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mossambicus) from the Cauvery
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Heavy metal toxicity is a serious threat to human health due to its bioaccumulation,
biomagnification, and persistent nature in the environment including aquatic
systems. In the recent past, heavy metal contamination in the environment has
occurred due to various anthropogenic sources. The concentration of potentially
toxic heavy metals was determined by Atomic Absorption Spectroscopy in Tilapia
(Oreochromis mossambicus), a highly farmed and consumed fish species in southern
parts of India. The mean levels of Fe were found to be higher in major organs of
the fish with the highest levels in liver (Mean 1554.4 + 1708.7 mg/kg) and lowest
in the muscles (Mean 130.757 + 33.3 mg/kqg). Correlation Matrix analysis revealed
relationships between the occurrence of various heavy metals in different organs
of fish and indicated similar origins and chemical properties. Target hazard quotient
for Cd, Co, Pb, and Cr in the Liver, Co and Cr in the Gills, and Co in Muscle were>1
for adults, which showed a significant health risk from the combined effects
of these metals. The potential health risk to humans, according to the cancer
risk (CR) assessment is attributed mainly to Cd and Cr levels. Overall, moderate
fish consumption is advised to limit the bioaccumulation of heavy metals over
prolonged exposure and associated health risks.

KEYWORDS

aquatic pollution, Cauvery River, environmental pollution, heavy metal, health risk
assessment, Tilapia fish, toxicity

1 Introduction

The anthropogenic pollution of freshwater bodies is of major concern globally and so is in
India (1). In this study, the authors emphasized the impact of anthropogenic activities on the
fish fauna in the Ujjani Reservoir in Maharashtra, India. They also reported higher levels of
heavy metals in the fish from the reservoir than normal. India is a country with rich biodiversity
along with a number of freshwater reserves in the form of rivers, lakes, ponds, etc. However,
in the past decade, there has been an indiscriminate discharge of industrial and agricultural
pollutants into the water bodies through various anthropogenic activities creating severe
deterioration of water quality, thereby affecting aquatic life (2-5). Over the years, efforts have
been made by different environmental protection agencies to control the amount of pollutants
dumped into the rivers. The government also supported some studies on anthropogenic
activities and their influence on heavy metals in Indian rivers (6). Nevertheless, much needs
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to be done to restore the water bodies to their native state and mitigate
the impact of pollution on aquatic and human health.

Trace heavy metals present in the aquatic ecosystem are released
through agriculture and industries which accumulate at various
trophic levels of the food chain. However, this accumulation can slowly
reach hazardous levels and turn into an environmental problem. There
have been several studies about the prominent presence of heavy
metals on sediments and their impact on seawater, and aquatic
organisms (7-9). A few studies on rivers in India have also discussed
the potential impacts of heavy metals on humans (2, 4). Several studies
have explored the bioaccumulation of heavy metals in fishes (10-12).
The consensus seems to be that fishes in heavy metal-contaminated
areas tend to absorb certain heavy metals in ionic forms from their
immediate environment. Environmental factors such as pH and
temperature modulate this uptake. The gills and skin, directly exposed
to the contaminated water act as hotspots for its absorption. Following
the uptake, heavy metals are transported to various organs via blood
flow where the coupling of heavy metals with various proteins takes
place. Although, fishes do regulate their body metal concentration to
some degree via excretion through gills, skin, kidneys, and bile. Studies
all around the world have reported various risks and health hazards
associated with fishes’ bodies which results from disturbances in
normal cellular activities, oxidative damage to biological
macromolecules such as DNA and RNA caused by heavy metals (12,
13). Accumulation of heavy metal also depends on the habitat of the
fishes, sedimentary fishes that stay in stagnant water in muddy streams
that are contaminated have been reported to have higher heavy metal
content (14). Heavy metal accumulation has a multidirectional toxic
effect on fish. In some cases, it manifests changes in the physiochemical
processes of the body. Structural lesions and functional disturbances
could also result from the bioaccumulation of metals (15).

Eating fish contaminated with heavy metals can have significant
adverse effects on human health. Heavy metals such as cadmium,
mercury, lead, and arsenic, when accumulated in fish tissues, can pose
severe health risks when these fish are consumed by humans. These
metals are known to be potent carcinogens and mutagens. Cadmium is
known to be primarily toxic to the kidneys, cadmium can accumulate in
the human body over time, potentially leading to kidney damage.
Mercury is shown to affect the central nervous system, and high exposure
can lead to neurological and behavioral disorders. Mercury is particularly
dangerous to pregnant women as it can affect fetal development. Lead
exposure can cause damage to the nervous system, kidney function, and
the cardiovascular system. In children, lead exposure can result in
developmental issues and reduced cognitive function. Arsenic exposure
can lead to skin lesions, cancer, cardiovascular diseases, and diabetes.
Long-term exposure to heavy metals through contaminated fish
consumption can result in chronic conditions such as Alzheimer’s
disease, Parkinsons disease, muscular dystrophy, multiple sclerosis, and
other neurological and muscular diseases. Allergies and increased cancer
risk are also associated with prolonged heavy metal exposure (16, 17).

In India, fishes are considered a staple food source and the per
capita consumption in some states reaches as high as 29.29kg/year
(18). Most of the fishing needs are met with inland fish production

Abbreviations: HM, Heavy Metal; PI, Pollution Index; EDI, Estimation of Daily Intake;
THQ, Target hazard quotient; CR, Cancer Risk; CMA, Correlation matrix analysis;

RfD, Reference dose; CSF, Cancer Slope Factor.
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which is more susceptible to various sources of water pollution. Inland
fishes thus are more hazardous to human health. Consumption of a
heavy metal-contaminated diet can lead to the depletion of vital
nutrients which can cause severe damage to immunological defenses,
malnutrition-related disabilities, and impaired psychosocial behavior.
Hence, the regular risk assessment of these heavy metals intake via
diet is of utmost concern (19-21).

Mozambique Tilapia (Oreochromis mossambicus) is a variety of
edible freshwater fish that has an omnivorous nature with high local
demand in several developing countries like Malaysia. Commercial
production of Tilapia fish takes place in almost 10 countries around the
world (22, 23). It is one of the most important farmed fishes in the world
next to carp and salmon. The low cost and high production coupled
with its suitability for aquaculture and marketability make it a lucrative
option for people in developing countries. Tilapias can adapt to various
environmental conditions and demonstrate higher resistance to diseases
but are susceptible to leachate toxicity (24). The wide acceptability of the
Tilapias is evident from the production boost over the last decade
resulting in a four-fold increase in its production (25, 26).

The present study is focused on monitoring the levels of various
heavy metals in Tilapia, an exotic fish of the Cauvery River. Tilapia fish
(Oreochromis mossambicus) is widely popular and highly consumed
in southern parts of India (27, 28-33). It has high nutritional value
and is a rich source of proteins, amino acids, vitamins, minerals,
PUFA (polyunsaturated fatty acids), and some essential heavy metals.
Heavy metals such as Manganese, Zinc, and Iron in optimal
concentrations are supportive for the normal growth of humans and
animals (34). However, some heavy metals such as arsenic, cadmium,
mercury, lead, etc. do not play any beneficial role in the biological
systems and can lead to a variety of diseases (1). Despite fish aiding in
fulfilling our food, particularly protein demand, which in turn reduces
the burden on agriculture, the presence of high amounts of essential
as well as harmful heavy metals poses a serious risk to human health.

In the current scenario, Genetically Improved Farmed Tilapia
(GIFT), is considered a candidate species for aquaculture in India. Its
affordability and animal protein content make it a fish of choice among
consumers (35). Various business organizations positively argue for
the expansion of tilapia production in India to meet fish and marine
export goals. This species has a relatively high survival rate and faster
growth makes it lucrative for small-scale and large-scale GIFT farmers
(36, 37). On the other hand, environmentalists argue over responsible
aquaculture and strict regulations. Overall, Tilapia is currently seen as
the next billion-dollar enterprise in India. Our study aims to
understand and estimate the heavy metal content in this widely
consumed, and important fish species in India, whose consumption is
further likely to be increased in the coming years (34). Therefore, a
study on this species not only provides us with the overall scenario of
heavy metal load in the Cauvery River but also acts as a reference for
further studies in the upcoming years with the aim to determine the
levels of heavy metal concentrations in various organs of Tilapia fish.

2 Materials and methods

2.1 Ethics statement

Our study did not require ethical board approval because it did
not contain human or animal trials. The fish used in this study were
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procured dead from local fishermen. All surgical operations were
performed on dead fish. Care was taken to ensure that the least
number of fish was utilized to reach satisfactory statistical conclusions.

