


Assessment of heavy metals in some commercially important fish species of the Bay of
Bengal


Abstract: Heavy metal contamination of fish is a serious public health concern worldwide, including in Bangladesh. This study investigates the concentrations of heavy metals (Cd, Mn, Ni, Pb, and Cr) in five commercially important fish species (Thunnus thynnus, Pampus chinensis, Chelon parsia, Tenualosa ilisha, and Lates calcarifer) from the Bay of Bengal. Xxx The heavy metal concentrations varied across species, with Tenualosa ilisha showing the highest levels of cadmium (0.099 mg/kg) and lead (0.766 mg/kg), which are close to the maximum allowable concentrations for these metals. Manganese and nickel concentrations were generally low and well within safety limits. The Estimated Daily Intake (EDI) for all metals, calculated based on a typical adult fish consumption rate, was found to be below the Maximum Tolerable Daily Intake (MTDI) levels, indicating that the consumption of these species does not present immediate health risks. However, the study emphasizes that chronic exposure to elevated levels of cadmium and lead, particularly through the consumption of Tenualosa ilisha, may present long-term health risks. This study underscores the need for continuous monitoring of heavy metal contamination in fish from the Bay of Bengal to protect public health and ensure the safety of seafood consumption.	Comment by HP: The abstract lacks a description of the methodology. You must specify the method used.
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Introduction
Heavy metal pollution has become a significant global issue due to its toxic properties, persistence in the environment, non-biodegradability, and tendency to accumulate over time (Islam et al., 2018). Unlike other toxic substances, these metals are not created or destroyed by human activity. Aquatic ecosystems are particularly vulnerable to contamination by heavy metals, affecting water, sediments, and aquatic organisms (Hajeb et al., 2009; Bhuyan et al., 2017). Heavy metals can enter aquatic environments through both natural and man-made means (Gholizadeh et al., 2020). The rapid pace of industrialization, urbanization, population growth, and other human activities has led to severe heavy metal pollution, especially in developing countries (Hossain et al., 2018). A large portion of these metals is released into rivers, where they accumulate and biomagnify through the water, sediments, and aquatic food chains, potentially causing sublethal effects or even mortality in local fish populations (Xu and Tao, 2004).
Fish is a major and easily accessible source of protein for the people of Bangladesh, accounting for approximately 60% of the total animal protein intake. Fish contamination primarily results from the consumption of contaminated water and direct ingestion of food organisms, such as zooplankton and phytoplankton, from the aquatic environment. Consequently, the human body is highly vulnerable to the accumulation of heavy metals in fish (Ali and Khan, 2018).  The concentration of toxic metals in fish serves as an indicator of the levels of these metals in the water, illustrating bioaccumulation (Islam et al., 2015). Moreover, the continuous consumption of polluted fish can lead to the accumulation of toxic metals in the human body, potentially impacting human health (Islam et al., 2016). When heavy metals and metalloids are present at high concentrations, they pose severe risks to all living organisms, including humans. Anthropogenically generated metals in marine environments seriously threaten the food chain due to their high toxicity, bioaccumulation, long-term stability, and biomagnification (Esmaeilbeigi et al., 2023).  For instance, excessive exposure to mercury (Hg), arsenic (As), lead (Pb), and cadmium (Cd) can be harmful to living cells, and prolonged exposure can result in illness or even death (Azaman et al., 2015). Lead, in particular, has been linked to various health problems in humans, including nervous system disorders, mental retardation, skeletal dysfunction, hematopoietic disorders, and even death (Saha et al., 2016; Zhong et al., 2018; Al-Rmalli et al., 2021). Chromium (Cr) has also been reported to have carcinogenic effects on human health (Varol et al., 2017; Al-Rmalli et al., 2021). Chronic exposure to As, Cr, Co, Cu, and Ni may impair liver function (Parvin et al., 2023). In addition, these metals are considered capable of mutagenic, teratogenic, and carcinogenic to the human body (Mitra et al., 2022).	Comment by HP: References please	Comment by HP: Include this section in the discussion. Explain that although the concentrations are low, prolonged exposure can......
