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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Shrimp and Crab, important sources of protein, are currently being adversely affected by the rising industrial-
ization, which has led to higher levels of heavy metals. The goal of this study was to evaluate the health risks of
contamination associated with nine heavy metals (Cd, Pb, Cu, Cr, Zn, Ni, As, Al, and Fe) in two species of shrimp
(Macrobrachium rosenbergii and Metapenaeus monoceros) and one species of crab (Scylla serrata) that were
collected from the Khulna, Satkhira, and Bagerhat areas of Bangladesh. Inductively coupled plasma-optical
emission spectrometry (ICP-OES) was used for the study. The results showed that all metal concentrations in
shrimp and crab samples were below the recommended level, indicating that ingestion of these foods would not
pose any substantial health risks to individuals. To evaluate the non-carcinogenic health risks, the target hazard
quotient (THQ) and hazard index (HI) were determined, and the target cancer risk (TR) was utilized to evaluate
the carcinogenic health risks. From the health point of view, this study showed that crustaceans obtained from
the study sites were non - toxic (THQ and HI < 1), and long-term, continuous intake is unlikely to pose any
significant health hazards (TR = 10~7-10"°) from either carcinogenic or non-carcinogenic effects.
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1. Introduction

In recent time, an upsurge trend was found in shrimp consumption.
The movement was toward a greater awareness of a balanced diet and
the nutritional value of seafood consumption, such as the advantages of
consuming seafood that is high in protein, vitamin D, vitamin B3, and
zinc [1]. Being one of Bangladesh’s top export sectors, processed frozen
shrimp generates roughly $448 million annually. 80% of Bangladesh’s
frozen food exports are comprised of shrimp, which also accounts for
2.5% of the global shrimp market [2]. In contrast to the possible health
benefits of eating fish, chemical contaminants found in these food items
have become a matter of concern, especially for people who eat fish
frequently [3,4]. Heavy metal buildup in the body’s tissues can lead to
chronic sickness and have negative effects on the wider population [5].

Chronic exposure to heavy metals such as Cd, Pb, Cu, Cr, Zn, Ni, As, Al,
and Fe above their acceptable threshold has negative effects on both
humans and animals and can pose serious health risk, including
neurological issues, headaches, liver damage, gastrointestinal distress,
increase red blood cells, reduce lung functions, induce renal tumors,
reduce cognitive development, high blood pressure, kidney dysfunc-
tions, osteomalacia and reproductive deficiencies [6-9]. Water, sedi-
ment, and fish feed are the three main ways that shrimp and crabs can
become contaminated with heavy metals. Industrial wastes, geochem-
ical structures, and metal mining created a potential source of heavy
metal contamination in the aquatic environment [10,11].

Global attention has been drawn to the problem of trace metal
contamination of aquatic environments, particularly in developing na-
tions like Bangladesh [12]. This issue has become a challenge for
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Fig. 1. Sample collection area.

scientists around the world [13,14]. Numerous academic studies
discovered a substantial association between fish and sediments [15,
16]. Industrial activities, mining, and the dumping of toxic
metal-containing effluents that have not been fully treated are the major
human-caused sources of heavy metal pollution of water, sediment, and
aquatic life [17,18]. Metal contamination has been on the rise due to the
quick development of industry and agriculture, which is dangerous for
humans, fish, and invertebrates [19]. Because of the city’s tens of
thousands of industrial facilities and sewerage systems, which routinely
discharge massive amounts of hazardous waste into these rivers, river
pollution is becoming more and more severe [13,20]. Many fields in
Bangladesh’s southern region are swamped by this river water during
the rainy season. As a result, contaminated shrimp and crabs, and water
are introduced into the farms with heavy metals. Prawns are omnivores,
thus, to promote quicker growth, industrially produced feed that fits
their dietary requirements are used. Rice bran, fish meal, soy meal,
shrimp meal, silkworms, flour, beef liver and earthworms are frequently
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used to make these meals [21]. Alarmingly, Bangladesh uses the protein
concentrate made from tannery solid wastes for organic fertilizers,
poultry feed, and fish feed [22], which might contaminate industrial
feeds with heavy metals. By eating shrimp, this heavy metal is eventu-
ally transferred to the human body. Neurotoxicity and carcinogenicity
are typically the primary negative health impacts of exposure to these
heavy metals, even at low concentrations [23].

