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Hilsa shad (Tenualosa ilisha, Hamilton, 1822), the highly coveted table fish within the Indian
subcontinent, is Bangladesh’s most significant single-species fishery. To assess the risk that toxic
metals pose to human health, certain health risk indices—estimated daily intake (EDI), target hazard
quotient (THQ), total target hazard quotient (TTHQ), and target cancer risk (TR)—were calculated.
The hierarchy of toxic metals (pg/g-ww) in Hilsa shad of the bay showed as Zn (13.64+2.18) >Fe
(9.25+1.47)>Mn (2.98+0.75)>Cu (0.57 £ 0.18) >Cr (0.23 +0.06) > Pb (0.22 + 0.04) > As (0.08 + 0.02) > Ni
(0.06£0.02)>Co (0.04+0.01)>Cd (0.01£0.003) in the wet season and Zn (11.45+1.97)>Fe
(10.51+1.38)>Mn (3.80+0.75)>Cu (0.73 £0.17) > Pb (0.30:£ 0.03) >Cr (0.20 £ 0.05) > As (0.09 + 0.01) > Ni
(0.08+0.02)>Co (0.07 +0.02) >Cd (0.02 £ 0.004) in the dry season. The EDI of all the examined trace
metals indicated no risk to human health from consuming Hilsa fish. The estimation of THQ and
TTHQ suggested that the ingestion of both individual and combined trace metals through Hilsa

shad consumption was safe from the perspective of human health. Also, there was no evidence of
carcinogenic risk for consumers based on the evaluation of the TR value of metals (As, Pb, Cd, and Ni)
due to Hilsa shad consumption.

The coast of Bengal as a dumping ground for barrels of toxic chemical waste has harmful effects on wildlife
and potential risks to humans, a potential link between exposure to the chemicals and breast cancer, as well as
reproductive problems’. Recent evidence suggests that tens of thousands of barrels of waste are disposed of off the
Bay of Bengal coastline!? and the chemicals are still spread across a vast stretch of the seafloor. In addition, river
contaminants are hastening the pollution of coastal waterways, which could contaminate the Hilsa shad fish along
with other biotas, endangering human health via fish and seafood intake®. Trace metals are non-biodegradable
in nature, and aquatic organisms and other life forms may encounter rapid accumulation of these trace metals
from nature*”. Trace metals exhibit a tendency to accumulate in the gills at higher concentrations compared to
the muscles and are additionally retained in the liver as a metallothioneins group®’. Chronic ingestion of trace
metal-contaminated fish can result in serious human health issues, including cancer, heart disease, ulcers, asthma,
cardiovascular disorders, and nervous system disorders®11,

The transboundary fish is generally found in Bangladeshi rivers and seas (60% of the overall catch), subse-
quently ahead of Myanmar (with a contribution of around 20%) and India (accounting for approximately 15%),
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with the rest 5% coming from countries nearby®. Importantly, this valuable fish is found in nearly all major
riverine habitats in Bangladesh and associated estuaries along with the Bay of Bengal®'%. Interestingly, during
spawning, most of the anadromous Hilsa stock of the Northern Bay of Bengal (NBOB) migrates toward Bang-
ladeshi water bodies'®. Thus, Hilsa has been declared as Bangladesh’s national fish and geographical indicator
(GD)™, accounts for 65% of Bangladesh’s marine fish capture and 12% of its overall fish production'?, and also
provides a livelihood for 2% of the population and represents 1% of the country’s GDP'>. The elevated levels of
toxic trace metals in Hilsa shad have emerged as a fretting outcome in more recent investigations conducted
in Bangladesh®®'°. These researches indicated that certain metal concentrations in Hilsa exceed food safety
guidelines and have carcinogenic and non-carcinogenic risks. The intestinal tissue and fins of Hilsa fish have
not been utilized as metal exposure indicators. Given the high demand for Hilsa shad, a comprehensive study
of hazardous metals health risks is imperative in Bangladesh.

To the greatest extent of our knowledge, our team was the first to conduct comprehensive benchmark analy-
ses of the metal in several T. ilisha’s organs, such as muscles, fins, gills, and intestines, in wet and dry seasons.
Moreover, the findings were compared with national and international guidelines. Furthermore, the probable
carcinogenic and noncarcinogenic risks on human health for consumption of Bangladesh’s national fish were
also calculated.

Materials and methods

Study areas

Bangladesh, situated within the northeastern Bay of Bengal, has a 710 km long coastline. This coastline is sup-
ported by a number of estuaries, including the Meghna and Karnaphully Rivers estuaries, as well as large open
water bodies covering an area of 118,8132 km!2. These water bodies are known for their abundance in Hilsa
and other fishery resources. The study area was closed to the Meghna Estuary in Hatiya (Fig. 1). The sampling
locations and GPS coordinates were presented in supplementary Table S1. Inland rivers carrying industrial
effluents from the nation and transboundary nations flow into this estuarine basin where the majority of rivers
confluence the Bay of Bengal.
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Figure 1. Schematic illustration of the study area (sample collection point) created using software ArcMap
version 10.5 (https://desktop.arcgis.com/en/arcmap/latest/get-started/installation-guide/installing-on-your-
computer.htm#ESRI_SECTION1_3607D4B46578478B80831714F2A9911A).
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Sample collection and preparation

For the purpose of investigating the metals (As, Pb, Cd, Cr, Ni, Co, Fe, Mn, Cu, and Zn) dynamics, thirty-two T.
ilisha specimens with an average length of approximately 35 cm and weight of 650-1000 g were collected from the
local fisherman of the selected sample sites as described by Ref.? in two phases: July (wet season) and November
(dry season). Following collection, samples of T. ilisha were transported to the laboratory by storing them in
an ice box. The specimens underwent a rinsing process using deionized water to eliminate surface adherence.
Subsequently, inedible components were discarded by means of a sterilized knife. The necessary organs, namely
fins, gills, muscles, and intestines, were divided into small pieces and subjected to oven-drying at 70-73 °C for a
duration of 48 h until a consistent weight was achieved. Samples were then kept below — 20 °C.

Analytical methods

Sample digestion

0.5 g of dried samples of each organ of the Hilsa shad were precisely weighed using a digital electrical balance,
and 10 ml of concentrated nitric acid (68%) and 3 ml of hydrogen peroxide (30%) were added. The samples were
then subsequently subjected to microwave digestion (Milestone Start D, Italy) in accordance with the recom-
mended digestion process (AOAC Method 999.10).