The Bay of Bengal, with its rich and diverse marine ecosystem, plays a pivotal role in the economy and food security of Bangladesh.  The Bay of Bengal faces significant environmental pressures from industrial activities, shipping, agriculture, and urbanization, leading to heightened risks of water pollution and heavy metal accumulation. Given the importance of fish from the Bay of Bengal in local diets and economies, the current study seeks to assess the concentrations of heavy metals in selected commercially important fish species from this region. This research will provide valuable insights into the bioaccumulation of toxic metals in the Bay of Bengal’s aquatic food chain and help inform strategies to safeguard public health and preserve the integrity of the region’s marine ecosystem.	Comment by HP: To avoid repetition, please use a personal pronoun	Comment by HP: That’s the same sentence as the article’s title, which isn’t right. The sentence in the general objective should be different from the title. Please revise one or the other.	Comment by HP: This may seem like a specific objective, but the results actually focus more on pollutant levels in fish and health risk assessments. Please review the two specific objectives	Comment by HP: 
Materials and Method
Study area
xxxxx	Comment by HP: In which region of the country, city, or town (population) was the study conducted, and finally, in which bay (geographic coordinates) in Bengal? What activities are carried out around or near the bay that could influence the results?
Sample Collection
The study was conducted in the Bay of Bengal. Five fish varieties named Tuna (Thunnus thynnus), Rupchanda (Pampus chinensis), Parse (Chelon parsia), Hilsha (Tenualosa ilisha), and Koral (Lates calcarifer) were collected from the local fish landing station in Khulna near to the Bay of Bengal xxx . Then the fish were transferred to a cooler packed with ice blocks in order to maintain their freshness and later brought to the laboratory.	Comment by HP: Who collected the specimens, and during which time of year (dry season or rainy season: please specify)?
Sample Preparation 
To prepare composite samples for each fish variety, the collected fish samples were thoroughly washed under tap water to eliminate dust, dirt, and possible parasites, and then washed again with deionized water. Non-edible parts (tail, viscera, scales, and fins) were removed, and the edible portions (muscle tissue) were cut into small pieces. Then, for each of the samples, the desired weights were taken with the help of an electronic weight machine. Following that, each sample was sunk into a 100% Nitric acid solution in a separate beaker and covered with foil paper to preserve it for further use. 
Heavy Metal Analysis
For metal analysis, Nitric acid was used at different concentrations according to the demand of the different weighted parts of the experimental fish. Every sample was kept assiduously for 2 to 3 hours. The mixture of the samples was slowly heated using a magnetic hot plate for 15 to 20 minutes at 100ºC in Nitric acid solution. By using a pipette, 20 ml of solution was taken from each solution and kept in the different vials with proper labeling, owing to the assessment of heavy metals by the AAS Flame machine (Rahman, 2004). Sample analysis was done to determine the concentration of heavy metals (Cd, Mn, Ni, Pb, Cr) in different fish. Analysis was done in the Central Science Laboratory, Rajshahi University, with the help of atomic absorption spectroscopy (AA-6800), Flame, Japan, for analysis of the heavy metals.
Health Risk Assessment 
The human health hazards for adults due to the estimated heavy metals through fish consumption were determined using a few indices, such as estimated daily intake (EDI), target hazard quotient (THQ), the descriptions of which are mentioned below. 
Estimated daily intake (EDI) = 10−3
Whereas,
Ef is exposure frequency (365 days/year), 
ED is the exposure duration (72.3 years, the average life span for Bangladeshi (BBS, 2022),
FIR is the average fish consumption (67.8 g/person/day (HIES, 2022).
CM is the metal concentration (mg/kg fresh weight), 
BW is the average body weight for an adult (60 kg), 	Comment by HP: References please
TA is the average exposure time (365 days × number of exposure years, i.e., 72.3 years in this case
Target hazard quotient (THQ) = 
RfD is the oral reference dose (mg/kg/day). RfDs were found to be 0.001, 0.0035, 0.3, 0.04, 1.5, 0.14, and 0.02 mg/kg body weight/day for Cd, Pb, Zn, Cu, Cr, Mn, and Ni, respectively (to determine the appropriate RfD for THQ (USEPA, 2023)




