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ARTICLE INFO ABSTRACT

Avrticle History: The present investigation was set as a database study which estimated
Received: Dec. 1, 2023 the bioaccumulation and potential human health risks of Uranium 238 (U-
Accepted: Dec. 22,2023  238) when consuming Leiognathus sp. and Portunus sanguinolentus from
Online: Jan. 22, 2024 the Madras Atomic Power Station (MAPS) zone, India. In the study, two
hypothetical scenarios were applied about the consumption of those fish and

crab, calculating the values of some important pollution and human risk
assessment indices, such as enrichment factor, bioaccumulation factor,
estimated daily intake, daily intake of radioactivity, committed effective
dose, lifetime cancer risk hazard, and risk quotient. The results showed that
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U-238, . the study area has a moderate enrichment of U-238 (2< EF <5) during all
Bioaccumulation, ) . A
LCR seasons; furthermore, Leiognathus sp. and P. sanguinolentus are a hyper-

accumulator (BAF>10.0) from seawater. The finding of this study
demonstrates that, in light of the hypothetical 1% and 2™ scenarios, the index
values are below the limit set, hence there is no radiation/chemical risk from
the consumption of Leiognathus sp. and P. sanguinolentus as a dominant
diet from the study area.

Human risk assessment

INTRODUCTION

U-238 is one of the naturally occurring radioactive elements due to their length of
half-lives, which have the potential to be radioactive and chemically toxic for humans.
Uranium goes a considerable distance from its source to the human diet via various routes
in the ocean. It is introduced into the marine environment through anthropogenic
activities, such as nuclear power plant operation, nuclear fuel processing, processing of
mines and milling, agricultural activities, as well as oil and gas offshore exploration
(Khan et al., 2011; Khandaker et al., 2013). Furthermore, the natural activities, such as
underwater volcanic eruptions, weathering of terrestrial rocks, seafloor movement caused
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by earthquakes and metrological and oceanographic phenomena contribute to its presence
(Abbasisiar et al., 2004; Al-Sharif et al., 2023).

Since uranium is quite soluble in seawater, it can be transmitted there through
dissolving, attaching to plankton and seabed sediment, as well as contaminating marine
organisms (Carvalho et al., 2011) which a human being might consume. Following oral
exposure, < 0.1- 6% of the uranium is absorbed, most (> 98 %) of this amount is
introduced into the gastrointestinal tract and subsequently excreted with feces (Leggett
& Harrison, 1995), while the absorbed uranium is distributed to bone and kidney then
accumulates there. The risk of morbidity from that consumption is minimal when it is
below the EPA risk limit; however, when it is beyond that level, it becomes chemically
toxic and damages kidney tubular cells or other possible targets of toxicity such as the
reproductive system. Besides that, the effects of radiation described by Hutchinson
(1966) as “A widely accepted dogma in the field of radiation biology is that DNA is the
most important molecular target of radiation because of its critical role in cell replication
and proliferation, unrepaired DNA damage can lead to mutations, genomic instability,
and cell death”. While beef liver and kidneys, cow's milk, and root vegetables contain the
highest levels of wuranium in food, numerous governmental and international
organizations, including the International Commission on Radiological Protection
(ICRP), the World Health Organization (WHO), International Atomic Energy Agency
(IAEA), have taken significant steps to ensure the safety of seafood.

In light of the aforementioned factors and the paucity of information on radioactive
bioaccumulation in the most commonly consumed seafood species in the Bay of Bengal (Biswas
et al, 2021; Pandion & Arunachalam, 2022), this investigation aimed to assess the
bioaccumulation and potential human health risks of U-238 in commercially important fish
Leiognathus sp. and crab Portunus sanguinolentus from surrounding the Madras Atomic Power
Station (MAPS) on the eastern coast of the Bay of Bengal. The study was designed as part of a
regional baseline study dependent on the seasonal concentrations of U-238 in sediment, seawater
fish and crab from Al-Sharif et al. (2023) investigation. The study applied two hypothetical
scenarios of fish /crab ingestions to estimate the values of some important indexes, such as
enrichment factor (EF), bioaccumulation factor (BAF), estimated daily intake (EDI), daily intake
of radioactivities (DI), committed effective dose (CEF), lifetime cancer risk hazard (LCR), and
risk quotient (RQ), since there may be concerns due to U-238 entering the human diet through the
ingestion of marine products in the long term (Khandaker et al., 2015).

