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A B S T R A C T

Environmental pollutants which are developing an alarming situation in the contemporary world captured 
attention in the present research. When it comes to food safety and security concerns it becomes an important 
field to be studied rigorously as food contributes majorly to human and animal health. The pollution of aquatic 
ecosystems by heavy metals (HMs) ultimately results in adverse effect on the food chain, which is covered in the 
current study. Fish is considered to be one of the main components of a balanced diet plate due to its high-quality 
protein, which sets it apart from other dietary sources. On the other hand, it is also susceptible to the absorption 
and bioaccumulation of HMs at toxic levels. In our study, we have considered three different species (Nemipterus 
japonicus, Oreochromis mossambicus, and Lates calcarifer) of fish collected from Kanyakumari, Tamil Nadu (India). 
Three organs namely liver, gill, and muscle were taken into consideration for the HM profiling using Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS). The Arsenic (As), Cadmium (Cd), Chromium (Cr), Mercury (Hg) 
and Lead (Pb) were found to be in varied concentrations ranging from 0.1 to 1.13, 0.89–1.45, 9.95–30.66, 
0.14–1.62, and 24.69–189.5 µg/kg respectively, in the studied organs of fish. Carcinogenic and noncarcinogenic 
risk assessments were also done indicating a notable level of Pb and Cr in selected fish species. The Hazard Index 
(HI) for Oreochromis mossambicus was >1 for adults and children, indicating future possibility of probable health 
hazards on daily consumption of these fish. In Oreochromis mossambicus, the cancer risk (CR) values for Cr and As 
were significantly high, particularly for children, indicating a possible occurrence of acute health risk as it 
exceeded the threshold of 1 × 10− 3 and suggesting a significant concern. Though consumption of fish on daily 
basis in such significant quantity is practically impossible both for adult and children, rendering these species 
safe.

1. Introduction

Water is a fundamental element crucial for continuing all life forms 
that dwell on our planet. Our planet Earth, possesses a water reservoir 
consisting of approximately 3 % of freshwater resources, while 97 % is 
derived from the vast bodies of saline water, namely the seas and oceans, 
that envelop the Earth. Groundwater, accounting for approximately 
30.1 % of the freshwater available, only holds a small fraction of 0.3 % 
within surface water bodies [1,2]. A substantial amount, roughly 
68.7 %, is trapped in the icy grips of glaciers and ice caps at the Earth’s 
poles, with the remaining 0.9 % existing in various other forms [1]. 
Despite the finite nature of freshwater resources on earth, there remains 
a constant state of uncertainty concerning the quality of these invaluable 

resources, a concern that has been underscored by the Global Analysis 
and Assessment of Sanitation. Water serves a pivotal role in preserving 
ecological balance and functions as a fundamental component within all 
organisms, serving as a primary element of the biosphere [2]. The 
absence of water would inevitably result in the unsustainability of life 
after a mere few days, causing disruptions in the distribution patterns of 
humans and other living creatures. Extensive pollution, gradual deple
tion of water reservoirs, and widespread water shortages collectively 
contribute to the degradation of ecosystems worldwide. The emission of 
industrial waste into water bodies introduces a variety of dangerous 
substances such as oils, pesticides, phenols, heavy metals, xenobiotics, 
and polyaromatic hydrocarbons, further worsening the environmental 
problems at hand [1,3,4]. The physicochemical attributes of water, 
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encompassing factors like temperature, pH levels, dissolved oxygen 
content, total solids, dissolved solids, and suspended particles, are 
significantly altered by these effluents and are frequently employed as 
essential benchmarks in evaluating water quality standards [5]. As of 
2003, global aquaculture production represented a significant 41.9 
million tons, making up almost 31 % of the total fishery output on a 
global scale, which was 132.2 million tons. The aquaculture sector is 
currently witnessing an annual growth rate of approximately 10 % 
across most species, reflecting the escalating global demand for fish due 
to their nutritional value and therapeutic properties [3]. Fishes are 
typically known for their abundance of essential minerals, unsaturated 
fatty acids, and vitamins that actively contribute to human well-being, 
with the American Heart Association advocating for a consumption 
frequency of twice a week to fulfil omega-3 fatty acid requirements 
[6–10]. However, the habitats of fish face imminent threats from in
dustrial operations that lead to pollution, particularly prevalent in re
gions like Bangladesh, India, and Pakistan, where wastewater treatment 
systems remain inadequate [11]. Occupying higher trophic levels, fish 
possess the capability to amass harmful heavy metals from their envi
ronment, encompassing water sources, sediments, and food supplies, 
thereby presenting a potential danger that could counteract the positive 
health advantages linked with fish consumption. Metals of significant 
mass such as cadmium (Cd), chromium (Cr), arsenic (As), mercury (Hg), 
and lead (Pb) possess the capacity to induce serious harm to crucial 
systems within the body, including the nervous, renal, and hepatic 
systems. Fish polluted with heavy metals have the potential to trigger a 
variety of health problems in different human organs, resulting in issues 
such as skin conditions, kidney malfunction, liver problems, heart ir
regularities, and brain disorders [8]. The increase in industrial 

operations has significantly raised the levels of heavy metal contami
nation in the atmosphere, water bodies, sediments, and food supplies, 
thereby sparking concerns on a global scale regarding environmental 
health [9,10,12]. The actions of humans such as the disposal of sewage 
sludge and the utilization of pesticides are identified for their impact on 
the introduction of heavy metals into ecosystems, which could have 
consequences for both aquatic organisms and human well-being along 
the food chain [10,13,14]. Consequently, the ingestion of fish tainted 
with heavy metals could present serious health risks by impacting 
various organs and physiological systems in the human body [15–21]. 
Fish, by virtue of their habitat and feeding habits in polluted environ
ments, are particularly vulnerable to pollution in aquatic ecosystems 
[22]. A multitude of metals, encompassing cadmium, chromium, lead, 
nickel, copper, mercury, zinc, and arsenic, can gather in various fish 
species, with gathering affected by factors like species traits, location, 
water temperature, and fish size [6].

