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Abstract. Shukri SM, Setyawan AD, MD Naim D. 2024. Metal concentrations in Silver pomfret Pampus argenteus (Euphrasen, 1788) and 

its risk assessment in Malaysia. Nusantara Bioscience 16: 13-22. Fish consumption is one of the most important sources of protein in 
Malaysia. Nevertheless, anthropogenic sources release contaminants, such as metals, which have the potential to accumulate wi thin 
marine organisms via the food chain. Hence, ingesting fish polluted with metals can be potentially hazardous to human health. This 
study aimed to ascertain the levels of metal concentrations in the edible tissues of Pampus argenteus (Euphrasen, 1788) inhabiting 
Malaysian waters to evaluate potential health hazards associated with their use. This study examines the levels of three metals, 
specifically Cd, Ni, and Pb, in P. argenteus. The samples underwent microwave digestion in a closed vessel to extract metals, which 
were subsequently analyzed using ICP-OES. The study revealed that the quantities of metals in P. argenteus were primarily Pb, with Ni 
and Cd following suit. These values ranged from 0.651 mg/kg to 0.001 mg/kg when measured on a dry weight basis. Notably, the 
samples collected from the Straits of Malacca exhibit a greater concentration of metals than those obtained from the South China Sea 

region. The tolerable daily intake of P. argenteus from all populations in this study was below the FAO/WHO oral reference dose. The 
risk assessment results showed that all populations' target hazard quotient was below 1.0. The results indicate that exposure to the metals 
studied poses a low non-carcinogenic risk and is considered safe for human consumption. This research offers baseline data for 
evaluating food safety and developing risk management recommendations concerning P. argenteus. 
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INTRODUCTION 

Nutritionists widely recognize marine fish and shellfish 

as significant contributors to high-quality protein, 

constituting approximately 17% of animal protein intake 

and accounting for approximately 6% of human dietary 

intake (Iimtiaz and Naim 2018; Salam et al. 2019). These 

aquatic organisms also contain essential minerals and fatty 

acids, particularly omega-3. However, despite the 
numerous health benefits associated with seafood 

consumption, it is imperative to consider the potential 

health hazards that arise from the prevalence of metals in 

marine fish and seafood. This is particularly relevant for 

seafood consumers (Rajeshkumar et al. 2018).  

Metals refer to a toxic element that can lead to toxicity 

in the human body, generating harmful species and 

potentially causing damage and chronic illnesses. Based on 

the research conducted by (Sankhla et al. 2016; Rehman et 

al. 2018), it is evident that consuming toxic metals poses 

numerous health hazards to humans. These risks 
encompass a range of conditions, including dermatological 

diseases, skin cancer, and various internal cancers, such as 

those affecting the liver, kidney, lung, and bladder. 

Additionally, the ingestion of toxic metals has been related 

to the expansion of cardiovascular disorders, diabetes, and 

anemia. Furthermore, these metals can also adversely 

impact the human body's reproductive, developmental, 

immunological, and neurological processes.  

The escalating demand for fish stocks has caused 

increased pollution of the local environment, a substantial 

rise in trawling and culturing activities in the South China 

Sea, and the intensified human presence in the vicinity of 

marine culture (Amirah et al. 2013; Zhu et al. 2014). 

Consequently, this phenomenon poses a direct threat to 

marine organisms. Fish serve as reliable indicators of metal 

contaminations in water ecosystems caused by their ability 
to occupy various trophic levels and exhibit diverse sizes 

and ages (Cordeli et al. 2023). Fish can accumulate metals 

within their tissues via absorption mechanisms, which 

poses a potential risk to humans exposed to these metals 

through the food chain. The ingestion of contaminated fish 

has immediate and long-term impacts on human health. For 

example, high exposure to Ni intake by humans can cause 

some side effects such as nausea, vomiting, diarrhea, 

giddiness, lassitude, headache, cough and shortness of 

breath, lung fibrosis and respiratory tract cancer are some 

of the conditions/diseases related to the respiratory system 
(O'Neal and Zheng 2015). Cd is considered to be another 

carcinogenic hazardous element that can cause 

hypertension, renal tubular damage or Acute Tubular 

Necrosis (ATN), and pancreatic, breast, and prostate 

cancers (Schwartz and Reis 2000; Tamele and Vázquez 

2020). Elevated Pb contamination can cause neurological 

damage (cognition, decreased IQ), kidney disease, an 

endocrine disorder, elevated blood pressure, decreased total 

sperm count, increased abnormal sperm frequencies, and 
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cancer (Kumar et al. 2020). 

The establishment of a Provisional Tolerable Weekly 

Intake (PTWI) by the Joint Expert Committee on Food 

Additives (JECFA 2004) of the Food and Agriculture 

Organisation of the United Nations and the World Health 

Organisation (FAO/WHO) aims to safeguard consumers 

from the toxicological effects related with the ingestion of 

metals via fish consumption. The PTWI refers to the 

established threshold for the maximum daily exposure to a 

contaminant that an individual can sustain over their 
lifetime without incurring any adverse health effects related 

to food consumption. This definition is supported by the 

FAO/WHO and the research conducted by Peycheva et al. 

(2016). These limits may vary across species, as the metal 

accumulation process is subject to variations in 

developmental rates and metabolism among different 

organisms (Zaza et al. 2015). The United States 

Environmental Protection Agency (USEPA 2000) has 

established the Reference Dose (RfD) to assess the 

potential health risk associated with exposure to the 

contaminant. The RfD is a quantitative assessment of the 
daily oral intake of a contaminant that is expected to pose 

negligible risks of adverse effects on human health over a 

lifetime (USEPA 2000). Hence, it is of utmost significance 

to precisely quantify the levels of heavy metals in silver 

pomfret fish (Pampus argenteus ((Euphrasen, 1788)). This 

is imperative to ascertain its current and future safety for 

consumption while also serving as an indicator to alert 

Malaysian society if the metal concentrations surpass the 

established thresholds.  

The P. argenteus primarily inhabits marine and pelagic 

environments ranging from 1 m to 100 m. Its widespread 
distribution spans the East China Sea to Southeast Asia, the 

Indian Ocean, the Arabian Gulf, and the North Sea 

(Mohitha 2016). The species is significant in Malaysian 

fishery sectors and has great value and demand as a protein 

source. Many inquiries undertaken in Malaysia have 

unequivocally recorded the existence of metals within fish 

(Kamaruzzaman et al. 2011; Alipour et al. 2021). However, 

the majority of these studies have primarily concentrated 

on examining the precise geographical areas where specific 

metals are present, as well as the particular fish species that 

are affected. Therefore, the current research was conducted 

to determine the concentrations of metals in consumable 

tissues of P. argenteus in Malaysia and the waters 

encircling it, as well as to assess the health risks associated 

with such substances. 

MATERIALS AND METHODS 

Sites and samples' description 

Samples of P. argenteus were obtained from 13 landing 

sites around Malaysian waters (Figure 1). A total of 20 
individuals were sampled from each sampling site. The 

samples were appropriately labeled to represent each 

respective sampling area, as indicated in Table 1, and the 

sampling period spanned from March to December 2018. 

All mature P. argenteus ranging from 18 to 28 cm long 

were collected. The specimens were examined to discover 

metal concentrations present in this species within the 

region of Malaysia. 