MATERIALS AND METHODS

1. Study area
The current investigation was carried out on the eastern coast of the Bay of Bengal,
specifically the area surrounding the Madras Atomic Power Station (MAPS), which is
positioned on the beaches of Mahabalipuram and Kalpakkam. It is located 80 kilometers
south of Chennai (Madras) the capital city of Tamil Nadu state in India (Fig. 1). As a
result of the climate of India, which is greatly influenced by monsoon wind, as well as its
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implications on the seasonality of rainfall, the study was conducted in three different
seasons: Post-Monsoon 2020 (PoMon), Pre-Monsoon 2020 (PrMon), and Monsoon 2021
(Mon).
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Fig. 1. Study area around MAPS

2. Assessment of U-238 concentrations/ radioactivity in sediments, seawater,
and organisms
The concentrations of U-238 (ppb) in sediments (U SE), seawater (U Sw), fish (U
F), and crab (U C) were obtained from AL-Sharif et al. (2023) study, and the
concentrations of U-238 have been converted into Bg/ kg via the conversion factor
1ppm = 12.35 Bq/ kg, following the method indicated by TAEA (1989) and Joel et al.
(2018).
3. Environmental and radiological hazardous indices
Enrichment factor (EF), bioaccumulation factor (BAF), estimated daily intake
(EDI), daily intake of radioactivities (DI), committed effective dose (CEF), lifetime
cancer risk hazard (LCR), and risk quotient (RQ ) were estimated in this investigation
depending on different scenarios for achieving the goals of the assessment of ecological
and human health hazards. Based on hypothetical scenarios, this study was designed with
the understanding that the majority of these indices attempt to assess/estimate the
consumption/effect of radionuclides on human health. Seasonal concentrations of U-238
in ppb or Bg/ kg in the sediment, seawater, fish, and crab samples. Seasonal
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concentrations were used instead of the annual concentration determined in the equations
of those indexes to get more reflections about the behavior of those seasonal values.

The first scenario (1%) is specific, we have applied the specific consumption of the
target fish and crab according to the data from the annual report of Fisheries statistic
division (2022), which noted that the annual production of the Leiognathidae and
Brachyura in India during 20-2021 are 57x10° and 61x10° tons, while in Tamil Nadu,
they are 27x10° and 23x10° tons, furthermore the non-veg population is 6713x10° and
72477405 individual in India and Tamil nude, respectively (Uidai, 2020).

On the other hand, the second scenario (2" ) considered the annual consumption of
20-2021 (the investigation period) of fish as general by the Indian people is 6.31 per
capita/ kg and by Tamilar is 9.3 per capita/ kg. Both scenarios aimed to reflect the true
intake values of U-238 by the individual and gave us more factual possibilities about the
risks. Furthermore, the investigation just dealt with the none veg adult Indian/Tamilar in
the age group of 70 years (Shyam et al., 2013; Khandaker et al., 2015; Uidai, 2020).
3.1 Enrichment factor (EF)

EF index is a normalisation technique used to assess the presence and intensity of
element deposition on sediment with respect to a reference metal that is either Fe or Al
following the method of Helz and Sinex (1981) and Rule (1986).

The EF was calculated by the following equation:
__ (Cx3ample/CxRE)

EF =%
) Background (l)

CxRE.
Where, Cx and CxXRE are the sediment's respective U-238 and Fe-56 levels (ppb).
According to Barbieri (2016), EF is classified as deficiency to minimal enrichment EF<
2, moderate enrichment 2< EF< 5, significant enrichment 5< EF<20, very high
enrichment 20< EF< 40, and extremely high enrichment EF> 40.