2.2 Sample collection

The Cauvery River in southern India is vital for agriculture,
industry, and urban populations in Karnataka and Tamil Nadu, but it
faces significant metal contamination due to anthropogenic activities.
Agricultural runoff, industrial discharges, and urban waste contribute
to the presence of heavy metals like lead, chromium, and cadmium in
the river (38). These metals bio-accumulate in fish, posing health risks
to humans and disrupting aquatic ecosystems (39). Effective
mitigation requires stringent regulatory measures, sustainable
agricultural practices, and robust waste management systems,
alongside regular monitoring and community engagement (40).
Figure 1 represents the four sampling sites near the Erode region
across the Cauvery River in Tamil Nadu state in India. The sampling
sites were carefully chosen to cover the maximum stretch of the river
possible, there is also quite a few textile industries and other industries
in the area near Erode. The sampling stations were as follows: R1
(11°74'75.34” N; 77°78'69.66” E); R2 (11°43'36.68” N;77°68'27.9” E);
R3(11°31702.94” N;77°77'87.36” E); R4 (11°15'72.31” N;77°88'11.61”
E). A total of sixteen (16) fresh and adult, Tilapia fish involved in the

10.3389/fpubh.2024.1402421

study were purchased from the local fishermen in each area depending
on the sites from where the fish were planned to be sampled (41, 42).
Samples collected were the maximum feasible given only one species
of fish was targeted with similar size and body weight. All the fish were
dead and stored in ice after purchase and carried forward for further
analysis. On arrival, all the samples were labeled and stored at -20°C
for further analysis. All 16 samples collected were analyzed as per the
standard protocols published and raw data is provided as
Supplementary file S1.

2.3 Sample analysis

The fishes collected had average lengths and weights of 17.7cm
(measured with a ruler) and 112.5g (measured with a weighing
balance (Mettler Toledo ME204)), respectively Supplementary file S1.
Fish sample collection was done in the pre-monsoon period. A
stainless-steel scalpel was used to dissect various portions of the raw
sampled fish, which were Muscle, Liver and Gills and taken for further
analysis. A digestion tube containing 0.1-1g of the sample (dry
weight) was weighed, and 5mL of HNO; and 5mL of H2SO4 were
then added. The reaction was allowed to complete, and when it did,
the tubes were put in a hot-block digestion device from BioBee® with
12 slots and temperature control and heated for 30 min at 60°C before
being heated again to 150°C. When the samples” color turned black,
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Location map of the study area showing sampling locations and important places.
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the tubes were taken out of the experiment. After allowing the tubes
to cool, I mL of H,0, was added. The tubes were repositioned on the
block after a strong reaction. Slowly adding H202 made the sample’s
solution appear clear. The tubes were taken out, and the sample
solution was diluted with deionized water to a volume of 50mL
(12, 43).

The heavy metals (Cr, Cd, Fe, Ni, Zn, Co, Pb, and Cu)
concentration was determined using a Varian - Atomic Absorption
Spectrophotometer (AA240 Atomic Absorption Spectrometer). To
test the instrument’s accuracy, standard solutions, and samples were
run simultaneously. Analytical conditions for the measurement of the
heavy metals in the sample using AAS were tabulated in Table 1. All
the fish samples were measured in triplicates and the mean was taken
forward for further calculation and reported as it is, as no
randomization was performed given the samples were collected
directly from rivers. All chemicals and reagents were of analytical
reagent-grade quality. Before use, all glass and plastic ware were
soaked in 14% HNO; for 24h. The washing was done with distilled
water. Measurements were done simultaneously for each group to
avoid batch effects if any. Data analysis was performed on a
Spreadsheet and GraphPad Prism (Version 8.0).

2.4 Relevant parameter estimations

2.4.1 Calculation of heavy metal (HM) in tissues
The concentration of minerals is calculated according to the
equation given below (44),

Mineral EEJ =
L

50(made — I
Reading of mineral in AAS % (made — up volume)

weight of sample(g)

2.4.2 Pollution index (PI)

To determine the PI of the elements, statistical analysis was
performed on the elemental concentrations in fish samples. The PI is
the ratio of element x concentration in the sample to the element’s
maximum allowable level (41).

TABLE 1 Analytical conditions for the measurement of the heavy metals
in the sample using AAS.

Wavelength Slit (nm) Lamp
current

(mA)
cd 2288 05 4
Cu 2226 02 4
Cr 4289 05 7
Fe 372.0 02 5
Pb 2833 05 5
Zn 213.9 1 5
Co 304.4 05 7
Ni 341.5 0.2 4
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Metal concentration in the sample

Pl(x)=
( ) Permissible limit or background value

It is generally accepted that if an elements PI value is
more than 1.0, the element is highly likely to have contaminated the
sample and may even be dangerous at the amount it is
present.

2.4.3 Estimated daily intake (EDI)
The estimated daily intake (EDI) was calculated using the
following formula (45).

Ep xEp XFIRXxCp xC «
WAB XTA

EDI = 102

where ED, EE CF, WAB, FIR, C, and TA stand for the exposure
duration (60years), exposure frequency (365days annually),
conversion factor (0.208) to convert fish’s dry weight to wet weight,
average adult weight of the body (70kg), consumption rate (25.2 g per
day), heavy metal concentrations in fish’s muscle tissues, and average
exposure time, respectively (45-49). The daily intake values were
compared with reference values established by the United States
Environmental Protection Agency (50), making the USEPA the
legislation that will serve as the bibliographic tool in the comparative
analysis. All the calculations in this study were made for adult human
with standard fish intake over lifetime.

2.4.4 Target hazard quotient (THQ) or
non-carcinogenic health hazard

THQ measures the risk of side events other than cancer by
comparing the exposure dosage to the reference dose (RfD). The
exposure level is lower than the RfD if it is less than 1. This suggests that
lifetime unfavorable effects are unlikely to result from daily exposure at
this level and vice versa. Standard assumptions from the integrated
USEPA risk study were used to construct the dosage estimations
(41, 50).

The target hazard quotient (THQ) was estimated using the
following formula.

110 - EP!
RfD

In this study, the total THQ was calculated as the arithmetic sum
of the individual THQ values of the metal of concern (51).

Total THQ(TTHQ) =
THQ (toxicant 1) +THQ (toxicant 2) +..THQ (toxicant n)

2.4.5 Carcinogenic risk or cancer risks (CR)
The Cancer Risk over a lifetime of Cd, Pb, and Cr exposure was
calculated by applying the following formula (45, 46).

CR = EDI xCSF
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2.5 Data analysis

2.5.1 Principal component analysis (PCA)

Principal Component Analysis was used to reduce the
dimensionality of the dataset. It was used to identify patterns in the
distribution of heavy metals across different fish organs. The analysis
was performed in GraphPad Prism version V.10. Principal Component
Analysis transformed the original variables into a new set of
uncorrelated variables which are also known as principal components
these components are ordered by the amount of variance they explain
in the data. This method allows for the visualization of the data
structure and the identification of the most significant variables
contributing to the observed variance. PCA can identify linear
relationships between different inter-associated variables. PCA
extracts eigenvalues and eigenvectors from the covariance matrix of
the original associated variables. The principal component (PC) is an
orthogonal variable, which is attained by multiplying the eigenvector
with the original associated variables. The first few principal
components, which capture the majority of the variance, were used to
interpret the relationships between the heavy metal concentrations
and the fish organs. Since there were various factors influencing the
accumulation of heavy metals in fish muscles, Principal Component
Analysis was used to explore the effects of size and body weight of fish
on the accumulation of heavy metals in different organs using the
analyzed heavy metal concentrations matrix.

2.5.2 Correlation matrix analysis

A correlation matrix was computed to analyze the associations
between the various concentrations of heavy metals within various
organs of fish. The correlation matrix was also analyzed with
GraphPad Prism v.10. The correlation matrix is a summary of all the
pair-wise correlations between the variables, measured by means of
Pearson correlation coefficients. Correlations are meaningful, and a
heatmap is used to see significant correlations in the matrix. A
correlation coefficient-the value ranging from —1, for a perfect inverse
relation, through 0, for no relation, to 1, for a perfect direct relation-
evaluates any two variables on a scale from —1 to 0 to 1. High values
and positive significant correlation may indicate chemical affinity
between the metals, common genetic origin and /or a background
level present in the samples; negative correlation might point toward
different origins for the metals or a non-chemical relationship.
Considering the various trends in the level of correlation, we explained
the strength of the correlation of heavy metals within each organ
separately. Beyond the statistical tools used in this study, additional
hidden features and strength of the data set could be unearthed by the
linkage of variables using non-linear tools.