All specimens were delivered to the School of 

Biological Science, Universiti Sains Malaysia, using a cool 

box and appropriate measures for the remaining transit 
process. Upon arriving at the laboratory, the samples 

underwent a running water cleaning process. Subsequently, 

the muscle tissue of the samples was excised using a sterile 

knife and kept separately in a designated icebox. All 

specimens were appropriately labeled and identified (Table 1). 

Preparation of samples 

Drying process 

The drying procedure followed the approach outlined 

by Radojevic et al. (1999) and Feldsine et al. (2002), with 

slight adjustments to the procedural steps. The samples 

were homogenized and divided into two equal portions to 
facilitate the duplicate procedure. Subsequently, the 

samples underwent oven drying at 105°C. The dried 

samples were pulverized into fine powder and promptly 

placed into appropriately labeled containers for digestion. 

 
 

 
Figure 1. Sampling location of P. argenteus around Malaysian waters. 1. Batu Maung, Penang, 2. Kuala Muda, Kedah 3. Kuala Perlis, 
Perlis 4. Tok Bali, Kelantan 5. Kuala Kemaman, Terengganu 6. Kuala Rompin, Pahang 7. Kuala Benut, Johor 8. Kuala Sungai Baru, 

Melaka 9. Kuala Lukut Port Dickson, Negeri Sembilan 10. Sg. Yu Kuala Selangor, Selangor 11. Teluk Melintang (Teluk Intan), Perak 
12. Sandakan, Sabah 13. Bintulu, Sarawak 



SHUKRI et al. – Metal concentrations in Pampus argenteus 

 

15 

Table 1. Description of sampling locations and sample size for each locality 
 

Sampling Site 
Geographical 

Location 

Marine 

Region 

Coordinate 

Latitude; Longitude 

Sample 

Size (n) 

Batu Maung, Penang (PNG) NC SM 5°17’5.0994”N, 100°17’14.9”E 20 
Kuala Muda, Kedah (KD) NC SM 5°34’59.99”N, 100°22’59.99”E 20 
Kuala Perlis, Perlis (PS) NC SM 6°23’52.44”N, 100°7’50.52”E 20 
Tok Bali, Kelantan (K) EC SCS 5°53’51.36”N, 102°28’26.4”E 20 

Kuala Kemaman, Terengganu (T) EC SCS 4°14’1.68”N, 103°21’49.6”E 20 
Kuala Rompin, Pahang (P) EC SCS 2°48’2.16”N, 103°29’9.96”E 20 
Kuala Benut, Johor (J) SC SM 1°30’1.03”N, 103°52’2.08”E 20 
Kuala Sungai Baru, Melaka (M) WC SM 2°21’25.92”N, 102°2’21.12”E 20 
Kuala Lukut Port Dickson, Negeri Sembilan (N9) WC SM 2°32’13.85”N, 101°48’20.56”E 20 
Sg. Yu Kuala Selangor, Selangor (S) WC SM 3°21’17.29”N, 101°14’30.4”E 20 
Teluk Melintang (Teluk Intan), Perak (PK) NC SM 4°27’20.52”N, 100°37’43.68”E 20 
Sandakan, Sabah (SB) BI SS 5°50’21.84”N, 118°7’1.92”E 20 
Bintulu, Sarawak (SR) BI SCS 3°10’16.68”N, 113°2’30.84”E 20 

Total    260 

Note: North Coast of Peninsular Malaysia (NC), East Coast of Peninsular Malaysia (EC), South Coast of Peninsular Malaysia (SC), 
West Coast of Peninsular Malaysia (WC), Borneo Island (BI), South China Sea (SCS), Straits of Malacca (SM), Sulu Sea (SS), n: 
sample size 
 
 

   
A B C 

 
Figure 2. Calibration curve for standard used in the current study. A. Pb, B. Cd, C. Ni 
 

 
 

Digestion process 

The digestion process is a fundamental requirement 

technique for transforming the solid sample into a liquid 
state. This study employed the microwave digestion 

technique due to its recognized efficacy as a sample 

preparation method across various sample matrices. The 

evaluation of analytical quality was carried out by utilizing 

certified reference materials (CRM-DORM4) obtained 

from the National Research Council Canada. The dogfish 

muscle samples were used as a reference in CRM to 

confirm that all elements were within the designated range, 

as described by Willie et al. (2012). The observed 

recoveries of all elements in DORM4 were determined to 

vary between 80% and 130% of the declared value. 
Next, 0.5g of dried samples and DORM4 were added to 

a Teflon vessel containing 10 ml of 70% nitric acid 

(HNO3). The samples underwent digestion using a closed-

vessel microwave digestion system (Milestone model Start 

D, Italy). The samples were filtered for future analysis.  

Analysis of metals 

Metals were determined on an ICP–OES model Optima 

5300 DV (Perkin Elmer, USA). Certificate Recovery 

Material (CRM) - DORM4 standards were added to the 

samples to test the reliability of the approach, and their 

recovery rates were calculated. The results of the element 

recovery tests are presented in Table 2. The calibration 
curves were generated by graphing the absorbance readings 

against the corresponding concentrations using optimized 

instrument conditions. The calibration curve for each metal 

is depicted in Figure 2, demonstrating a high degree of 

correlation (R2 = 0.999) between absorbance and 

concentration, indicating that the instrument yielded 

dependable outcomes. 

Recovery tests 

The recoveries of Pb, Ni, and Cd were found to be 88%, 

90%, and 82.5%, respectively, thus fell within the 

acceptable range of 80 to 130%, as outlined in a previous 
study by Buhari and Ismail (2016), indicating a high level 

of accuracy (Table 2). The recovery values of the metals 

were determined using ICP-OES, as described in Equation 

1. This finding provides initial validation for the calibration 

techniques employed in the ICP-OES instrument.  

 

Equation 1: Recovery (%) = Observed concentration 

(mg/kg) / Published concentration (mg/kg) X 100 
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Table 2. Measured and certified values of metal concentrations 
(mg/kg DW) utilizing ICP-OES  

 

Elements 

detected 

Obtained 

conc. 

CRM – Dorm4 

(published conc. 

value) 

(Willie et al. 2012) 

Percentage 

(%) 

recovery 

Cd 0.26 0.299±0.018 88 

Ni 1.29 1.34±0.14 90 
Pb 0.33 0.404±0.062 82.5 

 

Determination and calculation of metals concentration  

The concentration of Pb, Ni, and Cd in triplicate was 

resolved by utilizing regression equations derived from a 

plot of absorbance readings of standards against their 

respective concentrations. This was performed based on the 
ICP-OES analysis results obtained, utilizing Equation 2. 

 

Equation 2: Actual concentration (mg/kg) = Digested 

concentration (mg/L) x Volume digested (L) / Weight of 

dried sample digested (kg) 

 

The metal concentrations that were acquired were then 

compared to the Estimated Daily Intake (EDI) for human 

consumption as established by the Malaysian Food Act 

(MFA) (1983), USEPA (2000), and FAO/WHO (2014). 

Statistical analysis 
A one-way analysis of variance (ANOVA) was 

conducted on the experimental data, and the means were 

compared using Tukey's test with SPSS software (version 

22). This analysis aimed to determine if there were 

significant differences in the concentrations of metals 

among various sampling sites (P <0.05).  