Our current study aimed to delineate the bioaccumulation of heavy 
metals in various organs (muscle, liver, and gills) of fish collected from 
various places in Kanyakumari (Tamil Nadu, India). The Risk assessment 
was performed for As, Cd, Cr, Hg, and Pb in three fish species namely 
Nemipterus japonicus, Oreochromis mossambicus, and Lates calcarifer (see 
Fig. 1: illustration of workflow). The essential parameters to determine 
the adverse impact of heavy metal contaminated fish were estimated as 
daily intake (EDI in mg/kg/day), estimated weekly intake (EWI in mg/ 
kg/day), maximum daily intake (MDI in µg/day), maximum weekly 
intake (µg/week), percentage of provisional tolerable weekly intake (% 
PTW), daily intake limit (DIL), maximum acceptable daily intake (Kg/ 
day), target hazard quotient (THQ), hazard index (HI) and cancer risk. 
The results obtained from our study hold immense importance due to the 

Fig. 1. Diagrammatic representation of the method followed for HM estimation (Created with BioRender.com).
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valuable insights they offer regarding the prevalence of heavy metal 
contamination within the selected fish species collected from Kanya
kumari, as they are consumed on regular basis in India (Reference). 
Furthermore, the findings highlighted the repercussions of such pollu
tion on the intricate web of the food chain. This underscores the urgent 
requirement for the implementation of robust pollution management 
strategies aimed at safeguarding the ecosystem and guaranteeing the 
suitability of fish for human consumption.

2. Materials and methods

2.1. Sampling site

Tamil Nadu, an Indian state, has the district of Kanyakumari. It is 
known as "The Land’s End" in India because it is the southernmost point 
on the Indian subcontinent and the southernmost city in mainland India. 
The city is located around 20 kilometers (12 miles) south of Nagercoil, 
the Kanyakumari district headquarters, and 90 kilometers (56 miles) 
south of Thiruvananthapuram (Fig. 2). The city, which is located at the 
point of peninsular India, has the Laccadive Sea to its west, south, and 
east. Its shoreline stretches along these three sides for a total of 71.5 
kilometers (44.4 miles). The city receives 180 cm (71 in) of rain on an 
average each year from both the northeast and southwest monsoons. 
Kanyakumari is well-known for being the spot where three oceans 
converge. The Bay of Bengal, the Indian Ocean, and the Arabian Sea, 
situated in the east, south, and west regions respectively. Approximately 
1.5–4.5 million metric tons of annual fish production has been reported 
from individual oceans [23–25].

The coastal waters of Kanyakumari are home to a wide diversity of 
marine life [26]. This contains fish species that sustain the regional 

fishing economy, such as shrimp, sardines, mackerel, and tuna. An 
essential component of Kanyakumari’s economy is the fishing sector 
[27]. It is a major fishing hub and has a long history of marine trade. 
Exploration for offshore oil and gas resources may be possible on the 
continental shelf close to Kanyakumari.

2.2. Sample processing

Three different species namely Nemipterus japonicus (Locally called as 
Rani fish), Oreochromis mossambicus (Locally called as Jalebi fish), and 

Fig. 2. Location map of the sample collection city (Kanyakumari, India) (Lat. 8◦ 05’ N and Long. 77◦ 32’ E) (Created with BioRender.com).

Fig. 3. Fish species collected for heavy metal analysis from the local, A) 
Oreochromis mossambicus, B) Nemipterus japonicus, and C) Lates calcarifer.
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Lates calcarifer (Locally called as Koduva fish) (Fig. 3) were collected 
from the local markets of Kanyakumari (Lat. 8◦ 05’ N and Long. 77◦ 32’ 
E). As per data by Ministry of Fisheries, India, the production and export 
of these fishes from Tamil Nadu is significantly high and considering the 
point we have selected these species [28]. The samples were collected 
from the end of January to February 2024, considering the seasonal 
variation as a factor that may influence the study and a mixed sampling 
method was opted considering factors like possible contamination in the 
city due to industrial, anthropogenic or natural phenomena. The average 
length of Nemipterus japonicus, Oreochromis mossambicus, and Lates cal
carifer were recorded as 16.2 ± 0.72, 16.07 ± 0.40, and 16.6 ± 0.65 cm 
respectively. Fish samples were dissected using a sharp, sterile, stainless 
steel knife. Further, the muscles, liver, and gills were separated. These 
separated organs were dried in a laboratory oven at 40◦C until constant 
weight. The dried homogenized samples were further grounded into fine 
powder using mortar and pestle. A total of 6 replicates (n = 6) were 
withdrawn for the analysis.

2.3. Extraction and Analysis

A validated method was used from a recent study to prepare the 
sample for HM quantification [12]. A closed vessel acid digestion suit
able heat-resistant container was used for the digestion process. 1 ml of 
30 % hydrogen peroxide (H2O2) (ultrapure) and 8 ml of nitric acid 
(HNO3) (Analytical grade) was used in combined form to digest 25 mg of 
the prepared samples. The digestion was carried out at 220◦C on a hot 
plate for a period of 8 hrs approximately. Mineralized samples were then 
taken into a volumetric flask of 10 ml which was then taken up to 10 ml 
by adding 2 % HNO3. A 10-fold dilution was made for the prepared 
sample and the process was repeated for all the samples in the study.

2.3.1. Analytical Setup
ICP-MS (Inductively Coupled Plasma Mass Spectrometry) system 

(Perkin Elmer NexION 1000) at Vellore Institute of Technology, sup
ported by the Department of Science and Technology, New Delhi, 
through the "Promotion of University Research and Scientific Excellence 
(PURSE)" initiative, was utilized for the analysis of metal concentrations 
(As, Cr, Hg, Pb, and Cd) in solution samples. This system was equipped 
with a fixed injector torch featuring a 1.5 mm inner diameter, a spray 
chamber cooled by a Peltier device to minimize solvent load through the 
reduction of sample aerosol temperature, and a microflow concentric 
nebulizer for the introduction of samples. Moreover, an autosampler 
from Perkin Elmer S23 model was incorporated into the setup. To 
improve sensitivity and reduce contamination, a pre-installed triple 
cone interface (consisting of a sampler cone, skimmer cone, and hyper 
skimmer cone) was employed, with an RF forward power level set at 
1600 W. The operational configuration involved the Helium Kinetic 
Energy Discrimination (KED) mode without collision cell technology 
(CCT). Prior to conducting the Q-ICPMS analyses, all samples from fish 
tissue underwent a tenfold dilution with 2 % HNO3, standards and 
blanks were prepared using 2 % HNO3.

2.4. Health risk assessment

To assess potential health risks (non-carcinogenic) linked to the 
consumption of Nemipterus japonicus, Oreochromis mossambicus, and 
Lates calcarifer, calculations were performed for various parameters. 
These included the EDI, EWI, %PTWI, MDI, MWI, DIL, CRlim, THQ, HI, 
and CR.

