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Highlights 

• Heavy metal concentrations were measured in finfish and crustaceans sampled from Indian Sundarbans. 

• Cu, Fe, and Zn were the most abundant heavy metals in edible muscle tissues. 

• Pb concentrations in L. calcarifer, L. parsia, and M. gulio exceeded the THQ threshold of 1. 

• Pb toxicity risk could be present in individuals if fish is consumed for seven consecutive days. 

Abstract 

Mangroves are highly productive ecosystems that provide important social, economic, and environmental benefits. 
However, they are increasingly exposed to various contaminants, including heavy metals. The presence of heavy 
metals in such ecosystems can pose a serious threat to marine and aquatic life, including fish and crustaceans. Fish 

(Lates calcarifer, Liza parsia and Mystus gulio) and crustaceans (Penaeus monodon and Scylla serrata) were collected 
from local fishermen in Nayachar, West Bengal, in the Indian Sundarbans. Fe, Zn, Cu, Ni, Pb, Cr, Cd and As, 

concentrations were measured in the edible muscle tissues of these species using Atomic Absorption 
Spectroscopy (AAS). The concentration of heavy metals in the edible muscle tissues were observed in the 

following descending order: Fe > Zn > Cu > Pb > Ni > Cr > Cd > As. Results show a potential health risk from Pb 

both in terms of target hazard quotient (THQ) and provisional tolerable weekly intake (PTWI) for Lates calcarifer, 
Liza parsia and Mystus gulio. However, the consumption of these species didn’t pose a serious health risk with 
respect to other measured heavy metals as both THQ and PTWI were within the established and/or 

recommended limits. Long-term exposure to these fish species could pose a significant toxicity risk to individuals 
who consume them regularly. Regular monitoring, identification of contamination sources and treatment are 

crucial to reduce any potential health risks to the local population and other consumers, as the Sundarbans is a 

major fish producing area in the state of West Bengal, India. 
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1. Introduction 

Mangrove ecosystems offer a wide range of social, economic, and ecological benefits (Su et al., 2021). However, they 

are subjected to overexploitation and mismanagement through practices like land reclamation, urban development, 

and recreational use (Eong, 1995; Akram et al., 2023). As a result, these ecosystems have been cleared for urban, 

industrial, and agricultural development (Moschetto et al., 2021). These ecosystems are also highly vulnerable to 
contamination, particularly from heavy metals and industrial chemicals, due to increasing anthropogenic activities, 
including nearby urban and industrial activities (MacFarlane, 2002; Nath et al., 2014). Major sources of heavy metal 

pollution in mangrove environments include urban and agricultural runoff, industrial effluents, boating, chemical 
spills, sewage discharges, domestic waste leachate, and mining activities (Peters et al., 1997; Proshad et al., 2024). 

Heavy metals are common environmental contaminants that pose a significant risk to the health and survival of 

various aquatic and marine organisms, including fish and crustaceans (Lorenzon et al., 2001; Zaynab et al., 2022; 
Santhosh et al., 2024). They are particularly hazardous due to their toxicity, persistence, and capacity to 

bioaccumulate in the food chain (MacFarlane and Burchett, 2000). Heavy metals can enter finfish and shellfish 
through different routes, such as through food or non-food particles, gills, and water consumption (Mitra et al., 
2012). Aquatic organisms absorb heavy metals at concentrations much higher than those in their surrounding 

environment (Sharma et al., 2025). As a result, measuring heavy metal concentrations in these organisms serves a 

dual purpose, such as assessing environmental contamination and evaluating potential health risks associated with 

their consumption. 