3.2 Bioaccumulation factor (BAF)

The concentrations of radionuclides in organisms resulting from uptake from all
exposure routes are commonly obtained utilizing bioaccumulation factors (BAF), which
describe the internal concentration relative to an external concentration (Karlsson et al.,
2002).

BAF was calculated using the following equations:

Cx Organism

BAF = ————
CxSediment (2)
Cx Organism

BAF = ———
Cx Seawater (3)

Where, Cx is the concentration of the U-238/ ppb in the sample. The BAF values are
characterized as excluder (< 1.0), accumulator (1.0- 10.0), and hyperaccumulator (>
10.0), according to the guidelines of Zhao et al. (2012).
3.3 Estimated daily intake of U-238 (EDI) (ppb/ day)

The health risk posed to consumers was determined by the specific dietary intake
of each contaminant and compared with toxicologically acceptable levels. The daily
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intake of the U-238/ ppb from the consumption of fish/crab was estimated using equation
(4), which was also used in similar studies by other researchers Chiara (2013) and
Bamuwamy et al. (2015), as follows:

Cx=Cr
EDI= = (4)

Where, Cx is the concentration of the U-238/ ppb in fish/crab, Cr is the consumption rate
of the individual according to the 1%/ 2" scenarios, and BW is the body weight of adult
70kg.

3.4 Daily intake of radioactivity of U-238 (Di) (Bg/ day)

The daily intake of radioactivity is determined by both the U-238 radioactive level
and the amount consumed. Di was estimated using equation (5), which was employed by
other researchers in comparable experiments, such as those of Khandaker et al. (2015),
as follows:

. Cx+AP+Fc
Di = <56 (5)
Where, Cx is the radioactivity of U-238 in fish/crab (Bq /kg), AP is the annual production
according to the Fisheries statistic division (2022), Fc is the real fraction consumed
(68% of the production after a consideration of 32% wastage) (UNSCEAR, 2000), and
Ap is the Indian / Tamil Nadu non-veg population at 20-2021 (Uidai, 2020).
3.5 Committed dose from annual intakes (CD)

The committed effective dosage to an adult from consumption of U-238 through
fish/crab has been calculated using the formula below, according the outlines of Ghose et
al. (2000), Khandaker et al. (2015) and Kazoka et al. (2023), as follows:

CD = Cx=* Cr = Dcf (6)

Where, CD is the annual effective dose to an individual (uSv /yr ), Cx is the activity of
radionuclides of fish/crab (Bg/ kg), Cr is the consumption rate of the individual according
to the 1%t /2" scenarios, and Dcf is the ingestion dose conversion factor (2.8 x 1077 Sv/
Bq for U-238 (Fasae & Isinkaye, 2018).

3.6 Lifetime cancer risk (LCR)

The lifetime cancer risk is the probability that an individual would acquire cancer
over their lifetime as a result of a certain concentration of a pollutant. Carcinogenic risk
(LCR) was calculated using the method provided by the USEPA, (1996), as follows:

LCR = Cx*=ASL=Rc (7)

Where, Cx is the annual intake of radionuclide (Bq); ASL is the average span of life (70y),
and Rc is the mortality risk coefficient (Bq™ ). The cancer risk coefficient (Rc) of U-238 is
1.13x10° Bq™* for mortality, according to outlines of USEPA (1999) and UNSCEAR
(2000).
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3.7 Risk quotient (RQ)

In the deterministic approach, a risk quotient (RQ) is calculated by dividing a point
estimate of exposure by a point estimate of effects. This ratio is a simple, screening-level
estimate that identifies high- or low-risk situations. non-carcinogenic risk (RQ) and it
has been calculated using the formula below:

Cx
R=7 (®)

Where, Cx is the exposure concentration of U-238 (ppb), and T is the toxicity
refers to an effect level or endpoint obtained from eco-toxicity testing, such as a lethal

dose (LD50) or no observed effect concentration (NOEC) (USEPA, 2006). According to
Kathryn and Burklin (2008), the acute oral LD50 of uranium for humans is 5g.

