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Abstract: The present research investigated the presence of lead (Pb), arsenic (As), and nickel (Ni) in the edible muscle tissue
of grey mullet (M. cephalus) collected from the Maharashtra coast, India. In addition, it also evaluated the associated non-
carcinogenic health risks arising from their dietary intake. Inductively Coupled Plasma Optical Emission Spectrometry
(ICP-OES) method was utilized to determine the concentration of metal present in the sample. All targeted metal
concentrations were below the analytical limits of quantification (LOQ), with LOQ values of 0.015 mg/kg for As, 0.008 mg/kg
for Pb, and 0.0037 mg/kg for Ni. To further evaluate the prospects of torment, health risk indices were calculated using LOQ
based concentrations. For all the targeted metals evaluated, the estimated daily intakes (EDIs) were found to be 1.38 x 1075
mg/kg/day for As, 7.33 x 10°° mg/kg/day for Pb, and 3.39 x 10° mg/kg/day for Ni, respectively. Target hazard quotients
(THQs) were substantially lower than the concerned levels of hazard index (HI) calculated at 0.048. Based on these result,
it can be concluded that there are no significant non-carcinogenic health risks associated with the consumption of grey mullet
from the Maharashtra coast due to Pb, As or Ni exposure.

Keywords: Assessment, Bioaccumulation, Heavy Metals, Mugil cephalus, and Target Hazard Quotient.

How to Cite: Suketu Gopal Das; Kiran Mavjibhai Pariya (2026). Bioaccumulation and Assessment of Lead, Arsenic and Nickel in
Grey Mullet (Mugil cephalus) from the Maharashtra Coast, India. International Journal of Innovative Science and Research
Technology, 11(9), 391-395. https://doi.org/10.38124/ijisrt/26sepl167
I INTRODUCTION Urban sewage discharge, agricultural runoff, industrial
activity and port operations have exerted a significant amount

The rapid growth of urban cities has led to an increase
in the number of industrial operations, and as a result,
undeclared sewage discharge into the coastal and marine
environment surged up. This surge has become a global
environmental problem. Various heavy metals such as lead
(Pb), arsenic (As) and nickel (Ni) present a high risk to
humans because of their capacity to persist and bio-
accumulate in food webs, toxicity (Rainbow, 2002; Burger &
Gochfeld, 2005).

Fish are one of the key means of relaying metal
contaminants from ecosystems to humans. Grey mullet, one
of the commercially targeted and widely consumed fish
species from Indian coastal region. Benthic feeding behavior,
coupled with continual contact with sediments, make it a
suitable indicator species for assessing metallic contaminants
(Kalay & Canli, 2000, Monier M et al., 2023). Long term
exposure to lead, arsenic and nickel within contaminated
seafood has resulted in numerous health problems such as
cardiovascular disorders, neurological disorders, renal
damage and hepatic dysfunction (Jaishankar et al., 2014;
ATSDR, 2019).

NISRT26SEP167

of anthropogenic pressure on the Maharashtra coast.
However, limited information exists regarding the levels of
metal contamination in key commercial fish species from the
region. As a result, the goal of the study was to measure the
levels of Pb, As and Ni using ICP-OES in M. cephalus and
look at the potential for non-carcinogenic health risks to the
consumers of these fish through a conservative, guideline-
based approach.

1. MATERIALS AND METHODS

> Study Area and Sample Collection:

M. cephalus specimens were collected along the
Maharashtra coast from selected fish landing centers. Under
chilled conditions the samples were transported to the
laboratory and immediately processed to minimize
contamination and degradation.

> Sample Preparation and Metal Analysis:

Consumable muscle tissues were excised carefully, then
rinsed with deionized water (i.e. distilled water), oven-dried
at 60 °C until constant weight was achieved, and
homogenized. Acid digestion of the samples was carried out
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following standard procedures that are recommended by
APHA (2017). Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) method was used to quantify the
concentrations of Pb, As, and Ni. Analytical quality assurance
was ensured through the use of reagent blanks, calibration
with certified reference standards, and replicate analyses.