2.4.1. Estimated Daily Intake (EDI)
The Estimated Daily Intake (EDI) is a parameter that characterizes 

the mean daily ingestion of a specific heavy metal through food that an 
individual ingests. It serves as a crucial metric for assessing potential 
health risks associated with exposure to heavy metals. By computing the 
daily intake, scientists and healthcare professionals can ascertain 

whether individuals are absorbing heavy metals at levels that could pose 
health risks. Through the determination of daily consumption, this in
formation plays a pivotal role in formulating strategies to minimize 
exposure and establishing safe thresholds for heavy metal concentra
tions in food. The calculation of the Estimated Daily Intake (EDI) value 
adhered to the prescribed formula outlined by the United States Envi
ronmental Protection Agency (USEPA) in 2015.

The procedure for computing EDI commonly entails the multiplica
tion of the heavy metal content in a meal by the average daily intake 
rate, followed by the summation of all pertinent dietary sources. The 
levels of metal in fish and the frequency of consumption both influence 
the Estimated Daily Intake (EDI). The EDI value, expressed in micro
grams per kilogram per day (μg/kg/day), was determined for both the 
adult population and children using the designated equation. 

EDI = (Mc x Consumption rate) /body weight                            (1)

where Mc represents the amount of metal in fish muscle. The rate of 
consumption was considered as 75 g/day for children and 150 g/day for 
adults. Adult body weight was considered to be 70 kg, whereas children 
under the age of seven was considered to be 20 kg [29].

2.4.2. Estimated Weekly Intake (EWI)
The entire quantity of a particular heavy metal that an individual 

consumes over the course of a week is known as their estimated weekly 
intake or EWI. It’s a metric used to evaluate possible health concerns 
linked to low-level and prolonged exposure to certain pollutants. 
Tolerable Weekly Intakes (TWI) were established for different heavy 
metals by regulatory agencies such as the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) [30]. These indicates the weekly 
intake that an individual may safely consume without suffering from 
harmful health impacts. The Estimated Weekly Intake (EWI) was 
calculated using the equation developed by USEPA (2000). Dietary 
intake of heavy metals through seafood consumption can be calculated 
using the following equation: 

EWI= [(C × IR)/ BW] x 7                                                            (2)

where C represents the element concentration in seafood; IR is the daily 
ingestion rate (in grams per day) of seafood and BW is the body weight.

2.4.3. Percent provisional tolerable weekly intake (%PTWI)
Percentage of provisional tolerable weekly intake (%PTWI) has been 

developed for a few heavy metals. These are the weekly amounts that 
can be ingested without constituting a significant danger.

The percentage of Provisional Tolerable Weekly Intake (%PTWI) for 
each heavy metal was calculated using the equation described in Sci
entific Opinion on Lead in Food by European Food Safety Authority 
(EFSA), Parma, Italy [15]. 

%PTWI =
(

Actual weekly intake
PTWI

)

× 100 (3) 

Here Actual Weekly Intake is the amount of the contaminant consumed 
per week and PTWI for Arsenic (inorganic), Cd, Pb, and Hg are 15, 7, 25, 
and 4 µg/kg body weight per week respectively.

2.4.4. Maximum Daily Intake (MDI)
The maximum daily intake (MDI) of a pollutant, including the 

quantity of heavy metals, that a person may consume over the course of 
a lifetime without noticeably endangering their health. It takes body 
weight into account to guarantee safe intake amounts for various age 
groups. The establishment of regulatory limitations on the levels of 
heavy metals in food and drinking water depends heavily on MDIs [5].

The Maximum Daily Intake can be determined on the basis of the 
equation outlined by 
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MDI =
(PTWI × Body Weight)

7
(4) 

2.4.5. Daily Intake Limit (DIL)
The Daily Intake Limit (DIL) for heavy metals in fish relies on the 

Provisional Tolerable Weekly Intake (PTWI) given by reputable orga
nizations such as the World Health Organization (WHO) or national 
regulatory bodies. PTWI represents the quantity of a substance, pre
sented based on body weight (e.g., micrograms per kilogram of body 
weight per week), that can be consumed weekly throughout a lifetime 
without significant health hazards [31] [32]. 

DIL =
RfD × BW

C
(5) 

Where DIL: Daily Intake Limit of fish (kg/day); BW: Body weight of the 
individual (in kilograms); RfD: Reference Dose of the heavy metal (mg/ 
kg/day)

2.4.6. Maximum Acceptable Daily Intake (MADI/CRlim)
The maximum acceptable daily intake of fish (CRlim) was deter

mined for the non-carcinogenic risk associated with heavy metal con
taminants using the equation described in [32,33]. 

CRlim or MADI =
RfD or RfC × BW

C
(6) 

Here, RfD or RfC the reference Dose or Reference Concentration for 
the substance, BW is body weight of the individual (kg), and C is the 
concentration of the substance in the food, water, or other medium (mg/ 
kg or mg/L).

2.4.7. Target Hazard Quotient (THQ)
The Target Hazard Quotient (THQ) is a measure used in risk 

assessment to estimate the potential health risks associated with expo
sure to contaminants such as heavy metals through the consumption of 
fish or other food items [34]. 

THQ =
EFr × ED × IR × C
RfD × BW × AD

(7) 

Where EFr (Exposure Frequency) = 365 days/year (default for daily 
exposure); ED (Exposure Duration) = 70 years (for a lifetime exposure); 
IR (Ingestion Rate) = 150 g/day for adults, 75 g/day for children; AT 
(Averaging Time) = 365 days/year * 70 years = 25550 days for adults 
and children; BW (Body Weight) = 70 kg for adults, 20 kg for children; 
RfD (Reference Dose) and C (Concentration of contaminant) values are 
provided for each contaminant.

If the THQ value is more than 1, this risk index of above 1 indicates 
that a product that contains a suspected contaminant may have harmful 
non-carcinogenic consequences on human health. It is advised to use the 
carcinogenic risk index on the data if THQ is more than or almost equal 
to 1 [7]. The non-carcinogenic risks were assessed using the Target 
Hazard Quotient (THQ) calculation, as demonstrated in the equation 
reported by Naughton, D.P., in 2008 [34].

2.4.8. Hazard Index (HI)
The Hazard Index (HI) was determined by summing all the target 

hazard quotient values according to the equation defined by Javed, M. 
(2016) [35]. When evaluating the possible non-carcinogenic health 
concerns connected to exposure to heavy metal combinations through 
several environmental channels (ingestion, inhalation, and skin con
tact), the Hazard Index (HI) is a helpful tool. 