Elemental analysis by ICPMS and AAS

The process of identifying and measuring metals was conducted utilizing an inductively coupled plasma mass
spectrometer (ICP-MS, NexION 2000, Perkin Elmer, USA) and an atomic absorption spectrophotometer (Shi-
madzu AAS-7000, Japan). The conditions of the instruments for the analysis of metals are provided in Supple-
mentary Table S2. Metals such as As, Pb, Cd, Cr, Co, Ni, Fe, Mn, and Cu were measured using ICPMS, and Zn
was analyzed using an atomic absorption spectrophotometer. The limit of detection (LOD) and limit of quantifi-
cation (LOQ) of each metal are provided in Supplementary Table S3. Calibration curves displaying a correlation
coefficient (R?) value greater than 0.999 were selected for computing concentrations. The dataset accuracy was
confirmed through the utilization of certified reference materials procured from Sigma-Aldrich, Germany. The
measurement of the content of trace metals was carried out by calibration using internal standards. Each solution
was formulated employing deionized water and analytical-grade reagents.

Quality control and assurance

Quality assurance and quality control were maintained by utilizing certified reference material SRM 2976 (Mussel
Tissue) of the National Institute of Standards (NIST), duplicate prepared samples, and reagent blanks at random
throughout the measurement for each digestion batch. The recovery of the analyzed metals was between 96 and
103%, indicating a good agreement between certified and measured values (Supplementary Table S4).

Estimation of the health risks to humans
Health risk indices were employed to compute the prospective health hazard linked to the levels of trace elements
in the fish, and calculations were made on the basis of wet-weight. Given that the indigenous human popula-
tion relies on fish as a dietary staple and all the hilsa fish tissues have high C, H, N, and S values (supplementary
Table S5), including all fish tissues in the risk assessment, was imperative.

The estimated daily intake (EDI) is a quantitative approach for estimating trace metal’s impact on human
health, and it was determined by applying the specific formula®:

FIR x C

EDI(ug/kg — bw/day) = “WAB

(1)

The assessment of health risk in relation to its non-carcinogenic impact involved the utilization of the target
hazard quotient (THQ) along with the total target hazard quotient (TTHQ), as outlined in Egs. (2) and (3)
respectively'®!:

THQ = EFr x ED x FIR x C
~ RD xBW xTA

x 0.001 )

TTHQ = THQ(As) + THQ(Pb) + THQ(Cd) + THQ(Cr) + THQ(Ni) + THQ(CO)

+ THQ(Fe) + THQ(Mn) + THQ(Zn) + THQ(Cu) )

A THQ value less than 1 signifies the absence of a noncarcinogenic risk. When the THQ value is greater than
1, it suggests the presence of a potential health hazard, necessitating the implementation of precautionary meas-
ures and safety protocols. A TTHQ value exceeding 1 signifies the presence of a persistent health hazard. Accord-
ing to Ref.!®1%,0.1 < TTHQ < 1 =low; 1 < TTHQ <4 =medium, and TTHQ >4 = high health risk for individuals.

The target cancer risk (TR) was used in this investigation to calculate the carcinogenic health risks related
to Hilsa shad consumption. The risks pertaining to potential carcinogens were quantified by determining the
cumulative probability of an individual developing cancer throughout their lifetime of exposure to that par-
ticular carcinogen®"”. The range of acceptable TR spans from 107 to 107°. The target cancer risk was calculated
employing the specific equation®!”:

_ EFr x ED x FIR x C x CSFo
- WAB x TA

TR x 0.001 (4)
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The definitions and values of the parameters and variables utilized in the calculations of health risk indices
are provided in Table S6 of the supplementary section.

Statistical analysis

SPSS software (IBM, Version: 25.0, USA) was used for conducting all the statistical analyses of the quantitative
data with a predetermined significance level of p <0.05. The graphs were prepared using Microsoft Excel 2013.
The estimated heavy metal concentrations, expressed as ug/g-ww, were displayed as mean * standard deviation.
The variations in trace element concentrations among the fish organs were compared using a one-way variance
analysis (ANOVA) preceded by Tukey’s post hoc test. A paired sample t-test was conducted to determine whether
seasonal fluctuations affected trace metal concentration. The association of metals was investigated by perform-
ing a bivariate Pearson’s correlation test. Principal component analysis (PCA) was used for the factor analysis to
verify the distribution of the metals.

Results and discussion

Trace metal concentrations (pg/g-ww) in T. ilisha

The average trace metal concentration found in the organs of Hilsa shad during both seasons is reported in
Table 1. Metals content was calculated on the basis of wet-weight. Details regarding individual trace metals are
presented and discussed below.

A diverse array of trace metal concentrations was observed in four distinct organs of the Hilsa shad. In the
context of the wet season, the order of trace elements in the fins from highest to lowest concentration was Zn >
Fe>Mn>Pb>Ni>Cr>Cu>As>Co>Cd. In the muscles, the hierarchy was Zn>Fe>Mn>Cu>Cr>Pb>Ni>
As>Co>Cd. In the gills, the order was Zn>Fe>Cu>Mn >Pb>Cr> As>Co>Cd>Ni. Lastly, in the intestine,
the order of trace metals was Zn >Fe >Mn > Cu> Cr>Pb >Co > As>Ni > Cd. During the dry season, the relative
abundance of trace metals in the fins can be observed to follow the sequence: Zn>Fe>Mn>Pb>Ni>Cu>Cr
=As>Co>Cd. In the context of muscle tissue, the observed hierarchy was: Fe >Zn>Cu>Mn>Pb>Cr> As >
Ni>Co=Cd. The observed order of elements in the gills was: Zn>Fe>Mn >Cu>Cr>Pb>Co>As=Ni>Cd.
Finally, within the intestinal system, the order of trace metals in terms of hierarchy was Zn > Fe > Mn > Cu>Pb
>Cr>As>Ni>Co>Cd.

Arsenic (As)

Exposure to arsenic has been associated with various dermatological manifestations, including dermatitis, mild
skin keratosis, vasospastic conditions, hyper-keratinization, gross pigmentation, the formation of warts, reduced
nerve conduction velocity, and an increased risk of developing lung cancer®. The wet season concentrations of
arsenic in hilsa were observed to differ from 0.04 ug/g in muscles to 0.13 pg/g in gills, representing the lowest and
highest levels, respectively. In the dry season, the gills exhibited the most elevated levels of As (0.15 pg/g-ww),
while the muscles displayed the least (0.05 pg/g-ww), as indicated in Table 1. As content in fishes of the south-
eastern region of Spain was reported to vary between 0.39 and 12.58 ug/g ww?. Earlier investigations found
that Bangladeshi fish species have arsenic values that differ from 0.76 to 13 pg/g-ww® and 1.01 to 15.2 pg/g-dw?*.