Health risk assessment  

To determine the human health risk associated with 

metal contaminations of P. argenteus inhabited in 

Malaysian waters, the Target Hazard Quotient (THQ) and 

allowable daily consumption (CRlim) were calculated.  

Target Hazard Quotient (THQ) 
The Target Hazard Method (TH) is a measurement tool 

to assess the potential risk to human health from metal 

exposure (Taweel et al. 2013). The TH can be measured as 

Target Hazard Quotient (THQ) = (EF x ED x FIR x C/RFD 

x WAB x TA) x 10-3, where EF = exposure frequency 

(from 52 days/year for people who eat P. argenteus once a 

week to 365 days/year for people who eat P. argenteus 

seven times a week); ED = exposure duration (70 years) 

equivalent to the average of a lifetime; FIR = fish ingestion 

rate (fish: 160 g/day/person) (Idriss and Ahmad 2015); C = 

element concentration in the muscle (edible part of fish) 
(mg/kg); RfD = oral reference dose (USEPA 2000; 

FAO/WHO 2014); WAB = average body weight (64 kg; 

the references weight were derived from numerous local 

Malaysian studies (Ismail al. 2018); and TA = average 

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

the Hazard Quotient >1.00, there is potential risk related to 

study metals (Khan et al. 2008). 

According to USEPA (2000) and FAO/WHO (2014), 

RfD for Cd = 0.5 mg/kg body wt./day, Pb = 2 mg/kg body 

wt./day, and Ni = 0.4 mg/kg body wt./day. Therefore, 

including the metals (Pb, Ni, and Cd) in assessing health 

risks associated with the consumption of P. argenteus is 

imperative in providing supplementary information on the 

potential health implications of consuming this fish. 

Calculation of the allowable daily consumption (CRlim) 

The equation presented herein was employed to 

compute the permissible daily fish consumption of P. 
argenteus. The daily permissible quantity of fish was 

quantified in kilograms per day (kg/day). This assumption 

posited that the diet exclusively consists of fish, with no 

other Cd, Ni, or Pb sources. Maximum safe daily intake is 

CRlim = RfD x (BW / Cm) x 10-3, where CRlim = maximum 

safe daily consumption rate of P. argenteus (kg/day) 

(Moreau et al. 2007); RfD = oral reference dose for each 

metal concentrations (mg/kg/d) (USEPA 2000; FAO/WHO 

2014); BW = average consumers body weight (kg); Cm = 

measured concentration of DW in fish (edible part) 

(mg/kg). USEPA determines RfD and estimates a safe 
amount, expecting no adverse effect on human health 

(USEPA 2000). 

RESULTS AND DISCUSSION 

The metal concentrations in fish 

This study encompassed 13 sampling sites across five 

distinct regions with varying activities and pollution 

elements. Table 3 presents the recorded concentrations of 

metals within P. argenteus across various geographical 

locations. The concentrations of metals provided are 

expressed in terms of DW. Furthermore, regarding mean 

concentration, the sequence of metals in P. argenteus 
muscle was as follows: Pb > Ni > Cd. The concentration of 

Ni at the sampling site in S was observed to be the highest, 

with a value of 0.369 mg/kg, followed by SR, with a 

concentration of 0.322 mg/kg. Conversely, the remaining 

sites exhibited concentrations below 0.3 mg/kg. The 

sample obtained from T exhibited the lowest recorded 

concentration of Ni, measuring at 0.126 mg/kg. The 

sampling site of PNG exhibits the highest concentration of 

Cd at 0.181 mg/kg, surpassing K at 0.069 mg/kg and T at 

0.048 mg/kg. The concentration of Cd observed at the other 

sampling sites was less than 0.04 mg/kg.  

In addition, it is noteworthy that the Pb concentration 
(mg/kg) exhibited the highest value in the sample obtained 

from J, measuring at 0.651 mg/kg. Subsequently, the 

sample from T displayed a slightly lower concentration of 

0.572 mg/kg, followed by the K sample exhibited a lower 

concentration of 0.532 mg/kg. The concentrations of Pb at 

the remaining sampling sites were found to be less than 0.4 

mg/kg. Samples collected from M exhibited the lowest 

concentration of Pb, measuring 0.141 mg/kg.  

Analysis of Variance (ANOVA) across sampling sites 

Significant variations were observed in Pb, Cd, and Ni 

concentrations across all sampling locations. ANOVA test 
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reveals statistically significant variations in the 

concentrations of Cd among all samples obtained. The 

findings also indicate no statistically significant variations 

in the levels of Pb among the samples collected from PNG, 

KD, PK, PS, and S. However, notable distinctions were 

observed in the samples obtained from the remaining 

locations. The ANOVA test further reveals no statistically 

significant variation in the Ni content across the samples 

obtained from Peninsular Malaysia. Nevertheless, it is 

noteworthy to mention that significant differences in Ni 
content were observed exclusively among the samples 

collected from BI, with a p-value less than 0.005. 

Health risk assessment 

Target Hazard Quotient (THQ) 

The calculation of the health risk from the consumption 

of P. argenteus for all the metals in this study is shown in 

Table 4. Pb, Ni, and Cd exhibit THQ values for individuals 

consuming P. argenteus weekly in various regions, ranging 

from 0.06 to 0.25, 0.29 to 0.4, and 0 to 0.06, respectively. 

Based on the data, the consumption of P. argenteus from 

all sampling sites at a frequency of five times per week is 
associated with an elevated health risk. However, it is 

important to note that this risk remains below the 

established threshold of risk, which is less than 1.0 (Biswas 

et al. 2023). 

Allowable daily consumption (CRlim)  

CRlim was calculated and compared with RfD for all 

regions (Table 5). RfD for Cd, Ni, and Pb are 0.5, 0.4, and 

2 mg/kg, respectively (FAO/WHO 2014; USEPA 2000). 

This study found that Cd exhibited the highest values of 

CRlim of fish (kg/d) across various regions, including the 

NC, WC, SC, EC, and BI. Specifically, the calculated 
values for Cd were 0.744, 1.600, 10.667, 0.627, and 0 kg/d, 

respectively, surpassing those of the other metals 

investigated. Table 5 displays the association of Ni with the 

lowest CRlim of P. argenteus across various regions, 

including the NC, WC, SC, EC, and BI. The CRlim for these 

regions were recorded as 0.131, 0.126, 0.129, 0.106, and 

0.086 kg/d, respectively. 

 
 

Table 3. Metals (mg/kg DW) accumulation based on different 
sampling sites (mean value ± SD) (n = 20) 

 

Sampling 

Site 
Cd Ni Pb Sig. 

