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 A study was carried out to determine the bioaccumulation level of heavy metal (Cu, Zn, 

Fe and Pb)and Polycylic Aromatic Hydrocarbon (PAHs)  in muscle of commercial fish 

collected from Universiti Malaysia Terengganu enclosed lagoon, Terengganu. Five 
species of fishes were collected which were Ikan Susu (Chanos chanos), Ikan Haruan 

(Channa Striata), Ikan Bulan (Megalopas cyprinoides), Ikan Siakap Putih (Lates 

calcarifer) and Ikan Siakap merah (Lutjanus argentimaculatus). Concentrations of 
heavy metals were determined by using Inductively Coupled Plasma Mass 

Spectrometry (ICP–MS) while the 16 PAHs were determined by using gas 

chromatography–mass spectrometry (GC–MS). The average concentration of Zn, Cu, 
Pb, Cd and Fe were 93.1 g g–1 dry weight, 12.6 g g–1 dry weight, 1.29 g g–1 dry 

weight, 0.282 g g–1 dry weight and 0.161 g g–1 dry weight respectively. The Cd 

and Zn concentration in the fish muscle in this study exceeds the permissible limit that 
set by FAO/WHO but still below the permissible limit that set by Malaysian Food 

Regulation. The total PAHs concentration detected in all fish species range between 

593 ng g–1 wet weight to 3331 ng g–1 wet weight. The highest concentration of total 
PAHs was detected in the tissues of Ikan Susu while the lowest was detected in the 

tissue of Ikan Haruan. The concentration of Benzo (a) Pyrene (BaP) in the fish muscle 

in this study has exceeded the permissible limit set by European Union. From the 
results, it can be concluded that all the fish samples collected are not safe for the human 

consumption. Long term consumption might increase risk of carcinogenic as the 

concentration of BaP has exceeded the permissible limit. 
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INTRODUCTION 

 

 Fishes are important in food web but they are also important as food sources for human. Fishes are valuable 

with high nutritional value in the form of protein and minerals [2]. Besides, fishes are also contained essential 

fatty acid (EFAs), known as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) that are important 

to the diet [2]. Each of this is important for human health, growth and intelligence. 

 Fishes play an important role in the Malaysian diet and constitute approximately 60–70% of the protein 

intake [43]. Fish is not only an important for Malaysians, but also in most ASEAN countries. Most of the 

traditional fish products are made from 30–45% of fish landed in most ASEAN countries and traditional fish are 

important for the lower income socio–economic classes and also their diet [36].  

 Normally, fishes are at the top of aquatic food chain, thus, they may able to accumulate certain heavy 

metals that are toxic to human beings [25]. According to Svensson et al. [39], the main source of heavy metals 

and chemicals that accumulate in humans are normally come from diet and food. The main reason fishes can 

accumulate with these pollutants because they stay permanently in water [29].  Heavy metals can get into 

natural aquatic environment from domestic, industrial and other man–made activities [19]. Heavy metals which 

included mercury, arsenic and cadmium can be accumulated by aquatic biota [27].  Fishes may easily absorb 

these heavy metals through the effects of bio concentration, bioaccumulation and the food chain process [27]. 

Fishes that concentrate large amount of heavy metals will then transferred into humans by consuming fishes 

contained heavy metals [40].  
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 Human are unable to avoid from the exposure of Polycyclic aromatic hydrocarbons (PAHs) as they are 

widely distributed in the environment unprecedented [33]. PAH compounds are same as heavy metals and likely 

to be accumulated by marine organisms such as fish are through surrounding water and food uptake. 

Consequently, it may able enter the human through food chain and giving impact to human health problems [1]. 

PAHs are likely to be accumulated by human through many pathways, except for smoker and occupational 

exposure populations, more than 70% of exposure is attributable to diet. [33]. Various in length and route of 

exposure, the amount of PAHs one exposed and toxicity of the PAHs will give different effects on human health 

[22]. PAH are the carcinogenic and mutagenic agent responsible for cancer diseases [33]. The most studied 

compound is benzo [a] pyrene are confirmed PAHs compound can cause carcinogenic and mutagenic. PAHs are 

widely believed that will cause cancer in human such as skin, lungs and bladder [9]. However, there are still 

lack of evidence for the short–term health effects bring by PAHs but short–term symptoms such as eye 

irritation, nausea, vomiting, diarrhea, and confusion may be cause by the other compounds commonly found 

with PAHs. 