Some studies have been conducted on trace metals concentration in
aquatic elements e.g., water, sediments, fish etc. in some important
rivers of Bangladesh. [16,20,24]. Studies found out that urban and in-
dustrial development increase the metal contamination in aquatic
environment and organisms [13,25]. In recent time, many industries
have been established in and about Khulna city, and the number is
continually increasing now-a-days. So, the amount of contaminated
wastewater in adjacent rivers is increasing drastically. As a result, the
increase in heavy metal concentration in aquatic animal might be
increasing. It should be monitored continuously to ensure the heavy
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metal concentration in shrimp and crab, whether it is below safe level or
not. To the best of our knowledge, no detailed study has been conducted
on the trace metal concentration in shrimp and crab so far. So, metal
toxicity data to calculate the risk assessment is very insufficient. Simi-
larly, there is a shortage of detailed information to assess health risk for
the shrimp and crab consumers in Bangladesh. Therefore, the present
study aimed to find out the concentration of Cd, Pb, Cu, Cr, Zn, Ni, As,
Al, and Fe in two mostly consumed shrimp and one crab species and to
assess the human health risk due to consumption. In addition, the
carcinogenic and non-carcinogenic health implications of the con-
sumption of those were evaluated.

2. Materials and methods
2.1. Collection and preparation of samples

Two cultured shrimp species Macrobrachium rosenbergii and Meta-
penaeus monoceros, and a crab species (Scylla serrata) were collected
from Khulna Division (Satkhira, Khulna, and Bagerhat district) of
Bangladesh (Fig. 1). Total 315 samples (5 replicate samples of each
species from each farm) were collected from seven different farms and
from three districts. The study region was chosen because of the sig-
nificant role it plays in the shrimp and prawn aquaculture industry as
well as the export of frozen fishery products [26].

Shrimp and crab samples were collected and kept in an ice box to
maintain a temperature of 4-5 °C and delivered to the laboratory for
analysis within 24 h. Samples were then washed thoroughly with
running water, dried and stored at — 20 °C until chemical analysis.

Using stainless steel scalpels, frozen shrimp samples were dissected
at ~ 25 °C. Fresh weights (f.w.) were recorded together with the
collection of edible tissues. Before use, all glassware for heavy metal
analysis washed with detergent, rinsed in distilled water, steeped in 5%
nitric acid for more than 24 h, rinsed with deionized water, and allowed
to air-dry at ~ 25 °C.

2.2. Analysis of metals by ICP-OES

Concentrations of metals were analyzed using an inductively coupled
plasma-optical emission spectrometry (ICP-OES) (SN: P70407, PROD-
IGY 7, Teledyne Leeman Labs, USA) following the method used by Khan,
Jeong [27] with little modification. Before analysis the shrimp and crab
were thawed and 1 g sample was taken from each shrimp and crab.
Samples were digested for 12 h with 25 mL of HNO3 (68%) and 2.0 mL
of HyO5 (32%), acting as a catalyst, on a hot plate [28]. The temperature
of the heating plate was ramped from 50°C up to 160°C. A roughly
5-7 mL of a colorless watery appearance indicates the end of digestion.
After digestion the samples were cooled and filtered with the Whatman
No. 42 filter paper. The filtrates were then dissolved and diluted with
ultrapure deionized water to 50 mL. To quantify the concentration of
Cd, Pb, Cu, Cr, Zn, Ni, As, Al, and Fe all digested samples and blanks
were examined in triplicate.

Argon gas was initially used to torch the coil and high frequency
electric current was then delivered to the work coil at the torch tube’s tip
to create plasma. Plasma was produced by ionizing argon gas using the
electromagnetic field produced by the high frequency current in the
torch tube [29]. The energy utilized in the excitation-emission of the
sample came from the high electron density and temperature (10000 K)
of this plasma. Through the little tube in the middle of the torch tube,
solution samples were injected into the plasma in an atomized condition
[29]. The wavelengths used for the detection and quantification of Cd,
Pb, Cu, Cr, Zn, Ni, As, Al, and Fe were 226.502, 283.305, 324.754,
206.149, 213.856, 231.604, 228.812, 396.152, and 259.940 nm,
respectively. The concentrations of metals in shrimp and crab were
expressed as mg/kg fresh weight.
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2.3. Estimated daily intake (EDI)

EDI was calculated by the method shown by [30] and expressed in
mg/day. The average metal content of each sample was computed, then
multiplied by the appropriate consumption rate to create an estimate of
EDI [31]. The daily intake rate was determined by Eq. (1).

EDI = M¢ x IR x 107° @
Where Mc is the metal concentration in the shrimp and crab samples
(mg/kg fw), and IR is the ingestion rate, which was taken as 49.5 g fw/
day-person [32].

2.4. Target hazard quotient (THQ)

THQ is an estimation of the non-carcinogenic risk level due to heavy
metals exposure. THQ was calculated by using Eq. (2) as per the stan-
dard assumption of USEPA Region III Risk-Based Concentration
Table [33].

