun exposure, and placed in 1-liteThe data analysis was performed with the ROOT toolkit [11].
Marinelli beakers for counting in the BEGe detector. EachTwo photopeaks were clearly identified as corresponding to
sample was counted between 4 and 5 days. An example tfie*°K and?°3TI gamma lines emitted by the potassium de-
cay and thorium chain, respectively. Figure 2 shows the en-
ergy spectrum for the sea bass sample from the Pacific Ocean.

The “°K ~-ray is emitted with an energy of 1.460 MeV
with a branching ratio 0f0.67%, while the2°8T| ~v-ray has
an energy of 2.615 MeV and a branching ratid@$%. Each
photopeak was fitted to a Gaussian plus a linear function us-
ing ROOT. The number of events above the background in
each peak is determined by counting the number of events
within a 3o region centered at the peak followed by subtrac-
tion of the integrated events below the linear function, in the
same energy range. In addition, a background run was per-
formed with an empty Marinelli beaker and the number of
background events produced by the two photopeaks studied
was obtained following the outlined procedure. The number
of events obtained from the background run was subtracted
from the events obtained from the shrimp and sea bass sam-
FIGURE 1. Sample of shrimp placed in a Marinelli beaker inside Ples. The measured rates for the samples and empty Marinelli
the BEGe detector shielding. run are shown in Table II.

TABLE II. Event rate measured for th& and2°®TI gamma lines in each sample after background subtraction. Statistical errors are shown.

Sample 40K (events/s) 2087 (events/s)
(4.85 £ 0.06) x 1074 (3.33 £0.06) x 10~*
(3.37+£0.08) x 1073 (2.06 +0.08) x 107*

Gulf Shrimp (1.70 £ 0.04) x 1073 (9.21 4 0.32) x 1075
(4.10 £0.10) x 1073 (2.73+£0.10) x 10~*
(5.80 £0.14) x 1073 (4.33+£0.18) x 107*

Empty Marinelli
Pacific Shrimp

Pacific Sea Bass
Gulf Sea Bass

Rev. Mex. Fis69 061202



NATURAL RADIOACTIVITY CONCENTRATION MEASUREMENTS IN SHRIMP AND SEA BASS SAMPLES. .. 3

@
=
£ -
3
10° K
10° =0
E 208-”
10 =
B P L L1 Ll P L
500 1000 1500 2000 2500 3000

Energy (keV)

FIGURE 2. Energy spectrum for the sea bass sample from the Pacific Ocean. The two photopeaks corresponditig amtt€® Tl gamma
lines are indicated.

TaBLE IIl. Monte Carlo efficiencies for th&’K and 2°8TI gamma lines in each sample. Systematical and statistical errors are included,
combined in quadrature.

Sample Efficiency'°K (107%) Efficiency2°5TI (10™%)
Pacific Shrimp 1.690 + 0.007 8.50 £ 0.07
Gulf Shrimp 1.609 + 0.009 8.05£0.20
Pacific Sea Bass 1.5254 £ 0.0004 7.51£0.18
Gulf Sea Bass 2.344+0.03 11.0+£0.3

3.1. Monte Carlo simulation

TABLE IV. Activity determined for thé°K and?°®Tl radionuclides
Monte Carlo simulations for each sample were performed irin each sample. The error includes statistical and systematical con-
order to determine the detector efficiency. The radioactiveributions combined in quadrature.
decays of théK and?"8Tl radionuclides in the sample were

simulated in GEANT4 following the geometrical configura- ??mple_ Aw (Ba/kg) Azosm (BA/kg)
tion shown in Fig. 1. As for the chemical composition of the ~ Pacific Shrimp 575 £ 14 0.75+0.03
samples76% water,19% carbon, and% phosphorus, with Gulf Shrimp 443 £10 0.51 £ 0.02
a density of 0.79 g/chwas assumed for the shrimp [12]. Pacific Sea Bass 753 4+ 18 1.09 + 0.05
70% water,20% carbon,7% hydrogen, an@% nitrogen with Gulf Sea Bass 502 + 14 0.85 + 0.04

a density of 0.82 g/cihwas assumed for the sea bass [13].
Variations within 5% of the chemical composition and den'simulation,BR is the branching ratio, and is the mass of
sity have a negligible effect on the sample efficiency. The efihe sample. Results are presented in Table IV,

ficiencies obtained are presented in Table Ill. Errors reported

include statistical and systematical effects from the chemical

composition, density, volume, and branching ratio, combined}, Results and conclusions

in quadrature.

The activity (A) of the samples was determined usingThe radioactivity concentration of shrimp and sea bass sam-

Eq. (1): ples from the Mexican Pacific Ocean and the Gulf of Mex-
N ico was determined in this work. The samples were ob-
A= B (1)  tained from La Nueva Viga seafood market in Mexico City.

Two natural radionuclides were clearly identified, namely
whereN is the event rate in the sample after background subi’K and?°®Tl. The samples from the Mexican Pacific Ocean
traction,e is the efficiency obtained from the Monte Carlo showed higher activity for both radionuclides. No significant
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amounts of other natural radionuclides or radiation contamimeasured in this study is not caused by the potassium in the
nants were observed. seawater.

10 ) i The results presented aim to motivate experts in marine
The K concentration measured for shrimp from the i,y and other related science areas to determine the na-
Mexican Pacific Ocean i575 + 14 Ba/kg while the shrimp o of the differences observed in the activity of the samples

from the Gulf of Mexico has an activity of43 + 10 Ba/kg  f5m poth sea bodies. An extended study could be estab-
(approximately 30% difference). The activity measured forIished by investigating other types of fish and shellfish, in ad-

the/ksea baTs frc(J)mht_h?1 Mehxicafn Pﬁcific Obceaﬁ'f5i3 + ﬁ8 Idition, to broadening it to other radionuclides. The results re-
Ba/kg, nearly 50% higher than for the sea bass from the Gull, 1o indicate no health concern for both radiation contami-

of Mexico, which has an activity 02 £ 14 Bg/kg. Simi- 445 and naturally occurring radionuclides, considering that
larly, the measured concentration®8¥ Tl for the shrimp and

no other radioisotopes were identified with activities higher

sea bass samples from the Pacific Ocean is higher than for thg. - 1o potassium-40 activity observed
samples from the Gulf of Mexico. |

fish and shellfish in both oceans surrounding Mexico. The
findings of this work could be useful for the identification This work is supported by the projects CONACYT CB2017-
of similar species between both oceans or differences in th2018/A1-S-8960, DGAPA UNAM grants PAPIIT IN108020
seabed or food intake by fish and shellfish. The concentratioand IN105923, and Funddxi Marcos Moshinsky. The work
of salt in seawater from the Gulf of Mexico is higher than of RMR and OVM was supported by CONACYT with a
in the Pacific Ocean, which indicates that the radioactivityM.Sc. scholarship.
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