Lead (Pb)

Non-essential trace metal lead (Pb) has a number of harmful health consequences, particularly neurotoxicity and
nephrotoxicity®. T. ilisha’s gills and muscles displayed the maximum (0.35 pg/g), and minimum (0.09 pg/g) Pb
contents during the wet season (Table 1). In the dry season, the gills exhibited the maximum Pb levels (0.40 pg/g),
preceded by the intestines, fin, and muscle (0.34, 0.26, and 0.18 ug/g), respectively. The occurrence of elevated

Organ of Sampling
Hilsa season As Pb Cd Cr Ni Co Fe Mn Zn Cu
i Wet season | 0.07+0.01° | 0.13+0.01* | 0.00+0.00° |0.10£0.00° | 0.11+0.06* |0.04+0.01° |842+1.79* |620+1.21° |14.08+1.16* | 0.08+0.01°
Fin Dryseason | 0.08+0.01* |0.26+0.01®* |0.01£0.00° |0.08+0.02* |0.16+0.06° |0.06+0.01*° |9.52+0.06*° |7.23+0.64* |11.69+0.64* | 0.11+0.01*
Muscle Wet season | 0.04+0.01* [0.0940.01* | 0.01+0.00° |0.13+0.01* |0.07+0.01° |0.01+0.00® |3.32+1.64" |321+1.27% |412+0.01° |0.45+0.06*
Dryseason | 0.05+0.01° |0.18+0.01° |0.01+0.00° |0.10£0.00*° |0.02+0.00° |0.01+0.00" |4.38+0.06® |0.39+£0.01° |2.32+0.06"° |0.51+0.12°
Gil Wet season | 0.13+£0.06° | 0.35+0.06> |0.02+0.00® |0.16+0.06* |0.01+0.01* |0.03£0.01®® | 10.12+2.37%* | 0.41£0.01® |13.09+1.73* | 0.53+0.13°
Dryseason | 0.15+0.01° | 0.40%0.06° |0.03£0.01®* |0.12£0.00° |0.04+0.00° |0.04+0.01® |11.01+0.58* |4.30%0.06° |11.06+0.57* |0.66+0.01°
Intestine Wet season | 0.07+0.01* | 0.30+0.04®> |0.03£0.01> |0.53+0.06° |0.03+£0.01* |0.11£0.00° |15.11+1.74% |2.12+0.59* |23.26+2.90° | 1.21+0.59*
Dryseason | 0.09+0.01* |0.34£0.06 |0.04+0.01° |0.49%0.06° |0.09+0.00° |0.19+0.00° |17.14+0.58° |3.28+0.06° |20.72%+0.06° | 1.63+0.06°
Total Hilsa | Wetseason | 0.08£0.02% |0.22+0.04° |0.01£0.00% |0.23+0.06° | 0.06+0.02° |0.04+0.01° |9.25+1.47° |2.98+0.75° |13.64%2.18% |0.57+0.18°
contain Dryseason | 0.09%0.01° | 0.30+0.03% |0.02+0.00° |0.20+0.05° |0.08+0.02° |0.07+0.02° |10.51+1.38* [3.80+0.75° |11.45+1.97% | 0.73+0.17%
FSG n/a 0.3° 0.05° 1.00* 0.50" n/a n/a n/a 50.00% 20.0°
Table 1. The concentrations (Mean + SE, ug/g-ww) of trace metals in fins, muscle, gills, and intestines of T.
ilisha (N =128) during the wet and dry season and different international ES.G. values. Here, a, b, c denotes
(in column) significant differences among the different organs of T. ilisha for each metal (ANOVA, p <0.05);
a, B represent (in column) seasonal variations of each metal concentration in T. ilisha (paired sample t test,
p<0.05);. SE standard error; ww wet weight; FS.G.: food safety guideline; %, #2!, ¥2, n/a = not available.
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levels of Pb in the fish gills was also documented by Ref.?. Furthermore, studies have documented varying levels
of Pb in Hilsa shad organs ranging from 0.10 to 1.03 mg/kg ww? The levels of Pb in the examined T. ilisha samples
exceeded the recommended threshold (0.30 ug/g) for human consumption®.

Cadmium (Cd)

Cadmium, an element known for its high toxicity, has the potential to induce severe poisoning even at concen-
trations as low as 1 ug/g?®*. As per the findings of Ref.*’, Cd accumulation in the human tissues can result in
cancer as well as impact the hepatic, pulmonary, renal, skeletal, and reproductive systems. Cadmium builds up
in different fish organs and has a high tendency toward bio-concentration. As indicated in Table 1, the intes-
tine displayed the maximum Cd content (0.03 pg/g) among the studied fish organs in the wet season. This was
preceded by the gills (0.02 ug/g), muscles (0.01 pg/g), and fins (not detected), respectively. In the dry season, T.
ilisha’s fins had the lowest Cd content (0.01), while its intestines contained the maximum Cd content (0.04 pg/g)
(Table 1). Certain commercial fishes from the coastal area of Bangladesh have been found to contain Cd levels
varying from 0.03 to 0.08 pg/g-ww". In the current investigation, all fish species were found to contain cadmium
levels below the threshold of 0.05 pg/g as stipulated by Ref.?’. However, cadmium accumulation in fish over an
extended period may harm human health.

Chromium (Cr)

Chromium is a necessary component of a healthy diet as it is crucially involved in the process of lipids and insulin
metabolism™®. Cr was most abundant in the intestine (0.53 and 0.49 pg/g in the wet and dry seasons, respectively),
while it was least abundant in the fin (0.10 and 0.08 pg/g in the wet and dry seasons, respectively) (Table 1).
Chromium levels span from 6.92 to 12.23 pg/g in fishes of the Dhaleshwari River, Bangladesh*’. According to
our estimated value, the concentration of Cr in T. ilisha was below the food safety guideline values set by Ref.?!.

Nickel (Ni)

Although incredibly low quantities of nickel exist in the environment, it can nevertheless lead to various respira-
tory health complications, including pulmonary inflammation, emphysema, and cancer*. The maximum level
of Ni was recorded in the fin (0.11 and 0.16 pg/g-ww in the wet and dry seasons respectively), which is below
the dietary standards of 0.5 ug/g-ww proposed by WHO. In comparison, the least Ni content was noted in gill
(0.01 pg/g-ww) during the wet season and in muscle (0.02 pg/g-ww) during the dry season (Table 1). According
to the literature, Ni concentration in fish species from Iskenderun Bay ranged from 0.11 to 12.88 ug/g ww’’. A
daily intake of 100-300 pg/g bw/day of nickel has been suggested by Ref.*>.

