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Original Research  Abstract:

Nuclear radiation from radioactive elements may cause genetic abnormalities or causes dangerous

1213:111;;(; 2024 diseases such as cancer. For this reason, it is essential to measure food contamination with
Revised: radionuclides, especially seafood prepared from areas contaminated with industrial pollution. In
7 February 2024 this case, it is necessary to calculate the risk of developing cancer and determine the permissible
Accepted: amount of their consumption. In this work, the specific activity of 4 radioactive elements 226Ra,
29 February 2024 232Th, 40K, and '37Cs was measured in 18 meat and skin samples, including 3 species of farmed
Published online: fish, such as Cyprinus carpio, Pomadasys kaakan and Epinephelus multinotatus from the Persian
10 March 2024 Gulf, and 2 species of shrimp, including the marine Metapenaeus ensis and the farmed Litopenaeus

vannamei. The results indicate that the specific activities of radionuclides in seafood, skins were
higher than in meat, and the maximum concentration of >Ra, 23>Th, and “°K was observed in
the skins of Cyprinus carpio (8.34 Bg/kg), Metapenaeus ensis (31.61 Bg/kg) and Epinephelus
multinotatus (404.26 Bg/kg). For all samples, the amount of 3’Cs was below the detectable limit.
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1. Introduction have been added to natural radioactive sources [2]. In recent
years, many efforts have been made to measure natural and
artificial radioactive substances in food, demonstrating their
importance for the health of people in society. From the past

to the present, seafood has always had a special place in the

The Persian Gulf is a semi-closed marine environment due
to the extensive exploitation of huge oil reserves and the
route of many transfers of petroleum materials and oil

tankers, the pollution load per square kilometer of the sur-
face of the Persian Gulf is more than the global. Among
the environmentally important pollutants, heavy metals and
radioactive elements can be mentioned [1]. As a result of
advances in the application of nuclear physics, the increase
in the number of active reactors, the development of the
nuclear industry, nuclear accidents such as Chernobyl and
Fukushima, and nuclear weapons testing, especially in the
oceans, the amount of radioactive contamination on the
earth’s surface such as soil, rocks, and water has increased
and the water in the oceans has increased significantly. And
the entry of these substances into the human body through
the digestive cycle can lead to skin damage, internal bleed-
ing, genetic diseases, and cancer, so it is very important to
measure the activity of radioactive elements in food, espe-
cially in seafood. Today, man-made radioactive elements

human food basket, and its consumption has increased due
to the increase in population, the development of technol-
ogy, and the increase in the human need for food. The per
capita consumption of fish in Iran in 2018 reached about
10.6 kg per year [3]. And the per capita consumption of
shrimp in Iran this year is 0.487, which is much lower than
the world average [4]. People are exposed to natural and
artificial radioactive sources, which can be exposed both
internally and externally. Internal sources are much more
dangerous than external sources. Consuming contaminated
food causes radioactive substances to enter the body and
deposit in various tissues of the body.
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Figure 1. Graph of 2°Ra and 23 Th concentration in samples in Bq/kg for dry weight.

2. Material and methods

In this study were collected and measured radionuclides in
18 meat and skin samples, including 3 species of farmed
fish, such as Cyprinus carpio, Pomadasys kaakan and
Epinephelus multinotatus from the west of Persian Gulf,
and 2 species of shrimp, including the marine Metapenaeus
ensis and the farmed Litopenaeus vannamei from Bushehr
region. After collecting the samples, it is time to prepare
them. For this purpose, edible (meat) and non-edible parts,
including skin, scales, head, tail, fins, etc., are separated
and then washed with distilled water to remove external
contamination on the samples. After accurate measurement
of the mass of each part, to dry the samples quickly, pieces
of fish meat and shrimp samples were cut into pieces and
dried using a freeze dryer for 24 hours so that the samples
are free of moisture. Due to the high-fat content of the non-
edible parts, the fish were dried using a thermal oven at a