The accumulation of heavy metals in aquatic organisms, especially seafood, is a potential health concern, as it 
provides essential nutrients such as the source of protein, low saturated fat, and omega fatty acids (Dural et al., 

2007; Zaynab et al., 2022; Younis et al., 2024). Fish from contaminated aquatic environments may pose a threat to 
public health in the long run (Abera and Adimas, 2024). The World Health Organization (WHO) has set standards 

for the safe concentration of heavy metals in seafood (WHO, 2006). However, several studies have found high 
concentrations of heavy metals in seafood (Connelly et al., 2019; Zaynab et al., 2022; Younis et al., 2024). Therefore, 
it is crucial to assess the concentration of heavy metals in finfish, shellfish and crustaceans to evaluate the potential 

health risks associate with their consumption (Cid Pérez et al., 2001; Younis et al., 2024). 

The Sundarbans, the world’s largest river delta, is formed at the confluence of the Ganges, the Brahmaputra 
and the Meghna. The Sundarbans is home to a variety of mangrove species, where the intricate network of roots 

provides a unique habitat for a wide array of aquatic organisms including juveniles (Islam and Bhuiyan, 2018; 

Samanta et al., 2021). Besides, mangrove sediments, mostly composed of fine particles, act as a sink for a variety of 

heavy metals (Praveena et al., 2010; Marchand et al., 2011; Chaudhuri et al., 2014). However, the excessive input of 
heavy metals into these environments can have harmful effects on the organisms living there due to their high 
bioavailability (Pandiyan et al., 2021). Thus, the consumption of fish and seafood caught from such environments 

could pose significant health risks to individuals. 

Adding to the earlier studies on the Indian Sundarbans (Saha et al., 2006; Mitra and Ghosh, 2014; Bhattacharya 

et al., 2016; Bepari et al., 2021), this study aims to provide insights into Fe, Zn, Cu, Ni, Pb, Cr, Cd and As 
accumulation in selected finfish, shellfish and crustaceans through the estimation of both target hazard quotient 
(THQ) and provisional tolerable weekly intake (PTWI) values. THQ assesses the risk level for populations exposed 

to heavy metals through the consumption of fish and crustaceans (US EPA, 2000). On the other hand, PTWI 
indicates the tolerable weekly exposure of heavy metals through consumptions of food (Traven et al., 2023). 

Therefore, locally available finfish, shellfish and crustaceans from Nayachar, in the Indian Sundarbans, one of the 

vulnerable locations in terms of heavy contamination, were collected to draw attention of healthcare professionals 
and the general public to the potential health risks associated with the consumption of contaminated seafood. 

2. Materials and methods 

2.1 Sampling location 

The sampling site is located at the Nayachar island of Indian Sundarbans. Nayachar island is a recently formed 

landform due to ongoing siltation by the Hooghly River, near its confluence with the Haldi River (Fig. 1). The study 

area is also located near the Haldia port and industrial complex, which includes petrochemical processing, oil 

refineries and manufacturing. These industries are potential sources of heavy metal pollution (Bhattacharya et al., 
2016), making the area most vulnerable to various aquatic species for their survival. 
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2.2 Sample collection and preservation 

Fish, such as Lates calcarifer (Bhetki), Liza parsia (Parse) and Mystus gulio (Nuna Tangra), and crustaceans, such as 

Penaeus monodon (Bagda) and Scylla serrata (Mud crab) were collected from the local fishermen. Upon collection the 
samples were stored in ice box (at 4°C) and transported to the laboratory for analysis. Three samples of each 

species were collected. 

2.3 Sample processing and analysis 

The tissue samples were digested following the procedure detailed in Kalay et al. (1999). Fe, Zn, Cu, Ni, Pb, Cr, Cd 

and As, were analyzed using Atomic Absorption Spectroscopy (AAS) techniques (Perkin Elmer AAnalyst 400) at 
the Department of Environmental Science, University of Kalyani. 

2.4 Quality control 

Standard Reference Materials (SRM) from the National Institute of Standards and Technology (NIST), USA, were 

analyzed using the same procedure at the beginning, during, and at the end of the measurements to maintain 

accuracy. Bovine liver (1577c) was used to ascertain and verify the efficiency of the metal estimation procedure. 
The recovery of all the measured elements were greater than 92% (Table 1). 