HI =
∑

THQ (8) 

A HI < 1 is generally considered as a low non-carcinogenic health 
risk and HI ≥ 1 indicates a potential for adverse health effects, and the 
severity of the risk increases with increasing HI values. However, it’s 

important to note that HI is a conservative estimate, and exceeding 1 
doesn’t necessarily guarantee negative health outcomes. HI usually 
provides a single basement for overall risk assessment, simplifying the 
interpretation of complex data on multiple heavy metals. It also allows 
for comparison of health risks across different environmental media (e. 
g., soil, water, food) contaminated with heavy metals [36,37].

2.4.9. Cancer Risk (CR)
Chronic exposure to certain heavy metals has been linked to an 

increased risk of developing various cancer cells. Heavy metals can 
promote cancer development through several mechanisms, including, 
genotoxicity which makes some of these elements directly resulting in 
damage to DNA, leading to mutations that can initiate cancer [38]. They 
can generate free radicals, which damage cells and contribute to DNA 
alterations. Heavy metals can interfere with cell communication path
ways, leading to uncontrolled cell growth, a hallmark of cancer. Pro
longed heavy metal exposure can weaken the immune system’s ability to 
identify and eliminate abnormal cells. The CR over a lifetime of HM 
exposure was calculated following the formula reported by Jianing Gao 
in 2021 [10].

A formula to estimate the cancer risk for carcinogenic heavy metals 
(such as arsenic, cadmium, and some types of mercury), needs a cancer 
slope factor (CSF). 

CR = EDI × CSF (9) 

The CSF values for Cd, Pb, Cr, and As are 5 × 10–5, 8.5 × 10–3, 41, 
and 1.5 mg/kg/day, respectively. CR values between 10–6 to 10–4 are 
considered to be in the safe zone and values above 10–4 may pose sig
nificant health effects [33].

2.5. Statistical analysis

The experiments were performed using six replications and data 
presented in mean ± SD. The statistical analysis for the samples was 
analysed using analysis of variance (ANOVA) (SPSS, 2002). The Duncan 
multiple range test was used to separate the means and accepted at the 
95 % level of significance.

3. Results and discussion

3.1. Heavy metal estimation

Table 1 represents the concentrations of five heavy metals namely 
Arsenic (As), Cadmium (Cd), Chromium (Cr), Mercury (Hg), and Lead 
(Pb) present in the liver, gills, and muscle tissues of three fish species: 
Nemipterus japonicus, Oreochromis mossambicus, and Lates calcarifer 
collected from Kanyakumari, TN (India).

Arsenic is considered as one of the potent carcinogenic agent and 
known for its chronic toxicity [39–41]. Occurrence or bioaccumulation 
of such HM in fish or any other food sources can be a threat to the 
population frequently consuming these contaminated food [42–45]. In 
current study the Arsenic levels were measured across various organs of 
Nemipterus japonicus, Oreochromis mossambicus, and Lates calcarifer. In 
Nemipterus japonicus, The As concentrations were found to be in the 
range of 0.05 ± 0.01–0.94 ± 0.09 μg/kg. Nemipterus japonicus showed 
relatively low levels of arsenic in the liver and gills. However, signifi
cantly higher concentrations in the muscle tissue were observed. In case 
of Oreochromis mossambicus, Arsenic concentrations were slightly 
higher, ranging from 0.10 ± 0.06–1.13 ± 0.02 μg/kg, indicating a 
notable accumulation (particularly in the gills and muscles). The arsenic 
contents were quite high in Lates calcarifer as well and observed in the 
range of 0.08 ± 0.02–1.06 ± 0.02 μg/kg. Overall, arsenic accumulation 
was found highest in the muscle tissues across all species, with Oreo
chromis mossambicus showing the greatest overall concentrations. 
Similar results were reported in previous research conducted on the fish 
samples collected from Subarnarekha River (India) in 2014, exhibited 
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notably high arsenic (As) concentrations, while cadmium (Cd) and lead 
(Pb) displayed a varied levels across all species of fish selected [46]. 
Similar study in 2021 at the Gulf of Guinea also reported As levels at 
8.46 ± 2.42 µg/g in Penaeus notialis [47].

Cadmium which has various reported adverse effect on human and 
other animals is associated majorly to the reproductive dysfunction and 
developmental disorders [45,48–51]. Cd was quantified in the organs of 
all three fish species and found to be present in varying concentrations. 
In Nemipterus japonicus, cadmium levels ranged from 0.89 ± 0.60–1.09 
± 0.04 μg/kg. The gills showed the highest cadmium concentration in 
these species (1.45 ± 0.05 μg/kg). Oreochromis mossambicus showed 
cadmium levels ranging from 1.06 ± 0.07–1.19 ± 0.03 μg/kg, with 
relatively consistent distribution across different organs. In Lates cal
carifer, cadmium concentrations were in the range of 1.11 ± 0.03–1.14 
± 0.01 μg/kg. The cadmium levels in Lates calcarifer were almost uni
formly distributed, showing no significant tissue-specific accumulation. 
Similar results for the Cadmium contamination were reported by 
Lakshmanasenthil S (2013), who reported higher levels of Cadmium in 
O. mossambicus from the Bay of Bengal at 26.25 ± 0.06 μg/g [52].

Chromium has well documented reports and long history for causing 
various toxicities in human and found to be involved in the carbohy
drate, protein, fat and various other nutrient metabolism process 
causing toxic metabolite formation. It is also said to be associated with 
various blood related diseases such as anemia, lymphocytosis, eosino
philia etc [43,44,53–62]. In current study the concentrations of Cr 
varied significantly among the different fish species and tissues. In 
Nemipterus japonicus, the chromium levels were in the range of 16.78 ±
5.10–28.58 ± 1.38 μg/kg, with the highest accumulation in the muscle 
tissue. Oreochromis mossambicus exhibited chromium levels of 9.95 ±
1.14 μg/kg to 32.12 ± 0.87 μg/kg, indicating a substantial accumula
tion in the gills (30.55 ± 1.35 μg/kg) and muscles (32.12 ± 0.87 μg/kg). 
In Lates calcarifer, chromium concentrations were found in range of 
10.08 ± 0.33–30.66 ± 0.46 μg/kg. The muscle tissues in all species 
consistently showed the highest chromium levels, with Oreochromis 
mossambicus having the greatest overall chromium concentration.