 A survey on the distribution of heavy metals and polycyclic aromatic hydrocarbon (PAHs) in edible fish 

species is important as the fish are often contaminated with chemical pollutant as a result of anthropogenic 

activities such as urban and agricultural runoff, industrial effluents, chemical spills and mining operations. 

Therefore, it is necessary to investigate the concentrations of heavy metals and PAHs in fish. 

 

Experimentation: 

 The study area was located at East Coast of Peninsular Malaysia (Figure.1) about 20 km to southern of 

Kuala Terengganu, the capital state of Terengganu. The fish samples were collected by a beam trawl at 3 

locations in the Universiti Malaysia Terengganu creek (Figure 3.0). The fish were sampled at each station over 

24 hours until a sufficient number of individuals, at least 5–10 fishes, were caught. The samples were then 

transferred to the laboratory and stored at –20°C before the analysis [19] 

 

 
 

Fig. 1: Sampling stations at UMT enclosed lagoon, Terengganu. 

 

 First, the fish samples were washed with deionized water. Before the analysis, the fish samples were 

classified and weighed. Then, the fish samples were dissected in laminar flow bench by using the stainless steel 

scalpels and Teflon forceps. The muscles were removed and rinsed with deionized water thoroughly to remove 

extraneous impurities and the wet weigh of the samples were recorded [19]. For heavy metals sample, the 

dissected samples were replicated and transferred to Petri dishes. Then, all of these samples were dried in an 

oven at 60
 o

C until they have a constant weight [20]. While for PAH analysis sample, only the muscle part were 

taken for analysis and the samples were dried using freeze dry. 

 0.05g of dried samples were weighed and digest with Suprapur nitric acid (HNO3) in a Teflon beaker and 

heat it.  The reagent blank and standard was processed simultaneously. The container was covered and placed in 

a stainless steel bomb, which was then sealed with a screw closure to avoid any acid leakage and was placed in 

the oven. The oven temperature was kept for 6 hours at 150°C. The solution was then transferred into a 

centrifuge tube which has already diluted with Mili Q water after cooling. The values of heavy metals in fish 

samples were measured by using Inductively Coupled Plasma Mass Spectrometry (ICPMS). 3 replicates were 

carried out by using the external calibration method [30]. 
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 Soxhlet extraction was used for the hydrocarbon extraction by referring to the USEPA standard method 

3540. Before carry out the extraction, 10g of the homogenized samples were mixed with 10g of anhydrous 

sodium sulphate (Na2SO4) that has been heated in the oven at 130°C for 4 hours to remove moisture by using 

stainless steel spatula. The samples were transferred into a Soxhlet extraction thimble and extracted by mixed 

with 200 mL solvent mixture of dichloromethane: hexane (1:1) for 4 to 5 cycles per hour. Each sample was 

extracted for 24 hours. After that, the extracted solution was further concentrated to volume approximately 1 mL 

by using rotary evaporator with the water bath at 30°C with rotation speed of 35 rpm (revolution per minute). 

The concentrated sample was then transfer into GC vial and blow to dryness for preservation by using nitrogen 

blow. All of the GC vial will be screw–capped and sealed with parafilm for the further analysis. These 

combined elutes were concentrated by using the nitrogen blow technique before inject into a gas chromatograph 

mass spectrometry (GC/MS) for PAHs analysis. Internal standard mixture and external standard mixture were 

used in PAHs recovery test 

 

RESULT AND DISCUSSION 

 

 A total of 50 fishes from 5 species of fishes caught and analysed in this study are shown in Table 1. The 5 

species of fishes collected around UMT were Ikan Susu (Chanos chanos), Ikan Haruan (Channa striata), Ikan 

Bulan (Megalops cyprinoides), Ikan Siakap Putih (Lates calcarifer) and Ikan Siakap Merah (Lutjanus 

argentimaculatus).  

 
Table 1: Details of samples with range of weight, total and standard length. 