constant temperature of 80 degrees Celsius for a week [5].
The homogeneous powder was prepared using a sterilized
mill. Then 200 grams of each powder sample was packed
and coded in special containers. All codes of meat samples
and skin samples were prefixed with M and S, respectively.
To prevent leakage of radon gas, the containers were sealed
with silicone glue. And they were kept in the lab for at least
60 days until the elements in the uranium chain reached in
full equilibrium [6]. To determine the specific activity of
radioactive nuclei in the samples, the gamma-ray spectrum
of each sample was recorded. Spectrometry was performed
using an HPGe coaxial detector model GCD30195 man-
ufactured by Baltic Scientific Instruments (BSI) company
with a relative efficiency of 30% and an energy resolution of
1.95 keV for the cobalt gamma line of 1332 keV belonging
to Cobalt 60 [7]. Sample containers were placed in two
protective layers of lead and copper with a thickness of 10
cm and 2 mm. Cosmic rays were reduced to a very low level

Table 1. Measurement results of radioactive elements in samples (Bg/kg).

specific activity (Bq/kg)

sample code

226R4 2327}, 40 137

MEI1(Litopenaeus vannamei) long <2.35 <4.21 288.46£8.45 <0.92
ME2(Metapenaeus ensis) short <191 - 182.64+7.53 < 0.37
ME3(Metapenaeus ensis) long <2.33 - 199.82£7.79 < 0.93
ME4(Litopenaeus vannamei) short  4.14 +0.27 <4.36 24576 £7.64 < 0.67
MB1(Epinephelus multinotatus) <248 <4.34 12.10+£404.26 < 0.98
MB2(Epinephelus multinotatus) <2.34 <4.24 10.84+376.21 < 0.80
MS(Pomadasys kaakan) <2.40 <3.82 8.44+279.11 < 0.81
MCI1(Cyprinus carpio) <1.19 <3.11 6.06+140.61 <0.44
MC2(Cyprinus carpio) <241 <4.15 7.04+£14094 < 0.67
MC3(Cyprinus carpio) < 0.86 < 1.34 6.05+141.71 <0.22
SE1(Litopenaeus vannamei) long  7.94+0.87 1044+1.16 24448+7.08 <0.82
SE2(Metapenaeus ensis) long 4354+0.16 1622+1.94  81.821+4.66 < 0.51
SE3(Metapenaeus ensis) short <2.25 31.61£2.48 84.48+4.71 <0.76
SE4(Litopenaeus vannamei) short  4.47+0.24 25454+2.62 135.74+£5.61 <0.83
SS(Pomadasys kaakan) < 3.30 <6.19 7.43+153.50 <0.82
SB1(Epinephelus multinotatus) 0.33+4.59 <4.10 444+67.66 <0.76
SB2(Epinephelus multinotatus) 0.31+3.23 < 6.85 10.37+£185.06 < 0.66
SC(Cyprinus carpio) 0.26 £8.33 <1742 6.69+76.22 < 1.27
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Figure 2. Graph of “°K concentration in samples in Bq/kg for dry weight.

using a 100 mm thick lead shield [8]. To reduce the effect
of radiation scattering, the detector was placed in the center
of the shield, and the gamma ray spectra was registered us-
ing LsrmBSI manufactured by Baltic Scientific Instrument
company (00-5- Latvia) software for 24 hours (86400 sec-
onds). It is a program that distinguishes and collects pulses
according to the height of the pulse in special channels.
All recorded spectra were analyzed using Gamma Vision32
Master II software, a product of EG&G Ortec. Energy and
efficiency calibration of the detector system was performed
using sources known to contain >*' Am, ¥’Cs, and >?Eu
radionuclides with known activities using Equation 1 [9].