3 Results
3.1 Heavy metal concentrations

The metal concentrations in various body organs of Tilapia fish
species are presented in Figure 2. Since most of the heavy metal
concentrations did not significantly differ between the sample sites
(R1 - R4), all four sites were combined for further analyses and
correlation studies. In fish samples, iron concentration was found to
be relatively higher than the other metals. The heavy metal

Frontiers in Public Health

10.3389/fpubh.2024.1402421

concentration varied across different organs in the following sequence:
Muscle Fe>Ni>Cr>Co>Pb>Cd>Zn>Cu, Gills Fe>Ni>Co>Cr>
Pb>Cd>Zn>Cu, Liver Fe>Ni>Cr>Co>Cu>Pb>Cd>Zn. The
in the (Mean:
1554.4+1708.7 mg/kg) of Tilapia, while the minimum Fe levels were
observed in the muscles (Mean: 130.757 +33.3 mg/kg). Muscles
contained a low Fe level compared to the other organs. Apart from

maximum Fe levels were detected Liver

Iron other heavy metals like Cr, Co, Pb, and Cd were also found to
be well above the standard permissible limits (Table 2) for the
respective heavy metals in respective tissue samples.

3.2 Pollution index (PI) of the heavy metals

To assess the degree of contamination or pollution linked to the
obtained fish samples, the PI of heavy metals in the Tilapia fish
samples was determined. Table 3 displays the PI values for the
analyzed metals. We found that Zn and Cu pollution index were lower
than 1 across the various organs. Fe, Cd, Pb, Cr, Ni, and Co had high
pollution index across all the organs. Overall, the pollution index
values for heavy metals in Gills and Liver far surpassed those
in Muscle.

3.3 Human health risk assessment

3.3.1 Estimation of estimated daily intake (EDI)
and target hazard quotient (THQ)

According to the United States Environmental Protection
Agency’s (50), recommended oral reference dose is shown in Table 4.
Our results showed that the EDI for the investigated metals was lower
than the RfD (oral reference dose) with some exceptions which are
Liver (Cd, Co, Pb, and Cr), Gills (Co and Cr), Muscle (Co). The THQ
of each metal from ingestion of Tilapia was generally less than 1 except
in the Liver (Cd, Co, Pb, and Cr), Gills (Co and Cr), and Muscle (Co)
(see Table 5). THQ values for Cd, Co, Pb, and Cr in the Liver, Co and
Cr in Gills, and, Co in Muscle were > 1 for adults (see Table 6).

3.3.2 Calculation of the cancer risk (CR) for cd,
Pb, and Cr

Figure 3 showcases the estimated cancer risk factors for Cd, Pb,
and Cr. The USEPA has assigned a 10-5 acceptable limit for the
lifetime carcinogenic risk. Based on the findings, the muscle, liver, and
gills Pb cancer risk factor determined in this study is within the
established tolerable level. However, Cd and Cr are higher than the set
tolerable limit.

3.4 Results of principal component analysis
(PCA)

Two principal components were estimated using the JMP for our
dataset comprising of body weight, Length and heavy metal
concentration of different organs of fish (Figure 4). Both components
together were able to explain ~88% of total variance in the data, with
PC1 and PC2 accounting for 56.1 and 31.4%, respectively. The general
trend shows negative loading of heavy metals in various fish organs in
Tilapia Fish when compared with fish size and body weight. From PC1
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FIGURE 2
Concentration (mg/kg) of heavy metals in (A) Muscle, (B) Gills, and (C) Liver of Oreochromis mossambicus.

TABLE 2 The permissible limit of heavy metals in fisheries.

Institute/Organization i Reference
MFA (Malaysian Food Act) 100 30 2 - 1 - - MFA (65)
FAO (Food and Agriculture 30/40 30 0.5 - 0.5 - - FAO (66),

Organization) (1983)

EC (Commission of the European - - 0.2-0.4 - 0.05 - - - EC (67)

Communities)

USFDA (Food and Drug - - 0.5 - 0.01-0.21 - - USFDA (68)
Administration)

WHO (1989)/(2013) 100/5 30/2.25 2 - 1 1/0.5 100/0.30 - Mokhtar et al. (69)
England 50 20 2 - 0.2 - - Contaminants (70)
FAO/WHO limits 40 30 2 - 0.5 - Joint and Additives (71)
Median International Standard 45 20 2 - 0.3 - - 1 Phillips (72), Senarathne
(Tolerable levels) (ug/g) (73), and Senarathne and

Pathiratne (74)

USEPA (United State Environmental 5 2.25 0.11 - 0.01 0.02 0.5 - Anim-Gyampo et al. (75)
Protection Agency) (ug/g)

WPCL (Water Pollution Control 4.25 2 0.05 - 0.03 0.02 0.45 - Anim-Gyampo et al. (75)

Legislation)

we can observe that heavy metal content more specifically in the Gills ~ heavy metals in muscles seems to be dependent on both PC1 and PC2,
and Liver is loaded heavily on PC1 and seems to decrease with an  which suggests some other factors influencing the loading apart from
increase in the length and weight of the fish. However, the loading of ~ the length and weight of the Tilapia fish. This observation corroborates
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TABLE 3 Pollution index (PI) of the studied heavy metals in the Tilapia Fish samples.

Pollution index muscle

Pollution index liver

Pollution index gills

R1 R2 R3 R4 R2 R3 R2 R3
Cd 12.42 9.83 10.47 8.22 62.05 41.02 34.35 40.63 22.05 12.00 14.42 20.20
Co 65.82 71.52 85.77 72.27 440.29 342.92 296.75 450.00 154.15 92.05 117.59 190.85
Fe 261.51 22593 255.35 243.59 1878.87 1615.56 2151.31 6789.50 2430.51 658.47 631.99 737.07
Zn 0.05 0.05 0.06 0.09 0.32 0.22 0.23 0.30 0.15 0.12 0.13 0.17
Ni 50.64 52.75 60.05 62.74 260.12 197.54 192.62 334.25 113.16 68.92 91.55 153.61
Pb 6.72 6.00 7.05 5.19 38.64 28.63 25.82 33.44 12.69 7.44 9.49 12.38
Cu 0.04 0.00 0.00 0.00 1.79 6.30 14.70 1.35 0.23 0.01 0.00 0.00
Cr 21.40 21.01 22.92 24.44 77.82 70.62 69.79 162.69 72.00 20.27 28.69 48.57

TABLE 4 Reference dose (RfD) and cancer slope factor (CSF) for different metals reported in the literature.

Metal RfD CSF (mg/kg/day) Reference

Cd 0.001 6.3 Mohammadi et al. (64) and Adebiyi et al. (41)
Co 0.0003 Saha et al. (49)

Fe 0.3 Adebiyi et al. (41)

Zn 0.3 Adebiyi et al. (41)

Ni 0.02 Miri et al. (45)

Pb 0.004 0.0085 Mohammadi et al. (64) and Adebiyi et al. (41)
Cu 0.04 Adebiyi et al. (41)

Cr 0.003 0.5 Mohammadi et al. (64) and Adebiyi et al. (41)

TABLE 5 Calculation of adult’s estimated daily intake (EDI) for identified elements from eating tilapia fish.

EDI muscle EDI gills EDI liver

R2 R3 R2 R3 R2 R3
cd 0.0009 0.0007 0.0008 0.0006 0.0017 0.0009 0.0011 0.0015 0.0046 0.0031 0.0026 0.0030
Co 0.0014 0.0015 0.0018 0.0015 0.0032 0.0019 0.0025 0.0040 0.0092 0.0072 0.0062 0.0094
Fe 0.0098 0.0085 0.0096 0.0091 0.0910 0.0247 0.0237 0.0276 0.0703 0.0605 0.0805 0.2542
Zn 0.0004 0.0004 0.0004 0.0007 0.0011 0.0009 0.0010 0.0012 0.0024 0.0017 0.0017 0.0022
Ni 0.0019 0.0020 0.0022 0.0023 0.0042 0.0026 0.0034 0.0058 0.0097 0.0074 0.0072 0.0125
Pb 0.0010 0.0009 0.0011 0.0008 0.0019 0.0011 0.0014 0.0019 0.0058 0.0043 0.0039 0.0050
Cu 0.0001 0.0000 0.0000 0.0000 0.0005 0.0000 0.0000 0.0000 0.0040 0.0141 0.0330 0.0030
Cr 0.0016 0.0016 0.0017 0.0018 0.0054 0.0015 0.0021 0.0036 0.0058 0.0053 0.0052 0.0122

various similar studies performed by researchers over the past
decades (52).