2.5 Estimation of target hazard quotient 

Target hazard quotient (THQ) assesses the risk level for populations exposed to heavy metals through the 
consumption of fish and crustaceans. It is based on the ratio between the exposure and reference dose (RfD) and is 

used to evaluate the likelihood of non-carcinogenic effects. A ratio below 1 indicates no significant exposure risk of 
heavy metals over the life, whereas a ratio equal to or exceeding the RfD suggests potential health concerns 
including the adverse effect for the exposed population. This approach is outlined in the U.S. Environmental 

Protection Agency (US EPA) Region III risk-based concentration table (US EPA, 2000). 

Figure 1. Map of Sundarbans showing the sampling location (blue circle). Inset map shows the location of 

Sundarbans in India. 
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Table 1. Heavy metal concentrations in Bovine liver (1577c) from the National Institute of Standards and Technology (NIST). The data 

are presented as means ± standard errors (in mg/kg dry wt.). 

Heavy metals Reference value Measured value Recovery (%) 

Fe 197.9±0.65 182.6±2.56 92 

Zn 181.1±1 170.5±5.62 94 

Cu 275.2±4.6 263.8±9.41 95 

Ni 44.5±9.2 43.1±7.52 96 

Pb 62.8±1 59.4±6.77 94 

Cr 53±14 51.3±9.31 98 

Cd 97.0±1.4 94.8±5.62 97 

As 19.6±1.4 18.9±1.85 96 

 

THQ value is represented by the following equation: 

 

𝑇𝐻𝑄 =  
𝐸𝐹  ×  𝐸𝐷 ×  𝐹𝐼𝑅 ×  𝐶

𝑅𝐹𝐷 ×  𝑊𝐴𝐵 ×  𝑇𝐴
 𝑋 10−3 

 

Where, EF is the exposure frequency (365 days/year), ED is the exposure duration (70 years, equivalent to the 
average lifetime), FIR is the food ingestion rate (fish: 36 g/person/day; and crustaceans: 5.42 g/person/day), C is the 

metal concentration in seafood (mg/kg), RfD is the oral reference dose (Fe = 7  10-1 mg/kg/day, Zn = 3  10 -1 

mg/kg/day, Cu = 4  10-2 mg/kg/day, Ni = 2  10-2 mg/kg/day, Pb = 4  10-3 mg/kg/day, Cr = 3  10-3 mg/kg/day, Cd = 1 

 10-3 mg/kg/day, and As = 3  10-4 mg/kg/day), WAB is the average body weight (60 kg) and TA is the average 

exposure time for non-carcinogens (365 days/year  ED). 

3. Results 

3.1 Lates calcarifer 

Lates calcarifer, commonly known as giant sea perch or Asian seabass, is an economically important fish found in the 

tropical and subtropical regions of the Asia–Pacific region (Ahmadi et al., 2022). This species belongs to the 
Centropomidae family and is widely distributed across the Indo-West Pacific region. Seabass are opportunistic 

predators with about 20% of their diet being planktons and the rest consisting of small shrimp, and fish. The mean 

concentrations (mg/kg dry wt.) of Fe, Zn, Cu, Ni, Pb, Cr, Cd and As in the edible muscle tissue were 318.3±28.65, 
41.65±3.96, 28.56±3.58, 10.34±2.03, 12.66±1.65, 1.32±0.09, 1.25±0.23 and 0.21±0.03, respectively (Fig. 2). 