EF x ED X IR x M¢

173
BW x ATn x RD < '°

THQ = (2)
Where, EF represents exposure frequency (350 days/year), ED repre-
sents exposure duration (30 years for noncancer risk, as used, IR is the
ingestion rate (49.5 g/day) [32], BW is the typical adult body weight of
70 kg, MC is the dry weight of heavy metal concentration in shrimp
(mg/kg), and ATn is the typical average exposure time for
non-carcinogens (EF x ED) (365 days/year X number of exposure years,
assuming 30 years, 10, 950 days) [33,34]. RfD is the oral reference
dosage (mg/kg-day) of a certain metal to which the human population
may be continually exposed over the course of their lives without an
appreciable risk of deleterious effects. and the values of RfD used in this
study were recommended by US EPA and other studies [35-40]. If the
THQ value is less than or equal to 1, it means that there is a low like-
lihood that the exposed population will face any long-term health risks.
In contrast, if the THQ is greater than 1, there may be a health concern,
necessitating the implementation of relevant actions and safety pre-
cautions [41].

2.5. Hagard index

The hazard index (HI) was expressed as the sum of the individual
metal THQ values [36]. A HI < 1 is considered safe and HI > 1 is
considered hazardous, and THQ (Cd) is the target hazard quotient for Cd
intake, and so on.

HI =THQ(Cd) 4+ THQ(Pb) 4+ THQ(Cu) + THQ(Cr) + THQ(Zn)
+ THQ(Ni) + THQ(As) + THQ(AI) + THQ(Fe)

2.6. Target cancer risk

The term "target cancer risk" (TR) was used to describe the escalating
likelihood that a person may get cancer over the course of their lifetime
as a result of exposure to a suspected carcinogen [42]. USEPA Region III
Risk-Based Concentration Table provides the approach to assess TR
[36].

TR_EF><ED><1R><MC><CPSO
N BW x ATc

x 107 3
Where ATc is the average period of carcinogens (365 days per year for
70 years), according to USEPA, and CPSo is the carcinogenic potency
slope for the oral route (mg/kg bw/day) [36]. The values of CPSo for As,
Pb, Cr and Ni were known from USPEA, hence TR values for these metal
intakes were computed.
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Concentration of heavy metals (mg/kg f.w.) in shrimp and crab collected from Khulna, Bagerhat and Satkhira regions.

Location Species Heavy Metal Concentration (mg/kg f.w.)
Ccd Pb Cu Cr Zn Ni As Al Fe
Khulna Macrobrachium 0.062 0.088 0.019 0.059 0.178 0.065 0.104 0.120 0.034
rosenbergii +0.012° +0.006™ +0.013° +0.014° +0.056" +0.019* +0.003" +0.057° +0.019°
Metapenaeus 0.060 0.093 0.016 0.050 0.127 0.079 0.112 0.079 0.034
monoceros +0.0217 +0.002% + 0.009? + 0.008" +0.108" +0.0217 +0.014% + 0.064% +0.02°7
Scylla serrata 0.058 0.079 0.031 0.098 0.548 0.073 0.108 0.093 0.058
+0.003° +0.002° +0.003% +0.007% +0.007° +0.038% +0.015% +0.059% + 0.006%
Bagerhat Macrobrachium 0.057 0.087 0.019 0.091 0.215 0.079 0.115 0.086 0.045
rosenbergii +0.014% + 0.008% +0.012° +0.0297 +0.052" +0.028% +0.009? +0.033% +0.0297
Metapenaeus 0.062 0.082 0.008 0.074 0.124 0.102 0.113 0.082 0.033
monoceros + 0.009° +0.007% +0.013° +0.01° + 0.065" +0.035% +0.021% + 0.056° +0.014°
Scylla serrata 0.057 0.081 0.056 0.077 0.474 0.099 0.128 0.093 0.074
+0.019°% + 0.006% + 0.008% + 0.000? +0.0287% +0.01? + 0.005% +0.019? +0.002°%
Satkhira Macrobrachium 0.066 0.091 0.019 0.087 0.277 0.089 0.109 0.087 0.052
rosenbergii +0.017° +0.007% +0.0122 +0.025% +0.104° +0.028% +0.019? +0.034% +0.007°
Metapenaeus 0.060 0.080 0.015 0.057 0.266 0.089 0.107 0.108 0.059
monoceros + 0.009° + 0.006% +0.013% +0.026% +0.114° +0.026% +0.004% +0.074% +0.031°%
Scylla serrata 0.056 0.086 0.013 0.092 0.805 0.051 0.107 0.118 0.083
+0.0117 +0.003% +0.0122 +0.0297 +0.235% + 0.045% +0.022% + 0.009? + 0.004%
Data presented as mean =+ Std, different letters in the same column within each location indicates significant difference.
Table 2
Comparison of heavy metals (mg kg™') concentrations in shrimp and crab samples with results from other studies.
Location cd Pb Cu Cr Zn Ni AS Fe References
Buriganga 8.03-13.52 3.36-6.34 8.25-11.21 [20]
river,
Bangladesh
Buriganga 1.50 0.51 575 2.50 195 0.60 1.20 [78]
river,
Bangladesh
Satkhira 0.60 x 1071 0.96 0.20 [40]
farm,
Bangladesh
Kalpakkam, 0.8-6.5 17.6-117.0 [79]
India
TumkKur, 0.80 33 55 3 600 [79]
India
Ganga, West 0.60 x 1072 1.1-5.4 4.90-12.2 [80]
Bengal, 0.02
India
Ganga, 4,60 x 1072 3.50 0.96 7.70 x 1072 12.59 [81]
Kolkata
St. Martins 0.50 0.50 5 1 50 5 [54]
Island
Khulna 5.60 x 1072 7.91 x 1072 0.82 x 1072 5.00 x 1072 1268 x 107>  5.15x 1072 10.38 x 1072 3.28 x 1072 Present
division, -657x1072 —-928x102 —556x1072 — - -1023x1072 -1280x1072 — study for
Bangladesh 9.84 x 1072 80.52 x 1072 8.334 x 1072 Shrimp
and crab
Maximum 0.50 0.50 5 0.50 50 5 [50,54]
level (mg/
kg wet
weight)