3.5 Results of correlation matrix analysis
(CMA)

Figure 5 shows the Correlation matrix analysis results of the
studied metals in the Tilapia muscle samples: positive and strong
significant correlations exist between Cr/Zn and Cr/Nj, also Ni/Zn
shows some positive correlation. Considering other organs: in the
Liver, positive and strong significant correlations exist between Cd/
Pb, Co/Pb, Zn/Pb, Co/Zn, Cr/Fe, and Cr/Ni, also some positive
correlation is displayed between Ni/Co. while strong and negative
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correlation exists between Cu/Co, some negative correlation exists
between Pb/Cu, Cu/Zn, and Cu/Ni; in Gills, positive and strong
significant correlations were shown by Zn/Cd, Zn/Co, Ni/Co, Ni/Zn,
Pb/Cd, Pb/Co, Pb/Zn, Cu/Fe, Cr/Cd, and Cr/Pb, also some positive
correlation was shown between Ni/Pb.

4 Discussion

Although excessive amounts of iron are linked to heart disease,
cancer, and reduced insulin sensitivity, iron is a necessary element for
biological activity (53). High iron content in the fish organs could
be attributed to the prolonged exposure given that the Cauvery River
water iron content is high (54, 55). As per prior studies, Iron content
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TABLE 6 Calculation of target hazard quotient (THQ) for analyzed metals from Tilapia fish consumption by adults.

THQ Muscle THQ Gills THQ Liver
R2 R3 R2 R3 R2 R3
Cd 0.930 0.736 0.784 0.616 1.651 0.898 1.080 1.513 4.646 3.072 2.572 3.042
Co 4.600 4.998 5.994 5.050 10.773 6.433 8.218 13.338 30.771 23.966 20.740 31.450
Fe 0.033 0.028 0.032 0.030 0.303 0.082 0.079 0.092 0.234 0.202 0.268 0.847
Zn 0.001 0.001 0.001 0.002 0.004 0.003 0.003 0.004 0.008 0.006 0.006 0.007
Ni 0.095 0.099 0.112 0.117 0.212 0.129 0.171 0.288 0.487 0.370 0.361 0.626
Pb 0.252 0.225 0.264 0.194 0.475 0.279 0.355 0.463 1.447 1.072 0.967 1.252
Cu 0.002 0.000 0.000 0.000 0.013 0.001 0.000 0.000 0.101 0.354 0.825 0.076
Cr 0.534 0.524 0.572 0.610 1.797 0.506 0.716 1.212 1.942 1.763 1.742 4.061
TTHQ 6.446 6.611 7.760 6.621 15.228 8.331 10.623 16.910 39.636 30.803 27.481 41.361
Total Target Hazard Quotient (TTHQ).
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FIGURE 3
Estimated cancer risk for analyzed metals associated with consumption of (A) Muscle, (B) Liver, and (C) Gills from Oreochromis mossambicus.

in river water is mostly due to the tributaries from mineralized zones
(56). PCA points out that Cu concentration in the Liver of Tilapia
loads positively with the length and size of the fish (57). High
concentration of Cu in the liver has been demonstrated to have
significant poisonous effect on fish (58). The loading of rest of the
metals in Liver and Gills shows negative loading when compared to
size and weight of the fish. This seems to indicate younger fishes tend
to have a higher accumulation of heavy metals than older fishes. This
phenomenon has been observed in some earlier studies on other fish
species as well. Our study also highlights the higher heavy metal
concentration is there in the Gills and Liver of fishes when compared
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to muscles this is in line with the previous researches in similar area,
according to which gills are exposed to the immediate environment
and hence more exposed to the heavy metal pollution, on the other
hand the Liver is metabolically active and despite the route of exposure
be it food or via gills the accumulation of heavy metals take place here
(59). Mozambique Tilapia are omnivorous and feed on a variety of
food sources, including algae, detritus, and small invertebrates. This
diverse diet can lead to the ingestion of metals present in the sediment
and water, which can then accumulate in their tissues (60). Muscle
however is not metabolically active and thus high heavy metal
concentration in Tilapia’s muscles raises concerns. In an earlier study
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FIGURE 5

Correlation matrix of the studied metals in various tissue systems of Oreochromis mossambicus.

(61), which was performed on three economically important fish
species (Anguilla anguilla, Mugil cephalus, and Oreochromis niloticus)
in Turkey, it was also found that the concentrations of cadmium (Cd)
and lead (Pb) were generally lower in the muscles compared to other
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tissues like the liver and gills, but still present in measurable amounts.
The study also highlighted that omnivorous fish like Nile tilapia tend
to accumulate metals in their muscles, albeit at different levels
depending on the specific metal and environmental conditions.
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The strong positive correlation of Chromium (Cr) with Zinc (Zn)
and Nickel (Ni) may suggest that these are metals from a common
source or with similar pathways of accumulation in the muscle tissue.
This can be seen as an indicator of industrial discharge or runoff with
these metals. The correlation between Nickel (Ni) and Zinc (Zn)
further supports the above hypothesis to have an equal source or has
similar environmental behavior, probably from industrial activities or
urban runoff.

High correlations between Cadmium (Cd), Lead (Pb), Cobalt
(Co), Zinc (Zn), Chromium (Cr), and Iron (Fe) within the liver organ
indicate that these metals might be co-contaminants from industrial
processes, mining activities, or agricultural runoff (62). It is also likely
that the liver organ contains heavy metals because it is a primary
detoxifying organ, in which it may accumulate metals reflecting
environmental presence. The positive covariance of Nickel (Ni) and
Cobalt (Co) could mean that they share a common source, perhaps
from either of the metal plating industries or even natural geological
sources. The negative correlation of Copper (Cu) and Cobalt (Co)
might be interpreted as competition in uptake or different sources. For
example, Cu may be more related to agricultural runoff in instances
of pesticides (63), whereas Co may be more related to industrial
discharge. These negative correlations could be related to other
sources or antagonist interactions in the environment itself or within
the fish’s biological system.

Strong positive correlations among these metals in gills suggest
they should co-exist within the water body, possibly through industrial
effluent or urban runoff. As gills are directly exposed to the water, they
could indicate water-borne metal contamination. The positive
correlation between Nickel and Lead gives further support to a shared
source from industrial activity.

The amount of heavy metals like Cr, Co, Pb, and Cd needs to
be strictly regulated given these metals have been established as
toxic to human health. Studying the Pollution Index shows that the
Tilapia fish Muscle and Gills samples are contaminated with Cd, Cr,
Fe, Co, Ni, and Pb given the PI > 1. Other examined metals with PI
values below 1 include Zn and Cu. This may indicate that the fish
samples are free of these metals’ contamination. The correlation
matrix indicated a significant relationship between the analyzed
metals, suggesting similar sources and/or genetic origin. EDI and
THQ for certain metals suggest that prolonged consumption of
Tilapia in higher quantities could lead to serious health impacts.
Only certain metals such as Cd, Cr, and Pb have been established to
have cancer-causing roles in humans. The CR factor for Cd and Cr
were found to be higher than the USEPA set tolerable limit. This
suggests cancer risk due to Cd and Cr can be there over prolonged
exposure. Pb in fish organs was found to have no such risk due to its
presence within the tolerable limit. Overall, the data indicates that a
higher intake of Tilapia fish might harm the health of the populace
consuming it.

5 Conclusion and recommendation

Our study looked into a few particular potentially hazardous
metals and the risks they pose to human health. According to the
metal pollution index values, the amount of contamination in the
samples of tilapia fish for Cd, Cr, Fe, Co, Ni, and Pb is greater than
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1. The Target hazard quotient for Cd, Co, Pb, and Cr in the Liver, Co,
and Cr in Gills, and Co in Muscle were > 1 for adults, which showed
a significant health risk other than cancer from the combined effects
of these metals. In the muscle, liver, and gills, the cancer risk (Cd and
Cr) was higher than the established tolerable level, suggesting that
consuming tilapia fish may carry a risk of these heavy metals causing
cancer. There is a growing need for more active monitoring regarding
the food safety of the Indian population that consumes fish, it would
also help generate more data on the state of edible fish species in
other Indian rivers. It would be prudent to limit the daily
consumption of tilapia to prevent long-term detrimental effects on
human health based on the results obtained for the cancer risk.
Among the metals taken into consideration, the greatest risk for
human health can be associated with the level of Cd and Cr. Further
studies and data generation is recommended to study the impact of
contaminated fish consumption on the local population over the
extended time period.