Mercury, one of the common environmental contaminants reported 
to cause various adverse effects in human including nervous system 
dysfunction and developmental disorder [63]. In our study Hg levels 
were also measured across the organs of fish species. In Nemipterus 
japonicus, mercury concentrations were in the range of 0.35 ± 0.06–1.62 
± 1.43 μg/g, with the liver showing the highest accumulation (1.62 ±
1.43 μg/kg). Oreochromis mossambicus had mercury levels of 0.15 ±
0.01–0.25 ± 0.02 μg/kg, with highest concentration in the muscles. The 
Hg levels were observed to be relatively low and uniform distributed 
across tissues. Lates calcarifer showed mercury concentrations of 0.14 ±
0.02–0.27 ± 0.01 μg/kg. Among the three species, Nemipterus japonicus 
had the highest mercury levels, particularly in the liver, while Oreo
chromis mossambicus and Lates calcarifer exhibited lower and more 
consistent mercury distribution. A similar study conducted in 2021 at 
the Gulf of Guinea by Botwe B, reported contamination of Hg in 
D. angolensis (0.14 ± 0.03 µg/g) [47]. However, the concentration of Hg 
present in the samples were lower than the concentrations observed in 
our study, indicating the relative need of continuous research around the 
Indian coastal area with respect to the heavy metal contamination.

Lead which is associate to hepatotoxicity, developmental retardation 
and, adverse behavioural changes was evaluate for contamination levels 
in the current research. High concentrations level across all organs of 
considered species was observed (Figs. 4,5, and 6). In Nemipterus japo
nicus, lead concentration levels were in the range of 37.09 ±

3.03–170.48 ± 5.3 μg/kg, with the highest accumulation observed in 
the muscle tissue. Oreochromis mossambicus showed lead concentrations 
of 24.69 ± 1.83–189.50 ± 3.39 μg/kg, indicating significant accumu
lation in the gills as well as in muscles. In Lates calcarifer, lead levels 
were in the range of 26.06 ± 5.3–180.26 ± 3.5 μg/g. The muscle tissues 
consistently exhibited the highest lead concentrations across all three 
considered species, with Oreochromis mossambicus showing the greatest 
overall lead accumulation. The results obtained were found in concor
dance with the study conducted at Ennore Creek (Tamil Nadu, India) in 
2013 by Kumar C, the lead contamination level was found to be 
significantly higher which aligns with our findings. The study revealed 
the concentration of lead in Penaeus monodon, Perna viridis, Crossosstrea 
madrasensis, Mugil cephalus, Terapon jarbua, and M. cephalus was 4.37 ±
0.33, 3.42 ± 0.29, 4.00 ± 0.29, 2.59 ± 0.31, and 3.42 ± 0.29 μg/g 
respectively [64]. The lead contamination level obtained in current 
study are significantly higher than the previous reports exhibiting the 
increased levels of alarming concern related to lead contamination in 
aquatic resources.

From the observed data we can conclude that out of three selected 
species Oreochromis mossambicus accumulated a significant amount of 
HMs (especially As, Cr, and Pb) as compared to Nemipterus japonicus and 
Lates calcarifer (Figs. 4–7). Also, our study suggests varied concentration 
of HM across organs and a significantly higher accumulation in the 
muscle tissues. There can be various factors that can affect the accu
mulation process of such contaminants [65–68]. Muscles are less 
exposed to the detoxification process of the body as compared to liver 
and gills as liver and gills are more actively involved in the metabolism 
processes. Over the period accumulation may show an elevation in 
muscle tissue for this reason [68]. Various fish muscle composition may 
vary in terms of lipid content or binding site location etc. A higher lipid 
content is associated to higher binding efficiency of HMs in such tissues 
[69]. The rate of detoxification or excretion of such contaminants from 
body also varies with the species (individually) and between the species 
as well. This bioprocess has impact on the bioaccumulation level as well. 
Although the accumulation may vary in organs as per previous reported 
studies, still various studies are in alignment of our findings [70–74].

3.2. Risk assessment

The risk assessment was done for As, Cd, Cr, Hg, and Pb in selected 
fish species. Estimation of various parameters such as estimated daily 
intake (EDI in µg/kg/day), estimated weekly intake (EWI in mg/kg/ 

Table 1 
Heavy metal concentration in various organs (Liver, Gills, and Muscle) of 
Nemipterus japonicus, Oreochromis mossambicus and Lates calcarifer collected 
from Kanyakumari, TN (in µg kg− 1) (Values represented in mean ± standard 
deviation; n=6).

Fish Organs As Cd Cr Hg Pb

Nemipterus 
japonicus

Liver 0.07 
±

0.02a

0.89 
±

0.60a

16.78 
± 5.10a

1.62 
±

1.43a

44.81 ±
3.70a

Gills 0.05 
±

0.01a

1.45 
±

0.05b

11.92 
± 0.9a

0.35 
±

0.06b

37.09 ±
3.03a

Muscle 0.94 
±

0.09b

1.09 
±

0.04a

28.58 
± 1.38b

0.36 
±

0.06b

170.48 
± 5.3c

Oreochromis 
mossambicus

Liver 0.10 
±

0.06a

1.06 
±

0.07c

9.95 ±
1.14a

0.15 
±

0.01c

24.69 ±
1.83b

Gills 0.79 
±

0.52b

1.08 
±

0.12c

30.55 
± 1.35b

0.20 
±

0.01c

187.72 
± 2.46d

Muscle 1.13 
±

0.02c

1.19 
±

0.03d

32.12 
± 0.87c

0.25 
±

0.02c

189.50 
± 3.39d

Lates calcarifer Liver 0.08 
±

0.02a

1.11 
±

0.03c

10.08 
± 0.33a

0.14 
±

0.02c

26.20 ±
1.01b

Gills 0.12 
±

0.10a

1.04 
±

0.03c

10.09 
± 1.42a

0.18 
±

0.01c

26.06 ±
5.3b

Muscle 1.06 
±

0.02c

1.14 
±

0.01c

30.66 
± 0.46b

0.27 
±

0.01d

180.26 
± 3.5c
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day), maximum daily intake (MDI in µg/day), maximum weekly intake 
(µg/week), percentage of provisional tolerable weekly intake (%PTWI), 
daily intake limit (DIL), maximum acceptable daily intake (Kg/day), 
target hazard quotient (THQ), hazard index (HI) and cancer risk was 
performed (Tables 2-4). The given safety levels for the heavy metals 
concerning the maximum daily intake (MDI) of As, Cd, Hg, and Pb are 
limited to 42.86, 20, 71.4, and 11.4 µg/day for children and 150, 70, 
249.9, and 39.9 for the adults respectively [36]. The Provisional 
Tolerable Weekly Intake (PTWI) for Arsenic (inorganic), Cd, Pb, and Hg 
are 15, 7, 25, and 4 µg/kg body weight per week respectively [36].