Cobalt (Co)

Cobalt (Co) affects people in two different ways. Co is a minor component required for the synthesis of vitamin
B12. However, prolonged exposure could be harmful to human health*. The minimum and maximum levels of
cobalt were 0.01 ug/g in muscles and 0.11 pg/g in the intestine during the wet season and 0.01 pg/g in muscles
and 0.19 pg/g in the intestine during the dry season, respectively (Table 1).

Iron (Fe)

The highest Fe content (15.11 and 17.14 pg/g in the wet and dry seasons respectively) observed was in the
intestines of T. ilisha. The lowest Fe concentration (3.32 and 4.38 pg/g in the wet and dry seasons, respectively)
was in the muscles of T. ilisha (Table 1). The range of iron contents documented in the literature for fish samples
from Iskenderun Bay located in the Northern East Mediterranean Sea, Turkey, was 0.82-27.35 ug/g*, and for
fish species from the middle Black Sea (Turkey) was 9.52-32.40 pg/g™".

Manganese (Mn)

One crucially important trace element is manganese, which is both a structural component of several enzymes
and an active ingredient in their functionalities. For adults, 2-9 mg of Mn per day is recommended by Ref.*.
During the wet season, the fin contained the greatest Mn concentration (6.20 pg/g-ww), while the gill contained
the lowest (0.41 pg/g-ww) (Table 1). In the dry season, the fins exhibited the highest Mn content (7.23 ug/g-ww),
preceded by the gills, intestine and muscle (4.30, 3.28 and 0.39 ug/g-ww) respectively (Table 1).

Zinc (Zn)

For both humans and animals, zinc is an essential trace element. According to’8, a deficiency of Zn can cause
growth retardation, taste loss, and hypogonadism, ultimately leading to reduced fertility. Zn levels in organs of
Hilsa shad in two seasons are displayed in Table 1. The most elevated levels of Zn (23.26 and 20.72 pg/g in the
wet season and dry season seasons, respectively) were measured in the intestines of Hilsa shad, and the mini-
mum concentration (4.12 and 2.32 pg/g in the wet season and dry season seasons respectively) was observed in
the muscles of Hilsa shad (Table 1). Since zinc oxide (ZnO) is frequently used in fish processing factories and
fish and shrimp hatcheries for supplying oxygen to fish and shrimp larvae, the high Zn level may be related to
these sources. Zn concentration in certain edible fishes of Bangladesh ranged between 42.8 and 418 pg/g*’. Zn
contents in our studied samples were below the acceptable thresholds as per international standards, as indicated
in Table 1.
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Copper (Cu)

Despite being a necessary trace metal, a high intake of Cu may develop severe toxicological symptoms. According
to Sivaperumal et al. [**], copper (Cu) interacts with specific proteins, forming enzymes that serve as catalysts
in various physiological functions and hemoglobin synthesis. Nevertheless, acute toxicity from Cu can occur at
extremely high concentrations®'. A number of regulatory agencies have established a defined threshold for the
permissible concentration of Cu. During both seasons, the intestine exhibited elevated Cu content (1.21 and
1.63 ug/g in the wet and dry seasons, respectively), and the fin had the lowest concentration of Cu (0.08 and
0.11 pg/g in the wet and dry seasons respectively) (Table 1). Previously, copper levels in fish of the Dhaleshwari
River, Bangladesh, tended to range from 5.17 to 9.45 ug/g*>. Compared to international guidelines, Cu content
in investigated samples was lower than the permissible levels (Table 1).

Seasonal comparison of metal contents in Hilsa shad

The concentration of bi-functional and toxic metals present in Hilsa shad across the wet and dry seasons is
depicted in Fig. 2i, ii, respectively. These Figs. demonstrated statistically significant seasonal variations in each
metal. As per the paired sample t-test (p less than 0.05), the wet season Zn level was significantly greater than the
dry season Zn content (Fig. 2). On the contrary, Pb and Co contents were significantly higher in the dry season
compared to the wet season (Fig. 2). Also, in the dry season, Hilsa samples contained a higher value of Fe (dry
season =10.51 pg/g and wet season=9.25 ug/g), Cu (dry season=0.73 ug/g and wet season=0.57 pg/g), Ni (dry
season =0.08 pg/g and wet season =0.06 pg/g), As (dry season=0.09 pg/g and wet season=0.08 pg/g), Mn (dry
season =3.80 pg/g and wet season =02.98 ug/g) and Cd (dry season =0.02 pg/g and wet season=0.01 pg/g) except
Cr (dry season =0.20 ug/g and wet season=0.23 pg/g). Globally, numerous studies reported seasonal impacts
on metal buildup in fish'®. In Bangladesh, agricultural effluents, industrial wastes, batteries, and alloys directly
enter the open water supply system following the heavy rainfall in monsoon. This might be a significant Cd
contamination source in the post-monsoon period. Both Ref.*’ and*! addressed the connection between effluent
dumping and the availability of potentially harmful substances in aquatic organisms.

Association between trace metals in Hilsa shad

Trace metals association differed in wet and dry seasons, as evidenced by Tables 2 and 3, displaying asterisks
denoting statistical significance levels of 5% and 1% based on Pearson’s correlation test. A notable positive linear
association of As with Pb and Fe occurred during the wet season. The element Pb exhibited a statistically sig-
nificant positive linear correlation with the elements Cd, Fe, Zn, and Cu. Furthermore, a notable positive linear
correlation was observed between the wet season levels of Cd, Co, Cr, Fe, Zn, and Cu. Conversely, a noteworthy
positive linear association was observed among the dry season levels of Cd, Co, Cr, Fe, Zn, and Cu. Pb indicated
a statistically significant positive association with As, Cd, and Fe in the dry season. Only Ni and Mn displayed
a significant positive linear association in both seasons.

Distribution of toxic metals in Hilsa shad of Bay of Bengal by PCA analysis

Table 4 of communalities outlines the variable variance the extracted factors explain. For the purpose of further
investigation, only the communality values exceeding 0.5 were considered. Pb, Cr, and Fe accounted for over
90% of the variance compared to other trace metals, accounting for 80-90% of the variance.