Statistical Analysis
Data analysis was conducted using MS Excel 2021 (Microsoft Inc., Redmond, USA) and SPSS (v26.0) for Windows (SPSS Inc., Chicago, IL, USA). The analyzed metal concentrations are the mean and standard deviation (SD).
Results
Heavy metal concentrations in fish
xxxxxxx	Comment by HP: Please follow this workflow. This is the standard process for writing an article in any scientific journal. It is a well-established scientific methodology that has been followed by our predecessors.

Analyze only heavy metals in each species of fish
Health Risk Assessment 
xxxxxx	Comment by HP: Analyze the results of the health risk assessments for each heavy metal
Discussion
xxxxxxxxx	Comment by HP: This space is reserved for discussion.	Comment by HP: 
Fish muscle is considered the primary edible part of the human diet worldwide. However, through this part of the fish, various pollutants, including metals, can be transferred from the fish to consumers. Heavy metals are toxic pollutants absorbed by fish through bioaccumulation, making them more vulnerable to contamination due to their tendency to retain these metals in their tissues (Ahmed and Bat, 2015; Nargis et al., 2021).  In this study, the concentrations of heavy metals (Cd, Mn, Ni, Pb, and Cr) in the fish species Thunnus thynnus, Pampus chinensis, Chelon parsia, Tenualosa ilisha, and Lates calcarifer were evaluated to assess the risk of metal contamination in seafood (Table 1). 	Comment by HP:  After reading your post, I see that you’ve simply conducted a comparative analysis between your results and those of the other authors cited. No. That’s not it. You’re a researcher; after presenting your own interpretation of the results—for example, the cadmium and/or lead values obtained—you should explain how they could be explained by... Remember, I asked you to mention the activities in the vicinity of the bay in the study area section.
	Fish	Comment by HP: Are the values listed in the tables in ppm or mg/kg?

	Amount of heavy metal (mg/Kg)

	
	Cd
	Mn
	Ni
	Pb
	Cr

	Thunnus thynnus
	[bookmark: OLE_LINK56][bookmark: OLE_LINK55]0.028± 3.61E-5
	0.308± 3.06E-4
	0.119 ± 4E-5
	0.493 ± 4.51E-5
	0.068 ± 3.61E-5

	Pampus chinensis
	0.032± 4.04E-5
	0.310± 2.08E-5
	0.145± 3E-5
	0.607 ± 5E-5
	0.085± 2E-5

	Chelon parsia
	0.017±1.3E-4
	0.321± 1.24E-3
	0.149±6.5E-4
	0.579±8.1E-4
	0.092± 2.4E-3

	Tenualosa ilisha
	0.099± 1.5E-3
	0.477± 5E-5
	0.159± 1.5E-5
	0.766± 3.5E-5
	0.101± 4E-4

	Lates calcarifer
	0.0073 ± 3E-5
	0.075± 2.1E-5
	0
	0.039± 1E-5
	0.013± 6.6E-5

	MAC
	0.1 FAO/WHO (2002)
	1.0 FAO/WHO (2002)
	0.8 FAO/ WHO (2002)
	0.3 FAO/ WHO (2002)
	1.0 FAO/ WHO (2002)


Table 1: Concentration (mg/kg fresh weight) of heavy metals in the studied fish species

*MAC: maximum allowable concentration
Among the metals analyzed, cadmium (Cd) and lead (Pb) concentrations were of particular concern. Tenualosa ilisha exhibited the highest levels of cadmium (0.099 mg/kg) and lead (0.766 mg/kg) (Figure 1), nearing the maximum allowable concentrations (MAC) of 0.1 mg/kg for Cd and 0.3 mg/kg for Pb, suggesting a significant accumulation of these toxic metals in this species. The highest recorded mean lead (Pb) concentration in Bagarius bagarius was 1.87 mg/kg at the Dhaleshwari River, Bangladesh (Sobihah et al., 2018). Similarly, significant Pb levels were found in Parse, Ilish, Rupchanda, and Tuna from Jashore and Khulna districts, supporting our findings (Ahmed et al., 2019). Shorna et al. (2021) found cadmium (Cd) levels of < 2.0E−03 to 5.0E−03 mg/kg in fish from the Brahmaputra River, while Ali et al. (2020) reported 0.41–0.52 mg/kg in fish from the Karnaphuli River, Bangladesh.
Chromium (Cr) levels in Tenualosa ilisha also reached 0.101 mg/kg, approaching the MAC of 1.0 mg/kg. The muscle of Chelon subviridis was found to have the lowest concentration of chromium (Cr), with a value of 0.032 ± 0.003 mg/kg (wet weight) (Lipy et al., 2025). According to (Biswas et al., 2023), Tuna fish in the Jashore and Khulna districts, Bangladesh, contain slightly higher amounts of As, Cr, and Pb. Manganese is a naturally occurring trace element that can enter water through runoff from agricultural and anthropogenic effluents (Rakib et al., 2021). In this study Manganese (Mn) and nickel (Ni) concentrations were generally lower, with all species (Figure 1) falling well within the MAC limits of 1.0 mg/kg for Mn and 0.8 mg/kg for Ni.  Tahity et al. (2022) observed lower manganese (Mn) content, ranging from 0.12 to 0.72 mg/kg, in Barramundi fish collected from the Meghna River. Nickel (Ni) concentration was observed to vary between 0.07 and 12.18 mg/kg in fish samples (Channa punctatus, Heteropneustes fossilis, and Channa striata) collected from the Buriganga and Turag Rivers, Bangladesh (Hossain et al., 2021).
   