RESULTS AND DISCUSSION

1. Enrichment factor (EF)

The EF is an indicator used to assess the presence and intensity of contaminant
deposition in any ecosystem. In most seawaters, sediments are considered a sink for
uranium, and the concentrations of uranium in sediments and suspended solids are several
orders of magnitude higher than in the surrounding water (Swanson, 1985; Brunskill &
Wilkinson, 1987). The seasonal pattern of EF of U-238 in the sediment of the
investigation site is presented in Fig. (2). The values indicate that U-238 exhibits
moderate enrichment, according to Barbieri (2016) (2 < EF < 5, which corresponds to
moderate enrichment), across all seasons. That seasonal variation in the U-238, as
discussed by Al-Sharif et al. (2023), may be related to the coastal morphology and
processes [longshore/cross-shore movement and sea current direction (SE/SW)]. This
observation aligns with the findings of Klerks and Levinton (1989).
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Fig. 2. Blot bar showing the EF values of U-238 during different seasons at MAPS
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2. Bioaccumulation factor (BAF)

Bioaccumulation is the result of the uptake and retention of elements in organisms
through complex mechanisms. The BAF values of this study showed the results of taking
U-238 from the surrounding environment (sediment and seawater) by two important
organisms in the marine food web (fish and crab). Although the concentrations of U-238
in the organisms, sediment, and seawater in Al-Sharif et al. (2023) study were particular
and only altered seasonally, the description of organisms’ accumulation was changed
depending on the accumulation source whether from sediment or seawater.

The BAF values ranged (Fig. 2) between 0.005 and 85.0 for the organisms in the
three different seasons (PoMon, PrMon, and Mon), hence they may be described as
excluders (< 1.0), accumulator (1.0- 10.0) or hyper- accumulator (> 10.0) (Zhao et al.,
2012) of U-238 from whether sediment or seawater. This bio intake of U-238 may be
influenced by external factors, whereas accumulation is more influenced by biology,
organism behavior, and the feeding habits of a particular species, which might differ from
ecosystem to ecosystem. The values of the BAF also depend on which parts or tissues of
the organism are examined, besides age and size of the organisms are also important
since small ones usually prefer other food than larger ones (Meili, 1991; Karlsson et al.,
2002; Green, 2004). In light of the fact that in fish, different radionuclides accumulate in
different tissues, e.g. strontium, radium, uranium, and plutonium accumulate in bones,.
whereas cesium is fairly evenly distributed in the soft tissues (Coughtrey et al., 1985;
Rowan & Rasmussen, 1994).

The demersal fish (Leiognathus sp.) describe as excluder (< 1.0) from sediment
accumulation at all seasons with significant and lowest values (0.005) at Mon although
the U SE recorded the highest value with 2181.89ppb at the same season. On the other
hand, Leiognathus sp. is considered a hyper- accumulator (> 10.0) and accumulator from
seawater during PoMon and PrMon, with U SW concentrations ofare 0.3 and 0.5ppb,
respectively.

Beside those mentioned above, the explanation of these results may be related to the ability
of marine fish to drink a large amount of water. Consequently, the radionuclides dissolved in the
water column are prone to absorption in the gastro-intestine in marine species (Poston &
Klopfer, 1986). Additionally, the fish which are at a low position in the food chain (plankton
feeders) e.g Leiognathus sp. (its food composition involved zooplankton of 40.76% and sand
grains of 3.43%) tend to track variations in the water concentrations more closely than
piscivorous fish (Rowan & Rasmussen, 1994; Acharya & Naik, 2016). In addition, the results
are compatible with Kazoka et al. (2023), who concluded that the movement of radionuclides
from water to fish was higher compared to the movement of radionuclides from sediment to fish
also in the freshwater.
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Fig. 3. Blot bar showing the BAF values of U-238 from the surrounding environment (sediment
and seawater) by Leiognathus sp. and P. sanguinolentus during different seasons at MAPS