Common Name Scientific Name n Weight (g) 

(min–max) 

Standard Length (mm)  (min–

max) 

Ikan Susu Chanos chanos 41 72.3 – 178 153 – 225 

Ikan Haruan Channa striata 4 91.5 – 337 195 – 275 

Ikan Bulan Megalops cyprinoides 3 106 – 156 195 – 222 

Ikan Siakap Putih Lates calcarifer 1 278 242 

Ikan Siakap Merah Lutjanus argentimaculatus 1 93.5 150 

 

 The determination of the selected heavy metals (Zn, Cd, Cu, Pb and Fe) content and their concentrations 

within the fish muscle tissues were determined as g g
–1 

dry weight. Metal concentrations found in the fishes 

collected are summarized in Table 2. Zn was the most abundant element in the fish muscles (93.09 g g
–1

 dry 

weight), followed by Cu, Pb, Cd and Fe. Zn and Cu showed a wide variation, ranging from 52.3 to 190 g g
–1

 

dry weight and 7.03 to 23.9 g g
–1 

dry weight respectively. 

 
Table 2: Elements concentrations (g g–1 dry weight) in fish muscles. 

Elements Range (g g–1) Mean (g g–1) 

Zn 52.3 – 190 93.09 

Cu 7.033 – 23.9 12.6 

Pb 0.790 – 3.16 1.29 

Cd 0.012 – 0.731 0.282 

Fe (%) 0.124 – 0.263 0.161 

 

 According to the research of Kalay et al. [18], different fish species contained strikingly different metal 

levels in their tissues. This may be related to the differences in ecological needs, swimming behaviors and the 

metabolic activities among different fish species [8]. The average concentration of Cu, Pb and Fe are the highest 

in the species Ikan Siakap.  The average concentration of Cu, Pb and Fe in Ikan Siakap are 15.5 g g
–1

 dry 

weight, 1.61g g
–1

 dry weight and 0.195 g g
–1

 dry weight respectively. Ikan Siakap Putih is also known as 

barramundi. Barramundi are cannibalistic and they are usually the top predator in the water bodies in which they 

naturally occur; crustaceans and fish predominate in the diet of adults [6,10]. Moreno et al. [26] stated that top 

predators have been considered to be effective bioaccumulators and biomagnificators. Since barramundi are 

usually top predator, therefore, it is possible that it accumulate higher concentration of heavy metals compare to 

other species of fish. In addition, according to Rainbow [34], monitoring a variety of species across different 

trophic levels is desirable to better represent the range of potential routes of exposures and effects of 

contaminants in natural systems 

 Overall, from the Table 2, average concentration of Zn and Cu is significant higher as compare to other 

metals. It is well known that Zn and Cu are essential elements for both animals and humans [4,31]. Zn is an 

essential component of a large number of enzymes participating in the synthesis and degradation of 

carbohydrates, lipids, protein and nuclei acids as well as in the metabolism of other micronutrients [11]. While 

for the Cu, it is involved in the electron transport and it is necessary for the synthesis of haemoglobin [42,31]. 

Unfortunately, they are regarded as potential hazards that can endanger both animals and humans health at 

excessive level. However, zinc is about five–fold less toxic than copper [42]. Organisms retain both the Cu and 
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Zn by specific binding protein which is known as metallothioneins [3]. This specific binding protein is more 

abundant in tissues like liver, kidney, brain and gonads; it still can be found in muscle of fish but lesser [32]. 

 In this study, the average concentration of Pb and Cd showed significant low as compare to Zn and Cu. The 

average concentration of Pb range between 1.081–1.61 g g
–1

 dry weight while the average concentration for Cd 

range between 0.067–0.302 g g
–1

 dry weight. In contrast, Pb and Cd belong to non–essential and toxic metal 

group and Pb has no known function in biochemical process and they are toxic even at low concentrations [31]. 

The accumulation of Pb in fish tissues is through the gaseous exchange across the gills to the blood stream [28]. 

Unlike Cu and Zn, there is no evidence of Pb in metallothioneins [42]. While for Cd, it has been well established 

that the occurrence of Cd in marine aquatic environment is relatively scarce [13]. Thus, the average 

concentration of Cd in this study is relatively low as compare to other metals 

 In this study, the concentration of 16 PAHs compounds that accumulated within the 39 fish muscle tissues 

was determined as ng g
–1

 wet weight. Table 3 shows the PAHs concentration (ng g
–1

 wet weight) in fish muscle 

from UMT enclosed lagoon. From the 39 fish muscle samples, all the PAHs compounds are detected. Ikan susu 

has the highest total PAHs concentration which is 3331 ng g
–1

 wet weight follow by Ikan Haruan 2774 ng g
–1

 

wet weight.  