xxxx                  	Comment by HP: The figure caption should be placed directly below the figure
Figure 1: Heavy metal concentraion in different fish species
	Fish	Comment by HP: The caption for the painting should be placed directly above it
	Estimated daily intake (EDI) (mg/day)

	
	Cd
	Mn
	Ni
	Pb
	Cr

	T. thynnus
	3.164E-5
	3.480E-4
	1.345E-4
	5.571E-4
	7.684E-5

	P. chinensis
	3.616E-5
	3.503E-4
	1.639E-4
	6.859E-4
	9.605E-5

	C. parsia
	1.921E-5
	3.627E-4
	1.683E-4
	6.543E-4
	1.039E-4

	T. ilisha
	1.12E-4
	5.39E-4
	1.8E-4
	8.656E-4
	1.141E-4

	L. calcarifer
	8.249E-6
	8.475E-4
	0
	4.407E-5
	1.469E-5

	MTDI
	0.046 (JECFA, 2011)
	2-5 (RDA, 1989)
	0.3 (WHO, 1996)
	0.21 (JECFA, 2000)
	0.2 (RDA, 1989)


This study evaluates the dietary exposure to heavy metals through the consumption of commercially significant fish species by adults. The Estimated Daily Intake (EDI) for each metal was calculated based on the average concentration of metals in the fish species, assuming an intake of 67.8 g of fish per day by an adult weighing 60 kg (HIES, 2022). The results indicate that the EDI for all analyzed heavy metals was below the corresponding Maximum Tolerable Daily Intake (MTDI) levels for adults (Table 2). These findings align with an earlier study by Shaheen et al. (2025), who found no health risks from the consumption of six fish species (Hilsha, 
Table 2: Estimated Daily Intake (EDI) of Heavy Metals and Maximum Tolerable Daily Intake (MTDI) in the studied fish

Kachki, Punti, Taki, Meni, and Tengra) sourced from different markets in Dhaka city. Furthermore, Biswas et al. (2023) observed lower EDI values in coastal and marine fish compared to freshwater fish, with cadmium (Cd) showing higher EDI values across all fish types. In contrast, arsenic (As) exhibited lower EDI values in freshwater fish, while copper (Cu) was lower in coastal and marine fish species in his study. An earlier study by Shorna et al. (2021) found no significant health risks from the consumption of six indigenous fish species (Salmostoma acinaces, Gudusia chapra, Barilius barila, Labeo bata, Sperata aor, and Corica soborna) collected from the old Brahmaputra River, as the Estimated Daily Intake (EDI) of heavy metals (As, Cd, Cr, Hg, Ni, Pb) was lower than the respective Maximum Tolerable Daily Intake (MTDI) levels. However, the study cautioned that chronic and high consumption of these metals through the intake of these fish species could potentially lead to adverse health risks for the population of Bangladesh (Rakib et al., 2021). While short-term exposure appears safe, continued monitoring of heavy metal levels in fish is essential, as prolonged and high intake could lead to adverse health effects such as kidney damage, neurological disorders, and other toxicological impacts. It is important to be cautious about excessive consumption, particularly for fish species that accumulate higher levels of metals, to mitigate any potential long-term health risks.
Conclusion 
This study indicates that the concentrations of heavy metals (Cd, Mn, Ni, Pb, and Cr) in commercially significant fish species from the Bay of Bengal are generally below the Maximum Tolerable Daily Intake (MTDI) levels, suggesting minimal immediate health risks for consumers. However, Tenualosa ilisha exhibited higher concentrations of cadmium and lead, which approached or exceeded safe limits, highlighting potential risks for bioaccumulation. Manganese and nickel levels were found to be within acceptable thresholds. Although short-term exposure does not pose significant health threats, prolonged or high consumption of contaminated fish could result in long-term health impacts, including kidney damage and neurological disorders. These findings emphasize the need for continuous monitoring and regulatory control of heavy metal contamination in fish to protect public health and ensure the safety of seafood consumption in the region.
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