Ni

=——x100
Act x Py(E;) xt

£(%) (1)
where N; represents the net number under the full energy
peak corresponding to the energy of E;, Act is the activity of
the radioisotope at the time of measurement, P,(E;) is the
probability of emission of the photon E; and ¢ is the counting
time [7]. To determine the specific activity of *?°Ra in
the samples, gamma rays with an energy of 351.93 keV
belonging to 214Pb and 609.31 keV gamma line belonging
to 214Bi were used. The specific activity of >Th was
determined using the 2?8 Ac gamma lines with energies of
911.21 keV with an intensity of 26.6% and an energy of

968.97 keV with an emission percentage of 17.4%. The
specific activity of “°K and 37Cs was assessed using their
gamma lines of 1460.70 keV and 661.66 keV respectively
[10]. According to the spectra analysis results, the specific
activity was determined using Gamma Vision Master II
manufactured by EG&G Ortec company using Equation 2.

Net Area

t = 100
¢ stR(%)xTme

@

where Net Area denotes the net counts under the peak, Act
(Bg/kg) is the activity concentration, € represents the energy
efficiency for the gamma-ray by the detector, BR signifies
the branching ratio of gamma-ray intensity (%), T (s) is the
time of spectra, and m (kg) indicates sample mass [8].

3. Results and discussion

The measurement results are summarized in Table 1. The
concentration of 2?°Ra in meat samples ranged from < 0.86
to 4.14 Bg/kg detected only in small-sized Litopenaeus
vannamei meat. For other meat samples, the amount of
226Ra was below the minimum detectable activity (MDA),
the amount of MDA marked with < is also given in Table
1. In skin samples, the amount of ??°Ra ranged from <
0.2.25 to 8.33 Bqg/kg, which was below the MDA in only
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Figure 3. histogram of Ra,, value for different samples.
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Table 2. Comparison of the amount of natural radionuclides in shrimp samples meat (Bq/kg).

Name of Species 226Ra 232Th 40K References
Penaeus Monodon (Bay of Bengal) 1.15+0.20 1.484+0.28 12.62+2.55 [11]
Metapenaeus Monoceros (Bay of Bengal) 0.80+0.16 1.02+0.15  7.27+1.70 [11]
Panulirus Versicolor (Bay of Bengal) 1.00£0.17 0.95+£0.79 12.13+2.48 [11]
MEI(Litopenaeus vannamei) long (Iran) <2.35 <4.21 288.46 £8.45  This work
ME2(Metapenaeus ensis) short (Iran) < 1.91 - 182.64+7.53  This work
ME3(Metapenaeus ensis) long (Iran) <2.33 - 199.82+7.79  This work
ME4(Litopenaeus vannamei) short (Iran)  4.14+0.27 <4.36 24576 +7.64  This work

two samples. Almost all skin samples detected >*°Ra, the
maximum of which is in the long-sized fish Litopenaeus
vannamei (7.94 Bqg/kg) and the shrimp sample Cyprinus
carpio (8.33 Bg/kg). These results show that °Ra was
more absorbed in the skin of fish and shrimp. Comparing the
amount of >*Ra in skin samples of Litopenaeus vannamei
long and short size showed that long life in this zone caused
more absorption of radium in the skin. Thorium in all meat
samples was below the MDA, but in some skin samples, it
was high. The amount of 232Th in the skins ranged from
< 4.10 to 31.61 Bqg/kg. These results showed that thorium
and radium accumulate more in the skin of fish and shrimp
samples.

40K radionuclides ranged from 140.94 to 404.26 Bg/kg in
meat and from 76.22 to 244.48 in skin samples. The average
of 4K in the meat samples was 239.95, while the skin
average was 128.58 Bqg/kg, indicating that the absorption
of potassium was almost twice as high in the meat samples
as in the skin samples. In all meat and skin samples, the
concentration of 13Cs was below the MDA, and the amount
of MDA is shown in Table 1. For a better understanding
of the changes in the radioactivity of the samples, the
histogram of the concentration of 2*Ra, 23?Th, and “°K
is shown in Figures 1 and 2. Tables 2 and 3 compare the
results of this work with tested samples from the Bay of

Bengal and Nigeria, which, in addition to their particular
location, are connected to open waters and are therefore
exposed to regional and global pollution.