 Ikan Susu and Ikan Bulan contained 15 PAHs compounds out of 16 PAHs compounds. Only 1 PAH 

compound which is Benzo (g,h,i) Perylene was not detected in Ikan Susu and Dibenzo (a,h) Anthracene was not 

detected in Ikan Bulan. Ikan Siakap has the least detected PAHs compounds which only 5 PAHs compounds. 

The PAHs that detected in Ikan Bulan were Benzo (a) Anthracene, Benzo (a) Pyrene, Benzo (k) Fluoranthene, 

Fluorene and Pyrene. 

 
Table 3: Average and total PAHs concentration (ng g–1 wet weight) in fish muscle from UMT creek. 

PAHs Compounds Ikan Susu  
(n=29) 

Ikan Haruan   
(n=5) 

Ikan Bulan       
(n=3) 

Ikan Siakap (n=2) 

Dibenzo (a,h) Anthracene 5.72 17.4 n.d. n.d 

Benzo (a) Pyrene 219 127 113 252 

Benzo (a) Anthracene 71.9 67.2 29.7 64.8 

Benzo (b) Fluoranthene 101 509 95.5 n.d 

Benzo (k) Fluoranthene 1137 338 213 141 

Ideno (1,2,3–cd) Pyrene 1525 1475 25.8 n.d 

Anthracene 33.0 n.d. 14.8 n.d 

Benzo (g,h,i) Perylene n.d. n.d. 4.99 n.d 

Chrysene 15.5 128 16.4 n.d 

Acenaphthene 0.16 n.d. 26.3 n.d 

Acenaphylene 16.6 17.9 8.85 n.d 

Fluoranthene 9.72 31.6 8.61 n.d 

Fluorene 143 56.1 4.42 372 

Phenanthrene 9.00 6.89 17.5 n.d 

Pyrene 45.0 n.d. 14.4 45.5 

PAHs 3331 2774 593 875.3 

n.d.: Not detectable 

 

 To assess the potential health risk to human, normally, contamination of heavy metals in fish will compared 

to the permissible limits that recommended by Food and Agriculture Organization and World Health 

Organization [11]. While in Malaysia, Ministry of Health of Malaysia also has set standards which called 

Malaysian Food Regulation (1985). However, for the metal Fe, there are no limits revealed in both FAO/WHO 

and Malaysian standards. Table 4 shows the average heavy metals concentration in fish muscle of this study and 

the permissible levels of each metal. According to Suhaimi et al. [38], fish and fish products that exceed these 

permissible limits are not allowed to be released for sale and may be destroyed or returned to the country of 

origin.   

 Zn concentration in the fish muscle of all the fish species in this study were exceeded the permissible limits 

set by FAO/WHO which is 40 ppm. However, the Zn level in fish muscle of this study was still acceptable 

according to the Malaysian Food Regulation (1985) which is 100ppm. On the other hand, the concentration of 

Cu element was found to have lower concentration than the permissible limits set by FAO/WHO and Malaysian 

Food Regulation. The limits set by both FAO/WHO and Malaysian Food Regulation for Cu is the same which is 

30 ppm.  

 For the non–essential element, Pb and Cd were found slightly higher than the permissible level set by 

FAO/WHO but still lower than the limits set by Malaysian Food Regulation. The permissible limit for Pb is 0.50 

ppm for FAO/WHO and 2 ppm for Malaysian Food Regulation. While the permissible limit for the Cd is 0.50 

ppm and 1 ppm for FAO/WHO and Malaysian Food Regulation respectively.  
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Table 4: Average heavy metals concentration in fish muscle of this study and the permissible levels of each metal. 