6 Limitations

Although our study offers insightful information about the
levels of heavy metals and related hazards in different fish organs,
there are a few things to keep in mind. First off, our findings
might not be as broadly applicable as they could be because of the
sample size and geographic reach, which might not accurately
reflect the larger fish population. Furthermore, the results may
be impacted by variations in heavy metal buildup brought on
by fish species, age, and size that were not fully controlled. Even
with its robustness, the risk assessment based on USEPA
recommendations might not take into consideration all potential
exposure situations and individual susceptibilities, like dietary
habits or pre-existing medical disorders. Moreover, possible
interactions between various heavy metals that could increase or
decrease the total risk were not assessed in the study. Future
research should aim to address these limitations by incorporating
a larger, more diverse sample set, and by considering additional
variables and potential synergistic effects of multiple contaminants.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author/s.

Ethics statement

Ethical approval was not required for the study involving animals
in accordance with the local legislation and institutional
requirements because our study did not require ethical board
approval because it did not contain human or animal trials. The fish
used in this study was procured dead from local fishermen. All
surgical operations were performed on dead fish. Care was taken to
ensure that the least number of fish was utilized to reach satisfactory
statistical conclusions.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402421
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Gupta and Arunachalam

Author contributions

NG: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Visualization, Writing - original draft,
Writing - review & editing. SA: Data curation, Funding acquisition,
Supervision, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors express their gratitude toward the Vellore Institute of
Technology for providing the lab facilities for conducting our research
and financial support. The authors are thankful to the VIT-TBI for
providing AAS facilities to carry out this work. ChatGPT 3.5 was used in
some paragraphs to refine language and enhance clarity and readability.

References

1. Shinde D, Kamble P, Mahajan DM, Devkar V, Chakane S. Analysis of accumulated
heavy metal concentrations in various body parts of Chillapi (Oreochromis Mossambicus)
fish from Ujjani reservoir of Maharashtra, India. Adv Zool Bot. (2020) 8:37-44. doi:
10.13189/azb.2020.080201

2. Goyal VC, Singh O, Singh R, Chhoden K, Malyan SK. Appraisal of heavy metal
pollution in the water resources of Western Uttar Pradesh. India Assoc Risks Environ
Adv. (2022) 8:100230. doi: 10.1016/j.envadv.2022.100230

3. Majumdar A, Avishek K. Assessing heavy metal and physiochemical pollution load
of Danro River and its management using floating bed remediation. Sci Rep. (2024)
14:9885. doi: 10.1038/s41598-024-60511-x

4. Paul D. Research on heavy metal pollution of river ganga: a review. Ann Agrar Sci.
(2017) 15:278-86. doi: 10.1016/j.aasci.2017.04.001

5. Singh V, Ahmed G, Vedika S, Kumar P, Chaturvedi SK, Rai SN, et al. Toxic heavy
metal jons contamination in water and their sustainable reduction by eco-friendly
methods: isotherms, thermodynamics and kinetics study. Sci Rep. (2024) 14. doi:
10.1038/541598-024-58061-3

6. Khan R, Saxena A, Shukla S, Sekar S, Senapathi V, Wu J. Environmental
contamination by heavy metals and associated human health risk assessment: a case
study of surface water in Gomti River Basin, India. Environ Sci Pollut Res. (2021)
28:56105-16. doi: 10.1007/s11356-021-14592-0

7. Kumar P, Sivaperumal P, Manigandan V, Rajaram R, Hussain M. Assessment of
potential human health risk due to heavy metal contamination in edible finfish and
shellfish collected around Ennore coast, India. Environ Sci Pollut Res. (2021) 28:8151-67.
doi: 10.1007/s11356-020-10764-6

8. Kumar SB, Padhi RK, Mohanty AK, Satpathy KK. Elemental distribution and trace
metal contamination in the surface sediment of south east coast of India. Mar Pollut Bull.
(2017) 114:1164-70. doi: 10.1016/j.marpolbul.2016.10.038

9. Rushinadha Rao K., Sreedhar U., Sreeramulu K. (2016). Spatial variation of heavy
metal accumulation in coastal sea water, east coastof Andhra Pradesh, India. 2, 394-399.
Available at: www.allresearchjournal.com (Accessed October 07, 2024).

10. Ali H, Khan E, Ilahi I. Environmental chemistry and ecotoxicology of hazardous
heavy metals: environmental persistence, toxicity, and bioaccumulation. ] Chem. (2019)
2019:1-14. doi: 10.1155/2019/6730305

11. Gashkina NA, Moiseenko TI, Kudryavtseva LP. Fish response of metal
bioaccumulation to reduced toxic load on long-term contaminated lake Imandra.
Ecotoxicol Environ Saf. (2020) 191:110205. doi: 10.1016/j.ecoenv.2020.110205

12. Rubalingeswari N, Thulasimala D, Giridharan L, Gopal V, Magesh NS, Jayaprakash
M. Bioaccumulation of heavy metals in water, sediment, and tissues of major fisheries
from Adyar estuary, southeast coast of India: an ecotoxicological impact of a
metropolitan city. Mar Pollut Bull. (2021) 163:111964. doi: 10.1016/j.marpolbul.2020.
111964

13. Tolulope A., Fawole O., Adewoye S., Akinloye O. M. (2009). Bioconcentration of
metals in the body muscle and gut of Clarias gariepinus exposed to sublethal

Frontiers in Public Health

11

10.3389/fpubh.2024.1402421

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402421/
full#supplementary-material

concentrations of soap and detergent effluent. Available at: http://www.academicjournals.
org/JCAB (Accessed October 07, 2024).

14. Gupta A, Rai DK, Pandey RS, Sharma B. Analysis of some heavy metals in the
riverine water, sediments and fish from river Ganges at Allahabad. Environ Monit Assess.
(2009) 157:449-58. doi: 10.1007/s10661-008-0547-4

15.Javed M, Usmani N. An overview of the adverse effects of heavy metal
contamination on fish health. Proceed Nat Acad Sci India Sec B. (2019) 89:389-403. doi:
10.1007/s40011-017-0875-7

16. Asuquo Isangedighi I, Samuel David G. Heavy metals contamination in fish: effects
on human health. J Aquatic Sci Marine Biol. (2019) 2:7-12. doi: 10.22259/2638-
5481.0204002

17. Azaman E Juahir H, Yunus K, Azid A, Kamarudin MKA, Toriman ME, et al.
Heavy metal in fish: analysis and human health-a review. J Teknol. (2015) 77:61-9. doi:
10.11113/jt.v77.4182

18. DOF (2020). Handbook on fisheries statistics.

19. Ahmed MK, Bhowmik AC, Rahman S, Haque MR. Heavy metal concentration in
water, sediments, freshwater mussels and fishes of the river Shitalakhya, Bangladesh. Asian
Journal of Water, Environment and Pollution. (2010) 7:77-90. doi: 10.3233/AJW-2010-
7_1_11

20. Gonzélez N, Calderén J, Rubies A, Timoner I, Castell V, Domingo JL, et al. Dietary
intake of arsenic, cadmium, mercury and lead by the population of Catalonia, Spain:
analysis of the temporal trend. Food Chem Toxicol. (2019) 132:110721. doi: 10.1016/j.
fct.2019.110721

21. Rabiul Islam GM, Habib MR, Waid JL, Rahman MS, Kabir J, Akter S, et al. Heavy
metal contamination of freshwater prawn (Macrobrachium rosenbergii) and prawn feed
in Bangladesh: a market-based study to highlight probable health risks. Chemosphere.
(2017) 170:282-9. doi: 10.1016/j.chemosphere.2016.11.163

22. Raihana U, Rahman A. (2014). Landfill leachate toxicity analysis with Orechromis
mossambicus (Mozambique Tilapia): a Review Available at: http://gssrr.org/index.php?
journal=JournalOfBasicAndApplied (Accessed October 07, 2024).

23. Raihana U,, Rahman A., Norkhadijah S., Ismail S., Abidin E. Z., Praveena S. M.
(2019). Heavy metals accumulation in gills and muscles of Mozambique Tilapia
(Oreochromis mossambicus) exposed to crude leachate.

24. Mangitung S. E, Hasan V., Isroni W, Serdiati N., Valen E S. (2021). Mozambique
Tilapia Oreochromis mossambicus (Peters, 1852) (Perciformes: Cichlidae): New Record
from Masalembo Island, Indonesia: Ecology Environment and Conservation.
27:1091-109.