The eigenvalue is a representation of the total number of factors extracted, which should ideally correspond
to the number of items that underwent factor analysis. Extracted factors, including their respective eigenvalues,
are displayed next. Eigenvalues of more than 1 are needed in order to ascertain the number of distinct fac-
tors represented by the variables. According to the findings presented in Table 5, the eigenvalues for the first
component (5.53), the second component (2.02), and the third component (1.35) exceed a value of 1, while the

i. Bi -functional Trace Metals in T. ilisha ii. ToxicTrace Metals in T. ilisha
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Figure 2. Overall Mean concentration of the trace metals (i: bi-functional trace metals and ii: toxic trace
metals) in T. ilisha collected from the Bay of Bengal during wet and dry seasons. a, b represents significant
seasonal variations of each metal concentration (paired sample t-test (p <0.05).
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Pearson correlations (r)
Trace metals | As ‘ Pb ‘ Cd ‘ Cr ‘ Ni ‘ Co ‘ Fe ‘ Mn ‘ Zn ‘ Cu
As 1
Pb 749%% 11
Cd .309 813 |1
Cr 216 563 841%* |1
Ni -.109 | -.437 |-.407 |-.263 |1
Co 242 527 7147 1911 | 1128 |1
Fe .578* 788%F | .798%* | .795%* | —.028 |.868** |1
Mn —.224 | —-.559 |-—.442 |-.224 |.858" |-.079 |[-.067 |1
Zn 374 .672* 781%% 1 .810%* | —.066 |.909** |.951** | -.019 |1
Cu 232 .588* .870%% 1.829** | —.205 |.582* .657* —.203 |.643* ‘ 1

Table 2. Pearson correlation analysis of metal contents in T. ilisha during wet season (stars indicates
2-tailed significance value at 5% level of significance). **Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Pearson correlations (r)
Trace metals | As ‘ Pb ‘ Cd ‘ Cr ‘ Ni ‘ Co ‘ Fe ‘ Mn ‘ Zn ‘ Cu
As 1
Pb .665* 1
Cd 432 834 |1
Cr -.007 |.377 789 11
Ni -.010 |.054 —.086 |.083 1
Co .094 328 .671* 926** | .329 1
Fe 404 .657* 830%* | .831%* | 242 907 |1
Mn 378 330 —.042 | —.142 |.755"* |.153 318 1
Zn .356 .567 724%*% | .789** | .388 925%* | .982%* | 428 1
Cu .109 .363 .804%* 1.933%* | — 170 | .826™* |.763** | -.335 |.688* ‘ 1

Table 3. Pearson correlation analysis of metal contents in T. ilisha during dry season (stars indicates
2-tailed significance value at 5% level of significance). **Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Communalities
Trace metals | Initial | Extraction
As 1.000 0.886
Pb 1.000 0.906
Cd 1.000 0.867
Cr 1.000 0.941
Ni 1.000 0.878
Co 1.000 0.883
Fe 1.000 0.968
Mn 1.000 0.897
Zn 1.000 0.834
Cu 1.000 0.833

Table 4. Communality of variance in the amount of trace metals present in T. ilisha. Extraction method:
principal component analysis.

eigenvalues for the remaining components are below 1. As a result, three components were represented by the
specified set of 10 variables. Moreover, based on the cumulative variance % derived from the extracted sum of
squared loadings, the first three components stand for 55.26%, 75.42%, and 88.94% of the variance character-
istics, respectively (Table 5). Thus, the features or components pointed out by the aforementioned trace metals
were properly represented by three components.

Scientific Reports|  (2023) 13:19978 | https://doi.org/10.1038/s41598-023-47142-4 nature portfolio



www.nature.com/scientificreports/

Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Component Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1 5.526 55.264 55.264 5.526 55.264 55.264 4.772 47.716 47.716
2 2.015 20.154 75.418 2.015 20.154 75.418 2.106 21.055 68.772
3 1.352 13,517 88.935
4 0.395 3.953 92.887
5 0271 2.705 95.592
6 0.207 2.071 97.664
1.352 13517 88.935 2.016 20.163 88.935

7 0.134 1.344 99.008
8 0.059 0.591 99.599
9 0.025 0255 99.853
10 0.015 0.147 100.000

Table 5. Total variance explained in the amount of trace metals present in T. ilisha. Extraction method:

principal component analysis.

The number of factors to retain is decided by utilizing the scree plot, which is prepared by plotting the eigen-
values against each factor. The area of interest is where the curve starts to flatten. Figure 3 illustrates that the
curve starts to flatten between factors 3 and 4. Notably, only three factors were kept because factor 4 onwards
has an eigenvalue lower than 1.

The Rotated Component Matrix Table presented the loadings of the variables on the three factors extracted
(Table 6). The loading value is directly proportional to the factor’s contribution to the variable. Three variables
were extracted wherein the 10 items were divided into 3 variables based on the presence of similar responses
among the most significant items in component 1, as well as components 2 and 3. The relative locations of trace
metals within the first three components are illustrated in Fig. 4.

Human health risk assessment

Estimated daily intakes (EDIs)

The values of EDI for the targeted toxic trace metals resulting from the intake of T. ilisha by typical Bangladeshi
people are displayed in Table 7. The EDIs of metals in T. ilisha were assessed through the utilization of the oral
reference dose (RfD), which is a quantitative estimation of the level of daily exposure that the human popula-
tion can endure over their lifetime without a substantial increase in the probability of experiencing adverse
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Figure 3. Scree plot of PCA.
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Component
Trace metals | 1 | 2 | 3
Cr .959
Co 916
Cu .868
Zn .847
Fe 844 | 474
Cd 796 | .438
As 938
Pb 434 | .840
Mn 945
Ni 933

Table 6. Rotated component matrix® of trace elements present in T. ilisha. Extraction method: principal
component analysis. Three components were extracted; Rotation Method: Varimax with Kaiser Normalization.
*Rotation converged in 4 iterations.

/—\

=
in
|

Component 2
[
I

-0.5]

Figure 4. Principal Component Plot in Rotated Space analyzed by scree plot of the characteristic roots
(eigenvalues) and component plot in rotated space of trace metals in T. ilisha.

Overall mean Estimated daily intake
Metals | concentration (ug/g-ww) | (EDI) (ug/kg-bw/day)

Wet Dry Wet Dry Oral Reference Dose (RfD)*>4
As 0.076 0.091 0.053 0.064 0.3
Pb 0.219 0.297 0.155 0.210 35
Cd 0.014 0.020 0.010 0.014 1
Cr 0.230 0.198 0.162 0.140 3
Ni 0.056 0.078 0.039 0.055 20
Co 0.045 0.073 0.032 0.052 0.3
Fe 9.246 10.514 6.538 7.435 700
Mn 2.983 3.799 2.109 2.686 140
Zn 13.637 11.447 9.643 8.095 300
Cu 0.571 0.728 0.404 0.515 40

Table 7. Estimated daily intake (EDI) and Oral Reference Dose (RfD) of trace metals due to consumption of
T. ilisha.

Scientific Reports|  (2023) 13:19978 | https://doi.org/10.1038/s41598-023-47142-4 nature portfolio



www.nature.com/scientificreports/

consequences. Regarding Hilsa fish consumption, the EDIs of metals in both seasons were lower than the RfDs
(Fig. 5). This implies that the typical fish intake would not have had any adverse effects on human health.