3.2 Liza parsia 

Liza parsia is a brackish water mullet widely distributed in the coastal region of Bay of Bengal, Southeast Asia, the 
Mediterranean, Eastern Europe and in many parts of Central and South America (Dayal et al., 2019). The fish is 

acclaimed for its taste and high nutritive value (Joarddar and Hossain, 2008). Liza parsia is mostly an herbivorous 
fish feeding on algae, plant parts, protozoans and crustaceans (Joarddar and Hossain, 2008). The mean 
concentrations (mg/kg dry wt.) of Fe, Zn, Cu, Ni, Pb, Cr, Cd and As in the edible muscle tissue were 

312.78±36.58, 48.76±5.23, 32.68±3.56, 7.25±0.89, 10.25±1.23, 1.65±0.19, 1.12±0.20 and 0.35±0.04, respectively 
(Fig. 2). 

3.3 Mystus gulio 

Mystus gulio, known as the estuarine catfish, is a veracious bottom feeder, is euryphagous, feeding on a wide variety 
of food ranging from planktons to crustaceans. It has an overlapping diet to compete in all environments (Begum et 

al., 2008). The mean concentrations (mg/kg dry wt.) of Fe, Zn, Cu, Ni, Pb, Cr, Cd and As in the edible muscle 
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tissue was 338.79±38.23, 86.62±7.35, 39.29±3.56, 12.45±1.57, 13.27±1.43, 2.20±0.26, 1.37±0.14 and 0.42±0.03, 
respectively (Fig. 2). 

 Figure 2. Heavy metal concentration (mg/kg) in edible muscle tissue of finfish and crustaceans: a) Fe, b) Zn, c) Cu, d) Ni, 

e) Pb, f) Cr, g) Cd, and h) As. 
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3.4 Penaeus monodon 

Penaeus monodon is widely distributed in the Indo-Pacific, ranging from the eastern coast of Africa and Arabian 

Peninsula to Southeast Asia and Northern Australia (Vu et al., 2023). The major portion of the diet of the prawns 

consists of animal tissue, although vegetable matter too constitutes a part of their diet. Penaeus monodon in general 

cannot be considered detritus feeders. The mean concentrations (mg/kg dry wt.) of Fe, Zn, Cu, Ni, Pb, Cr, Cd and As 
in the edible muscle tissue were 246.71±26.23, 82.77±8.13, 30.67±3.45, 10.22±1.36, 12.33±1.21, 1.06±0.11, 
0.98±0.08 and 0.21±0.01, respectively (Fig. 2). 

3.5 Scylla serrata 

Scylla serrata, commonly known as the mud crab, occurs in estuaries and other coastal embayment along the Indo-

Pacific region (Waltham and Connolly, 2022). Mud crabs can be best described as opportunistic feeders, exhibiting 

carnivorous, herbivorous, scavenging, and cannibalistic behaviors. They have a diverse diet that includes bivalves, 
worms, fish, plant matter, and even smaller crabs. Their feeding behavior is influenced by the environmental 

conditions such as temperature and physiological factors such as their molting stage. The mean concentrations 
(mg/kg dry wt.) of Fe, Zn, Cu, Ni, Pb, Cr, Cd and As in the edible muscle tissue were 526.67±50.12, 106.46±11.03, 
44.37±4.32, 16.41±0.71, 19.36±2.01, 1.86±0.13, 1.9±0.16 and 0.72±0.06, respectively (Fig. 2). 

4. Discussion 

4.1 Accumulation of heavy metals in fish and crustaceans 

The concentration of heavy metals in the edible muscle tissues of the analyzed finfish and crustaceans followed the 
descending order: Fe > Zn > Cu > Pb > Ni > Cr > Cd > As. Fe, Zn and Cu are essential micronutrients involved in 

metabolic activities and enzymatic functions (Çoğun et al., 2008). Fe is a key component that facilitates hemoglobin 

activity in blood, while Zn and Cu contribute to growth and metabolic regulation in animals (Sun et al., 2023). Thus, 

relatively higher concentrations can be linked to their essential biological activities. In contrast, Pb, Cd, Cr and As 
are non-essential metals and/or metalloids which are toxic at low concentrations (Banaee et al., 2024). Pb, for 
instance is a neurotoxin which is reported to cause behavioral deficits in aquatic organisms, besides causing 

reduction in survival, growth and metabolism (Burger et al., 2008). Cd tends to accumulate in the liver and kidneys 
causing their dysfunction, skeletal damage and reproductive deficiencies (Banaee et al., 2024). Thus, relatively low 
concentration of these metals may be due to the presence of a developed system of their excretion (Pourang et al., 

2004). 