2.7. Data Analysis

One-way analysis of variance was used to look at the differences
between the mean values that were statistically significant. Using the
statistical program SPSS (SPSS 11.0, IBM, Armonk, NY, USA), the
multiple-comparison tests were performed using Tukey’s honestly sig-
nificant difference test. All measurements were carried out at least five
times [43].

3. Results and discussion

The present study was conducted to determine the concentration of
nine heavy metals, namely Cadmium (Cd), Lead (Pb), Copper (Cu),
Chromium (Cr), Zinc (Zn), Nickel (Ni), Arsenic (As), Aluminium (Al),
and Iron (Fe) associated human health risk from the consumption of two
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shrimp (Macrobrachium rosenbergii, Metapenaeus monoceros) and a crab
(Scylla serrata) species. Among the shrimp and crab species, concentra-
tions of the above-mentioned heavy metals were observed. Average
concentration of heavy metals found in crustaceans are listed in Table 1.

3.1. Concentration of heavy metals

Heavy metal concentrations in shrimp and crab species were deter-
mined by ICP-OES and expressed as mg/kg. On a wet weight basis, the
concentrations of every metal were calculated. A comparison of heavy
metals (mg/kg) concentrations in shrimp and crab samples from previ-
ous studies has presented in Table 2.

3.1.1. Cadmium
At a minimum dose of 1 mg/kg, Cadmium (Cd) can cause chronic
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Estimated daily intake (EDI) of Heavy metals through consumption of shrimp and crab from Khulna, Satkhira and Bagerhat regions.

Location Variety Estimated daily intake (EDI) (ing/person/ day)
Ccd Pb Cu Cr Zn Ni As Al Fe
Khulna Macrobrachium 3.05x107%  438x10% 094x10° 293x107° 881 x107° 320x10% 514x10% 597x10° 1.68x107°
rosenbergii
Metapenaeus 298 x10% 459x10% 081 x10° 248x10° 6.28x10°° 395x10°% 553x10° 389x10° 1.68x10°°
monoceros
Scylla serrata 288 x1073 392x107% 152x107% 487x107° 27.14x10% 362x10% 536x10° 459x107° 2.86x107°
Bagerhat ~ Macrobrachium 283x10° 431x10% 099x10° 452x10° 1064 x10° 396x10° 572x10° 428x10° 224x10°°
rosenbergii
Metapenaeus 3.08x1073  408x10% 041x10° 366x107° 6.12x107° 506 x 1073 561 x107% 4.04x107° 1.62x107°
monoceros
Scylla serrata 283x10°% 399x10° 275x10% 381x10° 2348x10° 490x10% 634x10° 462x10° 3.69x10°
Satkhira ~ Macrobrachium 325x107° 448 x107% 098x107° 428x107° 13.71x10% 439x10°% 539x10° 431x107° 259 x107°
rosenbergii
Metapenaeus 298 x107% 397x10% 073x10° 282x107° 1317x10° 439x10°% 529x10° 536x10° 296 x 1073
monoceros
Scylla serrata 278 x1073 428 x107% 066 x1072 457 x107° 39.86x10° 255x10% 531x10° 582x10° 413x107°