25. Debnath SC, McMurtrie J, Temperton B, Delamare-Deboutteville J, Mohan CV,
Tyler CR. Tilapia aquaculture, emerging diseases, and the roles of the skin microbiomes
in health and disease. Aquac Int. (2023) 31:2945-76. doi: 10.1007/s10499-023-01117-4

26. Siddique MAB, Mahalder B, Haque MM, Shohan MH, Biswas JC, Akhtar S, et al.
Forecasting of tilapia (Oreochromis niloticus) production in Bangladesh using ARIMA
model. Heliyon. (2024) 10:e27111. doi: 10.1016/j.heliyon.2024.e27111

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402421
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402421/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1402421/full#supplementary-material
https://doi.org/10.13189/azb.2020.080201
https://doi.org/10.1016/j.envadv.2022.100230
https://doi.org/10.1038/s41598-024-60511-x
https://doi.org/10.1016/j.aasci.2017.04.001
https://doi.org/10.1038/s41598-024-58061-3
https://doi.org/10.1007/s11356-021-14592-0
https://doi.org/10.1007/s11356-020-10764-6
https://doi.org/10.1016/j.marpolbul.2016.10.038
http://www.allresearchjournal.com
https://doi.org/10.1155/2019/6730305
https://doi.org/10.1016/j.ecoenv.2020.110205
https://doi.org/10.1016/j.marpolbul.2020.111964
https://doi.org/10.1016/j.marpolbul.2020.111964
http://www.academicjournals.org/JCAB
http://www.academicjournals.org/JCAB
https://doi.org/10.1007/s10661-008-0547-4
https://doi.org/10.1007/s40011-017-0875-7
https://doi.org/10.22259/2638-5481.0204002
https://doi.org/10.22259/2638-5481.0204002
https://doi.org/10.11113/jt.v77.4182
https://doi.org/10.3233/AJW-2010-7_1_11
https://doi.org/10.3233/AJW-2010-7_1_11
https://doi.org/10.1016/j.fct.2019.110721
https://doi.org/10.1016/j.fct.2019.110721
https://doi.org/10.1016/j.chemosphere.2016.11.163
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied
http://gssrr.org/index.php?journal=JournalOfBasicAndApplied
https://doi.org/10.1007/s10499-023-01117-4
https://doi.org/10.1016/j.heliyon.2024.e27111

Gupta and Arunachalam

27.Laxmappa B., Sreedhar Sharma M., Nagaraju C. (2015). International journal of
fisheries and aquatic studies 2015; 3(1): 93-96 impact study of the feral population of
Tilapia (Oreochromis mossambicus) on growth of Indian major carp in Veeranna tank
of Tatikonda Village in Mahabubnagar District, Telangana, India. Available at: www.
fisheriesjournal.com (Accessed October 07, 2024).

28.Roshni K. (2016). Fishery of Mozambique Tilapia Oreochromis mossambicus
(Peters) in Poringalkuthu Reservoir of Chalakudy River, Kerala, India. Available at:
https://www.researchgate.net/publication/316124730 (Accessed October 07, 2024).

29. Balamanikandan V, Shalini R, Arisekar U, Shakila R], Padmavathy P, Sivaraman B,
et al. Bioaccumulation and health risk assessment of trace elements in Tilapia
(Oreochromis mossambicus) from selected inland water bodies. Environ Geochem Health.
(2024) 46:187. doi: 10.1007/s10653-024-01909-4

30. Khan ME, Panikkar P, Salim SM, Leela RV, Sarkar UK, Das BK, et al. (2021).
Modeling impacts of invasive sharp tooth African catfish Clarias gariepinus (Burchell
1822) and Mozambique tilapia Oreochromis mossambicus (Peters, 1852) on the ecosystem
of a tropical reservoir ecosystem in India. Environmental Science and Pollution Research,
28:58310-21.

31. RK LKKPG, Roshith M, Kumar CSMSV, Suresh MEVR, Das SSB. Composition and
distribution of non-native fishes in relation to water quality parameters in river Cauvery.
J Inland Fish Soc India. (2021) 53:185-193. doi: 10.47780/jifsi.53.3-4.2021.122367

32. Canciyal J, Kosygin L, Mogalekar HS, Das BK. Fish fauna of Kodayar River. Tamil
Nadu, India: Kanyakumari district (2018).

33.Raj S, Prakash P, Reghunath R, Tharian JC, Raghavan R, Kumar AB. Distribution
of alien invasive species in aquatic ecosystems of the southern Western Ghats, India.
Aquat Ecosyst Health Manag. (2021) 24:64-75. doi: 10.14321/aehm.024.02.10

34. Arumugam M, Jayaraman S, Sridhar A, Venkatasamy V, Brown PB, Abdul Kari Z,
et al. Recent advances in tilapia production for sustainable developments in Indian
aquaculture and its economic benefits. Fishes (2023) 8:176. doi: 10.3390/fishes8040176

35. Tilapia (GIFT) - MPEDA (2020). Available at: https://mpeda.gov.in/?page_id=764
(Accessed November 29, 2022).

36. Manyise T, Lam RD, Lozano Lazo DP, Padiyar A, Shenoy N, Chadag MV, et al.
Exploring preferences for improved fish species among farmers: a discrete choice
experiment applied in rural Odisha. India Aquaculture. (2024) 583:740627. doi:
10.1016/j.aquaculture.2024.740627

37.Tran N, Shikuku KM, Rossignoli CM, Barman BK, Cheong KC, Ali MS, et al.
Growth, yield and profitability of genetically improved farmed tilapia (GIFT) and non-
GIFT strains in Bangladesh. Aquaculture. (2021) 536:736486. doi: 10.1016/j.
aquaculture.2021.736486

38.Rajaram T, Das A. Water pollution by industrial effluents in India: discharge
scenarios and case for participatory ecosystem specific local regulation. Futures. (2008)
40:56-69. doi: 10.1016/j.futures.2007.06.002

39. Sarkar SK, Bhattacharya BD, Bhattacharya A, Chatterjee M, Alam A, Satpathy KK,
etal. Occurrence, distribution and possible sources of organochlorine pesticide residues
in tropical coastal environment of India: an overview. Environ Int. (2008) 34:1062-71.
doi: 10.1016/j.envint.2008.02.010

40. CPCB (2021). Status of trace and toxic metals in Indian Rivers.

41. Adebiyi FM, Ore OT, Ogunjimi IO. Evaluation of human health risk assessment
of potential toxic metals in commonly consumed crayfish (Palaemon hastatus) in
Nigeria. Heliyon. (2020) 6:€03092. doi: 10.1016/j.heliyon.2019.e03092

42. Taweel A, Shuhaimi-Othman M, Ahmad AK. Assessment of heavy metals in tilapia
fish (Oreochromis niloticus) from the Langat River and engineering Lake in Bangi,
Malaysia, and evaluation of the health risk from tilapia consumption. Ecotoxicol Environ
Saf. (2013) 93:45-51. doi: 10.1016/j.ecoenv.2013.03.031

43. Agemian H, Sturtevant DP, Austen KD. Simultaneous acid extraction of six trace
metals from fish tissue by hot-block digestion and determination by atomic-absorption
spectrometry. Analyst. (1980) 105:125. doi: 10.1039/an9800500125

44. Ajeeshkumar KK, Vishnu KV, Bineesh KK, Mathew S, Sankar TV, Asha KK.
Macromineral and heavy metal profiles of selected deep-sea fish from the Kochi coast of
the Arabian Sea. India Mar Pollut Bull. (2021) 167. doi: 10.1016/j.marpolbul.2021.112275

45, Miri M, Akbari E, Amrane A, Jafari SJ, Eslami H, Hoseinzadeh E, et al. Health risk
assessment of heavy metal intake due to fish consumption in the Sistan region. Iran
Springer. (2017) 189:583. doi: 10.1007/s10661-017-6286-7

46. Kwaansa-Ansah EE, Nti SO, Opoku F. Heavy metals concentration and human
health risk assessment in seven commercial fish species from Asafo market, Ghana. Food
Sci Biotechnol. (2019) 28:569-79. doi: 10.1007/s10068-018-0485-z

47.NCAER (2023). Fish consumption in India in 2022-23 and future prospects -
NCAER | quality. Relevance. Impact. NCAER. Available at: https://www.ncaer.org/
news/fish-consumption-in-india-in-2022-23-and-future-prospects (Accessed August
29,2024).