3.1 Radium equivalent

Since the distribution of natural radionuclides in the ana-
lyzed samples is not uniform, a radiological index called
radium equivalent activity (Ra.,) has been defined to esti-
mate the radiation risk associated with these radionuclides.
This parameter represents the total radioactivity of the sam-
ple expressed in 2*Ra equivalent, which allows comparing
the total radioactivity. This indicator was calculated using
the Equation 3 [14].

Raey = Ay +1.43A7, +0.077Ag 3)
where Ar,, A7y, and Ak are the specific activities (Bq/kg) of
226Ra, 232Th and “OK in the studied samples. The results of
this calculation presented in Figure 3.

3.2 Average annual effective dose

Due to the ingestion of naturally occurring radioactive mate-
rials (NORM) in edible foods, the average annual effective
dose (AAED) was estimated using Equation 4 [11].

AAED =) Cr x DCF; x A; 4)

Table 3. Comparison of the amount of “°K radionuclides in fish samples meat (Bq/kg).

Name of species 40K References
MB 1(Epinephelus multinotatus) (Iran) 12.104+404.26  This work
MB2(Epinephelus multinotatus) (Iran) 10.84 £376.21  This work
MS(Pomadasys kaakan) (Iran) 8.44+279.11 This work
MCI1(Cyprinus carpio) (Iran) 6.06 £+ 140.61 This work
MC2(Cyprinus carpio) (Iran) 7.04+140.94  This work
MC3(Cyprinus carpio) (Iran) 6.05+141.71 This work
T.fuscatus var.radula (Nigeria) 91.7+5.6 [12]
Ergeria radiata (Nigeria) 132.7£8.6 [12]
Ethmalosa fimbriata (Nigeria) 37.44+5.2 [12]
Penaeus notialis (Nigeria) 71.8+6.6 [12]
EuthnnusAffnis (Bay of Bengal) 27.35+6.23 [13]
OtolihesArgentues (Bay of Bengal) 54.6449.05 [13]
StromateusSinensis (Bay of Bengal) 37.34+7.24 [13]
Hilish llisha (Bay of Bengal) 43.32+7.27 [13]
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Figure 4. The histogram of AACED and Cr values for samples.

where Cr is the consumption rate of food in year fish (10.6
kg/y), shrimp (0.487 kg/y), DCF; represents the dose con-
version factor for each radionuclide (2.8 x 1077,2.3 x 1077,
6.2x 1077, and 1.3 x 108 Sv/Bq for 233U, 232Th, “°K, and
137Cs, respectively), and A; signifies the activity concentra-
tion of each radionuclide.

3.3 Consumption rate

This is the amount of food a person eats in a year. If this
type of food contains radionuclides, they cause an absorp-
tion dose as an internal source. UNSCARE estimated the
global average annual effective dose rate from food to be
0.3 mSv/y [15]. In this sense, it is possible to calculate the
amount of specific food that can cause this amount of dose
absorbed by the body. The average annual consumption can
be calculated by considering the average yearly absorbed
dose through food (0.3 mSv/y) using Equation 5 [16].

Eave

Cr=—F——-—

&)

where E,,. (0.3 mSv/y) is the average annual effective dose,
A; is the specific activity of radioactive nuclei and DCF; is
the same quantity mentioned in Equation 4 [16].

3.4 Excess lifetime cancer risk assessment

The estimated excess lifetime cancer risk (ELCR) for con-
suming foods containing radioactive elements was calcu-

lated using Equation 6 [12].

ELCR = Aing.DL.RF (©6)

Where Aing denotes the annual consumption rate of radionu-
clides (Bg/kg), DL is the mean lifetime (year), and RF rep-
resents the risk factors of radionuclide ingestion (1/Bq). RF'
values of radionuclides 238U, 232Th, 40K, and 137Cs were
determined to be 4.80 x 1078, 2.30 x 1077, 5.90 x 1079,
and 1.3 x 1078, respectively [12]. The amount of ELCR,
AAED, and Cr is given in Table 4 and shown in Figure 4
for better visibility. In Figure 4, the AAED value for fish
samples including MB1, MB2, Ms, MC1, MC2, and MC3
samples was much higher than shrimp meat, indicating that
shrimp meat was safer and better quality. The maximum
allowable value for the ELCR value is 1073 and is exceeded
for samples MB1, MB2 and MS, which means that the prob-
ability of developing cancer for these samples is estimated
at 1 in 568 to 819 people. It is expected that the number of
illnesses for shrimp consumption will be approximately one
person per 170,000 inhabitants.