Among the studied fish and crustaceans, Scylla serrata had the maximum concentration of heavy metals 

followed by Mystus gulio, Lates calcarifer, Liza parsia and Panaeus monodon. The higher concentration of metals in 
Scylla serrata could be attributed to its feeding habits, as it is a detritus bottom feeder. Samal et al. (2013) observed 
that the estuarine sediments of Nayachar island tend to accumulate higher concentrations of heavy metals above 

background levels, potentially contributing to the bioaccumulation in benthic organisms like S. serrata. Likewise, 
Chakraborty et al. (2019) reported moderate enrichments of Cd, Pb, Cu, and Zn in sediments against the baseline 

and attributed that to the presence of industrial sources of heavy metals in the region. 

4.2 Exposure of heavy metals through consumption of fish and crustaceans 

The THQ value is a dimensionless index that reflects the potential health risks of long-term heavy metal exposure 

from the consumption of contaminated food, with values greater than 1 indicating a potential health concern (Lin et 
al., 2024). The THQ values for Pb in L. calcarifer, L. parsia and M. gulio exceeded 1 (Table 2), indicating a potential 

health risk to the exposed population. However, the THQ values based on seafood consumption indicate variability 

in contamination levels. The analyses revealed that contamination is inconsistent across different seafood types and 
metal contaminants. Additionally, the frequency and duration of seafood consumption remain uncertain, making it 

difficult to accurately assess long-term health risks. As for the other heavy metals in the studied fish and 
crustaceans, the THQ values remained below 1, indicating that the health risks from heavy metal exposure are 
negligible. Usese et al. (2017) reported THQ values greater than 2 for Tympanotonus fuscatus from Lagos lagoon, 

Nigeria, suggesting a potential for non-carcinogenic health effects in adults after prolonged consumption. The 

incremental lifetime cancer risks (ILCR) for adults from the consumption of Bagrid catfish (Chrysichthys 

nigrodigitatus) were found to be higher than the US EPA threshold, indicating a moderate carcinogenic risk (Usese et 

al., 2020). Likewise, Tanhan et al. (2023) reported high THQ value (8.97× 10−3) for Cr in Penaeus monodon. While 
others have shown both carcinogenic and non-carcinogenic risks to inhabitants who consume them regularly. 
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Table 2. Target hazard quotient (THQ) of different heavy metals in the study area. 

Fish/Crustacean Fe Zn Cu Ni Pb Cr Cd As 

Lates calcarifer 0.27 0.08 0.42 0.31 1.89 0.26 0.75 0.42 

Liza parsia 0.26 0.09 0.49 0.21 1.53 0.33 0.67 0.70 

Mystus gulio 0.29 0.17 0.58 0.37 1.99 0.44 0.82 0.84 

Penaeus monodon 0.03 0.02 0.06 0.04 0.27 0.03 0.08 0.06 

Scylla serrata 0.06 0.03 0.10 0.37 0.43 0.05 0.17 0.21 

 

4.3 Tolerable intake of heavy metals due to consumption of fish and crustaceans 

Seafood contaminated with heavy metals may pose health hazards to exposed populations (Hajeb et al., 2009; 
Pandion et al., 2022). Daily and weekly consumption rates of fresh fish muscle, 19.5 g and 136.2 g, respectively, were 
used to determine the weekly intake of heavy metals through the consumption of fish and crustaceans. The PTWI 

was then determined considering the fish ingestion rate and the concentration of heavy metals measured in the 
samples. Ingestion rate of crabs (37.74 g/week) was considered from food ingestion rate of FAO (2005). The 
estimated and established PTWI (mg/week) of heavy metals from the consumption of fish and crustaceans for a 60 

kg individual during the study period are presented in Table 3. 