PNG 0.181±0.013 0.202±0.004 0.317±0.063 0.000 
KD 0.024±0.009 0.206±0.019 0.331±0.037 0.000 
PS 0.001±0.002 0.180±0.009 0.277±0.049 0.000 

K 0.069±0.029 0.204±0.000 0.532±0.000 0.000 
T 0.048±0.005 0.126±0.012 0.572±0.027 0.000 
P 0.011±0.003 0.222±0.008 0.231±0.046 0.000 
J 0.003±0.020 0.204±0.013 0.651±0.007 0.000 
M 0.015±0.01 0.155±0.015 0.141±0.491 0.013 
N9 Nd 0.157±0.067 0.221±0.017 0.000 
S Nd 0.369±0.006 0.248±0.025 0.000 
PK 0.006±0.000 0.227±0.021 0.239±0.023 0.000 
SB Nd 0.289±0.003 0.243±0.020 0.000 

SR Nd 0.322±0.011 0.245±0.018 0.000 

Note: n is the number of samples. Nd: Not detected due to small 
amount. Values are significantly different at p <0.05. The RfD 
(Oral reference Dose) for Cd: 0.5, Ni: 0.4, and Pb: 2 mg/kg/day 
(USEPA 2000; FAO/WHO 2014) 
 
 

  
Table 5. Allowable daily consumption (CRlim) (kg/day) for the 
metals studied from P. argenteus muscle (edible part) 
 

Metal Location 

Metal 

Concentration 

(mg/kg) 

RfD 

(mg/kg/d) 

Allowable 

Daily 

Consumption 

(CRlim)(kg/d) 

Cd NC 0.043 0.5 0.744 
 WC 0.020  1.600 
 SC 0.003  10.667 
 EC 0.051  0.627 
 BI 0  0 
Ni NC 0.195 0.4 0.131 
 WC 0.203  0.126 

 SC 0.199  0.129 
 EC 0.241  0.106 
 BI 0.299  0.086 
Pb NC 0.328 2 0.390 
 WC 0.203  0.631 
 SC 0.498  0.257 
 EC 0.407  0.314 
 BI 0.218  0.587 

 
 
 
Table 4. Health risk estimates for Pb, Ni, and Cd ingestion from P. argenteus from five different regions in Malaysia 
 

Sampling Region 
Level of Exposure 

(DW) 
Cd THQ Ni THQ Pb THQ 

NC 1 0.043±0.069 0.05 0.195±0.018 0.29 0.328±0.574 0.16 
WC 1 0.020±0.003 0.02 0.203±0.088 0.3 0.203±0.656 0.06 
SC 1 0.003±0.020 0.003 0.199±0.001 0.29 0.498±0.216 0.25 
EC 1 0.051±0.051 0.06 0.241±0.136 0.3 0.407±0.155 0.2 
BI 1 0 0 0.299±0.017 0.4 0.218±0.030 0.11 

Note: The RfD (Oral reference Dose) for Cd: 0.5, Ni: 0.4, and Pb: 2 mg/kg/day (USEPA 2000; FAO/WHO 2014) 
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Discussion 

This research indicates that the average amount of Cd, 

Ni, and Pb in P. argenteus is below the upper limit set by 

FAO/WHO and health authorities (Table 3). Generally, the 

average concentration patterns in the muscle of P. 

argenteus are as follows: Pb, Ni, and Cd. This indicates 

that the species has the potential to function as a 

bioindicator for monitoring Pb, Ni, and Cd pollution in 

Malaysian waters. In general, the metal concentrations 

identified in P. argenteus through this investigation were 
comparatively lower than those documented in studies 

carried out in China by Han et al. (2021), Pb (0.06 mg/kg) 

and Cd (0.02 mg/kg); in India by Bepari et al. (2021), Pb 

(8.45-13.02 mg/kg); and in Iran by Modheji et al. (2023), 

Ni (0.42 mg/kg) and Cd (0.14 mg/kg). 

According to Yousif et al. (2021), various factors 

contribute to the accumulation of metals in fish tissues, 

including metal bioavailability, the ability of fish to absorb 

and remove pollutants, and variation in trophic structure. 

Malaysia's advanced industrial sector and rapid economic 

growth and development have increased the coastal water 
pollution risk. Therefore, when pollutants enter water, they 

cause significant changes that can affect the ecological 

balance of the environment either directly or indirectly 

(Matta et al. 1999). Additionally, due to their high toxicity 

and cumulative behavior, pollutants have adverse effects on 

the life and activity of aquatic organisms and can even 

cause mass death. 

Analysis of metal concentrations based on sampling 

regions shows that the metal levels in the WC, NC, and SC 

of Peninsular Malaysia representing the SM tend to 

increase comparatively compared to other geographical 
areas (EC and BI). Interestingly, BI is moderately polluted 

with various metals, but the concentration is lower than in 

Peninsular Malaysia. Specimens collected from PNG show 

higher concentrations of Cd (0.181±0.013), S shows higher 

concentrations of Ni (0.369±0.006), and J shows higher 

concentrations of Pb (0.651±0.007) (Table 3).  

Based on the findings of Buhari and Ismail (2016), the 

Prai industrial area in Penang is home to numerous 

industries that are supposed to be partly responsible for 

metal pollution in the marine environment. They revealed a 

significant contamination of Cd in Prai, Penang. It is 

important to note that various activities, including 
households, agriculture, and fishing, may also contribute to 

the elevated metal concentration levels observed in this 

area (Ong et al. 2016). These activities have released their 

waste products into the adjacent sea. The average Cd value 

obtained in this study (0.001±0.002 - 0.181±0.013 mg/kg) 

was lower than the findings by Rosli et al. (2018). Their 

research reported that Cd concentrations in fishes in the T 

site were 0.39±0.26 mg/kg. Generally, the accumulation of 

Cd in this research was lower than observed in fishes of 

Langkawi Island, Malaysia (0.20 to 0.90) (Octavianti and 

Jaswir 2017); North East Coast of India (0.41 mg/kg) 
(Kumar et al. 2012) and Miri coast, Sarawak, Borneo (0.41 

mg/kg) (Anandkumar et al. 2018). 

Additionally, Salam et al. (2021), who studied P. 

argenteus in K and S, discovered that the Cd levels ranged 

from 0.03 to 0.16 mg/kg. This signifies that the findings of 

this current study were lower than those of the prior ones. 

USEPA (2000) and FAO/WHO (2014) have established a 

regulatory threshold for Cd concentration in fish at 0.5 

mg/kg; similarly, MFA (1983) has set a maximum 

allowable Cd content in fish at 1 mg/kg. The Cd 

accumulation in this research remains below the upper limit 

accumulations recommended by MFA (1983) and 

FAO/WHO (2014). 

Besides that, Cd concentration from K (0.069±0.029) 

and T (0.048±0.005) showed moderately high. The results 
were substantiated by research conducted by Azmi et al. 

(2019), which indicated that the Kuantan region, situated 

on the EC, exhibited a greater concentration of Cd. The 

study revealed that it is possible to deduce that the EC of 

Peninsular Malaysia experienced contamination of metals 

that originated from a singular point source. This 

contamination occurred despite the area's relatively low 

levels of human activity. The main anthropogenic sources 

of Cd include metallurgical industries, municipal effluents, 

sewage sludge, mine wastes, fossil fuels, and fertilizers 

(Yao et al. 2015).  
The concentrations of metals varied across different 

sampling sites or regions, potentially attributed to factors 

such as untreated sewage, industrial effluents, and 

variations in geological conditions (Pobi et al. 2019). 

Moreover, the regions on the EC experience significant 

impacts from industrial effluents due to the swift expansion 

of various industries, including chemical, oil and gas, and 

domestic sectors (Ahmad 2014). Environmental discharge 

of toxic elements is caused by various factors, including 

crop and commercial waste, mineral deposits, 

manufacturing and mining operations, atmospheric 
dissolution, and unregulated solid waste management 

(Atamaleki et al. 2019). Furthermore, the EC region is 

characterized by its urban environment and proximity to 

petrochemical industries, potentially serving as sources of 

Cd pollution in the coastal vicinity (Sujaul et al. 2013). 