In the case of Nemipterus japonicus, the EDI was calculated for chil
dren and adults considering the following HMs: As, Cd, Cr, Hg, and Pb. 
For children, it was found to be 0.0035, 0.004, 0.107, 0.001, and 
0.0639 µg/kg/day respectively whereas for adults, it was 0.002, 0.0023, 
0.061, 0.0007, and 0.36 µg/kg/day respectively. Similarly, in the case of 
Oreochromis mossambicus, the recorded EDI for children was 0.0042, 

0.0044, 0.12, 0.0009, and 0.71 µg/kg/day and for adults, it was recor
ded as 0.0024, 0.0025, 0.068, 0.00053, and 0.406 µg/kg/day respec
tively. In the case of Lates calcarifer, the EDI for children were 0.0039, 
0.0041, 0.11, 0.0001, and 0.67 µg/kg/day and for adults, it was recor
ded as 0.0022, 0.0023, 0.065, 0.0005, and 0.386 µg/kg/day. For Nem
ipterus japonicus, children had higher EDI values compared to adults, 
particularly for Cr and Pb. Similarly, Oreochromis mossambicus and Lates 
calcarifer showed higher EDI values for children, with notable figures for 
Cr and Pb.

In the case of Nemipterus japonicus, the EWI was calculated for chil
dren and adults considering the following HMs As, Cd, Cr, Hg, and Pb. 
The MDI values reflect the maximum quantity of each heavy metal that 
can be ingested daily without causing adverse health effects. For chil
dren, it was found to be 0.0245, 0.028, 0.749, 0.007, and 4.473 µg/kg/ 
day respectively. For adults, it was found to be 0.014, 0.0161, 0.427, 
0.00539, and 2.52 µg/kg/day respectively. Similarly, in the case of 

Fig. 4. - Chart representing overall HMs level (µg kg− 1) in various organs of collected fishes.

Fig. 5. - Level of HMs in various organs of Lates calcarifer (in µg kg− 1).
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Oreochromis mossambicus, the recorded EWI for children was 0.0294, 
0.0308, 0.84, 0.0063, and 4.97 µg/kg/day respectively. For adults, it 
was recorded as 0.0168, 0.0175, 0.476, 0.00371, and 2.842 µg/kg/day 
respectively. In the case of Lates calcarifer, the EWI for children was 
0.0273, 0.0287, 0.77, 0.0007, and 4.69 µg/kg/day respectively. For 
adults, it was recorded as 0.0154 0.0161 0.455 0.0035, and 2.702 µg/ 
kg/day respectively. Here we found out that children generally had 
higher EDI and EWI values, indicating a higher risk of exposure 
compared to adults. This finding is in favor of various studies conducted 
so far [75,76]. The reason can possibly be the weight which is less in the 
case of children than adults. Since EDI and EWI are often calculated per 
unit of body weight, the same exposure level results in a higher intake 
with respect to body weight in children. In addition, Children are often 
more sensitive to contaminants due to their developing organs and im
mune systems [77]. This is critical as children are more susceptible to 
the toxic effects of HMs due to their developing bodies and higher 

consumption rates relative to their body weight. Also, as per our study, 
the EWI values for children in some of the cases approached or exceeded 
the PTWI, particularly for Pb, indicating a significant possible health 
risk.

CRlim/Maximum acceptable Daily Intake (kg/day) was estimated 
for As, Cd, Cr, Hg, and Pb considering children and adults. The CRlim 
value for children in case of Nemipterus japonicus was found to be 6.38, 
18.35, 2.1, 5.56, and 0.41 respectively. For adults, it was found to be 
22.34, 64.22, 7.35, 19.44, and 1.44 respectively. Similarly, in the case of 
Oreochromis mossambicus, the recorded CRlim for children was 7.59, 
18.52, 1.96, 10, and 0.37. For adults it was recorded as 26.58, 64.81, 
6.87, 35, and 1.31 respectively. In the case of Lates calcarifer, the Crlim 
for children were 5.66, 17.51, 1.96, 3.7, and 1.09 respectively. For 
adults, it is 21.13, 61.39, 2.78, 25.93, and 5.45 respectively.

The target hazard quotient (THQ) values were presented for both 
children and adults (Table 4). The Target Hazard Quotient (THQ) is a 

Fig. 6. - Level of HMs in various organs of Nemipterus japonicus (in µg kg− 1).

Fig. 7. - Level of HMs in various organs of Oriochromis mossambicus (in µg kg− 1).
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risk assessment parameter used to evaluate the potential health risk 
associated with long-term exposure to a chemical contaminant through 
dietary intake. A THQ value below 1 indicates that the exposure level is 
unlikely to cause adverse health effects, while a THQ above 1 suggests 
potential health risks [43,53,55,57,78]. For Nemipterus japonicus, chil
dren’s THQ for As, Cd, Cr, Hg, and Pb were 0.011, 0.0056, 0.0071, 
0.0135, and 0.182 respectively. Adult’s THQ was found to be 0.006, 
0.003, 0.000041, 0.0077, and 0.104 respectively. Similarly, for Oreo
chromis mossambicus children’s THQ for As, Cd, Cr, Hg, and Pb were 
0.0112, 0.0043, 0.0081, 0.0093, and 2.0148 respectively. Adult’s THQ 
were 0.0064, 0.0025, 0.0046, 0.0054, and 1.1534 respectively. for Lates 
calcarifer children’s THQ for As, Cd, Cr, Hg, and Pb were 0.00132, 
0.000405, 0.000783, 0.0101, and 0.0192 respectively. Adult’s THQ 

were 0.0007, 0.0002, 0.000435, 0.0058, and 0.0109 respectively.
For Nemipterus japonicus, THQ values for both children and adults 

concerning all contaminants fall below the threshold of 1, indicating 
that the likelihood of significant health risks from these contaminants 
due to the consumption of this fish is minimal [47,57]. On the other 
hand, it was observed that the THQ values for lead (Pb) were noticeably 
higher when compared to other contaminants, with children showing a 
value of 0.182 and adults 0.104. Even though these values remain below 
the threshold, they do point towards a relatively higher risk of exposure 
to Pb, especially among children. In the case of Oreochromis mossambi
cus, the THQ values related to lead (Pb) were notably higher than 1 for 
both children (2.0148) and adults (1.1534), signifying a potential health 
hazard associated with the consumption of this fish due to lead expo
sure. Conversely, the THQ values for other pollutants such as As, Cd, Cr, 
and Hg are under 1, pointing to reduced hazards from these particular 
substances. Nevertheless, the elevated Pb values raised concerns and 
imply that the consumption of this fish should be subjected to careful 
monitoring, particularly considering the obtained values for children. 
Moving on to Lates calcarifer, the THQ values for all contaminants in 
both children and adults were significantly lower than 1, suggesting that 
the consumption of this fish poses minimal health risks from the con
taminants under examination. Furthermore, the THQ values for Lates 
calcarifer were the most modest among the three fish species, high
lighting it as a comparatively safer choice in terms of exposure to 
chemical contaminants.