Unlike the BAF behavior of Leiognathus sp. in this study, on one hand, the three-
spot swimming crab P. sanguinolentus is considered a hyper- accumulator (> 10.0) of U-
238 from seawater with the highest values (85.0) during the Mon season against the low
concentrations of U Sw (3.0, 5.0 and 4.8ppb), on the other hand P. sanguinolentus is
described as an excluder (< 1.0) from the sediment throughout all seasons. The
bioaccumulation behavior of P. sanguinolentus was seasonally fluctuated too, and that
may be related to many reasons such as its habitat since this species is often associated
with coastal intertidal and subtidal zones, consequently, this area is affected by Monson
and most of time covered by the water as results of rainfall and strong wind (Al-Sharif et
al., 2023). Additionally, those factors may contribute in the variations of the
concentrations and solubility of U-238 in water (Carvalho et al., 2011; Khandaker et
al., 2015). Furthermore, there are also other seasonal factors which generally have an
effect on thisese species, such as variation of temperature, salinity, food availability,
photoperiod, and health condition (Pillai & Thirumilu, 2012; Yang et al., 2014; Waiho
et al., 2022; Kazoka et al., 2023).

3. Estimated daily intake (EDI) and daily intake of radioactivity of U-238 (Di)

Given the hypothetical scenarios, 1st and 2nd EDI values of U-238 in fish were
estimated. The values in both scenarios show (Table 1) the same seasonal fluctuation
pattern and both are below the limit (Human daily intake has been estimated to range
from 0.9 to 1.5ppb/ day) (ATSDR, 1999).

For the 1st scenario (which assumed that the Indian individual will consume 0.08,
while the Tamilar feeds on 0.37 annual per capita/ kg at 20-2021) the EDI values ranged
between 0.0009 and 3.6E-5ppb/ day. The fluctuated pattern of the EDI values was
compatible with the UF seasonal concentrations which recorded the highest values at
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PoMon, while the lowest values were recorded at the Mon. On the other hand, the EDI
values in the 2nd scenario gave the same seasonal pattern depending on the UF
concentrations, however it recorded the highest values (ranging between 0.023 and
0.00397ppb/ day) compared to the 1* scenario.

Table 1. The EDI values of U-238 in fish and crab (ppb/ day) by the individual according to the
hypothetical scenarios during different seasons at MAPS

Fish Crab
1St Scenario 2nd Scenario 1St Scenario 2nd Scenario
Seaso Annual per capita/kg
n India Tamil India Tamil India Tamil India Tamil
0.08 0.37 6.31 9.3 0.09 0.32 6.31 9.3
EDI

PoMON 0.000211 0.000924 0.015645 0.023058 0.000156 0.000545 0.010836 0.015971

PrMON 0.000191 0.000837 0.014173 0.020889 6.95E-05 0.000243 0.004824 0.007109

MON  3.63E-05 0.000159 0.002696 0.003973 0.001466 0.005118 0.10177 0.149994

The EDI values of U-238 in crab exhibited the same seasonal pattern as UC in both
scenarios but differed in range (1st scenario ranged between 0.0051 and 6.94E-05 while
2nd ranged from 0.14999 to 0.00482 at Mon and PrMon, respectively). This difference
can be attributed to the consumption rate in both scenarios (Khandaker et al., 2015). The
compatibility of the seasonal pattern between the EDI values and UC may be related to
the same factors of the bioaccumulation behavior of that species (Coughtrey et al., 1985;
Meili, 1991; Rowan & Rasmussen, 1994; Karlsson et al., 2002; Green, 2004).