This statement is further corroborated by Afshan et al. 

(2014), who observed that the combustion of fossil fuels 

and municipal waste is widely acknowledged as a 

significant factor in releasing Cd emissions into the 

environment. 

Another metal that holds significance for living 

organisms is Ni. The bioavailability of Ni in the human 
body is considerable, although it can be substantially 

diminished when consumed alongside certain foods, such 

as orange juice, tea, coffee, and milk (Schrenk et al. 2020). 

The mean Ni values obtained in the present study 

(0.126±0.012 - 0.369±0.006 mg/kg) were found to be 

comparatively lower than the similar research conducted on 

P. argenteus from Hara Reserve, Iran (1.42 mg/kg) 

(Mohammadnabizadeh et al. 2014). Similarly, the results 

obtained from the metals analysis exhibited that the mean 

Ni concentration in the muscle tissue of various types of 

marine fish was as high as that recorded on the southwest 
coast of India (6.06-13.92 mg/kg) (Rejomon et al. 2010); 

Iran (49.4054.10 mg/kg) (Hosseini et al. 2015); and Miri, 

Sarawak, Malaysia (0.85-4.10 mg/kg) (Anandkumar et al. 

2018). The southern region of Iran exhibits a higher 

concentration of Ni (49.40-54.10 mg/kg) due to the major 
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presence of an oil industry. As the petrochemical 

manufacturing and hydrocarbon industries are significant 

contributors to the accumulation of metals in the local 

environment, including Ni, the region's high Ni 

concentration is not unexpected (Abdolahpur et al. 2013). 

Based on a report by USEPA (2000), the limit set is 0.4 

mg/kg for Ni concentration in fish, which is higher than the 

Ni concentration obtained in this study. 

Pb is a substance that can accumulate in the body over 

time and has toxic properties. Despite the low 
bioavailability of Pb in the marine ecosystem, the ongoing 

bioaccumulation of this element by aquatic organisms, 

particularly fish, potentially poses a significant risk to 

human health if consumed (Kamaruzzaman et al. 2011). 

The accumulation of Pb in this research varied between 

0.141 and 0.651 mg/kg in P. argenteus. SC showed the 

greatest accumulation of Pb compared to other locations. 

The findings were corroborated by Kamaruzzaman et al. 

(2011), who conducted a study on P. argenteus in the SC. 

Their research indicated that the fish from J exhibited the 

highest concentration of Pb (0.17±0.087 mg/kg). However, 
the average concentration of Pb on P. argenteus from the J 

population observed in this study (0.651±0.007 mg/kg) was 

significantly higher than the values reported by 

Kamaruzzaman et al. (2011). However, such values were 

found to be lower compared to findings by Rosli et al. 

(2018) (0.90±0.10 - 1.00±0.25 mg/kg). 

 The permissible Pb concentration threshold for fish is 

0.5 mg/kg (FAO/WHO 2014). Conversely, USEPA (2000) 

has stipulated a maximum allowable Pb content of 2 

mg/kg. The introduction of Pb into the water ecosystem can 

be attributed to various factors, including natural activities 
such as soil erosion, as well as anthropogenic sources like 

rapid industrialization, the use of fertilizers and pesticides, 

and agricultural disposal (Agah et al. 2009; Hamada et al. 

2018; Shokr et al. 2019). Hence, it is unsurprising that the 

level of Pb concentration in the SC surpasses that of other 

regions since it correlates with population density and the 

prevalence of agricultural practices in the area (Jaji et al. 

2018). Using fertilizers and pesticides has resulted in the 

discharge of waste from rivers into the ocean (Khan et al. 

2018). 

The most likely explanation for this is that the WC, NC, 

and SC, particularly the SM, exhibit a significant level of 
rapid development and are characterized by a significant 

concentration of human activity (Minhat et al. 2020). 

However, many additional factors play a role in the 

pollution of water bodies due to metals. Various natural 

processes, including soil erosion, geological weathering, 

atmospheric deposition, and human activities such as 

household and industrial waste disposal, fertilizer and 

pesticide use, and agricultural practices, have contributed 

to the entry of metals into aquatic ecosystems, further 

affecting the concentration of accumulated metals in the 

marine environment (Basim and Khoshnood 2016). 
However, several factors have affected marine pollution 

in BI, including domestic waste disposal, tourism and 

recreational pressure, waste pollution and sedimentation 

problems due to two oil and gas companies located in 

Labuan, Sabah (Mokhtar et al. 2012). In addition, several 

palm oil production, wood processing, and car workshop 

enterprises have grown in Sarawak's coastal areas 

(Anandkumar et al. 2018) and ship-building industries in 

Miri (Nagarajan et al. 2014). The Analysis of Variance 

(ANOVA) conducted at a 95% confidence level reveals a 

statistically significant amount of variation across all 

sampling locations. 

Fish consumption poses a potential hazard due to the 

presence of contaminants, which may result in negative 

effects on human health. Metals analysis revealed that the 
concentration of P. argenteus posed the least potential 

health risk to individuals who consumed fish from all sites 

once a week. This means that P. argenteus can be listed 

among humans' safest fish for ingestion and carries no 

known hazards. Muscle, the consumable portion of the fish, 

exhibited lower levels of metals than other fish components 

such as the gills and liver (Taweel et al. 2013).  

Metals can undergo reactions with diffusing ligands, 

such as iron or molecules, as well as macromolecules. 

These reactions can result in biomagnification and 

bioaccumulation within the marine food chain. 
Consequently, these elements can persist in the 

environment and induce metabolic anomalies in the 

consumed organisms.  

Anthropogenic sources include mining, refining, and 

coal-based industries, potentially introducing contaminants 

into the aquatic environment and reaching the sea through 

direct deposition (CCREM 2014). Pb contamination of 

marine species can be attributed to several processes, such 

as petroleum combustion, wastewater, sludge, metal 

processing and manufacturing, Pb mineralization, and 

atmospheric deposition (Singh et al. 2022). Meanwhile, 
weathering and sediment erosion, non-ferrous metal 

mining, non-ferrous metal ore smelting, and phosphate 

fertilizer manufacturing are all possible sources of Cd in 

the maritime environment (FAO/WHO 2014). 

Calculating the THQ is a major method for evaluating 

long-term risk. According to the results of a risk analysis of 

P. argenteus ingestion, which incorporated an evaluation of 

multiple metals, the computed THQ value appears to be 

less than 1 (<1). This indicates that individuals who 

consume P. argenteus from the studied regions do not 

present a health risk. In contrast, if the THQ value 

surpasses 1.0, it signifies a potential risk of adverse health 
effects (Biswas et al. 2023). Recent research by Salam et 

al. (2021) indicates that P. argenteus exhibited a moderate 

health risk in KD and S and suggests that the consumption 

of P. argenteus acquired from Malaysian waters remains 

safe for consumers while consumed within the 

recommended daily intake. Based on these reasons, it is 

worth noting that P. argenteus found in Malaysian waters 

can still be considered part of an unpolluted ecosystem.  