48. Ramesh R, Purvaja R, Lakshmi A. Coastal pollution loading and water quality
criteria-Bay of Bengal Coast of India In: Surface and sub-surface water in Asia. (2015)
47-71. doi: 10.3233/978-1-61499-540-1-47

49. Saha N, Mollah MZI, Alam ME, Safiur Rahman M. Seasonal investigation of heavy
metals in marine fishes captured from the bay of Bengal and the implications for human

Frontiers in Public Health

12

10.3389/fpubh.2024.1402421

health risk assessment. Food Control. (2016) 70:110-8. doi: 10.1016/j.foodcont.
2016.05.040

50. USEPA. Supplementary guidance for conducting health risk assessment of
chemical mixtures risk assessment forum technical panel. Washington: (2000).

51. Chien LC, Hung TC, Choang KY, Yeh CY, Meng PJ, Shieh MJ, et al. Daily intake
of TBT, cu, Zn, cd and as for fishermen in Taiwan. Sci Total Environ. (2002) 285:177-85.
doi: 10.1016/S0048-9697(01)00916-0

52.Dobicki W., Polechonski R. (2003). Relationship between age and heavy metal
bioaccumulation by tissues of four fish species inhabiting Wojnowskie lakes.
Available at: https://www.researchgate.net/publication/283902142 (Accessed
October 07, 2024).

53. Peto MV. Aluminium and iron in humans: bioaccumulation, pathology, and
removal. Rejuvenation Res. (2010) 13:589-98. doi: 10.1089/rej.2009.0995

54. Tamilmani A, Venkatesan G. Assessment of trace metals and its pollution load
indicators in water and sediments between upper and grand Anicuts in the Cauvery. Int
] Environ Sci Technol. (2021) 18:3807-18. doi: 10.1007/s13762-020-03034-y

55. Venkatesha Raju K, Somashekar RK, Prakash KL. Heavy metal status of sediment
in river Cauvery, Karnataka. Environ Monit Assess. (2012) 184:361-73. doi: 10.1007/
s10661-011-1973-2

56. Vaithiyanathan P, Ramanathan AL, Subramanian V. Transport and distribution of
heavy metals in Cauvery river. Water Air Soil Pollut. (1993) 71:13-28. doi: 10.1007/
BF00475509

57.Masresha AE, Skipperud L, Rosseland BO, Z GM, Meland S, Salbu B.
Bioaccumulation of trace elements in liver and kidney of fish species from three
freshwater lakes in the Ethiopian Rift Valley. Environ Monit Assess. (2021) 193:329. doi:
10.1007/s10661-021-09083-1

58. Karayakar F, Cicik B, Ciftci N, Karaytug S, Erdem C, Ozcan AY. Accumulation of
copper in liver, gill and muscle tissues of Anguilla anguilla (Linnaeus, 1758). ] Anim Vet
Ady. (2010) 9:2271-4. doi: 10.3923/javaa.2010.2271.2274

59. Authman MM. Use of fish as bio-indicator of the effects of heavy metals pollution.
J Aquac Res Dev. (2015) 6:1-13. doi: 10.4172/2155-9546.1000328

60. Canli M, Atli G. The relationships between heavy metal (cd, Cr, cu, Fe, Pb, Zn)
levels and the size of six Mediterranean fish species. Environ Pollut. (2003) 121:129-36.
doi: 10.1016/S0269-7491(02)00194-X

61. Yilmaz F (2009). The comparison of heavy metal concentrations (cd, cu, Mn, Pb,
and Zn) in tissues of three economically important fish (Anguilla anguilla, Mugil
cephalus and Oreochromis niloticus) Inhabiting Koycegiz Lake-Mugla (Turkey).
Turkish Journal of Science & Technology, 4.

62.Zhu E, Qu L, Fan W, Wang A, Hao H, Li X, et al. Study on heavy metal levels and
its health risk assessment in some edible fishes from Nansi Lake. China Environ Monit
Assess. (2015) 187:161. doi: 10.1007/s10661-015-4355-3

63. Sapozhnikova Y, Zubcov N, Hungerford S, Roy LA, Boicenco N, Zubcov E, et al.
Evaluation of pesticides and metals in fish of the Dniester River, Moldova. Chemosphere.
(2005) 60:196-205. doi: 10.1016/j.chemosphere.2004.12.061

64. Mohammadi AA, Zarei A, Majidi S, Ghaderpoury A, Hashempour Y, Saghi MH,
et al. Carcinogenic and non-carcinogenic health risk assessment of heavy metals in
drinking water of Khorramabad. Iran MethodsX. (2019) 6:1642-51. doi: 10.1016/j.
mex.2019.07.017

65. MFA (1983). vdocument.in_malasia-food-act-1983. Available at: https://r.search.
yahoo.com/_ylt=Awrx_zh14QJnBAIAp7e7HAx.;_ylu=Y29sbwNzZzMEcG9zAzEEdnR
PZAMECc2VjA3Ny/RV=2/RE=1729451637/RO=10/RU=https%3a%2{%2fhq.moh.gov.
my%2ffsq%2fxs%2fdl.php3ffilename%3dFood%2bAct%2b1983-doc.pdf/RK=2/RS=v
ZPM4WogmXrjUjkwEK07HpcEsko-

66. FAO (1983). Compilation of legal limits for hazardous substances in fish and
fishery products. Fisheries circular. No. 764. | inland fisheries | food and agriculture
Organization of the United Nations. Available at: https://www.fao.org/inland-fisheries/
tools/detail/en/c/1150083/ (Accessed November 29, 2022).

67. EC (2001). Commission regulation (EC) no 466/2001 of 8 march 2001 setting
maximum levels for certain contaminants in foodstuffs (text with EEA relevance)
(repealed). Available at: https://webarchive.nationalarchives.gov.uk/eu-exit/https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02001R0466-20070301 (Accessed
October 07, 2024).

68. USFDA (1993). US FDA: Guidance document for arsenic in shellfish | EVISA’s
links database. Available at: https://speciation.net/Database/Links/US-FDA-Guidance-
Document-for-Arsenic-in-Shellfish-;i762 (Accessed November 29, 2022).

69. Mokhtar M., Aris A., Munusamy V., Res S. P.-E. ]. S., and 2009, undefined (2009).
Assessment level of heavy metals in Penaeus monodon and Oreochromis spp. in
selected aquaculture ponds of high densities development area. researchgate.net 30,
348-360. Available at: https://www.researchgate.net/profile/ Ahmad-Zaharin-Aris/
publication/233951795_European_Journal_of_Scientific_Research_2009_Mokhtar/
data/09e4150d43ab5659e5000000/European-Journal-of-Scientific-Research-2009-
Mokhtar.pdf (Accessed November 29, 2022).

70. Contaminants N. (1994). Monitoring and surveillance of non-radioactive
Contaminants in the aquatic environment and activities regulating the disposal of wastes