Species Heavy Metal Concentration (ppm) 

Zn Cu Pb Cd 

Ikan Susu 96.6 12.6 1.31 0.302 

Ikan Haruan 93.7 11.3 1.15 0.291 

Ikan Bulan 63.7 12.3 1.08 0.067 

Ikan Siakap 65.7 15.5 1.61 0.197 

FAO/WHO (1989)* 40 30 0.50 0.50 

Malaysian Food Regulation (1985)* 100 30 2 1 

*Permissible limit 

  

 From the public health perspective, people are facing with making choices in fish market about what fish to 

buy based on available knowledge which include identification of type of fish and knowledge with low levels of 

contaminants such as metals, but this information is generally unavailable [42,7]. Ikan Susu, Ikan Haruan, Ikan 

Bulan and Ikan Siakap are important sources of protein for Malaysian. Therefore, it is important to know the 

level of heavy metals in these fish muscles because the presence of high level of heavy metals in these fish 

might pose risk for food contamination.  

 The Provisional Tolerable Weekly Intake (PTWI) value is an estimation of the amount of the contaminant 

that can be ingested over a lifetime without appreciable risk [38]. The PTWI are used to describe safe levels of 

intake for several toxicants that cumulate in the body including toxic metals. This PTWI values are used to 

apply to short term and chronic exposure and an intake above the PTWI does not mean that the health is at risk 

[38]. In this study, health risk from heavy metals contaminants in fish muscle were evaluate by comparing with 

the PTWI that established by the Joint Food and Agricultural Organization for the United Nations (FAO/ World 

Health Organization (WHO) Expert Committee on Food Additives (JECFA). 

 In Malaysia, the consumption of fish is estimated to be 21kg/person/year [15]. This is also equivalent to 

0.42 kg/person/week. Table 5 shows the estimated weekly dietary intake of metals from fish by eating 0.42 kg 

of fishes for 1 person. In this study, a reference adult which having 63 kg body weight was used to determine the 

amount of heavy metals consume by an average Malaysia. This average weight data of Malaysian adult was 

referred from the MANS (Malaysian Adults Nutritional Survey) conducted by Malaysian Ministry of Health 

during 2003. For example, an adult who consumed 0.42 kg of Ikan Susu per week from the UMT enclosed 

lagoon in Terengganu would take in approximately 0.55mg of Pb (1.312mg x 0.42 kg) each week. The PTWI 

that recommended by FAO/WHO is expressed in terms of intake of contaminant per kg of body weight. For 

example, the PTWI of Pb that set by FAO/WHO is 0.025 mg kg
–1

 bw. Thus, the PTWI for a 63 kg adult is 

1.58mg (0.025 mg kg
–1

 bw x 70kg).  

 It should be emphasized that Pb and Cd are non–essential element for humans and they are very toxic to 

human even at very low level. For an adult with 63 kg body weight, the PTWI for Pb and Cd are 1.58 mg and 

0.441 mg respectively. The estimated weekly intake of Pb and Cd of Malaysian adults via consumption of the 

fish in UMT enclosed lagoon did not exceed the PTWI values and are safe for consumption.Even though Zn, Cu 

and Fe are essential elements for human body but excessive level can endanger human health. So, it is also 

important to determine the safe levels of intake these essential elements. The PTWI of Zn, Cu and Fe are higher 

as compare to the PTWI of Pb and Cu as human body required Zn, Cu and Fe for biochemical processes. For an 

adult with 63 kg body weight, the PTWI for Zn, Cu and Fe as 13.7 mg to 441 mg, 22.05 mg to 220.5 mg and 

353% respectively. From the Table 5.4, the estimated weekly intake of Zn, Cu and Fe of Malaysian adults are 

far below the PTWI limits, therefore, the consumption of these species are safe. In general, the weekly 

consumption of 0.42 kg/person of fish muscle of examined four species from UMT enclosed lagoon are 

appropriate for human health. 

 
Table 5: The estimated weekly dietary intake of metals from fish by eating 0.42 kg/person. 

Species Heavy Metal Concentration (ppm) 

Zn Cu Pb Cd Fe(%) 

Ikan Susu 40.6 5.31 0.55 0.13 0.068 

Ikan Haruan 39.4 4.76 0.48 0.12 0.06 

Ikan Bulan 26.8 5.16 0.45 0.028 0.063 

Ikan Siakap 27.60 6.50 0.67 0.083 0.082 

PTWI (mg kg–1 bw/week)a 0.21–7 0.35–3.5 0.025 0.007 5.6 

PTWI (mg/week) for a 63 kg adult 13.7–441 22.05–221 1.58 0.441 353 

Remarks Normal for human consumption 
a: FAO/WHO, 1984. 