» Health Risk Assessment:

The estimated daily intake (EDI), Target Hazard
Quotient (THQ) and Hazard Index (HI) were calculated to
estimate and evaluate potential risks to human health due to
the consumption of M. cephalus. All the tested metals were
below the detectable limit, LOQ values were used in risk
calculation to provide a conservative estimate for exposure
(Chien et al., 2002; Storelli, 2008).

A daily ingestion rate (IR) of 0.055 kg/person/day for
fish was derived from typical consumption statistics that are
regularly used in health risk assessments studies for Asian
and Indian populations (USEPA, 2011; Ahmed et al., 2015).
Average body weight (BW) of an adult was assumed to be 60
kg, as recommended for risk assessment studies conducted in
developing countries (USEPA, 2011; FAO/WHO, 2011).

» Estimated Daily Intake (EDI):

CxIR

EDI =
BW

Where,

e C - Metal concentration (mg/kg, LOQ-based),
e IR - ingestion rate (kg/day),
e BW - body weight (kg).

» Target Hazard Quotient (THQ):

THO — EDI
Q_Rm

The assessment values of oral reference dose (RfD) for
arsenic were 0.0003 mg/kg/day, for lead were 0.0035
mg/kg/day, and for nickel were 0.02 mg/kg/day (USEPA,
2011).

» Hazard Index (HI):
HI=Y™, HQi =HQI+HQ2 + HQ3+....... +HQn

The value of HI below one indicates the absence of
significant non-carcinogenic health risk.

1. RESULTS

The muscle tissue of M. cephalus had the concentrations
of Pb, As and Ni below the analytical limits of quantifications
of the ICP-OES method. Therefore all the metals were
reported as not detected (ND) with respective LOQ values of
0.015 mg/kg for arsenic, 0.008 mg/kg for lead and 0.0037
mg/kg for nickel.
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Using the LOQ based concentrations, the estimated
daily intake values were calculated for As was 1.38 x 10
mg/kg/day, for Pb was 7.33 x 10 mg/kg/day and for Ni was
3.39 x 10% mg/kg/day respectively. These values are
significantly lower compared to their respective reference
doses.

The estimated THQ values were found to be 0.046 for
As, 0.002 for Pb and 0.0002 for Ni. Additionally the
cumulative hazard index (i.e. total of the individual THQ)
was found to be 0.048, (< 1) thus indicating that there are no
adverse non-carcinogenic effects resulting from the
consumption of M. cephalus.

V. DISCUSSION

Undetectable tissue burden for the concentrations of Pb,
As and Ni in the muscle tissue of grey mullet from the
investigated coastal area indicates minimal level of metal
contamination. Similar findings of low level accumulation of
these metals in the mullet and other coastal fishes have been
reported from different parts of Indian coast.

The conservative LOQ based approach for health risk
assessment reaffirms that these fishes are safe for human
consumption. While arsenic substantially contributed
towards the overall hazard index, this can be mostly attributed
to the low reference doses as opposed to the elevated
concentrations observed in the similar studies (Jaishankar et
al.,, 2014). The aggregate HI remained well below the
acceptable level, indicating that current exposure levels do
not pose a health concern.

V. CONCLUSION

The current study demonstrates that lead, arsenic and
nickel are below the limit of detection in the M. cephalus
collected from the Maharashtra shoreline. The health risk
assessment based on the conservative LOQ derived
concentration indicates that the estimated daily intake and
target hazard quotient are relatively low with summative
hazard index of 0.048. Therefore the results of this study
indicates that there is no substantial non cancer health risk to
consumers of M. cephalus. Nevertheless, continued
monitoring of metal concentration in the coastal fish species
is warranted for the long term seafood safety.
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Fig 1 Specimen of Grey Mullet Used for Analysis

Fig 2 Tissue Sample After Oven Drying at 60 °C
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Fig 3 Heavy Metal Concentration (mg/kg) in M. cephalus (LOQ-Based Values)
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Fig 6 Comparison of EDI with Reference Dose (RfD)
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