4. Conclusion

This study measured the specific activity of some common
fish and shrimp in the Persian Gulf region. The results
showed that the skin of fish and shrimp is a good protector,
and most of the radionuclides, except the potassium ra-
dionuclide, are concentrated in the skin. Meat consumption

Table 4. Radiological parameters of fishes meat and maximum annual consumption in kg.

sample code ~ AAED Cr ELCR
(uSvly) (kgly) (x1073)

MEL1 0.87 167 0.058
ME2 0.55 264 0.036
ME3 0.60 242 0.04
ME4 1.30 111 0.056
MB1 26.57 119 1.76
MB2 24.72 128 1.64
MS 18.34 173 1.22
MC1 9.24 366 0.62
MC2 9.26 343 0.62
MC3 9.31 341 0.62

2251-7227[https://dx.doi.org/10.57647/j jtap.2024.1802.29]


https://dx.doi.org/10.57647/j.jtap.2024.1802.29

6/7 JTAP18 (2024) -182429

at this level poses no risk to human health, but it would be
better to measure the radionuclides concentration in the
meat of other fish that do not have scales.

Acknowledgement

This work was performed with financial support from the
Research Council of Arak University, to which the authors
are grateful.

Ethical approval

This manuscript does not report on or involve the
use of any animal or human data or tissue. So the
ethical approval is not applicable.

Authors Contributions

Reza Pourimani: Conceptualization, Methodology,
Investigation, Data curation, Software, Formal
analysis, Review & editing, Validation; Erfan
Hatamabadi Farahani: Data curation, preparing
the manuscript, Visualization, Writing-Original
draft preparation, data analysis, investigation of
references, and editing; Mohammad Reza Amiri
Siavashan: Sampling and sample preparation, Data
curation, Software, Formal analysis.

Availability of data and materials
Data presented in the manuscript are available via
request.

Conflict of Interests
The author declare that they have no known com-
peting financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as
you give appropriate credit to the original author(s)
and the source, provide a link to the Creative
Commons license, and indicate if changes were
made. The images or other third party material in
this article are included in the article’s Creative
Commons license, unless indicated otherwise in a
credit line to the material. If material is not included
in the article’s Creative Commons license and your
intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to
obtain permission directly from the OICCPress
publisher. To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

(11]

(12]

[13]

Pourimani et al.

References

G. Dugo, L. La Pera, A. Bruzzese, T. M. Pellicano,
and V. Lo Turco. “Concentration of Cd (II), Cu
(IT), Pb (II), Se (IV) and Zn (II) in cultured sea
bass (Dicentrarchus labrax) tissues from Tyrrhenian
Sea and Sicilian Sea by derivative stripping poten-
tiometry.”. Food Control, 17:146-152, 2006. DOI:
https://doi.org/10.1016/j.foodcont.2004.09.014.

C. G. Fraga. “Relevance, essentiality and toxic-
ity of trace elements in human health.”. Molecu-
lar Aspects of Medicine, 26:235-244, 2005. DOI:
https://doi.org/10.1016/j.mam.2005.07.013.

FAO. “The state of word fisheries and aqua-
culture.”. Food and Agriculture Organiza-
tion of the United Nations., 1, 2020. DOI:
https://doi.org/10.4060/cc0461en.

FAO databases. “Fisheries Global Information System
(FIGIS).”. Food and Agriculture Organization of the
United Nations., 1, 2012.

“The freeze-drying theory and process.”. Ellab White,
1, 2018.

International Atomic Energy Agency. “Collection and
preparation of bottom sediment samples for analysis of
radio nuclides and trace elements.”. JAEA-TECDOC-
1360, Vienna, , 2003.