poisoning [44]. Fish should only have a Cd value of 0.05 mg/kg or less,
according to FAO/WHO [45]. The standard for Cd in seafood set by the
Australian National Health and Medical Research Council (ANHMRC) is
2.0 mg/kg [46]. The main sources of Cd contamination in marine spe-
cies are the use of uncontrolled fertilizers, long-term discharge of un-
treated industrial wastes and the potential increase in Cd concentration
in farm water. [40]. In the current study, Cd levels in samples of shrimp
from various locations ranged from 5.7 x 1072 to 6.6 x 10~2 mg/kg.
The highest and lowest Cd concentrations were found in M. rosenbergii
tissues from Satkhira (6.6 x10~2 mg/kg) and Bagerhat (5.7 x10~2)
(mg/kg) regions, respectively (Table 1). However, lowest concentration
of Cd was found in the crab samples from the Satkhira regions
(5.6 x1072 mg/kg), whereas highest concentration was found from the
Khulna regions (5.8 x1072 mg/kg) (Table 1). Cd levels in the chosen
samples from all sites were found to be lower than the permitted limits
[45]. Previous studies show that crustaceans in the Buriganga River
have a high Cd content of 1.51 mg/kg, [47]. An earlier investigation
revealed that the Cd levels in fish samples from the Bangshi River be-
tween two separate seasons ranged from 0.09 to 0.87 mg/kg [16,40].

3.1.2. Lead

Lead (Pb) concentrations in shrimp tissues ranged from 8.0 x 1072
to 9.3 x 102 mg/kg, with M. monoceros from Satkhira regions having
the lowest concentration (8.0 x10~2 mg/kg) and M. monoceros from
Khulna regions having the highest concentration (9.3 x10~2 mg/kg)
(Table 1). Highest Pb concentration in the crab samples was found from
Satkhira regions (8.6 x10~2 mg/kg), while lowest Pb concentration was
found in the Khulna regions 7.9 x 10~2 mg/kg (Table 1). These levels
were well below the maximum allowable threshold (0.50 mg/kg) [48].
All shrimp and crab samples showed lower values than the suggested
level. Studies showed that M. rosenbergii from the Buriganga river had Pb
pollution of 0.51 mg/kg [38,40]. Due to the bottom-dwelling nature of
the M. monoceros and M. rosenbergii, these species constantly came into
contact with sediments, thus sediment pollution might be a major
contributing factor for Pb contamination. The discharge of industrial
effluents from a range of companies, including poultry farms, oil re-
fineries, textile manufacturers, and other sources can also cause Pb to
enter rivers [40].

3.1.3. Copper

All living organisms require Copper (Cu) for appropriate growth and
metabolism [49]. However, at large concentrations, Cu becomes
poisonous. It has been reported that Cu concentrations should not
exceed 5 mg/kg in the food product [50]. In the examined samples,
concentration of Cu was found comparatively at a lower amount. Cu
values in the shrimp samples ranged from 0.8 x 1072 to 1.9 x 1072
mg/kg, with M. rosenbergii having the maximum concentration of
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1.9 x 1072 mg/kg from the Khulna and Satkhira regions, and
M. monoceros having the minimum concentration of 0.8 x 10~2 mg/kg
from the Bagerhat regions (Table 1). Thus, the Cu contents in the
experimental specimens were lower than the recommended levels. The
enrichment of Cu in macrobenthic fauna might be through Cu input in
water and sediments from nearby industry.

3.1.4. Chromium

The maximum tolerable concentration of Chromium (Cr) varies be-
tween 0.5 [50] and 1.0 mg/kg [51]. The crustacean samples included in
the preliminary analysis had Cr values ranging from 5.0 x 1072 to
9.8 x 1072 mg/kg. Highest Cr content was found in M. rosenbergii from
Bagerhat (9.1 x10~2 mg/kg), whereas, lowest concentration was found
in M. monoceros from Khulna district5.0 x 102 mg/kg (Table 1).
Highest and lowest levels of Cr was found in S. serrata from Khulna
district (9.8 x1072 mg/kg) and Bagerhat districts (7.7 x10~2 mg/kg)
respectively (Table 1). In the current study, we found a lower level of Cr
than those reported in other studies in shrimp and mollusks (bivalve)
[52]. Study findings imply that Cr pollution exceed the safe limit of
FAO’s acceptable guideline for Cr concentration in shrimp was exceeded
in an Indian river [53].