Noncarcinogenic risk
THQs of specific trace metals for typical Bangladeshi consumers of Hilsa shad are depicted in Fig. 6 and Table 8.

The average content of individual metals in Hilsa shad was employed to calculate THQ for Bangladesh’s coastal
residents. The descending order for the THQ values of metals was As>Co>Cr>Pb>Zn>Mn>Cu>Cd>Fe
>Ni in the wet season and As>Co>Pb>Cr>Zn>Mn>Cd>Cu>Fe>Ni in the dry season. According to the
findings provided in Table 8, the THQ value for individual metals as well as the TTHQ for combined metals, were
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Figure 5. Bar graph showing estimated daily intake (EDI) of selected toxic trace metals from T. ilisha
consumption by average Bangladeshi People in comparison with oral reference dose (RfD). Red dashed line
indicates oral reference dose of individual metals*>**.
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Non Carcinogenic Risk of T. ilisha
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Figure 6. Bar graph depicting estimated target hazard quotients (THQ) of studied metals from T. ilisha
consumption by average Bangladeshi People. Green dashed line indicates benchmark of non-carcinogenic
hazardous condition.

THQ TTHQ TR

Metals | Wet Dry Wet Dry Wet Dry

As 0.000178043 | 0.000214153 8.01195E-05 | 9.63689E-05
Pb 4.42759E-05 | 6.0073E-05 1.31721E-06 | 1.78717E-06
cd 1.00186E-05 | 1.4188E-05 6.31174E-05 | 8.93843E-05
Cr 5.41483E-05 | 4.67398E-05 - -

Ni 1.96524E-06 | 2.76502E-06 6.68182E-05 | 9.40106E-05
Co 0.000105028 | 0.000171999 0.000460125 " 0.00057958 | — -

Fe 9.34054E-06 | 1.06209E-05 - -

Mn 1.50678E-05 | 1.91873E-05 - -

Zn 3.21445E-05 | 2.69824E-05 - -

Cu 1.00929E-05 | 1.28721E-05 - -

Table 8. THQ, TTHQ, and target cancer risk (TR) of trace metals due to consumption of T. ilisha.

found to be below 1 during both seasons, indicating that consuming Hilsa shad would not present significant
health risks to consumers.

Carcinogenic risk (TR)

The target lifetime carcinogenic risk (TR) of metals (As, Pb, Cd, and Ni) from consuming Hilsa shad is listed
in Fig. 7 and Table 8. The estimated values of TR for As, Pb, Cd, and Ni from Hilsa shad consumption during
the wet season were 8.01x 107, 1.32x 1075, 6.31 x 107°, and 6.68 x 10-°and for the dry season were 9.64x 1075,
1.79% 107, 8.94 x 10> and 9.40 x 10~ respectively. Cancer risks below 107° are deemed insignificant, risks exceed-
ing 107* are generally deemed unacceptable, and risks falling between 107° and 10~ are typically considered
acceptable**. The estimated values of TR for As, Pb, Cd, and Ni in both seasons were within 1071075, posing
a tolerable cancer-triggering risk. Figure 7 clearly illustrates the actual situation in the study area and verifies
the tolerable health issues from Hilsa shad consumption. This condition was also corroborated by Ref.°, who
found no evidence of carcinogenic risk for consumers, with the exception of the largest-sized gills for children.
Similarly, Ref.? worked on Hilsa shad and found an acceptable TR value for Pb (4.42 x 10-) and an unacceptable
TR value for As (6.63x 1074).

However, the potential health hazards that individuals may face as a result of consuming metal-contaminated
Hilsa shad should not be disregarded. Additionally, not all potential sources of trace metal exposure, like consum-
ing other contaminated foods and inhalation of dust, were considered in the present investigation. Therefore,
continual assessment of these toxic trace metals in all food items is required to determine whether there is an
imminent health risk to the study area.
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Carcinogenic risk (TR) of T. ilisha
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Figure 7. Bar graph depicting estimated carcinogenic risk (TR) of studied metals from T. ilisha consumption by
average Bangladeshi People. Green dashed line indicates benchmark of carcinogenic risk limit.

Conclusions

The provision of nutritious and secure protein sources to consumers and economic growth are both of the
utmost importance nowadays. The goal of the current study was to establish a thorough understanding of the
numerous trace metal levels in organs of the highly lucrative Hilsa shad of Bangladesh during wet and dry sea-
sons and ascertain any potential risks related to the intake of this particular fish species. Investigation results
unveiled notable variations in the levels of trace element accumulation within the tissues of Hilsa shad. Though
consuming Hilsa shad during both seasons posed no risk to consumers, as determined by the carcinogenic and
non-carcinogenic risk assessment, the high dietary metal intake should not be ignored, and attention should be
paid to finding an integrated solution to this issue. For these, examining metal bioaccumulation patterns under
laboratory conditions, wide-scale repeated sampling in different seasons, and precautionary actions are recom-
mended as future perspectives.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 9 September 2023; Accepted: 9 November 2023
Published online: 15 November 2023

References

1. Islam, F. et al. Sediment-bound hazardous trace metals(oid) in south-eastern drainage system of Bangladesh: First assessment
on human health. Heliyon. 9(9), €20040. https://doi.org/10.1016/j.heliyon.2023.20040.PMID:37809952;PMCID:PMC10559780
(2023).

2. Raknuzzaman, M., Habibullah-Al-Mamun, M., Hossain, A., Tokumura, M. & Masunaga, S. Organ-specific accumulation of toxic
elements in Hilsa shad (Tenualosa ilisha) from Bangladesh and human health risk assessment. J. Environ. Expo. Assess. 1, 4. https://
doi.org/10.20517/jeea.2021.05 (2022).

3. Raknuzzaman, M. et al. Trace metal contamination in commercial fish and crustaceans collected from coastal area of Bangladesh
and health risk assessment. Environ. Sci. Pollut. Res. 23, 17298-17310 (2016).

4. Mostafiz, E et al. Bioaccumulation of trace metals in freshwater prawn, Macrobrachium rosenbergii from farmed and wild sources
and human health risk assessment in Bangladesh. Environ. Sci. Pollut. Res. 27, 16426-16438. https://doi.org/10.1007/s11356-020-
08028-4 (2020).

5. Akter, M, Sikder, T. & Ullah, A. K. M. A. Water quality assessment of an industrial zone polluted aquatic body in Dhaka, Bang-
ladesh. Am. J. Environ. Protect. 3, 232-237 (2014).