The allowable daily consumption (CRlim) possesses a 

specific numerical value, and a proposed threshold has 

been suggested to mitigate potential health hazards for 
individuals who consume it (Table 5). Human consumption 

of P. argenteus may result in the ingestion of metals, 

potentially harming individuals' health. Consequently, the 

daily intake rates for each metal examined were denoted as 

consumption limits; the consumption limit (kg/d) has been 
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established for certain metals that hold significance for 

human health. The risk estimation related to the 

consumption limit of certain metals involved determining 

the maximum daily intake of contaminated fish that would 

not harm human health (USEPA 2000). The determination 

of the daily consumption limit was conducted by 

employing the aforementioned published formulae, and the 

calculation was predicated on the concentration of metals 

found in the edible portion (muscle) of P. argenteus.  

Moreover, Table 5 revealed that all the metals were 
within daily permissible consumption value. Similar 

studies were also described by Singh et al. 2010; Salam et 

al. 2019 and Salam et al. 2021. The CRlim of P. 

argenteus (kg/d) across various regions is 0.26-0.59 kg/d 

for Pb, 0.09-0.13 kg/d for Ni and 0-10.67 kg/d for Cd 

ranges (Table 5). The mean CRlim and THQ were 

generally lower than the thresholds associated with adverse 

health effects. This suggests that consuming P. 

argenteus in Malaysian waters does not pose significant 

health risks concerning the three metals examined.  

Understanding the concentrations of metals in fish, 
particularly in P. argenteus, holds significant importance in 

regulating fish consumption. The P. argenteus had Pb's 

highest mean metal content, followed by Ni and Cd. 

Furthermore, it has been observed that the specimens 

collected from the marine region of the SM exhibit 

elevated accumulation of Ni and Pb in comparison to the 

specimens obtained from the marine region of the SCS 

(South China Sea). Furthermore, this current investigation 

unequivocally demonstrated the reduced toxicity of various 

metal concentrations in P. argenteus inhabiting Malaysian 

water bodies. All metal concentrations examined are below 
the maximum recommended concentrations established by 

MFA (1983) and FAO/WHO (2014). The P. 

argenteus obtained from Malaysian waters is unlikely to 

induce acute toxicity in humans upon consumption. 

Therefore, concerning human health, the THQ value 

suggests that daily consumption of P. argenteus does not 

pose any risk. Besides that, it is critical to consider all data 

because the absence of some facts would disrupt some 

crucial concerns and weaken the contents/analyses. This 

research offers baseline data for evaluating food safety and 

developing risk management recommendations about P. 

argenteus. Hence, this research offers an assessment of 
consumer vulnerability and recommendations for local 

consumers regarding their susceptibility to chronic or acute 

exposure to metals. 

ACKNOWLEDGEMENTS 

The authors would like to express their sincere gratitude 

to Universiti Sains Malaysia (USM) and the School of 

Biological Sciences (SBS), Malaysia for providing 

opportunities and research facilities for this study. This 

work was funded by the Fundamental Research Grant 

Scheme (FRGS Fasa 1/2020), Ministry of Higher 

Education Malaysia. 

REFERENCES  

Abdolahpur MF, Safahieh A, Savari A, Doraghi A. 2013. Heavy metal 

concentration in sediment, benthic, benthopelagic, and pelagic fish 

species from Musa Estuary (Persian Gulf). Environ Monit Assess 185 

(1): 215-222. DOI: 10.1007/s10661-012-2545-9. 

Afshan S, Ali S, Ameen US, Farid M, Bharwana SA, Hannan F, Ahmad 

R. 2014. Effect of different heavy metal pollution on fish. Res J Chem 

Environ Sci 2 (1): 74-79. 

Agah H, Leermakers M, Elskens M, Fatemi SMR, Baeyens W. 2009. 

Accumulation of trace metals in the muscle and liver tissues of five 

fish species from the Persian Gulf. Environ Monit Assess 157: 499-

514. DOI: 10.1007/s10661-008-0551-8. 

Ahmad E. 2014. Siakap mati kerugian RM 400,000. 

http://m.utusan.com.my/berita/nasional/siakap-mati-kerugian-rm400-

000-1.28887 

Alipour M, Sarafraz M, Chavoshi H, Bay A, Nematollahi A, Sadani M, 

Fakhri Y, Vasseghian Y, Khaneghah AM. 2021. The concentration 

and probabilistic risk assessment of potentially toxic elements in 

fillets of silver pomfret (Pampus argenteus): A global systematic 

review and meta-analysis. J Environ Sci 100: 167-180. DOI: 

10.1016/j.jes.2020.07.014. 

Amirah M, Afiza A, Faiza, W, Nurliyana M, Laili S. 2013. Human health 

risk assessment of metal contamination through consumption of fish. 

J Environ Pollut Hum Health 1 (1): 1-5. DOI: 10.12691/jephh-1-1-1. 

Anandkumar A, Nagarajan R, Prabakaran K, Bing CH, Rajaram R. 2018. 

Human health risk assessment and bioaccumulation of trace metals in 

fish species collected from the Miri coast, Sarawak, Borneo. Mar 

Pollut Bull 133: 655-663. DOI: 10.1016/j.marpolbul.2018.06.033. 

Atamaleki A, Yazdanbakhsh A, Fakhri Y, Mahdipour F, Khodakarim S, 

Khaneghah AM. 2019. The concentration of potentially toxic 

elements (PTEs) in the onion and tomato irrigated by wastewater: A 

systematic review; meta-analysis and health risk assessment. Food 

Res Intl 125: 108518. DOI: 10.1016/j.foodres.2019.108518. 

Azmi WNFW, Ahmad NI, Mahiyuddin WRW. 2019. Heavy metal levels 

and risk assessment from consumption of marine fish in Peninsular 

Malaysia. J Environ Prot 10 (11): 1450. DOI: 

10.4236/jep.2019.1011086. 

Basim Y, Khoshnood Z. 2016. Target hazard quotient evaluation of 

cadmium and lead in fish from Caspian Sea. Toxicol Ind Health 32 

(2): 215-220. DOI: 10.1177/0748233713498451. 

Bepari SP, Pramanick P, Zaman S, Mitra A. 2021. Comparative study of 

heavy metals in the muscle of two edible finfish species in and around 

Indian Sundarbans. J Mech Continua Math Sci 16 (10): 9-18. DOI: 

10.26782/jmcms.2021.10.00002. 

Biswas A, Kanon KF, Rahman MA, Alam MS, Ghosh S, Farid MA. 2023. 

Assessment of human health hazard associated with heavy metal 

accumulation in popular freshwater, coastal and marine fishes from 

southwest region, Bangladesh. Heliyon 9 (10): e20514. 

DOI: 10.1016/j.heliyon.2023.e20514. 

Buhari TRI, Ismail A. 2016. Heavy metals pollution and ecological risk 

assessment in surface sediments of west coast of Peninsular Malaysia. 

Intl J Environ Sci Dev 7 (10): 750-756. DOI: 

10.18178/ijesd.2016.7.10.874. 

Canadian Council of Resource and Environment Ministers (CCREM). 

2014. Canadian water quality guidelines. Task Force on Water 

Quality Guidelines. Canadian Council of Ministers of the 

Environment, Ottawa, Canada. 

https://www2.gov.bc.ca/assets/gov/environment/air-land-

water/water/waterquality/water-quality-guidelines/approved-

wqgs/bc_moe_se_wqg.pdf 

Cordeli AN, Oprea L, Crețu M, Dediu L, Coadă MT, Mînzală DN. 2023. 

Bioaccumulation of metals in some fish species from the Romanian 

Danube River: A review. Fishes 8 (8): 387. DOI: 

10.3390/fishes8080387. 