G. Gilmore and J. Hemingway. “BOOK: Practical
gamma ray spectrometry.”. John Willey & Sons, Ltd, ,
2008.

R. Pourimani and M. Mohebian. “Study of back-
ground correction of gamma-ray spectrometry using
reference materials. . Iran J Sci Technol Trans Sci, 45:
733-736, 2021. DOI: https://doi.org/10.1007/s40995-
020-01044-6.

B. R. Fireston, S. V. Shirley, M. C. Baglin, S. Y. F.
Chu, and J. Zipkin. “BOOK: The 8" Edition of Table
of Isotopes. ”. John Willey & Sons, Ltd, , 1996.

United Nations Scientific Committee on the Effects of
Atomic Radiation. “Sources, effects and risk of ioniz-
ing radiation.”. United Nations; New York, , 2000.

C. K. Hassan, M. Zafar, M. 1. Chowdhury, and
M. Kamal. “Assessment of radionuclide concentra-
tion in three crustaceans species of the bay of Ben-
gal.”. Radioprotection, 41:431-439, 2006. DOI:
https://doi.org/10.1051/radiopro:2006018.

B. B. Babatunde, F. D. Sikoki, and I. Hart. “Human
health impact of natural and artificial radioactivity
levels in the sediments and fish of Bonny Estuary,
Niger Delta, Nigeria.”. Challenges, 6:244-257, 2015.
DOI: https://doi.org/10.3390/challe6020244.

M. N. Alam, M. I. Chowdhury, M. Kamal, and
S. Ghose. “Radioactivity in marine fish of the Bay

2251-7227[https://dx.doi.org/10.57647/j.jtap.2024.1802.29]


https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1016/j.foodcont.2004.09.014
https://doi.org/10.1016/j.mam.2005.07.013
https://doi.org/10.4060/cc0461en
https://doi.org/10.1007/s40995-020-01044-6
https://doi.org/10.1007/s40995-020-01044-6
https://doi.org/10.1051/radiopro:2006018
https://doi.org/10.3390/challe6020244
https://dx.doi.org/10.57647/j.jtap.2024.1802.29

Pourimani et al.

[14]

[15]

[16]

of Bengal ”. Applied Radiation and Isotopes, 46:
363-364, 1995. DOL: https://doi.org/10.1016/0969-
8043(95)00013-4.

T. L. Lordford, O. D. Emmanuel, S. Cyril, and A. A.
Alfred. “Natural radioactivity levels of some medici-
nal plants commonly used in Ghana. ”. SpringerPlus,
2:157,2013. DOI: https://doi.org/10.1186/2193-1801-
2-157.

R. Keser, F. K. Gorur, N. Akcay, and N. T. Okumu-
soglu. “Radionuclide concentration in tea, cabbage,
orange, kiwi and soil and lifetime cancer risk due to
gamma radioactivity in Rize, Turkey.”. Journal of the
Science of Food and Agriculture, 91:987-91, 2011.
DOI: https://doi.org/10.1002/jsfa.4259.

UNSCEAR (United Nations Scientific Committee
on the Effects of Atomic Radiation). “Sources and
effects of ionizing radiation. ”. Report to General
Assembly with Scientific Annexes. New York, United

Nation Publication, , 2008.

2251-7227[https://dx.doi.org/10.57647/j.jtap.2024.1802.29]

JTAP18 (2024) -182429 777


https://doi.org/10.1016/0969-8043(95)00013-4
https://doi.org/10.1016/0969-8043(95)00013-4
https://doi.org/10.1186/2193-1801-2-157
https://doi.org/10.1186/2193-1801-2-157
https://doi.org/10.1002/jsfa.4259.
https://dx.doi.org/10.57647/j.jtap.2024.1802.29

	Introduction
	Material and methods
	Results and discussion
	Radium equivalent
	Average annual effective dose
	Consumption rate
	Excess lifetime cancer risk assessment

	Conclusion