6. Sarker, M. ], Islam, M. A., Rahman, F. & Anisuzzaman, M. Heavy metals in the fish Tenualosa ilisha Hamilton, 1822 in the Padma-
Meghna River confluence: Potential risks to public health. Toxics 9, 341. https://doi.org/10.3390/toxics9120341 (2021).

7. Romeo, M., Siau, Y., Sidoumou, Z. & Gnassia-Barelli, M. Heavy metal distribution in different fish species from the mauritania
coast. Sci. Total Environ. 232, 169-175 (1999).

8. Parvin, A. et al. Trace metal exposure and human health consequences through consumption of market-available Oreochromis
niloticus (L.) in Bangladesh. Environ. Sci. Pollut. Res. https://doi.org/10.1007/s11356-023-25414-w (2023).

9. Parvin, A. et al. Chemical speciation and potential mobility of heavy metals in organic matter amended soil. Appl. Environ. Soil
Sci. https://doi.org/10.1155/2022/2028860 (2022).

10. Hossain, M. B., Runu, U. H., Sarker, M. M., Hossain, M. K. & Parvin, A. A vertical distribution and contamination assessment of
heavy metals in sediment cores of ship breaking area of Bangladesh. Environ. Geochem. Health 43, 4235-4249 (2021).

11. Hossain, M. B. et al. Contamination levels and ecological risk of heavy metals in sediments from the tidal river Halda. Bangladesh.
Arab J. Geosci. 14, 158. https://doi.org/10.1007/s12517-021-06477-w (2021).

12. DoF (Department of Fisheries). Yearbook of Fisheries Statistics of Bangladesh, 2017-18—Fisheries Resources Survey System
(FRSS); Ministry of Fisheries: Dhaka, Bangladesh (2018).

13. Shohidullah Miah, M. Climatic and anthropogenic factors changing spawning pattern and production zone of Hilsa fishery in the
Bay of Bengal. Weather Clim. Extrem. 7,109-115 (2015).

Scientific Reports |

(2023) 13:19978 | https://doi.org/10.1038/s41598-023-47142-4 nature portfolio


https://doi.org/10.1016/j.heliyon.2023.e20040.PMID:37809952;PMCID:PMC10559780
https://doi.org/10.20517/jeea.2021.05
https://doi.org/10.20517/jeea.2021.05
https://doi.org/10.1007/s11356-020-08028-4
https://doi.org/10.1007/s11356-020-08028-4
https://doi.org/10.3390/toxics9120341
https://doi.org/10.1007/s11356-023-25414-w
https://doi.org/10.1155/2022/2028860
https://doi.org/10.1007/s12517-021-06477-w

www.nature.com/scientificreports/

14.
15.

16.
17.
18.
19.

20.

21.
22.

23.

24.

25.
. Storelli, M. M., Barone, G., Storelli, A. & Marcotrigiano, G. O. Trace metals in tissues of mugilids (Mugil auratus, Mugil capito,

27.
28.

29.
30.

31.

32.

33.
34.

35.

36.
37.
38.
39.
40.

41.

42.

43.
44,

Hossain, M. S. et al. Tropical hilsa shad (Tenualosa ilisha): Biology, fishery and management. Fish Fish. 20(1), 44-65 (2018).
Islam, M. S. et al. Seasonal dynamics of heavy metals in commercially important marine fish from the Bay of Bengal Coast of
Bangladesh. Grassroots J. Nat. Resour. 3, 1-15 (2020).

Maruf, M. A. et al. Assessment of human health risks associated with heavy metals accumulation in the freshwater fish Pangasiano-
don hypophthalmus in Bangladesh. Expo. Health 13, 337-359. https://doi.org/10.1007/s12403-021-00387-8 (2021).

United States Environmental Protection Agency (USEPA). Risk assessment guidance for superfund, Human Health Evaluation
Manual. EPA/540/1-89/002. Office of Emergency and Remedial Response, Washington, DC. vol. I (1989).

United States Environmental Protection Agency (USEPA). A Risk Assessment-Multiway Exposure Spreadsheet Calculation
Tool. Washington, DC, USA (1999).

Salam, M. A. et al. Risk assessment of heavy metals in marine fish and seafood from Kedah and Selangor coastal regions of Malaysia:
A high-risk health concern for consumers. Environ. Sci. Pollut. Res. 28, 55166-55175 (2021).

EC Commission Regulation (EC) No 1881/2006 of the European Parliament and the Council of 19 December 2006 setting maxi-
mum levels for certain contaminants in foodstuffs. Official Journal of the European Communities L364/18 2006. http://eurlex.
europa.eu/legalcontent/EN/TXT/PDF/?2uri=CELEX:32006R1881&from=EN Accessed 5 Jan 2022 (1881/2006).

Joint FAO/WHO Expert Committee on Food Additives (JECFA). Summary and Conclusions of the 61st Meeting of the Joint FAO/
WHO Expert Committee on Food Additives. https://apps.who.int/iris/handle/10665/42849 Accessed 5 Jan 2022 (2003).

World Health Organization (WHO). Heavy metals-environmental aspects. Environmental health criteria no. 85, World Health
Organization, Geneva, Switzerland. http://www.Who.Int/ipcs/publications/en. Accessed 5 Jan 2022 (1989).

Delgado-Andrade, C., Navarro, M., Lopez, H. & Lopez, M. C. Determination of total arsenic levels by hydride generation atomic
absorption spectrometry in foods from south-east Spain: Estimation of daily dietary intake. Food Addit. Contam. 20, 923-932
(2003).

Shah, A. Q. et al. Accumulation of arsenic in different fresh water fish species—potential contribution to high arsenic intakes. Food
Chem. 112, 520-524. https://doi.org/10.1016/j.foodchem.2008.05.095 (2009).

Gercia-Leston, J., Mendez, J., Pasaro, E. & Laffon, B. Genotoxic effects of lead: An updated review. Environ. Int. 36, 623-636 (2010).

and Mugil labrosus) from the Mediterranean Sea. Bull. Environ. Contam. Toxicol. 77, 43-50 (2006).

Khalil, M. & Faragallah, H. The distribution of some leachable and total heavy metals in core sediments of Manzala lagoon, Egypt.
J. Aquat. Res. 34(1), 1-11 (2008).

Pal, D. & Maiti, S. K. Evaluation of potential human health risks from toxic metals via consumption of cultured fish species Labeo
rohita: A case study from an urban aquaculture pond. Expo. Health 11, 33-46. https://doi.org/10.1007/s12403-017-0264-8 (2019).
Friberg, L., Piscator, M. & Nordberg, G. Cadmium in the Environment (The Chemical Rubber Co, Press, 1971).