Results indicate that there is no appreciable risk of heavy metal toxicity for Fe, Zn, Cu, Ni, Cr, Cd and As from 

the consumption of fish and crustaceans. However, comparison of the estimated PTWI with FAO/WHO standards 

revealed a potential toxicity risk from Pb if the seafood is consumed for seven successive days. This puts consumers 
in this geographical area at risk of heavy metal toxicity. Alarming levels of Pb in edible finfish from various places of 

Indian Sundarbans and estuarine zone of Hooghly River were also reported (Mitra and Ghosh, 2014). Likewise, 
Jolaosho et al. (2024) reported heavy metal accumulations in commercially available fish and shellfish species in 

Makoko, Nigeria. 

Chowdhury and Maiti (2016) opined that the operation of various watercraft, such as fishing boats, trawlers, 

and transport vessels, contributed to the release of Pb into the surrounding water. In Nayachar Island, many 

residents rely on solar panels and rechargeable batteries to meet their energy needs. However, the inhabitants may 
be unaware of the impact of improper disposal of rechargeable batteries on our ecosystems. Leachates, such as Pb 
and Cd, can be introduced to the environments form these batteries (Kumar et al., 2019). Besides, Nayachar is 

situated opposite to the port and industrial complex of Haldia which can be a source of heavy metals. Chakraborty 
et al. (2019) reported moderate enrichments of Cd, Pb, Cu, and Zn in sediments and attributed that to the 

presence of industrial sources of heavy metals in the region. 

Table 3. Estimated and established PTWI (mg/week) of heavy metals due to consumption of fishes and crustaceans for a 60 kg individua l 

in the study area. 

Fish/Crustacean Fe Zn Cu Ni Pb Cr Cd As 

Lates calcarifer 43.35 5.67 3.88 1.40 1.72 0.17 0.17 0.02 

Liza parsia 42.60 6.64 4.45 0.98 1.59 0.22 0.15 0.04 

Mystus gulio 46.10 11.78 5.53 1.69 1.80 0.29 0.18 0.22 

Penaeus monodon 33.60 11.27 4.17 1.39 1.47 0.14 0.13 0.02 

Scylla serrata 19.92 4.06 1.68 0.61 0.73 0.07 0.07 0.02 

Established PTWI 

(FAO/WHO, 2004) 
336 420 210 

70 – 80 µg/g 

(USFDA, 1993) 
1.5 

1.39 

(WHO, 1996) 
0.42 0.9 
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5. Conclusion 

The Sundarbans estuarine regions are facing serious risks from heavy metal contamination, primarily due to 

industrial discharge, domestic and agricultural runoff, and land use practices. This can put the organisms, including 

humans, at risk due to heavy metal infusion in the food chain. The concentration of heavy metals in the edible 

muscle tissues of seafood were observed in the following order: Fe > Zn > Cu > Pb > Ni > Cr > Cd > As. The 
THQ values for Pb exceeded the safe threshold of 1 in three fish species—Lates calcarifer, Liza parsia, and Mystus 
gulio—indicating potential health risks from long-term exposure. The elevated Pb levels may be attributed to 

multiple anthropogenic activities, including industrial discharge, marine traffic, and improper disposal of lead-acid 
batteries in and around Nayachar Island. Among all the species studied, Scylla serrata (mud crab) exhibited the 
highest accumulation of heavy metals. While other heavy metals remained within acceptable limits, long-term 

consumption of these fish may still lead to cumulative toxicity. To safeguard this important fragile estuarine 
ecosystem, a concerted effort is needed from the part of decision makers and local communities to reduce 

contaminant input. Additionally, regular monitoring must be prioritized to identify the contamination sources and 
implementing effective remediation strategies to reduce heavy metal pollution. 
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