3.1.5. Zinc

Zinc (Zn), as a cofactor for roughly 300 enzymes for all marine or-
ganisms, is a vital mineral for both humans and animals [54]. Zn is a
constituent of various enzymes and is crucial for a number of biological
processes that need to be maintained at quite high levels. Zn toxicity
resulting from excessive consumption may lead to electrolyte imbal-
ance, nausea, and anemia [55]. The highest and lowest concentration of
Zn was found in M. rosenbergii (27.7 x10~2 mg/kg) and M. monoceros
(12.4 x10~2 mg/kg) from Satkhira and Bagerhat respectively. On the
other hand, the maximum amount of Zn was 80.5 x 10~2 mg/kg in
S. serrata from the Satkhira area, while the lowest amount was
47.4 x 1072 mg/kg from the Bagerhat area (Table 1). The FAO’s rec-
ommended maximum limit for zinc is 30 mg/kg [56]. All shrimp and
crab samples had Zn amounts below the recommended levels. Therefore,
it can be concluded that there is no risk to human health from this metal.

3.1.6. Nickel

Ni levels in the shrimp samples ranged from 6.5 x 1072 to
10.2 x 102 mg/kg. M. monoceros, obtained from the Bagerhat regions,
had the highest concentration (10.2 x10~2 mg/kg), while M. rosenbergii,
collected from the Khulna regions, had the minimum concentration
(6.5 x1072 mg/kg). S. serrata from Satkhira and Bagerhat district had
the lowest concentration of 5.1 x 10~2 mg/kg and highest concentra-
tion of 9.9 x 1072 mg/kg Ni, respectively (Table 1). The WHO
maximum recommended level of Ni is 0.2mg/kg [57]. No Ni
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Table 4

Target hazard quotient (THQ) for individual metals and their hazard index (HI) from consumption of Shrimp and crab from Khulna, Satkhira and Bagerhat regions.

Hazard Index (HI)

Target Hazard Quotient (THQ)

Ccd

Variety

Location

Fe

Al

As

Zn

Cr

Cu

Pb

01
01
02
01
01
02
01
01
03

3.28 x 107° 0.

1.49 x 1072 3.23 x 1074 1.34 x 1072 4.02 x 107* 2.19 x 1073 2.35 x 107! 8.17 x 107°

4.18 x 1072

Macrobrachium rosenbergii
Metapenaeus monoceros

Scylla serrata

Khulna

0.

5.34 x 10° 3.29 x 107°

2.53 x 107!

2.79 x 107* 1.13 x 1072 2.87 x 1074 271 x 1072

1.57 x 1072

4.08 x 1072

0.

5.59 x 107>

5.20 x 1074 2.22 x 1072 1.24 x 1073 2.48 x 1073 2.45 x 107! 6.30 x 10°°

1.34 x 1072

3.95 x 1072

0.

4.39 x 107°

5.86 x 107°

3.38 x 1074 2.06 x 1072 4.86 x 1074 2.71 x 1072 2.61 x 107*

1.47 x 1072

3.88 x 1072

Macrobrachium rosenbergii
Metapenaeus monoceros

Scylla serrata

Bagerhat

0.

317 x107°

553 x 107°

2.56 x 107!

1.39 x 1072 1.39 x 1074 1.67 x 1072 2.80 x 1074 3.47 x 1073

4.22 x 1072

0.

7.21 x 107°

6.33 x 10°°

2.89 x 107!

9.43 x 107* 1.74 x 102 1.07 x 1073 3.36 x 102

1.37 x 1072

3.88 x 1072

0.

5.90 x 10°° 5.07 x 10°°

2.46 x 101

337 x107* 1.96 x 1072 6.26 x 10°* 3.01 x 1072

1.53 x 1072

4.45 x 1072

Macrobrachium rosenbergii
Metapenaeus monoceros

Scylla serrata

Satkhira

0.

5.80 x 107°

7.34x107°

2.49 x 1074 1.29 x 1072 6.02 x 1074 3.01 x 1072 2.41 x 107!

1.36 x 1072

4.08 x 102

0.

7.97 x 10° 8.08 x 107°

2.42 x 107!

1.75 x 103

1.82 x 1073

2.09 x 1072

2.25 x 1074

1.47 x 1072

3.80 x 1072
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concentrations in all samples exceeded the allowable limit.

3.1.7. Arsenic

Both organic and inorganic types of arsenic (As) can be found in our
diet, however inorganic As is more harmful than organic As. The types of
As that are present are challenging to accurately assess. It is believed
that 10% of all arsenic is inorganic [58]. S. serrata from the Bagerhat
region had the highest concentration of As (12.80 x10~2 mg/kg), while
from the Satkhira region had the lowest value (10.72 x10~2 mg/kg).
The maximum As concentration was found in M. rosenbergii from Khulna
regions (10.4 x10~2 mg/kg), while the lowest concentration was found
from Bagerhat of 11.5 x 10”2 mg/kg (Table 1). The findings revealed
that the shrimp and crab had comparatively higher concentrations of As
than other metal tested. The maximum permitted concentration of
arsenic in crustaceans is 5 mg/kg [50,54]. Our findings showed that the
As concentration was below the safe level. Recent studies, however,
contend that at very low quantities, As disrupts the endocrine system.
Chronic exposure to inorganic arsenic may have negative consequences
on the liver, gastrointestinal tract, respiratory tract, skin, hematological
system, cardiovascular system, neurological system, and skin [59].
Acute high level As exposure can also cause vomiting, diarrhea, anemia,
liver damage, and even death. Long-term exposure is thought to increase
the risk of developing cancer, hypertension, some types of diabetes, and
skin disease [60].