Complementary to account for the daily concentration/ radioactivity intake of U-
238 in fish/ crab by humans to enhance the data in this field, the DI (Table 2) values of
radioactivity from consumption of one type of food (fish) for Tamilars recorded higher
values (ranged from 0.000535 to 9.22695E-5 at PoMon and Mon, respectively) than the
Indian individual (ranged from 0.000122 to 2.10308E-05 at PoMon and Mon,
respectively). Additionally, the values of Di for the Indian/ Tamil individual who ate a
specific amount of crab as dominant food recorded higher values (ranged from
0.002967551 to 0.00031597 at Mon and PrMon, respectively) than the Indian individual
(ranged from 0.00084974 to 4.02757E-05 at Mon and PrMon, respectively). Logically,
all the values take the same seasonal pattern like BAF and EDI, which are already related
to the concentrations/ radioactivity of U-238 in the soft tissue of fish/carbs as written
above. Furthermore, all those values are below the ICRP limit that is indicated by
Pandion and Arunachalam (2022), who noticed that the activities of U-238 in
Leiognathus equulus and P. sanguinolentus samples were below the detection limit
(BDL).




254 AL-Sharif et al., 2024

Table 2. The DI values of U-238 in fish and crab (Bg/ day) by the individual during different
seasons at MAPS

Fish Crab
India Tamil India Tamil
Season Production kg/y
57000000.0 27000000.0 61000000.0 23000000.0
Di

PoMON 0.000122061 0.000535523 9.0476E-05 0.00031597
PrMON 0.000110579 0.00048515 4.02757E-05 0.000140655
MON 2.10308E-05 9.22695E-05 0.00084974 0.002967551

4. Committed dose from annual intakes (CD)

The committed effective dose in this investigation was estimated seasonally for fish
and crap according to the both 1% and 2" scenarios. For reasons of the radioactivity of U-
238 in Leiognathus sp. and P. sanguinolentus, the CD (Table 3) takes the same seasonal
pattern as mentioned above. The committed effective doses to adults due to ingestion of
Leiognathus sp. as regular food at 1st and 2nd scenarios ranged from 1.36329E-06 to
3.1608E-09uSv/ yr at the PoMon and Mon, while due to the ingestion of P.
sanguinolentus it ranged from 1.30707E-05 to 4.74884E-08uSv/ yr (Table 3) at the Mon
and PrMon, respectively.

A comparison of the present results with the work carried out by other researchers,
such as Eckerman et al. (1999), lyengar et al. (2004), Reeba et al. (2017) and Pandion
and Arunachalam (2022), who reported that the annual committed dose due to ingestion
to the population in Bangladesh, China, India, Japan, Pakistan, Philippines, Republic of
Korea, and Vietnam ranged from 0.20 to 0.34mSv/ y shows that the CD values observed
during the present work are below them and the proposed limit of 1mSv/ y by the ICRP.
In view of Giri et al. (2013) results state that a large portion, at least one-eighth, of the
mean annual dose due to natural sources is caused by the intake of food. The finding of
this investigation suggests that Leiognathus sp. and P. Sanguinolentus from the study
area at any season are safe for human consumption with respect to radiation exposure.

5. Lifetime cancer risk (LCR)

The United States Environmental Protection Agency's method (USEPA, 1999) was
used to determine the lifelong cancer risk associated with consuming marine fish since
longevity increases radiation exposure, which in turn increases the incidence of cancer.
Long-lived radionuclides have no biological or radiological half-life, leading to a
difficulty in estimating the cancer risk from their consumption (Pandion &
Arunachalam, 2022).
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Table 3. The CD values of U-238 in fish and crab (Bq/ day) by the individual during different
seasons at MAPS.