 

 According to Sim and Overcash [37], HMW–PAHs are generally not acutely toxic to aquatic organisms, 

but a number of them are carcinogenic while the LMW–PAHs are higher acute toxicity and this is enhanced by 

their high water solubility [41]. HMW–PAHs increase in hydrophobicity with increases in their molecular 

weight and ring angularity [14]. The molecular structure and size also will influence the bioavailability. Due to 
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the higher solubility, volatility and the ability of many microorganisms to use them as sole carbon sources, 

LMW–PAHs are removed faster by physico–chemical and biological processes as compare to HMW–PAHs [5].  

 Fish will easily bioaccumulate PAHs from water through their gills and skin [12] and as the PAHs readily 

adsorb onto particulate matter, they fish also can bioaccumulate PAHs through the ingestion of PAH–

contaminated particulate matter along with food. Different species of fish accumulate difference concentration 

of PAHs. The observed difference in PAHs accumulation in these 4 species of fish may also due to the 

differences in feeding preferences as well as the mode of feeding in these species [21]. Ikan Susu has the highest 

PAHs which is 3331 ng g
–1

 wet weight. According to Luckstadt and Reiti [23] and Jaikumar et al. [17], Ikan 

Susu normally obtain their food from the cyanobacterial mats and plant debris found in the littoral zone, 

therefore, they are mostly benthic feeder. This means that they are not the top predator as they are herbivorous. 

PAHs are different with other chemicals such as PCBs as PAHs do not concentrate in the top predators [16]. In 

addition, fish have the ability to metabolize organic contaminants using specific enzymes such as mixed 

function oxidase's (MFO's) [35]. Conversely, Ikan Siakap which is the top predator which feed on crustaceans 

and fish predominate in the diet of adults, PAHs is only 875.3 ng g
–1

 wet weight. As mention above, the PAHs 

do not concentrate in the top predators and this is why the Ikan Siakap has the lower PAHs as compare to Ikan 

Susu. 

 
Table 6: The total BaP equivalent concentration in each fish species. 

Sample Total BaP Equivalent Concentration (ng g–1) 

Ikan Susu 502 

Ikan Haruan 384 

Ikan Bulan 149 

Ikan Siakap 273 

 

 On the other hand, all the PAHs compounds that have been detected has to be multiplied with TEF value in 

order to get the BaP equivalent concentration. This is because among all the PAHs, BaP is the only PAH that the 

toxicological data are sufficient for derivation of a carcinogenic petency factor. European Union (2006) has set 

the permissible limit of BaP in fish muscle which is 2ng g
–1

 wet weight. Table 6 shows total BaP equivalent 

concentration in each fish species. From this table, the BaP concentration of all species detected in present study 

were higher than the permissible limit. Ikan Susu showed the highest BaP equivalent concentration compares to 

other 3 species which is 502 ng/g. This concentration is around 251 times higher than the permissible limit of 

BaP in fish muscle which is only 2 ng/g. At the same time, the BaP equivalent concentration of Ikan Haruan, 

Ikan Bulan and Ikan Siakap were 192 times, 74.5 times and 136.5 times higher than the permissible limit 

respectively. The main reason that all the species in this study are higher than permissible limit might due to the 

sampling site has been polluted. 

 

Conclusion: 

 In general, concentration of Cu, Pb, Zn, Fe and Cd were different in different species of fish. The 

concentration of Cu, Pb and Fe were the highest in muscle of Ikan Siakap and this is because Ikan Siakap are 

top predator and due to the biomagnifications, the concentration of heavy metals increase with increase of food 

chain. The concentrations of Zn and Pb in fish muscle in this study have exceeded the permissible limit that has 

set by FAO/WHO but still lower than the permissible limit that set by Malaysian Food Regulation. Both the 

concentration of Cu and Cd did not exceed the permissible limit of FAO/WHO and Malaysian Food Regulation. 

The total PAHs concentration is the highest in Ikan Susu might be due to the Ikan Susu are herbivorous and 

PAHs are different with other chemicals such as PCBs as PAHs do not concentrate in the top predators. Lastly, 

the fishes in UMT creek, Terengganu are not safe for consumption as the total BaP equivalent concentration in 

each fish species as exceeded the permissible limit of BaP that set by European Union. 
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