Ahmed, M. K. et al. Dietary intake of trace elements from highly consumed cultured fish (Labeo rohita, Pangasius pangasius, and
Oreochromis mossambicus) and human health risk implications in Bangladesh. Chemosphere 128, 284-292 (2015).

Saha, N., Mollah, M. Z. I, Alam, M. E. & Rahman, M. S. Seasonal investigation of heavy metals in marine fish captured from the
Bay of Bengal and the implications for human health risk assessment. Food Control 70, 110-118 (2016).

Ahmed, M. K., Ahamed, S., Rahman, S., Haque, M. R. & Islam, M. M. Heavy metals concentration in water, sediments and their
bioaccumulation in some freshwater fishes and mussel in Dhaleshwari River, Bangladesh. Terres. Aquat. Environ. Toxicol. 3, 33-41
(2009).

Forti, E. et al. In vitro evaluation of the toxicity induced by nickel soluble and particulate forms in human airway epithelial cells.
Toxicol. In Vitro 25, 454-461 (2011).

Turkmen, A., Turkmen, M., Tepe, Y. & Akyurt, I. Heavy metals in three commercially valuable fish species from Iskenderun Bay,
Northern East Mediterranean Sea, Turkey. Food Chem. 91, 167-172 (2005).

World Health Organization (WHO). Declaration on occupational health for all. Approved at the second meeting of the WHO
collaborating centers in occupational health, Beijing, China 11-14 October, 1994. World health organization, Geneva, Switzerland
(1994).

Javadian, H. Application of kinetic, isotherm and thermodynamic models for the adsorption of Co (II) ions on polyaniline/
polypyrrole copolymer nanofibers from aqueous solution. J. Ind. Eng. Chem. 20(6), 4233-4241 (2014).

Tuzen, M. Determination of heavy metals in fish samples of the middle Black Sea (Turkey) by graphite furnace atomic absorption
spectrometry. Food Chem. 80, 119-123 (2003).

Sivaperumal, P,, Sankar, T. V. & Viswanathan, N. Heavy metals concentration in fish, shellfish and fish products from internal
markets of India vis-avis international standards. Food Chem. 102, 612-620 (2007).

Hasan, M. K. et al. Trace metals contamination in riverine captured fish and prawn of Bangladesh and associated health Risk.
Expo. Health 13, 237-251. https://doi.org/10.1007/s12403-020-00378-1 (2021).

Wang, W. & Wang, W. X. Phase partitioning of trace metals in a contaminated estuary influenced by industrial effluent discharge.
Environ. Pollut. 214, 35-44. https://doi.org/10.1016/j.envpol.2016.03.059 (2016).

Baeyens, W. et al. The biogeochemical behaviour of Cd, Cu, Pb and Zn in the Scheldt estuary: results of the 1995 surveys. In Trace
Metals in the Westerschelde Estuary: A Case Study of a Polluted, Partially Anoxic Estuary Vol. 366 (ed. Baeyens, W. E. ].) 45-62
(Springer, 1998).

Hang, X. S. et al. Risk assessment of potentially toxic element pollution in soils and rice (Oryza sativa) in a typical area of the
Yangtze River Delta. Environ. Pollut. 157, 2542-2549 (2009).

United States Environmental Protection Agency (USEPA). Integrated Risk Information System (CRC, 2008).

United States Environmental Protection Agency (USEPA). Risk-based concentration table. http://www.epa.gov/reg3home/risk/
human/index (2010).

Acknowledgements

The authorities of Bangladesh Council of Scientific and Industrial Research are gratefully acknowledged by
the authors for generously contributing essential financial resources to support the research and development
(R&D) operations.

Author contributions

A.P: Performed the experiments; Analyzed and interpreted the data; Wrote the paper. M.K.H.: Conceived and
designed the experiments; Analyzed and interpreted the data; Wrote the paper. A.P.: Performed the experiments
and interpreted the data and. M.B.H.: Editing the reviewer comments. E1.: Performed the experiments; Analyzed
and interpreted the data. M.A.A.S.: Conceived and designed the experiments. T.A.: Proofreading, editing, and
partial funding. M.M.: Performed the experiments and contributed reagents. B.S.: Performed the experiments;
P.D.S.: Performed the experiments.

Scientific Reports |

(2023) 13:19978 | https://doi.org/10.1038/s41598-023-47142-4 nature portfolio


https://doi.org/10.1007/s12403-021-00387-8
http://eurlex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32006R1881&from=EN
http://eurlex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32006R1881&from=EN
https://apps.who.int/iris/handle/10665/42849
http://www.Who.Int/ipcs/publications/en
https://doi.org/10.1016/j.foodchem.2008.05.095
https://doi.org/10.1007/s12403-017-0264-8
https://doi.org/10.1007/s12403-020-00378-1
https://doi.org/10.1016/j.envpol.2016.03.059
http://www.epa.gov/reg3home/risk/human/index
http://www.epa.gov/reg3home/risk/human/index

www.nature.com/scientificreports/

Fundin

This stud}? was partially funded by the Ministry of Science and Technology, the People’s Republic of Bangladesh
under the special research Grant 2022-23 FY (SRG-222377; Ref-39.00.000.009.099.024.22.901;14.11.22), and
partially funded by the BCSIR authority for approving R & D work. This study was funded by Universiti Brunei
Darussalam under the Faculty/Institute/Center Research Grant (No. UBD/RSCH/1.4/FICBF(b)2023/057).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-47142-4.

Correspondence and requests for materials should be addressed to M.K.H.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:19978 | https://doi.org/10.1038/s41598-023-47142-4 nature portfolio


https://doi.org/10.1038/s41598-023-47142-4
https://doi.org/10.1038/s41598-023-47142-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Trace metals in transboundary (India–Myanmar–Bangladesh) anadromous fish Tenualosa ilisha and its consequences on human health
	Materials and methods
	Study areas
	Sample collection and preparation
	Analytical methods
	Sample digestion
	Elemental analysis by ICPMS and AAS
	Quality control and assurance

	Estimation of the health risks to humans
	Statistical analysis

	Results and discussion
	Trace metal concentrations (µgg-ww) in T. ilisha
	Arsenic (As)
	Lead (Pb)
	Cadmium (Cd)
	Chromium (Cr)
	Nickel (Ni)
	Cobalt (Co)
	Iron (Fe)
	Manganese (Mn)
	Zinc (Zn)
	Copper (Cu)
	Seasonal comparison of metal contents in Hilsa shad
	Association between trace metals in Hilsa shad
	Distribution of toxic metals in Hilsa shad of Bay of Bengal by PCA analysis
	Human health risk assessment
	Estimated daily intakes (EDIs)
	Noncarcinogenic risk
	Carcinogenic risk (TR)


	Conclusions
	References
	Acknowledgements