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402421
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://www.fisheriesjournal.com
http://www.fisheriesjournal.com
https://www.researchgate.net/publication/316124730
https://doi.org/10.1007/s10653-024-01909-4
https://doi.org/10.47780/jifsi.53.3-4.2021.122367
https://doi.org/10.14321/aehm.024.02.10
https://doi.org/10.3390/fishes8040176
https://mpeda.gov.in/?page_id=764
https://doi.org/10.1016/j.aquaculture.2024.740627
https://doi.org/10.1016/j.aquaculture.2021.736486
https://doi.org/10.1016/j.aquaculture.2021.736486
https://doi.org/10.1016/j.futures.2007.06.002
https://doi.org/10.1016/j.envint.2008.02.010
https://doi.org/10.1016/j.heliyon.2019.e03092
https://doi.org/10.1016/j.ecoenv.2013.03.031
https://doi.org/10.1039/an9800500125
https://doi.org/10.1016/j.marpolbul.2021.112275
https://doi.org/10.1007/s10661-017-6286-7
https://doi.org/10.1007/s10068-018-0485-z
https://www.ncaer.org/news/fish-consumption-in-india-in-2022-23-and-future-prospects
https://www.ncaer.org/news/fish-consumption-in-india-in-2022-23-and-future-prospects
https://doi.org/10.3233/978-1-61499-540-1-47
https://doi.org/10.1016/j.foodcont.2016.05.040
https://doi.org/10.1016/j.foodcont.2016.05.040
https://doi.org/10.1016/S0048-9697(01)00916-0
https://www.researchgate.net/publication/283902142
https://doi.org/10.1089/rej.2009.0995
https://doi.org/10.1007/s13762-020-03034-y
https://doi.org/10.1007/s10661-011-1973-2
https://doi.org/10.1007/s10661-011-1973-2
https://doi.org/10.1007/BF00475509
https://doi.org/10.1007/BF00475509
https://doi.org/10.1007/s10661-021-09083-1
https://doi.org/10.3923/javaa.2010.2271.2274
https://doi.org/10.4172/2155-9546.1000328
https://doi.org/10.1016/S0269-7491(02)00194-X
https://doi.org/10.1007/s10661-015-4355-3
https://doi.org/10.1016/j.chemosphere.2004.12.061
https://doi.org/10.1016/j.mex.2019.07.017
https://doi.org/10.1016/j.mex.2019.07.017
https://r.search.yahoo.com/_ylt=Awrx_zh14QJnBAIAp7e7HAx.;_ylu=Y29sbwNzZzMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1729451637/RO=10/RU=https%3a%2f%2fhq.moh.gov.my%2ffsq%2fxs%2fdl.php%3ffilename%3dFood%2bAct%2b1983-doc.pdf/RK=2/RS=vZPM4WogmXrjUjkwEK07HpcEsko-
https://r.search.yahoo.com/_ylt=Awrx_zh14QJnBAIAp7e7HAx.;_ylu=Y29sbwNzZzMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1729451637/RO=10/RU=https%3a%2f%2fhq.moh.gov.my%2ffsq%2fxs%2fdl.php%3ffilename%3dFood%2bAct%2b1983-doc.pdf/RK=2/RS=vZPM4WogmXrjUjkwEK07HpcEsko-
https://r.search.yahoo.com/_ylt=Awrx_zh14QJnBAIAp7e7HAx.;_ylu=Y29sbwNzZzMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1729451637/RO=10/RU=https%3a%2f%2fhq.moh.gov.my%2ffsq%2fxs%2fdl.php%3ffilename%3dFood%2bAct%2b1983-doc.pdf/RK=2/RS=vZPM4WogmXrjUjkwEK07HpcEsko-
https://r.search.yahoo.com/_ylt=Awrx_zh14QJnBAIAp7e7HAx.;_ylu=Y29sbwNzZzMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1729451637/RO=10/RU=https%3a%2f%2fhq.moh.gov.my%2ffsq%2fxs%2fdl.php%3ffilename%3dFood%2bAct%2b1983-doc.pdf/RK=2/RS=vZPM4WogmXrjUjkwEK07HpcEsko-
https://r.search.yahoo.com/_ylt=Awrx_zh14QJnBAIAp7e7HAx.;_ylu=Y29sbwNzZzMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1729451637/RO=10/RU=https%3a%2f%2fhq.moh.gov.my%2ffsq%2fxs%2fdl.php%3ffilename%3dFood%2bAct%2b1983-doc.pdf/RK=2/RS=vZPM4WogmXrjUjkwEK07HpcEsko-
https://www.fao.org/inland-fisheries/tools/detail/en/c/1150083/
https://www.fao.org/inland-fisheries/tools/detail/en/c/1150083/
https://webarchive.nationalarchives.gov.uk/eu-exit/https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02001R0466-20070301
https://webarchive.nationalarchives.gov.uk/eu-exit/https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02001R0466-20070301
https://speciation.net/Database/Links/US-FDA-Guidance-Document-for-Arsenic-in-Shellfish-;i762
https://speciation.net/Database/Links/US-FDA-Guidance-Document-for-Arsenic-in-Shellfish-;i762
http://researchgate.net
https://www.researchgate.net/profile/Ahmad-Zaharin-Aris/publication/233951795_European_Journal_of_Scientific_Research_2009_Mokhtar/data/09e4150d43ab5659e5000000/European-Journal-of-Scientific-Research-2009-Mokhtar.pdf
https://www.researchgate.net/profile/Ahmad-Zaharin-Aris/publication/233951795_European_Journal_of_Scientific_Research_2009_Mokhtar/data/09e4150d43ab5659e5000000/European-Journal-of-Scientific-Research-2009-Mokhtar.pdf
https://www.researchgate.net/profile/Ahmad-Zaharin-Aris/publication/233951795_European_Journal_of_Scientific_Research_2009_Mokhtar/data/09e4150d43ab5659e5000000/European-Journal-of-Scientific-Research-2009-Mokhtar.pdf
https://www.researchgate.net/profile/Ahmad-Zaharin-Aris/publication/233951795_European_Journal_of_Scientific_Research_2009_Mokhtar/data/09e4150d43ab5659e5000000/European-Journal-of-Scientific-Research-2009-Mokhtar.pdf

Gupta and Arunachalam

at sea, 1993 Cefascouk. Centre for Environment Fisheries and Aquaculture Science.
Available at: https://www.cefas.co.uk/Publications/aquatic/aemr40.pdf (Accessed
November 29, 2022).

71. Joint E, and Additives, W. E. C. on E. (1972). Evaluation of certain food additives
and the contaminants mercury, lead, and cadmium: Sixteenth report of the Joint FAO.
Available at: https://apps.who.int/iris/bitstream/handle/10665/40985/WHO_TRS_505.
pdf?sequenc (Accessed November 29, 2022).

72. Phillips D. (1993). Developing-country aquaculture, trace chemical contaminants,
and public health concerns. Available at: https://agris.fao.org/agris-search/search.
do?recordID=PH9410452 (Accessed November 29, 2022).

Frontiers in Public Health

10.3389/fpubh.2024.1402421

73. Senarathne P, Pathiratne K., Pathiratne A. (2006). Heavy metal levels in food fish,
Etroplus suratensis inhabiting Bolgoda Lake, Sri Lanka. Available at: http://www.dr.lib.
sjp.ac.]k/handle/123456789/1053 (Accessed November 29, 2022).

74. Senarathne P, Pathiratne KAS. Accumulation of heavy metals in a food fish, Mystus
gulio inhabiting Bolgoda Lake, Sri Lanka. Pathiratne/ Sri Lanka ] Aquat Sci. (2007) 12:61-75.

75. Anim-Gyampo M., Kumi M., and, M. Z.-J. of E., and 2013, undefined (2013). Heavy
metals concentrations in some selected fish species in Tono irrigation reservoir in Navrongo,
Ghana. Academiaedu. Available at: https://www.academia.edu/download/30633116/Heavy_
Metals_Concentrations_in_some_selected_Fish_Species_in_Tono_Irrigation_Reservoir_
in_Navrongo__Ghana.pdf (Accessed November 29, 2022).

13 frontiersin.org


https://doi.org/10.3389/fpubh.2024.1402421
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.cefas.co.uk/Publications/aquatic/aemr40.pdf
https://apps.who.int/iris/bitstream/handle/10665/40985/WHO_TRS_505.pdf?sequenc
https://apps.who.int/iris/bitstream/handle/10665/40985/WHO_TRS_505.pdf?sequenc
https://agris.fao.org/agris-search/search.do?recordID=PH9410452
https://agris.fao.org/agris-search/search.do?recordID=PH9410452
http://www.dr.lib.sjp.ac.lk/handle/123456789/1053
http://www.dr.lib.sjp.ac.lk/handle/123456789/1053
https://www.academia.edu/download/30633116/Heavy_Metals_Concentrations_in_some_selected_Fish_Species_in_Tono_Irrigation_Reservoir_in_Navrongo__Ghana.pdf
https://www.academia.edu/download/30633116/Heavy_Metals_Concentrations_in_some_selected_Fish_Species_in_Tono_Irrigation_Reservoir_in_Navrongo__Ghana.pdf
https://www.academia.edu/download/30633116/Heavy_Metals_Concentrations_in_some_selected_Fish_Species_in_Tono_Irrigation_Reservoir_in_Navrongo__Ghana.pdf

	Assessment of human health risks posed by toxic heavy metals in Tilapia fish (Oreochromis mossambicus) from the Cauvery River, India
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Sample collection
	2.3 Sample analysis
	2.4 Relevant parameter estimations
	2.4.1 Calculation of heavy metal (HM) in tissues
	2.4.2 Pollution index (PI)
	2.4.3 Estimated daily intake (EDI)
	2.4.4 Target hazard quotient (THQ) or non-carcinogenic health hazard
	2.4.5 Carcinogenic risk or cancer risks (CR)
	2.5 Data analysis
	2.5.1 Principal component analysis (PCA)
	2.5.2 Correlation matrix analysis

	3 Results
	3.1 Heavy metal concentrations
	3.2 Pollution index (PI) of the heavy metals
	3.3 Human health risk assessment
	3.3.1 Estimation of estimated daily intake (EDI) and target hazard quotient (THQ)
	3.3.2 Calculation of the cancer risk (CR) for cd, Pb, and Cr
	3.4 Results of principal component analysis (PCA)
	3.5 Results of correlation matrix analysis (CMA)

	4 Discussion
	5 Conclusion and recommendation
	6 Limitations

	References