FAO/WHO. 2014. Joint FAO/WHO Food Standards Programme Codex 

Alimentarius Commission. Rome, Italy. 

Feldsine P, Abeyta C, Andrews WH. 2002. AOAC international methods 

committee guidelines for validation of qualitative and quantitative 

food microbiological official methods of analysis. J AOAC Intl 85 

(5): 1187-1200. DOI: 10.1093/jaoac/85.5.1187. 

Hamada MG, Elbayoumi ZH, Khader RA, M Elbagory AR. 2018. 

Assessment of heavy metal concentration in fish meat of wild and 

farmed Nile Tilapia (Oreochromis Niloticus), Egypt. Alex J Vet Sci 

57 (1): 30. DOI: 10.5455/ajvs.295019. 



SHUKRI et al. – Metal concentrations in Pampus argenteus 

 

21 

 

Han JL, Pan XD, Chen Q, Huang BF. 2021. Health risk assessment of 

heavy metals in marine fish to the population in Zhejiang, China. Sci 

Rep 11 (1): 1-9. DOI: 10.1038/s41598-021-90665-x. 

Hosseini M, Nabavi SMB, Nabavi SN, Pour NA. 2015. Heavy metals (Cd, 

Co, Cu, Ni, Pb, Fe, and Hg) content in four fish commonly consumed 

in Iran: Risk assessment for the consumers. Environ Monit Assess 

187: 237. DOI: 10.1007/s10661-015-4464-z. 

Idriss A, Ahmad A. 2015. Heavy metal concentrations in fishes from Juru 

River, estimation of the health risk. Bull Environ Contam Toxicol 94: 

204-208. DOI: 10.4236/jep.2019.1011086. 

Iimtiaz A, Naim DM. 2018. Geometric morphometrics species 

discrimination within the Genus Nemipterus from Malaysia and its 

surrounding seas. Biodiversitas 19 (6): 2316-2322. DOI: 

10.13057/biodiv/d190640. 

Ismail SN, Abd HM, Mansor M. 2018. Ecological correlation between 

aquatic vegetation and freshwater fish populations in Perak River, 

Malaysia. Biodiversitas 19 (1): 279-284. DOI: 

10.13057/biodiv/d190138. 

Jaji K, Man N, Nawi NM. 2018. Factors affecting pineapple market 

supply in Johor, Malaysia. Intl Food Res J 25 (1): 366-375. 

Joint Expert Committee on Food Additives (JECFA). 2004. Evaluation of 

Certain Food Additives and Contaminants: Sixty-first Report of the 

Joint FAO/WHO Expert Committee on Food Additives. World Health 

Organization, Geneva. 

Kamaruzzaman B, Rina Z, John BA, Jalal K. 2011. Heavy metal 

accumulation in commercially important fishes of South West 

Malaysian coast. Res J Environ Sci 5 (6): 595-602. 

DOI: 10.3923/rjes.2011.595.602. 

Khan M, Mobin M, Abbas Z, Alamri S. 2018. Fertilizers and their 

contaminants in soils, surface and groundwater. Encycl Anthropocene 

5: 225-240. DOI: 10.1016/B978-0-12-409548-9.09888-2. 

Khan S, Cao Q, Zheng Y, Huang Y, Zhu Y. 2008. Health risks of heavy 

metals in contaminated soils and food crops irrigated with wastewater 

in Beijing, China. Environ Pollut 152 (3): 686-692. DOI: 

10.1016/j.envpol.2007.06.056. 

Kumar A, Kumar A, MMS CP, Chaturvedi AK, Shabnam AA, 

Subrahmanyam G, Kumar SS. 2020. Lead toxicity: Health hazards, 

influence on food chain, and sustainable remediation approaches. Intl 

J Environ Res Public Health 17 (7): 2179. DOI: 

10.3390/ijerph17072179. 

Kumar B, Sajwan, K, Mukherjee D. 2012. Distribution of heavy metals in 

valuable coastal fishes from north east coast of India. Turk J Fish 

Aquat Sci 12 (1): 81-88. DOI: 10.4194/1303-2712-v12_1_10. 

Malaysian Food Act (MFA). 1983. Malaysian Food and Drug. MDC 

Publishers Printer Sdn. Bhd, Kuala Lumpur. 

http://fsq.moh.gov.my/v6/xs/page.php?id=72 

Matta J, Milad M, Manger R, Tosteson T. 1999. Heavy metals, lipid 

peroxidation, and ciguatera toxicity in the liver of the Caribbean 

barracuda (Sphyraena barracuda). Biol Trace Elem Res 70 (1): 69-

79. DOI: 10.1007/BF02783850. 

Minhat FI, Shaari H, Razak NSA, Satyanarayana B, Saelan WNW, Yusoff 

NM, Husain ML. 2020. Evaluating performance of foraminifera stress 

index as tropical-water monitoring tool in Strait of Malacca. Ecol 

Indic 111: 106032. DOI: 10.1016/j.ecolind.2019.106032. 

Modheji A, Nikppour Ghanavati Y, Larki A, Buazar F. 2023. 

Measurement of heavy metals (Pb, Cd, Ni, Fe, Zn and Cu) 

concentration in Snappers, Pampus argenteus, Tonguefishes, 

Tigertooth croaker, Euryglossa orientalis and Shrimp Metapenaeus 

affinis. J Mar Sci Technol 22 (3): 27-39. DOI: 

10.22113/jmst.2020.152864.2218. 

Mohammadnabizadeh S, Pourkhabbaz A, Afshari R. 2014. Analysis and 

determination of trace metals (nickel, cadmium, chromium, and lead) 

in tissues of Pampus argenteus and Platycephalus indicus in the Hara 

Reserve, Iran. J Toxicol 6: 576496. DOI: 10.1155/2014/576496. 

Mohitha C. 2016. Population Genetic Structure of Silver Pomfret (Pampus 

argenteus) along Indian Coast. [Dissertation]. ICAR-Central Marine 

Fisheries Research Institute. Cochin University of Science and 

Technology Cochin, Kerala. 

Mokhtar MB, Praveena SM, Aris AZ, Yong OC, Lim AP. 2012. Trace 

metal (Cd, Cu, Fe, Mn, Ni and Zn) accumulation in Scleractinian 

corals: A record for Sabah, Borneo. Mar Pollut Bull 64 (11): 2556-

2563. DOI: 10.1016/j.marpolbul.2012.07.030. 

Nagarajan R, Jonathan M, Roy PD, Prasanna MV, Elayaraja A. 2014. 

Enrichment pattern of leachable trace metals in roadside soils of Miri 

City, Eastern Malaysia. Environ Earth Sci 72: 1765-1773. DOI: 

10.1007/s12665-014-3080-5. 

O'Neal SL, Zheng W. 2015. Manganese toxicity upon overexposure: A 

decade in review. Curr Environ Health Rep 2: 315-328. DOI: 

10.1007/s40572-015-0056-x. 

Octavianti F, Jaswir I. 2017. Metal toxicity and environmental effects on 

health: A study report on mineral and heavy metal contents of 

different Malaysian fish species. Intl Food Res J 24: 544-551. 

Ong M, Fok F, Sultan K, Joseph B. 2016. Distribution of heavy metals 

and rare earth elements in the surface sediments of Penang River 

estuary, Malaysia. Open J Mar Sci 6: 79-92. 