3.1.8. Aluminum

In most cases, Aluminum (Al) exposure through the mouth is safe.
Some studies indicate that persons who are exposed to high quantities of
aluminum may get Alzheimer’s disease [61]. The M. monoceros from the
Bagerhat region had the lowest concentration of Al (8.2 x10~2 mg/kg),
whereas M. rosenbergii from Khulna region had the highest concentration
of Al (12.0 x102 mg/kg). The highest and lowest Al concentration in
S. serrata was found in Satkhira regions (11.8 x10~2 mg/kg), and
Khulna regions (9.3 x10~2 mg/kg), respectively (Table 1). Previous
research has connected neurotoxicity (bad health effects on the central
or peripheral nervous system or both), [61] Alzheimer’s disease, and
breast cancer to regular exposure to high quantities of Al.

3.1.9. Iron

The human body requires iron for proper functioning. Suggested
level of heavy metal concentration for Iron (Fe) in white shrimp is
0.50 mg/kg [62]. It functions as an electron transporter inside cells, a
component of important protein frameworks in various tissues, and a
carrier of oxygen from the lungs to the tissues through red platelet he-
moglobin. S. serrata from Satkhira had the highest content of Fe
(8.3 x1072 mg/kg), whereas from Bagerhat had the lowest concentra-
tion (7.4 x10~2 mg/kg). M. monoceros from Bagerhat had the lowest
concentration of 3.3 x 1072 mg/kg and from Satkhira had the highest
concentration of 5.9 x 1072 mg/kg (Table 1). The study’s finding is far
safe to the recommended level. The gastrointestinal (GI) mucosa can be
severely damaged by Fe ingestion, which can produce nausea, vomiting,
abdominal discomfort, hematemesis, and diarrhea. Patients may also
experience hypovolemia due to considerable fluid and blood loss.

3.2. Estimated Daily Intake (EDI)

Estimated daily intake (EDI) of trace metals in shrimp and crab has
been evaluated in this study. Table 3 lists the EDI of few hazardous
heavy metals from ingestion of crustaceans by Bangladeshi adults typi-
cally living in the coastal area. EDI to RfD ratio is a significant measure
of health risk. RfD is the estimation of the amount of daily exposure to
which the general population might be continuously exposed over the
course of a lifetime without a significant risk of adverse consequences
[63]. New York State Department of Health claims if the derived heavy
metal’s EDI to RfD ratio is equal to or less than the RfD, the risk is small
[64]. However if the ratio is > 1-5, > 5-10, and > 10 x the Rfd, the risk
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Table 5
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Target cancer risk (TR) for heavy metals from consumption of shrimp and crabs from Khulna, Satkhira and Bagerhat regions.

Location Variety Target cancer risk (TR)
As Pb Cr Ni

Khulna Macrobrachium rosenbergii 4,53 x107° 2.18 x 1077 8.60 x 107° 3.19 x 107°
Metapenaeus monoceros 4.87 x 107° 2.29 x 1077 7.27 x 107° 3.95 x 1075
Scylla serrata 472 x107° 1.96 x 1077 1.43 x 107° 3.61 x 10°°

Bagerhat Macrobrachium rosenbergii 5.03 x 107° 2.15x 1077 1.33 x107° 3.95 x 107°
Metapenaeus monoceros 4.94 x 1075 2.03 x 1077 1.07 x 107° 5.05 x 107>
Scylla serrata 5.58 x 107° 1.99 x 1077 1.12 x 107° 489 x10°°

Satkhira Macrobrachium rosenbergii 4.75 x 107° 2.24 x 1077 1.26 x 107> 4.38 x107°
Metapenaeus monoceros 4.66 x 107° 1.98 x 1077 8.28 x 107 438 x 107°
Scylla serrata 4.67 x 107° 2,13 x 1077 1.34 x 107> 2.54 x 107>

is low, moderate, and significant, respectively [63]. As a result, EDI can
be used as a benchmark to assess the possible health effects of the
chemical at various levels. The likelihood of negative consequences in a
human population rises as the frequency and/or size of exposures that
exceed the RfD [54].