Fish Crab
1 Scenario 2" Scenario 1% Scenario 2" Scenario
Seas Annual per capita’kg
on India Tamil India Tamil India Tamil India Tamil
0.08 0.37 6.31 9.3 0.09 0.32 6.31 9.3
CD

PoMON  1.8345E-08 8.0486E-08  1.36329E-06 2.00929E-06 1.36E-08 4.74884E-08  9.4426E-07 1.3917E-06

PrMON  1.66194E-08 7.29152E-08 1.23505E-06 1.82029E-06 6.05319E-09 2.11396E-08  4.2034E-07  6.19519E-07

MON 3.1608E-09  1.38676E-08 2.34892E-07 3.46196E-07 1.27711E-07 4.46006E-07 8.86838E-06 1.30707E-05

As a follow-up to the work of numerous researchers who have recorded the lifetime
cancer risk associated with the radioactive consumption of a range of seafood, Table (4)
illustrates the LCR seasonal values of first and second scenarios from the ingestion of
Leiognathus sp. and P. sanguinolentus which may accumulate U-238 in their flesh. The
values are low as compared to the tolerable cancer risk of 107 for radiological risk and
other investigations (Petra et al., 2013; Asaduzzaman et al., 2015; Khandaker et al.,
2015; Pandion & Arunachalam, 2022; Priyadharshini et al., 2023);, hence, there is no
considerable radiation risk to people from the study area.

Table 4. The CD values of U-238 in Fish and crab (Bq /day) by the individual during different
seasons at MAPS

Fish Crab
1 Scenario 2" Scenario 1% Scenario 2" Scenario
Seas Annual per capita’kg
on India Tamil India Tamil India Tamil India Tamil
0.08 0.37 6.31 9.3 0.09 0.32 6.31 9.3
LCR

PoMON  3.52407E-09 1.54614E-08 3.8513E-07 5.67624E-07 2.61218E-09 9.12252E-09 2.66753E-07 3.93155E-07

PrMON 3.19258E-09 1.4007E-08 3.48903E-07 5.14231E-07 1.16282E-09 4.06092E-09 1.18746E-07 1.75014E-07

MON 6.0719E-10 2.66396E-09 6.6357E-08 9.78004E-08 2.45333E-08 8.56777E-08 2.50532E-06 3.69247E-06
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6. Risk quotient (RQ)

The risk quotient (RQ) method allows for a fast assessment of environmental risk;
it is the ratio of existing measurement to the permissible standard value, where the
strictest standard is often adopted. According to the seasonal concentration of U-238
(ppb) in both Leiognathus sp. and P. sanguinolentus RQ values were calculated (Fig. 4).
In this investigation, all RQ values were =< 1 and ranged from 0.000002153 to
1.24958E-05 and from 3.8528E-06 to 8.12868E-05 for Leiognathus sp. and P.
sanguinolentus, respectively.

For the 1% scenario (which assumed that the Indian individual will consume 0.08,
while the Tamilar feeds on 0.37 annual per capita/ kg at 20-2021), the EDI values ranged
between 0.0009 and 3.6E-5ppb/ day. The fluctuated pattern of the EDI values is
compatible with the UF seasonal concentrations which recorded the highest values during
PoMon, while the lowest were recorded during the Mon. On the other hand, the EDI
values in the 2nd scenario gave the same seasonal pattern depending on the UF
concentrations, however it recorded the highest values (ranging between 0.023 and
0.00397ppb/ day) compared with the 1st scenario.
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Fig. 4. Blot bar showing the RQ values of U-238 during different seasons at MAPS
CONCLUSION

From the findings of this research, it can be concluded that the values of
enrichment factor (EF), bioaccumulation factor (BAF), estimated daily intake (EDI),
daily intake of radioactivities (DI), committed dose from annual intakes (CD), lifetime
cancer risk hazard (LCR), and risk quotient (RQ ) indexes are below the limit in view of
the hypothetical 1% and 2" scenarios. Our finding is considerable that there is no
radiation/ chemical risk from the consumption of Leiognathus sp. and P. sanguinolentus,
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which constitute the dominant diet surrounding the Madras Atomic Power Station
(MAPS), Chennai India.
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