DOI: 10.4236/ojms.2016.61008. 

Peycheva K, Panayotova V, Stancheva M. 2016. Assessment of human 

health risk for copper, arsenic, zinc, nickel, and mercury in marine 

fish species collected from Bulgarian Black Sea Coast. Intl J Fish 

Aquat Stud 4 (5): 41-46. 

Pobi K, Satpati S, Dutta S, Nayek S, Saha R, Gupta S. 2019. Sources 

evaluation and ecological risk assessment of heavy metals 

accumulated within a natural stream of Durgapur industrial zone, 

India, by using multivariate analysis and pollution indices. Appl 

Water Sci 9 (3): 58. DOI: 10.1007/s13201-019-0946-4. 

Radojevic M, Bashkin V, Bashkin VN. 1999. Practical Environmental 

Analysis. The Royal Society of Chemistry, Cambridge. DOI: 

10.1039/9781847551740. 

Rajeshkumar S, Liu Y, Zhang X, Ravikumar B, Bai G, Li X. 2018. 

Studies on seasonal pollution of heavy metals in water, sediment, fish 

and oyster from the Meiliang Bay of Taihu Lake in China. 

Chemosphere 191: 626-638. 

DOI: 10.1016/j.chemosphere.2017.10.078. 

Rehman K, Fatima F, Waheed I, Akash MSH. 2018. Prevalence of 

exposure of heavy metals and their impact on health consequences. J  

Cell Biochem 119 (1): 157-184. DOI: 10.1002/jcb.26234. 

Rejomon G, Nair M, Joseph T. 2010. Trace metal dynamics in fishes from 

the Southwest Coast of India. Environ Monit Assess 167: 243-255. 

DOI: 10.1007/s10661-009-1046-y. 

Rosli MNR, Samat SB, Yasi MS, Yusof MFM. 2018. Analysis of heavy 

metal accumulation in fish at Terengganu Coastal Area, Malaysia. 

Sains Malays 47 (6): 1277-1283. DOI: 10.17576/jsm-2018-4706-24. 

Salam MA, Dayal SR, Siddiqua SA, Muhib M, Bhowmik S, Kabir MM, 

Srzednicki G. 2021. 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 

(39): 55166-55175. DOI: 10.1007/s11356-021-14701-z. 

Salam MA, Paul S, Noor S, Siddiqua S, Aka T, Wahab R, Aweng E. 

2019. Contamination profile of heavy metals in marine fish and 

shellfish. Glob J Environ Sci Manag 5 (2): 225-236. DOI: 

10.22034/gjesm.2019.02.08. 

Sankhla MS, Kumari M, Nandan M, Kumar R, Agrawal P. 2016. Heavy 

metals contamination in water and their hazardous effect on human 

health-a review. Intl J Curr Microbiol Appl Sci 5 (10): 759-766. DOI: 

10.20546/ijcmas.2016.510.082. 

Schrenk D, Bignami M, Bodin L, Chipman JK, Del Mazo J, Leblanc JC. 

2020. Update of the risk assessment of nickel in food and drinking 

water. EFSA J 18 (11): e06268. DOI: 10.2903/j.efsa.2020.6268. 

Schwartz GG, Reis IM. 2000. Is cadmium a cause of human pancreatic 

cancer? Cancer Epidemiol Biomar Prev 9 (2): 139-145. 

Singh A, Sharma A, Verma RK, Chopade RL, Pandit PP, Nagar V, Aseri 

V, Choudhary SK, Awasthi G, Awasthi KK, Sankhla MS. 2022. 

Heavy metal contamination of water and their toxic effect on living 

organisms. In: Dorta DJ, de Oliveira DP (eds). The Toxicity of 

Environmental Pollutants. IntechOpen, London. DOI: 

10.5772/intechopen.105075. 

Singh A, Sharma RK, Agrawal M, Marshall FM. 2010. Health risk 

assessment of heavy metals via dietary intake of foodstuffs from the 

wastewater irrigated site of a dry tropical area of India. Food Chem 

Toxicol 48 (2): 611-619. DOI: 10.1016/j.fct.2009.11.041. 

Shokr LA, Hassan MA, Elbahy EF. 2019. Heavy metals residues (mercury 

and lead) contaminating nile and marine fishes. Benha Vet Med J 36 

(2): 40-48. DOI: 10.21608/bvmj.2019.12543.1007. 

Sujaul IM, Hossain MA, Nasly MA, Sobahan MA. 2013. Effect of 

industrial pollution on the spatial variation of surface water quality. 

Am J Environ Sci 9 (2): 120-129. DOI: 10.3844/ajessp.2013.120.129. 

Tamele IJ, Vázquez LP. 2020. Lead, mercury and cadmium in fish and 

shellfish from the Indian Ocean and Red Sea (African Countries): 

Public health challenges. J Mar Sci Eng 8 (5): 344. DOI: 

10.3390/jmse8050344. 

https://doi.org/10.1007/s10661-015-4464-z


 N U S A N T A R A  B I OS C IE N C E  16 (1): 13-22, May 2024 

 

22 

Taweel A, Shuhaimi-Othman M, Ahmad AK. 2013. Assessment of heavy 

metals in tilapia fish (Oreochromis niloticus) from the Langat River 

and Engineering Lake in Bangi, Malaysia, and evaluation of the 

health risk from tilapia consumption. Ecotoxicol Environ Saf 93: 45-

51. DOI: 10.1016/j.ecoenv.2013.03.031. 

United States Environmental Protection Agency [USEPA]. 2000. 

Guidance for Assessing Chemical Contaminant Data for Use in Fish 

Advisories. Volume 1: Fish Sampling and Analysis, 3rd Edition. 

United States Environmental Protection Agency (USEPA) 823-B-00-

007, Office of Water (4305), Washington DC. 

Willie S, Brophy C, Clancy V, Lam J, Sturgeon R, Yang L. 2012. DORM-

4: Fish Protein Certified Reference Material for Trace Metals. 

National Research Council Canada, Ottawa. DOI: 

10.4224/crm.2012.dorm-4. 

Yao Q, Wang X, Jian H, Chen H, Yu Z. 2015. Characterization of the 

particle size fraction associated with heavy metals in suspended 

sediments of the Yellow River. Intl J Environ Res Public Health 12 

(6): 6725-6744. DOI: 10.3390/ijerph120606725. 

Yousif R, Choudhary MI, Ahmed S, Ahmed Q. 2021. Bioaccumulation of 

heavy metals in fish and other aquatic organisms from Karachi Coast, 

Pakistan. Nusantara Biosci 13 (1): 73-84. DOI: 

10.13057/nusbiosci/n130111. 

Zaza S, de Balogh K, Palmery M, Pastorelli AA, Stacchini P. 2015. 

Human exposure in Italy to lead, cadmium and mercury through fish 

and seafood product consumption from eastern central Atlantic 

fishing area. J Food Compost Anal 40: 148-153. DOI: 

10.1016/j.jfca.2015.01.007. 

Zhu CQ, Qin Y, Meng QS, Wang XZ, Wang R. 2014. Formation and 

sedimentary evolution characteristics of Yongshu Atoll in the South 

China Sea Islands. Ocean Eng 84: 61-66. DOI: 

10.1016/j.oceaneng.2014.03.035. 

 