The significantly higher THQ values for Pb in Oreochromis mossam
bicus surpassed the safety threshold, indicating a pressing need for 

Table 2 
EDI, EWI, DIL and CRlim data (RfD of As, Cd, Cr(III), Cr(VI), Hg, and Pb are 0.0003, 0.001, 1.5, 0.003, 0.0001, 0.0003, and 0.0035 respectively in mg/kg/day) [36,37].

Fish Species HMs Estimated Daily Intake 
(EDI) in µg/kg/day

Estimated Weekly Intake 
(EWI) in µg/kg/day

Daily Intake Limit for fish in Kg 
per day [29]

CRlim/Maximum acceptable 
Daily Intake (kg/day)

Children Adult Children Adult Children Adult Children Adult

Nemipterus japonicus As 0.0035 0.002 0.0245 0.014 6.38 21.34 6.38 22.34
Cd 0.004 0.0023 0.028 0.0161 18.35 64.22 18.35 64.22
Cr 0.107 0.061 0.749 0.427 2.1 [Cr (VI)] 7.35 [Cr (VI)] 2.1 7.35
Hg 0.001 0.00077 0.007 0.00539 5.56 19.44 5.56 19.44
Pb 0.639 0.36 4.473 2.52 0.035 0.123 0.41 1.44

Oreochromis mossambicus As 0.0042 0.0024 0.0294 0.0168 5.31 18.58 7.59 26.58
Cd 0.0044 0.0025 0.0308 0.0175 16.81 58.82 18.52 64.81
Cr 0.12 0.068 0.84 0.476 1.87 6.54 1.96 6.87
Hg 0.0009 0.00053 0.0063 0.00371 8 28 10 35
Pb 0.71 0.406 4.97 2.842 0.032 0.111 0.37 1.31

Lates calcarifer As 0.0039 0.0022 0.0273 0.0154 5.66 19.81 5.66 21.13
Cd 0.0041 0.0023 0.0287 0.0161 17.53 61.34 17.51 61.39
Cr 0.11 0.065 0.77 0.455 1.96 6.85 1.96 2.78
Hg 0.0001 0.0005 0.0007 0.0035 7.41 25.93 3.7 25.93
Pb 0.67 0.386 4.69 2.702 0.116 0.033 1.09 5.45

Table 3 
MDI, MWI and PTWI [PTWI for Arsenic (inorganic), Cd, Pb, Hg are 15, 7, 25, 
4 µg/kg body weight per week] [36].

HMs Maximum Daily 
Intake (in µg/day)

Maximum Weekly 
Intake (µg/week)

Percentage of 
Provisional Tolerable 
Weekly Intake (PTW)

Children Adult Children Adult Children Adult

As 42.86 150 300 1050 100 100
Cd 20 70 140 490 20 70
Cr - - - - - -
Hg 71.4 249.9 500 1750 20 70
Pb 11.4 39.9 80 280 20 70

Table 4 
Calculated values of THQ, HI, and CR (‘-’ represents Not determined).

Fish Species HMs Target Hazard Quotient (THQ) Hazard Index Cancer Risk

Children Adult Children Adult Children Adult

Nemipterus japonicus As 0.011 0.006 0.21281 0.120741 5.288 × 10− 7 3.021 × 10− 7

Cd 0.0056 0.003 2.044 × 10− 11 1.168 × 10− 11

Cr 0.00071 0.000041 4.395 × 10− 4 2.513 × 10− 4

Hg 0.0135 0.0077 - -
Pb 0.182 0.104 5.443 × 10− 8 3.103 × 10− 8

Oreochromis mossambicus As 0.0112 0.0064 2.0477 1.1723 6.356 × 10− 3 3.642 × 10− 3

Cd 0.0043 0.0025 2.231 × 10− 7 1.278 × 10− 7

Cr 0.0081 0.0046 4.93 2.816
Hg 0.0093 0.0054 - -
Pb 2.0148 1.1534 7.968 × 10− 6 4.553 × 10− 6

Lates calcarifer As 0.00132 0.0007 0.031808 0.018085 5.962 × 10− 3 3.407 × 10− 3

Cd 0.000405 0.0002 2.139 × 10− 7 1.220 × 10− 7

Cr 0.000783 0.000435 4.757 2.697
Hg 0.0101 0.0058 - -
Pb 0.0192 0.01095 8.606 × 10− 6 4.915 × 10− 6
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monitoring and potentially restricting the consumption of this fish, 
especially among vulnerable demographics like children. The escalated 
Pb levels could potentially stem from sources of environmental pollution 
that require thorough investigation and effective mitigation strategies. 
In the case of Nemipterus japonicus, although the Pb values were 
elevated, they still fall below the established threshold, suggesting a 
moderate level of risk. Conversely, Lates calcarifer exhibits minimal 
exposure risk to Pb. It is worth noting that children generally display 
higher THQ values compared to adults across all fish species and con
taminants. This discrepancy can be attributed to the lower body weight 
of children and their elevated consumption rates relative to their body 
size, rendering them more susceptible to exposure to contaminants.

The Hazard Index (HI) aggregates the THQ values of multiple con
taminants to provide an overall risk assessment (Table 4). It was esti
mated considering all three species and was found to be 0.2128, 2.0477, 
and 0.0318 in Nemipterus japonicus, Oreochromis mossambicus, and Lates 
calcarifer respectively for children. Similarly, for adults, it was found to be 
0.1207, 1.1723, and 0.01808 respectively. The HI values above 1 in
dicates a significant combined risk from multiple contaminants [36].

The Health Index (HI) values pertaining to Nemipterus japonicus 
indicated levels that are considerably below 1 for both juveniles and 
adults, pointing towards a low overall risk arising from the presence of 
various contaminants within this specific species. As a result, the like
lihood of encountering significant health hazards related to the analyzed 
contaminants through the consumption of this fish appears to be mini
mal [35]. On the contrary, when examining the HI values associated 
with Oreochromis mossambicus, it becomes evident that they were 
significantly higher and surpassed 1 for individuals of all age groups. 
This observation highlights a notable combined risk stemming from a 
variety of contaminants, with a particular emphasis on the increased 
risks posed to children [35]. The escalated HI values highlighted the fact 
that the act of consuming such fish carries substantial health risks, pri
marily attributed to the heightened Target Hazard Quotient (THQ) 
values pertaining to lead (Pb) [79–81]. To address these concerns, it is 
imperative to implement public health measures such as consumption 
advisories and the implementation of strategies aimed at controlling and 
reducing the sources of contamination. Lates calcarifer, in contrast, ex
hibits HI values that are markedly below 1 for both children and adults, 
indicating a minimal collective risk originating from the presence of 
multiple contaminants. This species of fish emerges as the safest option 
among the trio under scrutiny, based on the assessment of the contam
inants analyzed, thereby presenting negligible health risks. The species 
Oreochromis mossambicus stands out due to its elevated combined risk, 
particularly concerning the well-being of children [80,81]. The HI 
values associated with this species surpass the established safety 
threshold, primarily due to amplified levels of lead. Consequently, there 
arises a pressing necessity for the implementation of regulatory mea
sures aimed at managing the sources of contamination and restricting 
the consumption of this particular species.