However, we have not reached an absolute conclusion that all doses
below the RfD are "acceptable" (or without risk) and all doses above the
RfD are "unacceptable" (or cause adverse effects) [54,65]. The daily
consumption of a heavy metal determines how harmful it is to people
[66]. The average EDIs of all tested metals in the two species of shrimp
and one species of crab were lower than the tolerable daily intake limit
that indicates that the average consumption of the species in the coastal
area would not result in health risk (Table 3). Although the shrimp and
crab species examined for this study were deemed acceptable for
everyday human consumption, they may pose health hazards if
consumed continuously and excessively over 30 years.

3.3. Health risk assessment

Consuming shrimp and crab could expose human to heavy metals in
a way that negatively impacts human’s health. Therefore, a health risk
assessment is unquestionably required for people who regularly
consume shrimp and crab.

3.3.1. Target hazard quotient and hazard index

Table 4 provides estimated target hazard quotients (THQ) and haz-
ard index (HI) for Cd, Pb, Cu, Cr, Zn, Ni, As, Al, and Fe consuming from
Macrobrachium rosenbergii, Metapenaeus monoceros, and Scylla serrata
cultivated at Khulna Division (Satkhira, Khulna, and Bagerhat district)
of Bangladesh. USEPA states that < 1 is the permissible value for THQ
[33]. The outcome revealed that each metal’s THQ value was less than 1,
indicating that consuming shrimp and crab would not expose people to
any non-carcinogenic health risks if they only intake one heavy metals
individually. Moreover, all metals taken into account together had HI
less than the permissible level of 1 for shrimp and crab.

3.3.2. Target cancer risk (TR)

According to the USFDA [67], the majority (around 90%) of As
exposure occurs through seafood. As exposure has been linked to a
number of health effects. The inorganic As is regarded as a carcinogen
and has been linked to lung, skin, liver, gall bladder, and skin cancers.
Kidney failure, hypertension, and gastrointestinal disorders are some of
harmful effects of cadmium’s toxicity. Pregnant women’s Cd intoxica-
tion has been linked to shorter pregnancies, smaller babies, and more
lately, children’s immune and/or endocrine system abnormalities [68].
The major harmful effect of Pb exposure has been linked to delay in
neurobehavioral development [69]. The neurological system’s effi-
ciency may suffer with prolonged exposure. EPA reports that heavy
metal may potentially cause cancer in humans [70]. Moreover, Pb
exposure can cause significant damage to the brain, liver, and kidneys as
well as eventual mortality [71]. In addition, high exposure of Pb in men
can damage the sperm-producing organs [72].
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For As, Pb, Cr, and Ni a carcinogenic potency slope factors are
available. As is categorized as an established carcinogen (USEPA group
A) and based on animal studies, Pb can also be categorized as probable
carcinogen (USEPA group B2) [73]. Table 5 shows the TRs for As, Pb, Cr,
and Ni in adults from crustacean’s ingestion exposure. The TR values for
As, Pb, Cr, and Ni ranged from 4.53 x 1075t05.58 x 10_5, 1.96 x 1077
to 2.29 x 1077, 8.60 x 10™® to 1.43 x 107>, and 2.54 x 107> to
5.05 x 107° respectively in shrimp and crab (Table 5). Cancer risks
below 107 are typically regarded as insignificant, those above 10~* are
generally seen as unacceptable, and those that fall between 10~° and
10~* are generally regarded as allowable [33,74]. For all shrimp and
crab samples, the TR for As, Pb, Cr, and Ni was between 10~ 7and 107°.
Additional sources of metal exposure, such as consuming other foods
(such as ground water, wheat, rice, pulses, meat, and eggs), inhaling
dust, and so on, could not be considered in this study. Moreover, Mer-
cury (Hg) contamination can be a potential health threat nowadays [75,
76]. Acute exposure to this heavy metal can cause insomnia, neuro-
muscular changes, headaches and changes in nerve responses [77],
therefore, these need to be considered in future study.

4. Conclusions

This study was conducted to learn more about the levels of heavy
metals in shrimp and crab from Bangladesh’s southern-western region.
Cadmium had absolutely distinct bioaccumulation resulted in higher
average concentration in crab than in shrimp samples. Being a favored
cuisine in this area, shrimp consumption may cause chronic illnesses
including renal failure and other chronic diseases owing to excessive
consumption if crustaceans contain significantly higher amount of
heavy metals. However, the investigation revealed a minimum heavy
metal content which is below the maximum recommended level. Our
research provides a new perspective on eating shrimp and crab from
these areas that poses nearly no health danger. Long-term cancer risk is
negligible for people who regularly consume shrimps and crabs with
lower concentrations of heavy metals than that identified in the current
study.
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