Cancer risk assessment evaluates the probability of an individual 
developing cancer over a lifetime due to the exposure against carcino
genic contaminants [10]. The risk is generally expressed in terms of 
probability, where a risk value of 1 × 10− 6 implies an one in a million 
chance of developing cancer due to the exposure [10]. A cancer risk 
assessment was done considering the three selected species. In Nem
ipterus japonicus, the cancer risk due to As, Cd, Cr, and Pb was found to be 
3.021 × 10− 7, 1.168 × 10− 11, 2.513 × 10− 4, and 3.103 × 10− 8 for 
adults. For children, the values were 5.288 × 10− 7, 2.044 × 10− 11, 4.395 
× 10− 4, and 5.443 × 10− 8 respectively. Similarly, in the case of Oreo
chromis mossambicus it was found to be 3.642 × 10− 3, 1.278 × 10− 7, 
2.816 × 100, and 4.553 × 10− 6 respectively for adults. For children, the 
values were found to be 6.356 × 10− 3, 2.231 × 10− 7, 4.93, and 7.968 ×
10− 6 respectively. In case of Lates calcarifer it was found to be 3.407 ×
10− 3, 1.220 × 10− 7, 2.697, and 4.915 × 10− 6 respectively for adults. For 
children, the values were found to be 5.962 × 10− 3, 2.139 × 10− 7, 
4.757, and 8.606 × 10− 6 respectively. For Nemipterus japonicus, 

chromium (Cr) showed the highest cancer risk for both adults and 
children. These values were significantly higher than those for arsenic 
(As), cadmium (Cd), and lead (Pb), indicating that Cr is the primary 
concern for carcinogenic risk in this species. However, even the highest 
values for Cr are still below the threshold of 1 × 10− 3, suggesting a 
relatively low cancer risk from this species. In Oreochromis mossambicus, 
the cancer risk values for chromium (Cr) were extremely high, partic
ularly for children, indicating a severe risk. The risk from arsenic (As) is 
also notably high for adults and for children, as the values were 
exceeding the threshold of 1 × 10− 3 and suggesting a significant 
concern. The values for cadmium (Cd) and lead (Pb) were lower but still 
contribute to the overall cancer risk, especially given the high values for 
Cr and As.

Constant surveillance or monitoring of pollutants (including heavy 
metals, microplastics, pesticides, industrial waste, anthropogenic sour
ces, domestic pollutants, etc.) is imperative considering the numerous 
significant issues associated with them. Analyzing reviews, spanning a 
decade of published research and reports indicates that heavy metal 
contamination not only possesses substantial magnitude but also has 
evolved into a critical concern involving human activities [82,83]. The 
noteworthy fluctuations in heavy metal levels across seasons and over 
time underscore the necessity for regular scientific assessments of heavy 
metal contamination in marine species to uphold continuous monitoring 
of aquatic health and food security [83]. Additionally, having access to 
up-to-date information can facilitate the formulation of efficient solu
tions while fostering research and development aimed at ameliorating 
the deteriorating environmental conditions. Furthermore, updated data 
can enhance the precision of future studies and support various entities 
(both governmental and non-governmental organizations) in establish
ing guidelines or safety protocols that prioritize public health consid
erations. Addressing the persistence of toxicity emerges as a crucial focal 
point. Several pollutants exhibit non-biodegradable characteristics or 
degrade at an exceedingly slow pace, resulting in the accumulation of 
significant pollutant quantities in specific geographical regions. Such 
scenarios may lead to uncontrolled toxicity seeping into the ecosystem, 
potentially infiltrating the food chain and adversely impacting various 
organisms, including human health [84].

4. Conclusion

The current study efficiently analyzed the HMs bioaccumulated in 
Nemipterus japonicus, Oreochromis mossambicus, and Lates calcarifer 
considering various organs. Overall, the muscle was found to accumu
late relatively higher levels of HMs, particularly Pb and Cr. HMs (As, Cd, 
Cr, Hg, and Pb) were found to be in varied concentrations ranging from 
0.1 to 1.13, 0.89–1.45, 9.95–30.66, 0.14–1.62, and 24.69–189.5 µg/kg 
respectively in different organs of fish. Carcinogenic and noncarcino
genic risk assessment suggested notable levels of Pb and Cr in considered 
fish species, wherein the THQ values related to lead (Pb) were notably 
higher than 1 for both children (2.0148) and adults (1.1534), signifying 
a potential health hazard associated with the consumption of selected 
fish due to lead exposure. Conversely, the THQ values for other pollut
ants such as As, Cd, Cr, and Hg were under 1, pointing to a reduced 
hazard possibilities from these particular substances. The Hazard Index 
(HI) was above 1 for adults and children in case of Oreochromis mos
sambicus which is indicating a significantly higher risk associated with 
the consumption. In Oreochromis mossambicus, the cancer risk values for 
chromium (Cr) were extremely high, particularly for children, indi
cating a severe health risk. The risk values for Arsenic (As) were also 
notably high for adults and children, exceeding the threshold of 1 ×
10− 3 and suggesting a significant concern. The elevated cancer risk 
values for Pb and Cr across all species suggest a need for strict moni
toring and development of rigorous regulation of these contaminants in 
fish to protect public health. Further, it can be stated that the Oreo
chromis mossambicus can only be consumed with caution due to its high 
cancer risk values for multiple contaminants and must be studied further 
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as prior literature also suggested higher contamination levels in the 
same species in southern India. However, the risk assessment that has 
been conducted here considered the consumption frequency as 365 days 
and various other parameters such as body weight, ingestion rate etc., 
are subjective in nature. Considering these circumstances subjective, all 
the selected fish species in our study from Kanyakumari can be cate
gorized as safe to consume in moderation when thorough cleaning and 
cooking method is followed.
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